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EASA eRules: aviation rules for the 21st century 

Rules and regulations are the core of the European Union civil aviation system. The aim of the EASA 

eRules project is to make them accessible in an efficient and reliable way to stakeholders. 

EASA eRules will be a comprehensive, single system for the drafting, sharing and storing of rules. It 

will be the single source for all aviation safety rules applicable to European airspace users. It will offer 

easy (online) access to all rules and regulations as well as new and innovative applications such as 

rulemaking process automation, stakeholder consultation, cross-referencing, and comparison with 

L/!h ŀƴŘ ǘƘƛǊŘ ŎƻǳƴǘǊƛŜǎΩ ǎǘŀƴŘŀǊŘǎΦ 

To achieve these ambitious objectives, the EASA eRules project is structured in ten modules to cover 

all aviation rules and innovative functionalities.  

The EASA eRules system is developed and implemented in close cooperation with Member States and 

aviation industry to ensure that all its capabilities are relevant and effective. 
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1  The published date represents the date when the consolidated version of the document was generated. 
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DISCLAIMER 
This version is issued by the European Aviation Safety Agency (EASA) in order to provide its 
stakeholders with an updated and easy-to-read publication. It has been prepared by putting together 
the certification specifications with the related acceptable means of compliance. However, this is not 
an official publication and EASA accepts no liability for damage of any kind resulting from the risks 
inherent in the use of this document. 
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NOTE FROM THE EDITOR 
 

The content of this document is arranged as follows: the certification specifications (CS) are followed 
by the related acceptable means of compliance (AMC) paragraph(s). 

All elements (i.e. CS and AMC) are colour-coded and can be identified according to the illustration 
below. The EASA Executive Director (ED) decision through which the point or paragraph was 
introduced or last amended is indicated below the paragraph title(s) in italics. 

 

Certification specification 
ED decision 

Acceptable means of compliance 
ED decision 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The format of this document has been adjusted to make it user-friendly and for reference purposes. 
Any comments should be sent to erules@easa.europa.eu. 

http://easa.europa.eu/
mailto:erules@easa.europa.eu
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ED Decision 2003/2/RM CS-25/ Initial issue  17/10/2003 

ED Decision 2005/006/R CS-25/ Amendment 1 12/12/2005 

ED Decision 2006/005/R CS-25/ Amendment 2 2/10/2006 

ED Decision 2007/010/R CS-25/ Amendment 3 19/9/2007 

ED Decision 2007/020/R CS-25/ Amendment 4 27/12/2007 

ED Decision 2008/006/R CS-25/ Amendment 5 5/9/2008 

ED Decision 2009/010/R CS-25/ Amendment 6 6/7/2009 

ED Decision 2009/013/R CS-25/ Amendment 7 21/10/2009 

ED Decision 2009/017/R  CS-25/ Amendment 8 18/12/2009 

ED Decision 2010/005/R CS-25/ Amendment 9 12/8/2010 
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ED Decision 2011/004/R CS-25/ Amendment 11 4/7/2011 
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Note: To access the official versions, please click on the hyperlinks provided above. 
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PREAMBLE 
ED Decision 2015/008/R 
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AMC 25.331(c)(1) Created (NPA 2011-09) 

AMC 25.331(c)(2) Created (NPA 2011-09) 

CS 25.333(b) Amended (NPA 2011-09) 

AMC 25.333(b) Created (NPA 2011-09) 

CS 25.335(b)(1) Amended (NPA 2011-09) 

AMC 25.335(b)(1)(ii) Created (NPA 2011-09) 

CS 25.349(a) Amended (NPA 2011-09) 

AMC 25.349(a) Created (NPA 2011-09) 

CS 25.351 Amended (NPA 2011-09) 

AMC 25.351 Created (NPA 2011-09) 

CS 25.397(d) Created (NPA 2011-09) 

CS 25.509 Amended (NPA 2011-09) 

AMC 25.509 Created (NPA 2011-09) 

Subpart D 

CS 25.745(d) Amended (NPA 2011-09) 

AMC 25.745(d) Created (NPA 2011-09) 

CS 25.777(i) Created (NPA 2011-09) 

CS 25.785(b) Amended (NPA 2011-09) 

CS 25.810(a)(1)(iv) Amended (NPA 2011-09) 

CS 25.855(c) Amended (NPA 2011-09) 

Subpart E 

CS 25.951(c) Corrected (editorial) 

CS 25.1193(e)(3) Amended (NPA 2011-09) 

AMC 25.1193(e) Created (NPA 2011-09) 

Subpart F 

CS 25.1447(c)(3) Amended (NPA 2011-09) 

AMC 25.1447(c)(3) Created (NPA 2011-09) 

Subpart G 

CS 25.1501 Amended (NPA 2011-17) 

CS 25.1593 Created (NPA 2011-17) 

AMC 25.1593 Created (NPA 2011-17) 

Subpart J 

CS 25J1193(e)(3) Amended (NPA 2011-09) 

Appendix Q Created (NPA 2011-09) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-17
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-17
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-17
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
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AMC to Appendix Q Created (NPA 2011-09) 

 

ED Decision 2012/008/R 

CS-25 Amendment 12 

The following is a list of paragraphs affected by this amendment: 

Subpart A 

AMC 25-11 Amended and corrected (editorial) 

Subpart C 

CS 25.341(a)(4) Corrected (editorial) 

Subpart D 

AMC 25.703 Amended (editorial) 

AMC 25.729 Amended (editorial) 

AMC 25.735 Amended (editorial) 

CS 25.785 Amended (NPA 2010-11) 

AMC 25.803 Amended (editorial) 

CS 25.807 Amended (NPA 2010-11) 

AMC 25.807 and 25.813 Amended (NPA 2010-11) 

AMC 25.807 Deleted (NPA 2010-11) 

AMC 25.807(d) Amended (NPA 2010-11) 

CS 25.809 Amended (NPA 2010-11) 

AMC 25.809 Created (NPA 2010-11) 

AMC 25.809(a)(3) Created (NPA 2010-11) 

CS 25.810 Amended (NPA 2010-11) 

CS 25.812 Amended (NPA 2010-11) 

CS 25.813 Amended (NPA 2010-11) 

AMC 25.813 Created (NPA 2010-11) 

CS 25.851 Amended (NPA 2011-14) 

AMC 25.851(a) Amended (NPA 2011-14) 

AMC 25.851(a)(1) Amended (NPA 2011-14) 

AMC 25.851(a)(2) Amended (NPA 2011-14) 

AMC 25.851(b) Amended (NPA 2011-14) 

AMC 25.851(c) Created (NPA 2011-14) 

CS 25.853(f) Amended (NPA 2010-11) 

CS 25.855 Amended (NPA 2010-11) 

AMC CS 25.855 and 25.857 Amended (NPA 2011-14) 

Subpart E 

CS 25.951(c) Corrected (editorial) 

AMC 25.1195(b) Amended (NPA 2011-14) 

CS 25.1197 Amended (NPA 2011-14) 

AMC 25.1197 Created (NPA 2011-14) 

Subpart F 

CS 25.1305(a)(2) Amended (NPA 2011-13) 

AMC 25.1305(a)(2) Created (NPA 2011-13) 

AMC 25.1309 Amended (editorial) 

AMC 25.1309, Appendix 2 Amended (editorial) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-09
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-13
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AMC 25.1322 Corrected (editorial) 

AMC 25.1329 Amended (editorial) 

AMC 25.1435 Amended (editorial) 

CS 25.1445 Corrected (editorial) 

CS 25.1447(c)(4) Amended (NPA 2010-11) 

Subpart G 

AMC 25.1581, Appendix 1 Amended (editorial) 

Appendix F 

Part II Amended (NPA 2011-14) 

 

ED Decision 2011/004/R 

CS-25 Amendment 11 

The following is a list of paragraphs affected by this amendment: 

Subpart A 

CS 25.1 Amended (editorial) 

AMC 25-11 Amended (NPA 2009-12) 

Subpart B 

CS 25.177(c) Corrected (editorial) 

AMC 25.177(c) Corrected (editorial) 

Subpart C 

CS 25.333 Corrected (editorial) 

AMC 25.561(b)(3) Corrected (editorial) 

Subpart D 

AMC 25.783 Corrected (editorial) 

CS 25.785(f)(3) Corrected (editorial) 

AMC 25.785(d) Corrected (editorial) 

AMC 25.791 Amended (editorial) 

AMC 25.803 Amended (editorial) 

AMC 25.807 Amended (editorial) 

AMC 25.807(d) Corrected (editorial) 

AMC 25.812 Amended (editorial) 

AMC 25.815 Amended (editorial) 

AMC 25.853 Amended (editorial) 

AMC CS 25.855 and 25.857 Amended (editorial) 

Subpart E 

AMC 25.1125(a)(3) Deleted 

Subpart F 

AMC 25.1302 Corrected (editorial) 

AMC 25.1309 Amended (editorial) 

CS 25.1322 Amended (NPA 2009-12) 

AMC 25.1322 Amended (NPA 2009-12) 

AMC No.1 to CS 25.1329 Amended (editorial) 

CS 25.1459(d)(3) Corrected (editorial) 

 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2011-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-12
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-12
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-12
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ED Decision 2010/013/R 

CS-25 Amendment 10 

The following is a list of paragraphs affected by this amendment: 

Subpart G 

CS 25.1535 New (NPA 2008-01) 

 

ED Decision 2010/005/R 

CS-25 Amendment 9 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

CS 25.113 Corrected (editorial) 

Subpart D 

CS 25.603 Amended (NPA 2009-06) 

AMC No. 1 to 25.603 Deleted (NPA 2009-06) 

AMC No. 2 to 25.603 Deleted (NPA 2009-06) 

CS 25.795 Amended (NPA 2009-07) 

AMC 25.795(a)(1) Amended (NPA 2009-07) 

AMC 25.795(a)(2) Amended (NPA 2009-07) 

AMC 25.795(b)(1) New (NPA 2009-07) 

AMC 25.795(b)(2) New (NPA 2009-07) 

AMC 25.795(b)(3) New (NPA 2009-07) 

AMC 25.795(c)(1) New (NPA 2009-07) 

AMC 25.795(c)(2) New (NPA 2009-07) 

AMC 25.795(c)(3) New (NPA 2009-07) 

CS 25.813 Amended (NPA 2008-04) 

AMC 25.813(c) Amended (NPA 2008-04) 

Subpart E 

CS 25.981 Amended (definition added) 

AMC 25.981(a) Corrected (editorial) 

Subpart H 

AMC 25.1711 Corrected (editorial) 

Subpart J 

CS 25J951 Corrected (editorial) 

 

ED Decision 2009/017/R 

CS-25 Amendment 8 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

AMC 25-24 Created (NPA 2007-15) 

Subpart C 

CS 25.361 Amended (NPA 2007-15) 

AMC 25.361 Created (NPA 2007-15) 

CS 25.362 Created (NPA 2007-15) 

AMC 25.362 Created (NPA 2007-15) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-06
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-06
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-06
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-07
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-04
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-04
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

Preamble 

 

 

Powered by EASA eRules Page 36 of 1189| Jan 2023 
 

Subpart D 

AMC 25.703 Corrected (editorial) 

AMC 25.735 Corrected (editorial) 

AMC 25.783 Corrected (editorial) 

CS 25.851 Amended (NPA 2008-10) 

CS 25.855 Amended (NPA 2008-10) 

CS 25.857 Amended (NPA 2008-10) 

AMC 25.857 Amended (NPA 2008-10) 

Subpart E 

CS 25.901 Amended (NPA 2007-15) 

AMC 25.981 Corrected (editorial) 

Subpart F 

AMC 25.1309 Corrected (editorial) 

Appendix F 

Part I ς paragraph (a) Amended (NPA 2008-10) 

Part III Corrected (editorial) 

Appendix H 

H25.5 Corrected (editorial) 

 

ED Decision 2009/013/R 

CS-25 Amendment 7 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

CS 25.143 Amended (NPA 2009-08) 

CS 25.207 Amended (NPA 2009-08) 

Subpart F 

CS 25.1419 Amended (NPA 2009-08) 

Appendix C 

Part II paragraph (e) Amended (NPA 2009-08) 

 

ED Decision 2009/010/R 

CS-25 Amendment 6 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

CS 25.21 Amended (NPA 2008-05) 

AMC 25.21(g) Corrected 

Subpart D 

AMC 25.629 Corrected (editorial) 

AMC 25.783 Corrected (editorial) 

CS 25.807(h)(3) Corrected (editorial) 

AMC 25.807 Corrected (editorial) 

CS 25.856 Created (NPA 2008-13) 

AMC 25.856(a) Created (NPA 2008-13) 

AMC 25.856(b) Created (NPA 2008-13) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-10
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-10
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-10
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-10
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-15
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-10
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-08
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-08
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-08
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-08
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-05
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
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Subpart E 

CS 25.981(b) Amended (NPA 2008-19) 

AMC 25.981(b) Created (NPA 2008-19) 

CS 25.981(c) Deleted (NPA 2008-19) 

AMC 25.981(c) Deleted (NPA 2008-19) 

Subpart F 

CS 25.1309 Corrected (editorial) 

Appendix F 

Part I Amended (NPA 2008-13) 

Part VI Created (NPA 2008-13) 

Part VII Created (NPA 2008-13) 

Appendix M Created (NPA 2008-19) 

Appendix N Created (NPA 2008-19) 

AMC to Appendix N Created (NPA 2008-19) 

 

ED Decision 2008/006/R 

CS-25 Amendment 5 

The following is a list of paragraphs affected by this amendment: 

Subpart D 

CS 25.611 Amended (NPA 2007-01) 

CS 25.807 Corrected 

CS 25.812 Corrected 

CS 25.855 Amended (NPA 2007-01) 

CS 25.869 Amended (NPA 2007-01) 

Subpart E 

AMC 25.951(d) Deleted (Correction) 

CS 25.991 Corrected 

CS 25.1203 Amended (NPA 2007-01) 

Subpart F 

CS 25.1301 Amended (NPA 2007-01) 

AMC 25.1301(a)(2) Created (NPA 2007-01) 

AMC 25.1301(b) Replaced by AMC 25.1301(a)(2) (NPA 2007-01) 

CS 25.1309 Amended (NPA 2007-01) 

CS 25.1353 Amended (NPA 2007-01) 

CS 25.1357 Amended (NPA 2007-01) 

AMC 25.1357(f) Created (NPA 2007-01) 

CS 25.1411 Corrected 

Subpart H 

AMC 25 Subpart H Created (NPA 2007-01) 

CS 25.1701 Created (NPA 2007-01) 

AMC 25.1701 Created (NPA 2007-01) 

CS 25.1703 Created (NPA 2007-01) 

AMC 25.1703 Created (NPA 2007-01) 

CS 25.1705 Created (NPA 2007-01) 

CS 25.1707 Created (NPA 2007-01) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-13
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-19
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
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AMC 25.1707 Created (NPA 2007-01) 

CS 25.1709 Created (NPA 2007-01) 

AMC 25.1709 Created (NPA 2007-01) 

CS 25.1711 Created (NPA 2007-01) 

AMC 25.1711 Created (NPA 2007-01) 

CS 25.1713  Created (NPA 2007-01) 

AMC 25.1713 Created (NPA 2007-01) 

CS 25.1715 Created (NPA 2007-01) 

AMC 25.1715 Created (NPA 2007-01) 

CS 25.1717 Created (NPA 2007-01) 

AMC 25.1717 Created (NPA 2007-01) 

CS 25.1719 Created (NPA 2007-01) 

AMC 25.1719 Created (NPA 2007-01) 

CS 25.1721 Created (NPA 2007-01) 

AMC 25.1721 Created (NPA 2007-01) 

CS 25.1723 Created (NPA 2007-01) 

AMC 25.1723 Created (NPA 2007-01) 

CS 25.1725 Created (NPA 2007-01) 

CS 25.1727 Created (NPA 2007-01) 

CS 25.1729 Created (NPA 2007-01) 

CS 25.1731 Created (NPA 2007-01) 

Subpart J 

CS 25J991 Corrected 

Appendix H 

H25.1 Amended (NPA 2007-01) 

H25.4 Amended (NPA 2007-01) 

AMC to Appendix H, H25.4(a)(3) Created (NPA 2007-01) 

H25.5 Created  (NPA 2007-01) 

AMC to Appendix H, H25.5 Created (NPA 2007-01) 

 

ED Decision 2007/020/R 

CS-25 Amendment 4 

The following is a list of paragraphs affected by this amendment: 

Subpart D 

CS 25.729 Amended (NPA 02/2006) 

AMC 25.729 Created  (NPA 02/2006) 

CS 25.773 Amended (NPA 02/2006) 

AMC 25.773 Created  (NPA 02/2006) 

AMC 25.773(b)(1)(ii) Deleted  (NPA 02/2006) 

CS 25.783 Amended (NPA 02/2006) 

AMC 25.783 Created  (NPA 02/2006) 

CS 25.807 Amended (NPA 02/2006) 

CS 25.809 Amended (NPA 02/2006) 

CS 25.810 Amended (NPA 02/2006) 

CS 25.820 Created (NPA 02/2006) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
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CS 25.851 Amended (NPA 02/2006) 

AMC 25.851(b) Created  (NPA 02/2006) 

Subpart F 

AMC 25.1309 (4) Corrected 

CS 25.1329 Replaced entirely (NPA 18/2006) 

AMC 25.1329 Replaced by AMC Nos 1 and 2 to CS 25.1329 

AMC No. 1 to CS 25.1329 Created (NPA 18/2006) 

AMC No. 2 to CS 25.1329 Created (NPA 18/2006) 

CS 25.1335 Deleted (NPA 18/2006) 

CS 25.1439 Amended (NPA 02/2006) 

AMC 25.1439(b)(5) Deleted (NPA 02/2006) 

CS 25.1453 Amended (NPA 02/2006) 

AMC 25.1453 Deleted (NPA 02/2006) 

Appendix F 

Part II paragraph (f)4 Corrected (NPA 18/2006) 

 

ED Decision 2007/010/R 

CS-25 Amendment 3 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

CS 25.21 Amended (NPA 16/2004) 

AMC 25.21(g) Created (NPA 16/2004) 

CS 25.103(b)(3) Amended (NPA 16/2004) 

CS 25.105(a) Amended (NPA 16/2004) 

CS 25.107(c)(3) Amended (NPA 16/2004) 

CS 25.107 Amended (NPA 16/2004) 

CS 25.111 Amended (NPA 16/2004) 

CS 25.119 Amended (NPA 16/2004) 

AMC 25.119(a) Amended and redesignated as AMC 25.119  (NPA 16/2004) 

CS 25.121 Amended (NPA 16/2004) 

AMC 25.121(b)(1) Redesignated as AMC 25.121(b)(1)(i) (NPA 16/2004) 

CS 25.123 Amended (NPA 16/2004) 

AMC 25.125(a)(3) Redesignated as AMC 25.125(b)(3) (NPA 16/2004) 

AMC 25.125(b) Redesignated as AMC 25.125(c) (NPA 16/2004) 

AMC 25.125(b)(2) Amended and redesignated as AMC 25.125(c)(2)(NPA 16/2004) 

CS 25.125 Amended (NPA 16/2004) 

CS 25.143 Amended (NPA 16/2004) 

AMC 25.143(c) Amended and redesignated as AMC 25.143(d) (NPA 16/2004) 

AMC No.1 to 25.143(f) Redesignated as AMC No.1 to 25.143(g) (NPA 16/2004) 

AMC No.2 to 25.143(f) Amended and redesignated as AMC No.2 to 25.143(g) (NPA 
16/2004) 

AMC 25.143(g) Amended and redesignated as AMC 25.143(h) (NPA 16/2004) 

CS 25.207(b) Amended (NPA 16/2004) 

CS 25.237(a) Amended (NPA 16/2004) 

CS 25.253 Amended (NPA 16/2004) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-18-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-18-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-18-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-18-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-18-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
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Subpart C 

CS 25.405(b)  Formula corrected  

Subpart D 

CS 25.721 Amended (NPA 21/2005) 

CS 25.773(b)(1)(ii) Amended (NPA 16/2004) 

CS 25.811(g) Amended (NPA 04/2006) 

CS 25.812 Amended (NPA 04/2006) 

AMC 25.812(b)(1) Created  (NPA 04/2006) 

AMC 25.812(b)(2) Created  (NPA 04/2006) 

AMC 25.812(e)(2) Created  (NPA 04/2006) 

CS 25.855(c) Amended (NPA 04/2006) 

CS 25.857(d) Deleted (NPA 04/2006) 

CS 25.858 Amended (NPA 04/2006) 

Subpart E 

CS 25.901(b)(1)(ii) Corrected 

CS 25.905 Corrected 

CS 25.907 Corrected 

CS 25.941(c) Amended (NPA 16/2004) 

CS 25.963 Amended (NPA 21/2005) 

AMC 25.963(d) Replaced (NPA 21/2005) 

AMC 25.963(e) Created (NPA 21/2005) 

AMC 25.963(g) Revoked (NPA 21/2005) 

CS 25.994 Amended (NPA 21/2005) 

Subpart F 

CS 25.1302 Created (NPA 15/2004) 

AMC 25.1302 Created (NPA 15/2004) 

AMC 25.1329 Cross-references amended (NPA 16/2004) 

AMC 25.1360(a) Title corrected 

AMC 25.1360(b) Title corrected 

CS 25.1419 Amended (NPA 16/2004) 

Subpart J 

CS 25J994 Amended (NPA 21/2005) 

Appendices 

Appendix C Introduction of Part I Title (NPA 16/2004) 

Part I paragraph (c) Created (NPA 16/2004) 

Part II Created (NPA 16/2004) 

 

ED Decision 2006/005/R 

CS-25 Amendment 2 

The following is a list of paragraphs affected by this amendment: 

Subpart A 

AMC 25-11 Amended 

AMC 25-13 Title corrected 

AMC 25-19 Amended 

Subpart B 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-04-2006
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-15-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-15-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-21-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-16-2004
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CS 25.101 Amended 

Subpart C 

AMC 25.335(b)(2) Amended 

CS 25.399 Amended 

AMC 25.415 Title corrected 

AMC 25.491 Title corrected 

AMC 25.571(a),(b) and (e) Amended 

Subpart D 

AMC 25.703 Amended 

AMC 25.723 Title corrected 

CS 25.735 Amended 

AMC 25.735 Amended 

CS 25.745 Amended 

AMC 25.785(d) Amended 

Subpart F 

CS 25.1301(c) Amended 

AMC 25.1309 Amended 

AMC 25.1322 Amended 

CS 25.1365(a) Amended 

CS 25.1423 Amended 

CS 25.1435(b)(2) Amended 

AMC 25.1435 Amended 

AMC 25.1457 Amended 

Subpart G 

AMC 25.1581 Appx 1 Amended 

AMC 25.1583(k) Amended (NPA 14/2004) 

CS 25.1591 Replace entirely (NPA 14/2004) 

AMC 25.1591 Created (NPA 14/2004) 

Appendices 

Appendix F, Part II Amended 

Appendix J Amended 

 

ED Decision 2005/006/R 

CS-25 Amendment 1 

The following is a list of paragraphs affected by this amendment: 

Subpart B 

CS 25.251 (a) and (b) Amended (NPA 11/2004) 

Subpart C 

CS 25.301(b) Amended (NPA 02/2005) 

AMC 25.301(b) Amended (sub-paragraph (b) deleted) and renumbered as AMC 
No 1 to CS 25.301(b) (NPA 02/2005) 

AMC No.2 to CS 25.301(b) Created (NPA 02/2005) 

CS 25.302 Created (NPA 11/2004) 

CS 25.305 Amended by adding sub-paragraphs (e) and (f) ((NPA 11/2004)) 

CS 25.307 Amended (NPA 11/2004) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-14-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-14-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-14-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-02-2005
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
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AMC 25.307 Replaced (NPA 11/2004) 

CS 25.341 Amended (NPA 11/2004) 

AMC 25.341 Amended (NPA 11/2004) 

CS 25.343(b)(1)(ii) Amended (NPA 11/2004) 

CS 25.345(c)(2) Amended (NPA 11/2004) 

CS 25.371 Amended (NPA 11/2004) 

CS 25.373 (a) Amended (NPA 11/2004) 

CS 25.391 Amended (NPA 11/2004) 

CS 25.427 Amended by adding sub-paragraph (d) (NPA 11/2004) 

Subpart D 

CS 25.613 Amended (NPA 11/2004) 

AMC 25.613 Created (NPA 11/2004) 

CS 25.621 Replaced (NPA 08/2004) 

AMC 25.621 Created (NPA 08/2004) 

AMC 25.621(c) Created (NPA 08/2004) 

AMC 25.621(c)(1) Created (NPA 08/2004) 

CS 25.629 Amended (NPA 11/2004) 

AMC 25.629 Created (NPA 11/2004) 

Subpart E 

CS 25.901(c) Amended (NPA 13/2004) 

AMC 25.901(c) Created (NPA 13/2004) 

CS 25.933 (a)(1) Amended (NPA 13/2004) 

AMC 25.933 (a)(1) Created (NPA 13/2004) 

CS 25.981 Replaced (NPA 10/2004) 

AMC 25.981(a) Created (NPA 10/2004) 

AMC 25.981(c) Created (NPA 10/2004) 

CS 25.1141 (f) Amended (NPA 13/2004) 

CS 25.1189 Amended (NPA 13/2004) 

AMC 25.1189 Created (NPA 13/2004) 

Subpart F 

CS 25.1436(b)(7) Amended to refer to Appendix K (NPA 11/2004) 

Subpart G 

CS 25.1517 Amended (NPA 11/2004) 

CS 25.1522 Deleted (NPA 10/2004) 

CS 25.1583(b)(1) Amended by removing reference to CS 25.1522 (NPA 10/2004) 

Subpart J 

Subpart J Replaced entirely (NPA 10/2004) 

Existing AMC to subpart J Deleted entirely (NPA 10/2004) 

AMC 25J901(c)(2) Created (NPA 10/2004) 

AMC 25J901(c)(4) Created (NPA 10/2004) 

AMC 25J943 Created (NPA 10/2004) 

AMC 25J955(a)(2)(iii) Created (NPA 10/2004) 

AMC 25J991 Created (NPA 10/2004) 

AMC 25J1041 Created (NPA 10/2004) 

AMC 25J1093(b) Created (NPA 10/2004) 

CS 25J1189 Amended by adding reference to AMC 25.1189 (NPA 13/2004) 

http://easa.europa.eu/
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-11-2004
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CS 25.1 Applicability 
ED Decision 2011/004/R  

(a) These Certification Specifications are applicable to turbine powered Large Aeroplanes. 

[Amdt 25/11] 
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GENERAL AMCS 

AMC 25-11 Electronic Flight Deck Displays 
ED Decision 2012/008/R  
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CHAPTER 1 BACKGROUND 

1. What is the purpose of this AMC?  

This AMC provides an acceptable means of compliance for demonstrating compliance with 
certain certification specifications of CS-25, as well as general guidance for the design, 
installation, integration, and approval of electronic flight deck displays, components, and 
systems installed in large aeroplanes.  

2. Who does this AMC apply to?  

a. The acceptable means of compliance and guidance provided in this document is directed 
to aeroplane and avionics manufacturers, modifiers, and operators of large aeroplanes. 

b. This material describes acceptable means, but not the only means, for demonstrating 
compliance with the applicable certification specifications. The Agency will consider 
other methods of demonstrating compliance that an applicant may elect to present. 
While these guidelines are not mandatory, they are derived from extensive Agency and 
industry experience in determining compliance with the relevant certification 
specifications. Applicants for a European Technical Standard Order (ETSO) approval 
should consider following this AMC when the ETSO does not provide adequate or 
appropriate specifications.  

3.  [RESERVED] 
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4. General 

This AMC applies to the design, integration, installation, and certification approval of electronic 
flight deck displays, components, and systems for large aeroplanes. As a minimum this includes:  

-  General airworthiness considerations,  

-  Display system and component characteristics,  

-  Safety and criticality aspects,  

-  Functional characteristics,  

-  Display information characteristics,  

-  Guidance to manage display information,  

-  Flight crew interface and interactivity, and  

-  Airworthiness approval (means of compliance) considerations.  

Table 1, below, lists the topics included in this AMC. Table 2, below, lists the topics not included 
in this AMC.  

Table 1: Topics Covered in this AMC  

Topics  

Electronic pilot displays ς including single function and multi-function displays.  

Display features and functions that are intended for use by the pilot.  

5ƛǎǇƭŀȅ ŦǳƴŎǘƛƻƴǎ ƴƻǘ ƛƴǘŜƴŘŜŘ ŦƻǊ ǳǎŜ ōȅ ǘƘŜ Ǉƛƭƻǘ ƛŦ ǘƘŜȅ Ƴŀȅ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǘƘŜ ǇƛƭƻǘΩǎ ŦƭȅƛƴƎ ŘǳǘƛŜǎΦ  

Display aspects of Class III Electronic Flight Bag (installed equipment).  

Controls associated with the electronic displays covered in this AC. These controls include hard controls 
(physical buttons and knobs) and soft controls (virtual or programmable buttons and knobs, generally 
controlled through a cursor device or line select keys).  

Electronic standby displays.  

Head Up Displays (HUD).  

 

Table 2: Topics Outside this AMC  

Topics  

Display functions not intended for use by the pilot.  

In flight entertainment displays.  

Flight attendant displays.  

Maintenance terminals, even if they are in the flight deck, but not intended for use by the pilots.  

Head mounted displays used by pilots.  

Displays in the flight crew rest area.  

Handheld or laptop items (not installed equipment).  

Class I and Class II Electronic Flight Bags.  

Electromechanical instruments.  

!ǳŘƛǘƻǊȅ άŘƛǎǇƭŀȅǎέ όŦƻǊ ŜȄŀƳǇƭŜΣ ŀǳǊŀƭ ŀƭŜǊǘǎύΣ ŀƴŘ ǘŀŎǘƛƭŜ άŘƛǎǇƭŀȅǎέ όŦƻǊ ŜȄŀƳǇƭŜΣ ǎǘƛŎƪ ǎƘŀƪŜǊύΦ  

Flight controls, throttles, and other (hard) controls not directly associated with the electronic displays.  

 

In addition to this AMC, new AMC 25.1302 published in CS-25 Amendment 3, provides 
acceptable means of compliance with certification specifications associated with the design of 
flight crew interfaces such as displays, indications, and controls. AMC 25.1322 provides a means 
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of compliance for flight crew alerting systems. The combination of these AMCs is intended to 
embody a variety of design characteristics and human-centred design techniques that have 
wide acceptance, are relevant, and can be reasonably applied to large aeroplane certification 
projects.  

Other advisory material is used to establish guidance for specific functionality and 
characteristics provided by electronic displays. This AMC is not intended to replace or conflict 
with these existing AMCs but rather provides a top-level view of flight deck displays. Conflicts 
between this AMC and other advisory material will be resolved on a case-by-case basis in 
agreement with the Agency. 

5.  Definitions of Terms Used in this AMC 

a. CƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ !a/Σ ŀ άŘƛǎǇƭŀȅ ǎȅǎǘŜƳέ ƛƴŎƭǳŘŜǎ ƴƻǘ ƻƴƭȅ ǘƘŜ ŘƛǎǇƭŀȅ ƘŀǊŘǿŀǊŜ 
and software components but the entire set of avionic devices implemented to display 
information to the flight crew. Hardware and software components of other systems that 
affect displays, display functions, or display controls should take into account the display 
aspects of this AMC. For example, this AMC would be applicable to a display used when 
setting the barometric correction for the altimeter, even though the barometric set 
function may be part of another system. 

b. CƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ !a/Σ άŦƻǊŜǎŜŜŀōƭŜ ŎƻƴŘƛǘƛƻƴǎέ ƳŜŀƴǎ ǘƘŜ Ŧǳƭƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ 
which the display or the display system is assumed to operate, given its intended 
function. This includes operating in normal, non-normal, and emergency conditions. 

c. Definitions of technical terms used in this AMC can be found in Appendix 3 of this AMC. 
The acronyms used throughout this document are included in Appendix 4 of this AMC.  

6.  Background 

a. Electronic displays can present unique opportunities and challenges to the design and 
certification process. In many cases, showing compliance with certification specifications 
related to the latest flight deck display system capabilities has been subject to a great 
deal of interpretation by applicants and the Agency. At the time the first electronic 
displays were developed, they were direct replacements for the conventional 
electromechanical components. The initial release of AMC 25-11 established an 
acceptable means of compliance for the approval of cathode ray tube (CRT) based 
electronic display systems used for guidance, control, or decision-making by the flight 
crews of large aeroplanes. This initial release was appropriate for CRTs, but additional 
specifications were needed to update AMC 25-11 to address new technologies.  

b. The FAA and EASA have established a number of specifications intended to improve 
aviation safety by requiring that the flight deck design have certain capabilities and 
characteristics. The approval of flight deck displays and display systems has typically been 
addressed by invoking many specifications that are specific to certain systems, or to 
specifications with general applicability such as CS 25.1301(a), CS 25.771(a), and CS 
25.1523. Thus, this AMC provides acceptable means of compliance and guidance related 
to these and other applicable airworthiness specifications.  

7. - 10. [RESERVED] 

 
CHAPTER 2 ELECTRONIC DISPLAY SYSTEM OVERVIEW  

11.  General 
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The following paragraphs provide acceptable means of compliance and guidance that applies 
to the overall electronic display system. This chapter, together with Chapters 3 through 7 of this 
AMC, provides compliance objectives and design guidance. Chapter 8 provides general guidance 
on how to show compliance for approval of electronic display systems. The material in Chapters 
2 through 9 and Appendices 1 and 2 of this AMC constitutes an overall method of compliance 
for the approval of an electronic display system.  

a.  Design Philosophy. 

The applicant should establish, document, and follow a design philosophy for the display 
system that supports the intended functions (CS 25.1301). The documented design 
philosophy may be included as part of a system description, certification programme, or 
other document that is submitted to the Agency during a certification project. The design 
philosophy should include a high level description of:  

(1) General philosophy of information presentation ς ŦƻǊ ŜȄŀƳǇƭŜΣ ƛǎ ŀ άǉǳƛŜǘΣ ŘŀǊƪέ 
flight deck philosophy used or is some other approach used? 

(2) Colour philosophy on the electronic displays ς the meaning and intended 
interpretation of different colours ς for example, does magenta always represent 
a constraint? 

(3) Information management philosophy ς for example, when should the pilot take an 
action to retrieve information or is it brought up automatically? What is the 
intended interpretation of the location of the information? 

(4) Interactivity philosophy - for example, when and why is pilot confirmation of 
actions requested? When is feedback provided? 

(5) Redundancy management philosophy ς for example, how are single and multiple 
display failures accommodated? How are power supply and data bus failures 
accommodated? 

b.  Human Performance Considerations.  

The applicant should establish and document the following human performance 
elements when developing a display system:  

- Flight crew workload during normal and non-normal operations, including 
emergencies, 

- Flight crew training time to become sufficiently familiar with using the display, and 

- The potential for flight crew error.  

A high workload or excessive training time may indicate a display design that is difficult 
to use, requires excessive concentration, or may be prone to flight crew errors. 
Compliance considerations are included in Chapter 8 of this AMC.  

c. Addressing Intended Function in the Certification Programme 

The certification programme should identify the appropriate CS-25 certification 
specifications. An important part of the certification programme will be the system 
description(s) and all intended functions, including attitude, altitude, airspeed, engine 
parameters, horizontal situation display, etc. To demonstrate compliance with CS 
25.1301(a), an applicant must show that the design is appropriate for its intended 
function. ¢ƘŜ ŀǇǇƭƛŎŀƴǘΩǎ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ƛƴǘŜƴŘŜŘ ŦǳƴŎǘƛƻƴ ƴŜŜŘǎ ǘƻ ōŜ ǎǳŦŦƛŎƛŜƴǘƭȅ ǎǇŜŎƛŦƛŎ 
and detailed for the Agency to be able to evaluate that the system is appropriate to its 
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intended function. (CS 25.1302 and associated AMC provide additional information on 
intended function). General and/or ambiguous intended function descriptions are not 
ŀŎŎŜǇǘŀōƭŜ όŦƻǊ ŜȄŀƳǇƭŜΣ ŀ ŦǳƴŎǘƛƻƴ ŘŜǎŎǊƛōŜŘ ƻƴƭȅ ŀǎ άǎƛǘǳŀǘƛƻƴ ŀǿŀǊŜƴŜǎǎέύΦ {ƻƳŜ 
displays may be intended to be used for situation awareness, but that term needs to be 
clarified or qualified to explain what type of specific situation awareness will be provided. 
More detailed descriptions may be warranted for designs that are new, novel, highly 
integrated, or complex. Many modern displays have multiple functions and applicants 
should describe each intended function. A system description is one place to document 
the intended function(s). 

Display systems and display components that are not intended for use by the flight crew 
(such as maintenance displays) should not interfere with the flying duties of the flight 
crew. 

12 - 15. [RESERVED] 

 
CHAPTER 3 ELECTRONIC DISPLAY HARDWARE  

16. Display Hardware Characteristics 

The following paragraphs provide general guidance and a means of compliance for electronic 
display hardware with respect to its basic visual, installation, and power bus transient handling 
characteristics. A more detailed set of display hardware characteristics can be found in the 
following SAE International (formerly the Society of Automotive Engineers) documents:  

- For electronic displays ς {!9 !ŜǊƻǎǇŀŎŜ {ǘŀƴŘŀǊŘǎ ό!{ύ улоп!Σ άaƛƴƛƳǳƳ tŜǊŦƻǊƳŀƴŎŜ 
{ǘŀƴŘŀǊŘ ŦƻǊ !ƛǊōƻǊƴŜ aǳƭǘƛǇǳǊǇƻǎŜ 9ƭŜŎǘǊƻƴƛŎ 5ƛǎǇƭŀȅǎέΦ  

- For head up displays - {!9 !{улррΣ άaƛƴƛƳǳƳ tŜǊŦƻǊƳŀƴŎŜ {ǘŀƴŘŀǊŘ ŦƻǊ !ƛǊōƻǊƴŜ Head 
¦Ǉ 5ƛǎǇƭŀȅ όI¦5ύέΦ  

- For liquid crystal displays (LCDs) ς SAE Aerospace Recommended Practice (ARP) 4256A, 
ά5ŜǎƛƎƴ hōƧŜŎǘƛǾŜǎ ŦƻǊ [ƛǉǳƛŘ /Ǌȅǎǘŀƭ 5ƛǎǇƭŀȅǎ ŦƻǊ tŀǊǘ нр ό¢ǊŀƴǎǇƻǊǘύ !ƛǊŎǊŀŦǘέΦ  

NOTE 1: For LCDs, the quantitative criterion in SAE ARP 4256A, paragraph 4.2.6., equation 5, is 
not considered a reliable predictor of acceptable specular reflectivity characteristics. 
Accordingly, this aspect of LCD performance should be specifically assessed via flight crew 
evaluation to establish that there are not internal or external reflections that can result in flight 
crew distraction or erroneous interpretation of displayed information.  

NOTE 2: With regard to the criteria for malfunction indication in SAE ARP 4256A, paragraph 3.4, 
the Agency has determined that showing the fonts and symbols to be tolerant to the loss of a 
single column, line, or element is an acceptable alternative to providing a malfunction 
indication. Proposed designs that do not use fonts and symbols that are tolerant to these faults 
are acceptable if they meet the criteria in SAE ARP 4256A.  

NOTE 3: The applicant should notify the Agency if any visual display characteristics do not meet 
the guidelines in the applicable SAE documents.  

NOTE 4: The most recent revision of the referenced SAE documents should be considered. If 
there is a conflict between the guidance in an SAE document and AMC 25-11, follow the 
guidance in AMC 25-11.  

a.  Visual Display Characteristics 

The visual display characteristics of a flight deck display are directly linked to their optical 
characteristics. Display defects (for example, element defects or stroke tails) should not 
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impair readability of the display or create erroneous interpretation. In addition to the 
information elements and features identified in Chapter 5 of this AMC, and the visual 
characteristics in SAE ARP 4256A, SAE AS 8034A, and 8055, described above, the display 
should meet the criteria for the following characteristics. These characteristics are 
independent of the proposed display technology.  

(1) Physical Display Size.A display should be large enough to present information in a 
form that is usable (for example, readable or identifiable) to the flight crew from 
the flight crew stationin all foreseeable conditions, relative to the operational and 
lighting environment and in accordance with its intended function(s). 

(2) Resolution and Line Width.The resolution and minimum line width should be 
sufficient to support all the displayed images such that the displayed information 
is visible and understandable without misinterpretation from the flight crew 
station in all foreseeable conditions, relative to the operational and lighting 
environment.  

(3) Luminance. Information should be readable over a wide range of ambient 
illumination under all foreseeable conditions relative to the operating 
environment, including but not limited to: 

- Direct sunlight on the display, 

- Sunlight through a front window illuminating white shirts (reflections), 

- Sun above the forward horizon and above a cloud deck in a flight crew 
ƳŜƳōŜǊΩǎ ŜȅŜǎΣ ŀƴŘ 

- Night and/or dark environment.  

(a) For low ambient conditions, the display should be dimmable to levels 
ŀƭƭƻǿƛƴƎ ŦƻǊ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ǘƘŜ ŘŀǊƪΣ ǎǳŎƘ ǘƘŀǘ ƻǳǘǎƛŘŜ Ǿƛǎƛƻƴ 
and an acceptable presentation are maintained. 

(b) Automatic luminance adjustment systems can be employed to decrease 
pilot workload and increase display life. Operation of these systems should 
be satisfactory over a wide range of ambient light conditions, including the 
extreme cases of a forward low sun and a quartering rearward sun shining 
directly on the display. 

1. Some manual adjustment should be retained to provide for normal 
and non-normal operating differences so that the luminance variation 
is not distracting and does not interfere with the flight cǊŜǿΩǎ ŀōƛƭƛǘȅ 
to perform their tasks.  

2. Displays or layers of displays with uniformly filled areas conveying 
information such as weather radar imagery should be independently 
adjustable in luminance from overlaid symbology. The range of 
luminance control should allow detection of colour differences 
between adjacent small filled areas no larger than 5 milliradians in 
principal dimension; while at this setting, overlying map symbology, if 
present, should be discernible.  

(c) Display luminance variation within the entire flight deck should be 
minimised so that displayed symbols, lines, or characters of equal luminance 
remain uniform under any luminance setting and under all foreseeable 
operating conditions. 
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(4) Contrast Ratio 

(a) ¢ƘŜ ŘƛǎǇƭŀȅΩǎ ŎƻƴǘǊŀǎǘ Ǌŀǘƛƻ should be sufficient to ensure that the 
information is discernable under the whole ambient illumination range from 
the flight crew station under all foreseeable conditions relative to the 
operating environment. 

(b) The contrast between all symbols, characters, lines, and their associated 
backgrounds should be sufficient to preclude confusion or ambiguity of any 
necessary information. 

(5) Chromaticity 

(a) The display chromaticity differences, in conjunction with luminance 
differences, should be sufficient to allow graphic symbols to be 
discriminated from each other, from their backgrounds (for example, 
external scene or image background) and background shaded areas, from 
the flight crew station, in all foreseeable conditions relative to the lighting 
environment. Raster or video fields (for example, non-vector graphics such 
as weather radar) should allow the image to be discriminated from overlaid 
symbols, and should allow the desired graphic symbols to be displayed. See 
SAE AS 8034A, sections 4.3.3 and 4.3.4, for additional guidance. 

(b) The display should provide chromaticity stability over the foreseeable 
conditions relative to the range of operating temperatures, viewing 
envelope, image dynamics, and dimming range, such that the symbology is 
understandable and is not misleading, distracting, or confusing. 

(6) Grey Scale 

(a) The number of shades of gray and the difference between shades of gray 
that the display can provide should be adequate for all image content and 
its use, and should accommodate all viewing conditions. 

(b) The display should provide sufficient gray scale stability over the foreseeable 
range of operating temperatures, viewing envelope, and dimming range, 
such that the symbology is understandable and is not misleading, distracting, 
or confusing. 

(7) Display Response.The dynamic response of the display should be sufficient to 
present discernable and readable information that is not misleading, distracting, 
or confusing. The response time should be sufficient to ensure dynamic stability of 
colours, line widths, gray scale, and relative positioning of symbols. Undesirable 
display characteristics, such as smearing of moving images and loss of luminance, 
should be minimised so that information is still readable and identifiable under all 
foreseeable conditions, not distracting, and does not lead to misinterpretation of 
data.  

(8) Display Refresh Rate.The display refresh rate should be sufficient to prevent flicker 
effects that result in misleading information or difficulty in reading or interpreting 
information.  

(9) [RESERVED] 

(10) Display Defects. Display defects, such as element defects and stroke tails, resulting 
from hardware and graphical imaging causes should not impair readability of the 
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displays or induce or cause erroneous interpretation. This is covered in more detail 
in SAE ARP 4256A, SAE AS 8034A, and 8055.  

(11)  [RESERVED] 

(12) Flight Deck Viewing Envelope. The size of the viewing envelope should provide 
Ǿƛǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ŦƭƛƎƘǘ ŘŜŎƪ ŘƛǎǇƭŀȅǎ ƻǾŜǊ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ƴƻǊƳŀƭ ǊŀƴƎŜ ƻŦ head 
motion, and support cross-flight deck viewing if necessary; for example, when it is 
ǊŜǉǳƛǊŜŘ ǘƘŀǘ ǘƘŜ ŎŀǇǘŀƛƴ ōŜ ŀōƭŜ ǘƻ ǾƛŜǿ ŀƴŘ ǳǎŜ ǘƘŜ ŦƛǊǎǘ ƻŦŦƛŎŜǊΩǎ ǇǊƛƳŀǊȅ ŦƭƛƎƘǘ 
information. 

b.  Installation 

(1) Flight deck display equipment and installation designs should be compatible with 
the overall flight deck design characteristics (such as flight deck size and shape, 
flight crew member position, position of windows, external luminance, etc.) as well 
as the aeroplane environment (such as temperature, altitude, electromagnetic 
interference, and vibration).  

(2) European Organisation for Civil Aviation Electronics (EUROCAE) ED-14 
Environmental Conditions and Test Procedures for Airborne Equipment, at the 
latest revision, provides information that may be used for an acceptable means of 
qualifying display equipment for use in the aeroplane environment.  

(3) [RESERVED] 

(4) The installation of the display equipment must not adversely affect its readability 
and the external scene visibility of the flight crew under all foreseeable conditions 
relative to the operating and lighting environment (CS 25.1321(a), CS 25.773 
(a)(1)).  

(5) The installation of the display equipment must not cause glare or reflection, either 
on the displays or on the flight deck windows, that could interfere with the normal 
duties of the minimum flight crew (CS 25.773 (a)(2)) under all foreseeable 
conditions.  

(6) If the display system design is dependent on cross-flight deck viewing for its use, 
the installation should take into account the viewing angle limitations of the display 
units, the size of the displayed information, and the distance of the display from 
each flight crew member.  

(7) When a display is used to align or overlay symbols with real-world external data 
(for example, HUD symbols), the display should be installed such that positioning 
accuracy of these symbols is maintained during all phases of flight. SAE ARP 5288, 
Transport Category Aeroplane Head Up Display (HUD) Systems, provides additional 
details regarding the symbol positioning accuracy for conformal symbology on a 
HUD.  

(8) The display system components should not cause physical harm to the flight crew 
under foreseeable conditions relative to the operating environment (for example, 
turbulence or emergency egress).  

(9) The installed display must not visually obstruct other controls and instruments or 
prevent those controls and instruments from performing their intended function 
(CS 25.1301).  
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(10)  The display system must not be adversely susceptible to electromagnetic 
interference from other aeroplane systems (CS 25.1431) under all foreseeable 
conditions.  

(11)  The display components should be installed in such a way that they retain 
mechanical integrity (secured in position) for all foreseeable conditions relative to 
the flight environment.  

(12)  Liquid spill on or breakage of a display system component in the flight deck should 
not result in a hazard.  

c. Power Bus Transient. EUROCAE document ED-14, at the latest revision, provides 
information that may be used for an acceptable means of qualifying display equipment 
such that the equipment performs its intended function when subjected to anomalous 
input power. SAE ARP 4256A, Design Objectives for Liquid Crystal Displays for Part 25 
(Transport) Aircraft, provides additional information for power transient recovery 
(specifically for the display unit).  

(1) Flight deck displays and display systems should be insensitive to power transients 
caused by normal load switching operation of the aeroplane, in accordance with 
their intended function.  

(2) The electronic attitude display should not be unusable or unstable for more than 
one second after electrical bus transients due to engine failure. Only displays on 
one side of the aeroplane should be affected by an engine failure. Recognisably 
valid pitch and roll data should be available within one second on the affected 
displays and any effects lasting beyond one second should not interfere with the 
ability to obtain quick glance valid attitude. For most aeroplanes an engine failure 
after take-off will simultaneously create a roll acceleration, new pitch attitude 
requirements, and an electrical transient. Attitude information is paramount; if 
there is an engine failure, transfer to standby attitude or transfer of control of the 
aeroplane to the other pilot cannot be reliably accomplished in a timely enough 
manner to prevent an unsafe condition. In testing this failure mode, experience 
has shown that switching the generator off at the control panel may not result in 
the longest electrical transient. One practical way to simulate this failure is with a 
fuel cut which will allow the generator output voltage and frequency to decrease 
until the bus control recognises the failure. Other engine failure conditions may be 
more critical (such as sub-idle stalls) which cannot be reasonably evaluated during 
flight test. Analysis should identify these failure modes and show that the 
preceding criteria are met.  

(3) Non-normal bus transients (for example, generator failure) should not initiate a 
power up initialisation or cold start process.  

(4) The display response to a short term power interrupt (<200 milliseconds) should 
be such that the intended function of the display is not adversely affected.  

(5) Following in-flight long term power interrupts (>200 milliseconds), the display 
system should quickly return to operation in accordance with its intended function, 
and should continue to permit the safe control of the aeroplane in attitude, 
altitude, airspeed, and direction.  

(6) The large electrical loads required to restart some engine types should not affect 
ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǇƛƭƻǘΩǎ ŘƛǎǇƭŀȅ ŘǳǊƛƴƎ ǘƘŜ ǎǘŀǊǘ ǎŜǉǳŜƴŎŜΦ  

17. ς 20.  [RESERVED]  
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CHAPTER 4. SAFETY ASPECTS OF ELECTRONIC DISPLAY SYSTEMS  

21.  General. This chapter provides additional guidance and interpretative material for applying 
CS 25.1309 and CS 25.1333(b) to the approval of display systems. Using electronic displays and 
integrated modular avionics allows designers to integrate systems to a much higher degree than 
was practical with previous flight deck components. Although operating the aeroplane may 
become easier as a result of the integration, evaluating the conditions in which the display 
system could fail and determining the severity of the resulting failure effects may become more 
complex. The evaluation of the failure conditions should identify the display function and 
include alƭ ŎŀǳǎŜǎ ǘƘŀǘ ŎƻǳƭŘ ŀŦŦŜŎǘ ǘƘŀǘ ŦǳƴŎǘƛƻƴΩǎ ŘƛǎǇƭŀȅ ŀƴŘ ŘƛǎǇƭŀȅ ŜǉǳƛǇƳŜƴǘΦ CS 25.1309 
defines the basic safety specifications for the airworthiness approval of aeroplane systems  

a.  Identification of Failure Conditions. One of the initial steps in establishing compliance 
with CS 25.1309 is identifying the failure conditions that are associated with a display or 
a display system. The following paragraphs provide material that may be useful in 
supporting this initial activity. The analysis of the failure condition should identify the 
impacted functionality, the effect on the aeroplane and/or its occupants, any 
considerations related to phase of flight, and identify any flight deck indication, flight 
crew action, or other relevant mitigation means.  

(1)  The type of display system failure conditions will depend, to a large extent, on the 
architecture (Integrated Modular Avionics, Federated System, Non-Federated 
System, etc.), design philosophy, and implementation of the system. Types of 
failure conditions include:  

-  Loss of function (system or display).  

-  Failure of display controls ς loss of function or malfunction such that 
controls perform in an inappropriate manner, including erroneous display 
control.  

-  Malfunction (system or display) that leads to:  

- Partial loss of data, or  

- Erroneous display of data that is either:  

- Detected by the system (for example, flagged or comparator 
alert), and/or easily detectable by the flight crew; or  

- Difficult to detect by the flight crew or not detectable and 
ŀǎǎǳƳŜŘ ǘƻ ōŜ ŎƻǊǊŜŎǘ όŦƻǊ ŜȄŀƳǇƭŜΣ άaƛǎƭŜŀŘƛƴƎ ŘƛǎǇƭŀȅ ƻŦ ΧΦέύΦ  

(2)  When a flight deck design includes primary and standby displays, consider failure 
conditions involving the failure of standby displays in combination with the failure 
of primary displays. The flight crew may use standby instruments in two 
complementary roles following the failure of primary displays:  

(a) Redundant display to cope with failure of main instruments, or 

(b) Independent third source of information to resolve inconsistencies between 
primary instruments.  

(3)  When the display of erroneous information is caused by failure of other systems 
which interface with the display system, the effects of these failures may not be 
limited to the display system. Associated failure conditions may be dealt with at 
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ǘƘŜ ŀŜǊƻǇƭŀƴŜ ƭŜǾŜƭ ƻǊ ǿƛǘƘƛƴ ǘƘŜ ƻǘƘŜǊ ǎȅǎǘŜƳǎΩ ǎŀŦŜǘȅ assessment, as appropriate, 
in order to assess the cumulative effect.  

b.  Effects of Display Failure Conditions. The effects of display system failure conditions on 
safe operations are highly dependent on pilot skills, flight deck procedures, phase of 
flight, type of operations being conducted, and instrument or visual meteorological 
conditions.  

(1)  Based on previous aeroplane certification programmes, paragraph 21e of this 
AMC shows examples of safety objectives for certain failure conditions. These 
safety objectives do not preclude the need for a safety assessment of the actual 
effects of these failures, which may be more or less severe depending on the 
design. Therefore, during the CS 25.1309 safety assessment process, the Agency 
ǿƛƭƭ ƴŜŜŘ ǘƻ ŀƎǊŜŜ ǿƛǘƘ ǘƘŜ ŀǇǇƭƛŎŀƴǘΩǎ ƘŀȊŀǊŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜǎŜ ŦŀƛƭǳǊŜ 
conditions in order for the assessment to be considered valid.  

(2) When assessing the effects that result from a display failure, consider the 
following, accounting for phases of flight when relevant:  

- 9ŦŦŜŎǘǎ ƻƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ŀŜǊƻǇƭŀƴŜ ƛƴ ǘŜǊƳǎ ƻŦ 
attitude, speed, accelerations, and flight path, potentially resulting in:  

- Controlled flight into terrain,  

- Loss of control of the aeroplane during flight and/or during critical 
flight phases (approach, take-off, go-around, etc.),  

- Inadequate performance capability for phase of flight, including:  

- Loss of obstacle clearance capability, and  

- Exceeding take-off or landing field length.  

- Exceeding the flight envelope,  

- Exceeding the structural integrity of the aeroplane, and  

- Causing or contributing to pilot induced oscillations.  

- 9ŦŦŜŎǘǎ ƻƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ŜƴƎƛƴŜǎΣ ǎǳŎƘ ŀǎΥ  

- Those effects resulting in shutting down a non-failed engine in 
response to the failure of a different engine, and  

- Undetected, significant thrust loss.  

-  9ŦŦŜŎǘǎ ƻƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ ŀŜǊƻǇƭŀƴŜ ǎȅǎǘŜƳǎΦ  

-  9ŦŦŜŎǘǎ ƻƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ǇŜǊŦƻǊƳŀƴŎŜΣ ǿƻǊƪƭƻŀŘ ŀƴŘ ability to cope with 
adverse operating conditions.  

-  Effects on situation awareness; for example, the specific effects must be 
identified, such as situation awareness related to navigation or system 
status.  

-  Effects on automation if the display is used as a controlling device. 

(3) When the display system is used as a control device for other aeroplane systems, 
consider the cumulative effect of a display system failure on all of the controlled 
systems. 
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c.  Mit igation of Failure Conditions 

(1) When determining mitigation means for a failure condition consider the following:  

-  Protection against common mode failures.  

-  Fault isolation and reconfiguration.  

-  Redundancy (for example, heading information may be provided by an 
independent integrated standby and/or a magnetic direction indicator).  

-  Availability of, level of, timeliness of, and type of, alert provided to the flight 
crew.  

-  The flight phase and the aircraft configuration.  

-  The duration of the condition.  

-  The aircraft motion cues that may be used by the flight crew for recognition.  

-  Expected flight crew corrective action on detection of the failure, and/or 
operational procedures.  

-  In some flight phases, ability of the flight crew to control the aeroplane after 
a loss of primary attitude display on one side.  

-  ¢ƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ ǘǳǊƴ ƻŦŦ ŀ ŘƛǎǇƭŀȅ όŦƻǊ ŜȄŀƳǇƭŜΣ Ŧǳƭƭ ōǊƛƎƘǘ ŘƛǎǇƭŀȅ 
at night).  

-  Protections provided by other systems (for example, flight envelope 
protection or augmentation systems).  

(2) The mitigation means should be described in the safety analysis/assessment 
document or by reference to another document (for example, a system description 
document). The continued performance of the mitigation means, in the presence 
of the failure conditions, should also be identified and assured.  

(3) The safety assessment should include the rationale and coverage of any display 
system protection and monitoring philosophies used in the design. The safety 
assessment should also include an evaluation of each of the identified display 
system failure conditions and an analysis of the exposure to common mode/cause 
or cascade failures in accordance with AMC 25.1309. Additionally, the safety 
assessment should justify and describe any functional partitioning schemes 
employed to reduce the effect of integrated component failures or functional 
failures. 
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d.  Validation of the Classification of Failure Conditions and Their Effects.  

There may be situations where the severity of the effect of the failure condition identified 
in the safety analysis needs to be confirmed. Laboratory, simulator, or flight test may be 
appropriate to accomplish the confirmation. The method of validating the failure 
condition classification will depend on the effect of the condition, assumptions made, 
and any associated risk. If flight crew action is expected to cope with the effect of a failure 
condition, the information available to the flight crew should be useable for detection of 
the failure condition and to initiate corrective action. 

e.  System Safety Guidelines 

(1) Experience from previous certification programmes has shown that a single failure 
due to a loss or malfunction of the display system, a sensor, or some other 
dependent system, which causes the misleading display of primary flight 
information, may have negative safety effects. It is recommended that the display 
system design and architecture implement monitoring of the primary flight 
information to reduce the probability of displaying misleading information.  

(2) Experience from previous certification programmes has shown that the combined 
failure of both primary displays with the loss of the standby system can result in 
failure conditions with catastrophic effects.  

(3) When an integrated standby display is used to provide a backup means of primary 
flight information, the safety analysis should substantiate that common cause 
failures have been adequately addressed in the design, including the design of 
software and complex hardware. In particular, the safety analysis should show that 
the independence between the primary instruments and the integrated standby 
instruments is not violated becausethe integrated standby display may interface 
with a large number of aeroplane components, including power supplies, pitot 
static ports, and other sensors.  

(4) There should be a means to detect the loss of or erroneous display of primary flight 
information, either as a result of a display system failure or the failure of an 
associated sensor. When loss or malfunction of primary flight information is 
detected, the means used to indicate the lost or erroneous information should 
ensure that the erroneous information will not be used by the flight crew (for 
example, removal of the information from tƘŜ ŘƛǎǇƭŀȅ ƻǊ ǇƭŀŎŜƳŜƴǘ ƻŦ ŀƴ ά·έ 
through the failed display).  

(5) The means used to indicate the lost or erroneous information, when it is detected, 
should be independent of the failure mechanism. For example, the processor that 
originates the erroneous parameter should not be the same processor that 
annunciates or removes the erroneous parameter from the display. Common 
mode failures of identical processor types should be considered (for example, 
common mode failures may exist in a processor used to compute the display 
parameters and an identical processor used for monitoring and annunciating 
failures.)  

(6) A catastrophic failure condition should not result from the failure of a single 
component, part, or element of a system. Failure containment should be provided 
by the system design to limit the propagation of the effects of any single failure 
and preclude catastrophic failure conditions. In addition, there should not be a 
common cause failure that could affect both the single component, part, or 
element and its failure containment provisions.  
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(7) For safety-critical display parameters, there should be a means to verify the 
correctness of sensor input data. Range, staleness, and validity checks should be 
used where possible.  

(8) The latency period induced by the display system, particularly for alerts, should not 
be excessive and should take into account the criticality of the alert and the 
required crew response time to minimise propagation of the failure condition. 

(9) For those systems that integrate windowing architecture into the display system, 
a means should be provided to control the information shown on the displays, such 
that the integrity of the display system as a whole will not be adversely impacted 
by anomalies in the functions being integrated. This means of controlling the 
display of information, called window manager in this AMC, should be developed 
to the software assurance level at least as high as the highest integrity function of 
ŀƴȅ ǿƛƴŘƻǿΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǿƛƴŘƻǿ ƳŀƴŀƎŜǊ ǎƘƻǳƭŘ ōŜ ƭŜǾŜƭ ά!έ ƛŦ ǘƘŜ 
ƛƴŦƻǊƳŀǘƛƻƴ ŘƛǎǇƭŀȅŜŘ ƛƴ ŀƴȅ ǿƛƴŘƻǿ ƛǎ ƭŜǾŜƭ ά!έ όǎŜŜ AMC 20-115 Software 
Considerations for Airborne Systems and Equipment Certification). SAE ARP 
4754A/EUROCAE ED-79A, Guidelines for development of civil aircraft and systems, 
provides a recommended practice for system development assurance.  

(10)  System Safety Assessment Guidelines.The complete set of failure conditions to be 
considered in the display system safety analysis and the associated safety objective 
are established during the system safety assessment, and agreed upon by the 
applicant and the approving civil airworthiness agency. The safety assessment 
should consider the full set of display system intended functions as well as display 
system architecture and design philosophy (for example, failure modes, failure 
detection and annunciation, redundancy management, system and component 
independence and isolation). The system safety analysis is required by CS 25.1309, 
and indirectly by other specifications, including CS 25.901, CS 25.903, and CS 
25.1333.  

The following tables provide examples of failure conditions and associated safety 
objectives common to numerous display systems that are already certified. These tables 
are provided to identify a set of failure conditions that need to be considered; however, 
these are only examples. These examples do not replace the need for a system safety 
assessment and are not an exhaustive list of failure conditions. For these example failure 
conditions, additional functional capabilities or less operational mitigation may result in 
higher safety objectives, while reduced functional capability or increase operational 
mitigation may result in lower safety objectives.  

1  Attitude (Pitch and Roll). The following table lists examples of safety objectives for 
attitude related failure conditions.  

Table 3 Example Safety Objectives for Attitude Failure Conditions  

Failure Condition  Safety Objective 

Loss of all attitude displays, including standby display  Extremely Improbable  

Loss of all primary attitude displays  Remote - Extremely Remote  

Display of misleading attitude information on both primary displays  Extremely Improbable  

Display of misleading attitude information on one primary display  Extremely Remote  

Display of misleading attitude information on the standby display  Remote  

Display of misleading attitude information on one primary display 
combined with a standby failure (loss of attitude or incorrect attitude)  

Extremely Improbable  

Notes 
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(1) System architecture and functional integration should be considered in determining the 
classification within this range. This failure may result in a sufficiently large reduction in safety 
margins to warrant a hazardous classification.  

(2) /ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ά[ƻǎǎ ƻŦ ŀƭƭ ŀǘǘƛǘǳŘŜ ŘƛǎǇƭŀȅΣ ƛƴŎƭǳŘƛƴƎ ǎǘŀƴŘōȅ ŘƛǎǇƭŀȅέ ǎŀŦŜǘȅ ƻōƧŜŎǘƛǾŜΣ 
since the flight crew may not be able to identify the correct display. Consideration will be given 
to the ability of the flight crew to control the aeroplane after a loss of attitude primary display 
on one side in some flight phases (for example, during take-off).  

2  Airspeed. The following table lists examples of safety objectives for airspeed related 
failure conditions.  

Table 4 Example Safety Objectives for Airspeed Failure Conditions  

Failure Condition  Safety Objective 

Loss of all airspeed displays, including standby display  Extremely Improbable  

Loss of all primary airspeed displays  Remote - Extremely Remote 

Display of misleading airspeed information on both primary displays, 
coupled with loss of stall warning or loss of over-speed warning  

Extremely Improbable  

Display of misleading airspeed information of the standby display 
(primary airspeed still available)  

Remote  

Display of misleading airspeed information on one primary display 
combined with a standby failure (loss of airspeed or incorrect airspeed)  

Extremely Improbable  

Notes 

(1) System architecture and functional integration should be considered in determining the 
classification within this range. This failure may result in a sufficiently large reduction in safety 
margins to warrant a hazardous classification.  

(2) Consistent with the ά[ƻǎǎ ƻŦ ŀƭƭ ŀƛǊǎǇŜŜŘ ŘƛǎǇƭŀȅΣ ƛƴŎƭǳŘƛƴƎ ǎǘŀƴŘōȅ ŘƛǎǇƭŀȅέ ǎŀŦŜǘȅ ƻōƧŜŎǘƛǾŜΣ 
since the flight crew may not be able to separate out the correct display.  

3  Barometric Altitude. The following table lists examples of safety objectives for barometric 
altitude related failure conditions.  

Table 5 Example Safety Objectives for Barometric Altitude Failure Conditions  

Failure Condition  Safety Objective 

Loss of all barometric altitude displays, including standby display  Extremely Improbable  

Loss of all barometric altitude primary displays  Remote - Extremely Remote 

Display of misleading barometric altitude information on both primary 
displays  

Extremely Improbable  

Display of misleading barometric altitude information on the standby 
display (primary barometric altitude still available)  

Remote  

Display of misleading barometric altitude information on one primary 
display combined with a standby failure (loss of altitude or incorrect 
altitude)  

Extremely Improbable  

Notes 

(1) System architecture and functional integration should be considered in determining the 
classification within this range. This failure may result in a sufficiently large reduction in safety 
margins to warrant a hazardous classification.  

(2) /ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ά[ƻǎǎ ƻŦ ŀƭƭ ōŀǊƻƳŜǘǊƛŎ ŀƭǘƛǘǳŘŜ ŘƛǎǇƭŀȅΣ ƛƴŎƭǳŘƛƴƎ ǎǘŀƴŘōȅ ŘƛǎǇƭŀȅέ ǎŀŦŜǘȅ 
objective since the flight crew may not be able to separate out the correct display. 
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Consideration should be given that barometric setting function design is commensurate with 
the safety objectives identified for barometric altitude.  

4  Heading. The following table lists examples of safety objectives for heading related failure 
conditions.  

(aa) The standby heading may be provided by an independent integrated standby or the 
magnetic direction indicator. 

(bb) The safety objectives listed below can be alleviated if it can be demonstrated that track 
information is available and correct.  

Table 6 Example Safety Objectives for Heading Failure Conditions  

Failure Condition  Safety Objective 

Loss of stabilised heading in the flight deck  Remote 

Loss of all heading displays in the flight deck  Extremely Improbable  

Display of misleading heading information on both pilots' primary 
displays  

Remote - Extremely Remote2) 

Display of misleading heading information on one primary display 
combined with a standby failure (loss of heading or incorrect heading)  

Remote ς Extremely Remote2) 

Notes 

(1) System architecture and functional integration should be considered in determining the 
classification within this range. This failure may result in a sufficiently large reduction in safety 
margins to warrant a hazardous classification.  

(2) This assumes the availability of an independent, non-stabilised heading required by CS 25.1303 
(a)(3).  

5  Navigation and Communication (Excluding Heading, Airspeed, and Clock Data). The following 
table lists examples of safety objectives for navigation and communication related failure 
conditions. 

Table 7 Example Safety Objectives for Certain Navigation and Communication Failure Conditions  

Failure Condition  Safety Objective 

Loss of display of all navigation information  Remote 

Non-restorable loss of display of all navigation information coupled with 
a total loss of communication functions  

Extremely Improbable  

Display of misleading navigation information simultaneously to both 
pilots  

Remote ς Extremely Remote  

Loss of all communication functions  Remote  

Note 

(1) ά!ƭƭέ ƳŜŀƴǎ ƭƻǎǎ ƻŦ ŀƭƭ ƴŀǾƛƎŀǘƛƻƴƛƴŦƻǊƳŀǘƛƻƴ, excluding heading, airspeed, and clock data. If any 
or all of the latter information is also lost then a higher classification may be warranted.  

6  Other Parameters (Typically Shown on Electronic Display Systems). The following table lists 
examples of safety objectives for failure conditions related to other parameters typically shown 
on electronic display systems. 

Table 8 Example Safety Objectives for Failure Conditions of Other Parameters 

Failure Condition  Safety Objective 

Display of misleading flight path vector information to one pilot  Remote  

Loss of all vertical speed displays  Remote  
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Display of misleading vertical speed information to both pilots  Remote  

Loss of all slip/skid indication displays  Remote  

Display of misleading slip/skid indication to both pilots  Remote  

Display of misleading weather radar information  Remote  

Total loss of flight crew alerting displays  Remote  

Display of misleading flight crew alerting information  Remote  

Display of misleading flight crew procedures  Remote ς Extremely Improbable  

Loss of the standby displays  Remote  

Notes 

(1) The safety objective may be more stringent depending on the use and on the phase of flight 

(2) Applicable to the display part of the system only. 

(3) See also AMC 25.1322. 

(4) To be evaluated depending on the particular procedures and associated situations. 

 

7  Engine. Table 9, below, lists examples of generally accepted safety objectives for engine related 
failure conditions. Appendix 2 of this AMC provides additional guidance for powerplant displays.  

(aa)  ¢ƘŜ ǘŜǊƳ άǊŜǉǳƛǊŜŘ ŜƴƎƛƴŜ ƛƴŘƛŎŀǘƛƻƴǎέ ǊŜŦŜǊǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ ǘƘŜ ŜƴƎƛƴŜ ǘƘǊǳǎǘκǇƻǿŜǊ 
setting parameter (for example, engine pressure ratio, fan speed, or torque) and any 
other engine indications that may be required by the flight crew to maintain the engine 
within safe operating limits (for example, rotor speeds or exhaust gas temperature).  

(bb) The information in Table 9 is based on the premise that the display failure occurs while 
operating in an autonomous engine control mode. Autonomous engine control modes, 
such as those provided by full authority digital engine controls, protect continued safe 
operation of the engine at any thrust lever setting. Hence, the flight deck indications and 
associated flight crew actions are not the primary means of protecting safe engine 
operation.  

(cc)  Where the indications serve as the primary means of assuring continued safe engine 
operation, the hazard classification may be more severe. For example, under the table 
ŜƴǘǊȅ ά[ƻǎǎ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ ǊŜǉǳƛǊŜŘ ŜƴƎƛƴŜ ƛƴŘƛŎŀǘƛƻƴǎ ƻƴ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ŜƴƎƛƴŜΣέ ǘƘŜ 
ƘŀȊŀǊŘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǿƻǳƭŘ ŎƘŀƴƎŜ ǘƻ ά/ŀǘŀǎǘǊƻǇƘƛŎέ ŀƴŘ ǘƘŜ ǇǊƻōability would change 
ǘƻ ά9ȄǘǊŜƳŜƭȅ LƳǇǊƻōŀōƭŜΦέ  

(dd) Each of the general failure condition descriptions provided in Table 9 represents a set of 
more specific failure conditions. The hazard classifications and probabilities provided in 
Table 9 represent the most severe outcome typically associated with any failure condition 
within the set. If considered separately, some of the specific failure conditions within 
each set would likely have less severe hazard classifications and probabilities.  

Table 9 Example Safety Objectives for Engine Failure Conditions  

Failure Condition  Safety Objective 

Loss of one or more required engine indications for a single engine  Remote  

Misleading display of one or more required engine indications for a 
single engine  

Remote  

Loss of one or more required engine indications for more than one 
engine  

Remote - Extremely Remote 
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Misleading display of any required engine indications for more than one 
engine  

Extremely Remote - Extremely 
Improbable 

Notes 

(1) The worst anticipated outcomes associated with this class of failure may often be driven by 
consideration of the simultaneous loss of all required engine indications. In any case, those 
outcomes will typically include both a high speed take-off abort and loss of the backup means 
to assure safe engine operations. High speed aborts have typically been classified as 
άƘŀȊŀǊŘƻǳǎέ ōȅ the Agency due to the associated impacts on both flight crew workload and 
safety margins. Since any number of single failures or errors can defeat the protections of a 
typical autonomous engine control, losing the ability to backup the control is considered a 
ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǎŀŦŜǘȅ ƳŀǊƎƛƴǎ ǘƻ ŀƭǎƻ ǿŀǊǊŀƴǘ ŀ άƘŀȊŀǊŘƻǳǎέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΦ 
IŜƴŎŜ ǘƘŜ ά9ȄǘǊŜƳŜƭȅ wŜƳƻǘŜέ ŘŜǎƛƎƴ ƎǳƛŘŜƭƛƴŜ ǿŀǎ ŎƘƻǎŜƴΦ  

(2) If the power setting parameter is indicating higher than actual during take-off, this can lead 
directly to a catastrophe, either due to a high speed runway overrun or impacting an obstacle 
after take-off. This classification has been debated and sustained by the Agency numerous times 
ƛƴ ǘƘŜ ǇŀǎǘΦ IŜƴŎŜ ǘƘŜ ά9ȄǘǊŜƳŜƭȅ LƳǇǊƻōŀōƭŜέ ǇǊƻōŀōƛƭƛǘȅ ƛǎ ƭƛsted. 

 

8  Use of Display Systems as Controls. Hazard classifications and safety objectives are not provided 
for display systems used as controls because the failure conditions are dependant on the 
functions and systems being controlled or on alternative means of control. The use of display 
systems as controls is described in Chapter 7 of this AMC. The following table lists the failure 
conditions when display systems are used as controls.  

Table 10 Failure Conditions for Display Systems Used as Controls  

Failure Condition  Safety Objective  

Total loss of capability to use the display system as a control  Depends on system being controlled.  

Undetected erroneous input from the display system as a control  Depends on system being controlled.  

22.ς 30.  [RESERVED] 

 
CHAPTER 5 ELECTRONIC DISPLAY INFORMATION ELEMENTS AND FEATURES  

31.  Display Information Elements and Features. This chapter provides guidance for the display of 
information elements including text, labels, symbols, graphics, and other depictions (such as 
schematics) in isolation and in combination. It covers the design and format of these 
information elements within a given display area. Chapter 6 of this AMC covers the integration 
of information across several display areas in the flight deck, including guidance on flight deck 
information location, display arrangement, windowing, redundancy management, and failure 
management.  

a.  General 

(1) The following list provides objectives for each display information element, in 
accordance with its intended function: 

-  Each flight, navigation, and powerplant instrument for use by any pilot must 
be plainly visible to him from his station with the minimum practicable 
deviation from his normal position and line of vision when he is looking 
forward along the flight path (CS 25.1321(a)).  
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-  The displayed information should be easily and clearly discernable, and 
have enough visual contrast for the pilot to see and interpret it. Overall, the 
display should allow the pilot to identify and discriminate the information 
without eyestrain. Refer to paragraph 16a(4) of this AMC for additional 
guidance regarding contrast ratio.  

-  For all display configurations, all foreseeable conditions relative to lighting 
should be considered. Foreseeable lighting considerations should include 
failure modes such as lighting and power system failure, the full range of 
flight deck lighting and display system lighting options, and the operational 
environment (for example, day and night operations). If a visual indicator is 
provided to indicate a malfunction of an instrument, it must be effective 
under all foreseeable lighting conditions (CS 25.1321(e)).  

-  Information elements (text, symbol, etc.) should be large enough for the 
pilot to see and interpret in all foreseeable conditions relative to the 
operating environment and from the flight crew station. If two or more pilots 
need to view the information, the information elements should also be 
discernable and interpretable over these viewing distances.  

-  The pilots should have a clear, unobstructed, and undistorted view of the 
displayed information.  

-  Information elements should be distinct and permit the pilots to 
immediately recognise the source of the information elements when there 
are multiple sources of the same kind of information. For example, if there 
are multiple sources for vertical guidance information, then each 
informational element should be distinct so the flight crew can immediately 
recognise the source of the vertical guidance.  

(2) Factors to consider when designing and evaluating the viewability and readability 
of the displayed information include: 

-  Position of displayed information: Distance from the design eye position 
(DEP) is generally used. If cross-flight deck viewing of the information is 
needed, distance from the offside DEP, accounting for normal head 
movement, should be used. For displays not mounted on the front panel, 
the distance determination should include any expected movement away 
from the DEP by the flight crew.  

-  Vibrations: Readability should be maintained in adverse conditions, such as 
vibration. One possible cause of vibration is sustained engine imbalance. 
AMC 25-24, Sustained Engine Imbalance, provides readability guidance for 
that condition.  

-  Visual Angles: Account for both the position of the displayed information as 
well as font height. SAE ARP 4102/7, Electronic Displays, provides additional 
information on this subject.  

-  Readability of Display Information: The Illuminating Engineering Society 
classifies three main parameters that affect readability: luminance, size, and 
contrast. Size is the combination of font size and distance from the display.  

b.  Consistency. Display information should be presented so it is consistent with the flight 
deck design philosophy in terms of symbology, location, control, behaviour, size, shape, 
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colour, labels, dynamics and alerts. Consistency also applies to the representation of 
information on multiple displays on the same flight deck. Display information 
representing the same thing on more than one display on the same flight deck should be 
consistent. Acronyms and labels should be used consistently, and 
messages/annunciations should contain text in a consistent way. Inconsistencies should 
be evaluated to ensure that they are not susceptible to confusion or errors, and do not 
adversely impact the intended function of the system(s) involved.  

c.  Display Information Elements 

(1) Text.Text should be shown to be distinct and meaningful for the information 
presented. Messages should convey the meaning intended. Abbreviations and 
acronyms should be clear and consistent with established standards. For example, 
International Civil Aviation Organization (ICAO) document 8400, Procedures for Air 
Navigation Services ICAO Abbreviations and Codes, provides internationally 
recognised standard abbreviations and airport identifiers.  

(a)  Regardless of the font type, size, colour, and background, text should be 
readable in all foreseeable lighting and operating conditions from the flight 
crew station (CS 25.1321(a)). General guidelines for text are as follows:  

- Standard grammatical use of upper and lower case letters is 
recommended for lengthy documentation and lengthy messages. 
Using this format is also helpful when the structure of the text is in 
sentence form.  

-  The use of only upper case letters for text labels is acceptable.  

-  Break lines of text only at spaces or other natural delimiters.  

-  Avoid abbreviations and acronyms where practical.  

-  SAE ARP 4102/7, Electronic Displays, provides guidelines on font sizes 
that are generally acceptable.  

(b) The choice of font also affects readability. The following guidelines apply:  

-  To facilitate readability, the font chosen should be compatible with 
the display technology. For example, serif fonts may become distorted 
on some low pixel resolution displays. However, on displays where 
serif fonts have been found acceptable, they have been found to be 
useful for depicting full sentences or larger text strings.  

-  Sans serif fonts (for example, Futura or Helvetica) are recommended 
for displays viewed under extreme lighting conditions.  

(2) Labels. Labels may be text or icons. The following paragraphs provide guidance on 
labelling items such as knobs, buttons, symbols, and menus. This guidance applies 
to labels that are on a display, label a display, or label a display control. CS 
25.1555(a) requires that each flight deck control, other than controls whose 
function is obvious, must be plainly marked as to its function and method of 
operation. Controls whose functions are not obvious should be marked or 
identified so that a flight crew member with little or no familiarity with the 
aeroplane is able to rapidly, accurately, and consistently identify their functions.  

(a) Text and icons should be shown to be distinct and meaningful for the 
function(s) they label. Standard or non-ambiguous symbols, abbreviations, 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART A ς GENERAL 

GENERAL AMCs 

 

Powered by EASA eRules Page 67 of 1189| Jan 2023 
 

and nomenclature should be used; for example, in order to be distinct from 
barometric altitude, any displayed altitude that is geometrically derived 
ǎƘƻǳƭŘ ōŜ ƭŀōŜƭƭŜŘ άD{[Φέ  

(b) If a control performs more than one function the labels should include all 
intended functions, unless the function of the control is obvious. Labels of 
graphical controls accessed via a cursor control device should be included on 
the graphical display. 

(c) The following are guidelines and recommendations for labels:  

- Data fields should be uniquely identified either with the unit of 
ƳŜŀǎǳǊŜƳŜƴǘ ƻǊ ŀ ŘŜǎŎǊƛǇǘƛǾŜ ƭŀōŜƭΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ōŀǎƛŎ ά¢έ 
instruments have been found to be acceptable without units of 
measurement.  

- Labels should be consistent with related labels located elsewhere in 
the flight deck.  

- When a control or indication occurs in multiple places (for example, a 
άwŜǘǳǊƴέ ŎƻƴǘǊƻƭ ƻƴ ƳǳƭǘƛǇƭŜ ǇŀƎŜǎ ƻŦ ŀ ŦƭƛƎƘǘ ƳŀƴŀƎŜƳŜƴǘ ŦǳƴŎǘƛƻƴύΣ 
the label should be consistent across all occurrences.  

(d) Labels should be placed such that:  

-  The spatial relationships between labels and the objects they 
reference are clear. 

-  Labels for display controls are on or adjacent to the controls they 
identify.  

-  Labels for display controls are not obstructed by the associated 
controls. 

-  Labels are oriented to facilitate readability. For example, the labels 
continuously maintain an upright orientation or align with an 
associated symbol such as a runway or airway.  

-  On multi-function displays, a label should be used to indicate the 
active function(s), unless its function is obvious. When the function is 
no longer active or being displayed, the label should be removed 
unless another means of showing availability of that function is used. 
For example, greying out an inactive menu button. 

(e)  When using icons instead of text labels, only brief exposure to the icon 
should be needed in order for the flight crew to determine the function and 
method of operation of a control. The use of icons should not cause flight 
crew confusion.  

(3) Symbols 

(a)  Electronic display symbol appearance and dynamics should be designed to 
enhance flight crew comprehension and retention, and minimise flight crew 
workload and errors in accordance with the intended function. The following 
list provides guidance for symbol appearance and dynamics:  

-  Symbols should be positioned with sufficient accuracy to avoid 
interpretation errors or significantly increase interpretation time.  
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-  Each symbol used should be identifiable and distinguishable from 
other related symbols.  

-  The shape, dynamics, and other symbol characteristics representing 
the same function on more than one display on the same flight deck 
should be consistent.  

-  Symbol modifiers used to convey multiple levels of information 
should follow depiction rules clearly stated by the applicant. Symbol 
modifiers are changes to easily recognised baseline symbols such as 
colours, fill, and borders.  

-  Symbols that represent physical objects (for example, navigational 
ŀƛŘǎ ŀƴŘ ǘǊŀŦŦƛŎύ ǎƘƻǳƭŘ ƴƻǘ ōŜ ƳƛǎƭŜŀŘƛƴƎ ŀǎ ǘƻ ǘƘŜ ƻōƧŜŎǘΩǎ ǇƘȅǎƛŎŀƭ 
characteristics (including position, size, envelope, and orientation). 

(b) Within the flight deck, avoid using the same symbol for different purposes, 
unless it can be shown that there is no potential for misinterpretation errors 
or increases in flight crew training times.  

(c)  It is recommended that standardised symbols be used. The symbols in the 
following SAE documents have been found to be acceptable for compliance 
to the regulations:  

-  SAE ARP 4102/7, Electronic Displays, Appendices A through C (for primary 
flight, navigation, and powerplant displays);  

-  SAE ARP 5289, Electronic Aeronautical Symbols, (for depiction of navigation 
symbology); and  

-  SAE ARP 5288, Transport Category Aeroplane Head Up DisplayD) Systems, 
(for HUD symbology).  

(4) Indications.The following paragraphs provide guidanceon numeric readouts, 
gauges, scales, tapes and graphical depictions such as schematics. Graphics related 
to interactivity are discussed in paragraph 31e of this chapter and Chapter 7 of this 
AMC. Graphics and display indications should:  

- Be readily understood and compatible with other graphics and indications in 
the flight deck.  

- Be identifiable and readily distinguishable.  

- Follow the guidance for viewability presented in paragraphs 31a, 31b, 
31c(1), and 31c(2) of this chapter.  

(a) Numeric Readouts. Numeric readouts include displays that emulate rotating 
drum readouts where the numbers scroll, as well as displays where the digit 
locations stay fixed.  

1  Data accuracy of the numeric readout should be sufficient for the 
intended function and to avoid inappropriate flight crew response. 
The number of significant digits should be appropriate to the data 
accuracy. Leading zeroes should not be displayed unless convention 
dictates otherwise (for example, heading and track). As the digits 
change or scroll, there should not be any confusing motion effects 
such that the apparent motion does not match the actual trend.  
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2  When a numeric readout is not associated with any scale, tape, or 
pointer, it may be difficult for pilots to determine the margin relative 
to targets or limits, or compare between numeric parameters. A scale, 
dial, or tape may be needed to accomplish the intended flight crew 
task.  

3  For North, numeric readouts of heading should indicate 360, as 
opposed to 000.  

(b) Scales, Dials, and Tapes.Scales, dials, and tapes with fixed and/or moving 
pointers have been shown to effectively improve flight crew interpretation 
of numeric data.  

1  The displayed range should be sufficient to perform the intended 
function. If the entire operational range is not shown at any given 
time, the transition to the other portions of the range should not be 
distracting or confusing.  

2  Scale resolution should be sufficient to perform the intended task. 
Scales may be used without an associated numeric readout if alone 
they provide sufficient accuracy for the intended function. When 
numeric readouts are used in conjunction with scales, they should be 
located close enough to the scale to ensure proper association, yet 
not detract from the interpretation of the graphic or the readout.  

3  Delimiters, such as tick marks, should allow rapid interpretation 
without adding unnecessary clutter. Markings and labels should be 
positioned such that their meaning is clear yet they do not hinder 
interpretation. Pointers and indexes should not obscure the scales or 
delimiters such that they can no longer be interpreted. Pointers and 
indexes should be positioned with sufficient accuracy for their 
intended function. Accuracy includes effects due to data resolution, 
latency, graphical positioning, etc.  

(c) Other Graphical Depictions.Depictions include schematics, synoptics, and 
other graphics such as attitude indications, moving maps, and vertical 
situation displays.  

1  To avoid visual clutter, graphic elements should be included only if 
they add useful information content, reduce flight crew access or 
interpretation time, or decrease the probability of interpretation 
error.  

2  To the extent it is practical and necessary, the graphic orientation and 
ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŦǊŀƳŜ ƻŦ ǊŜŦŜǊŜƴŎŜ ǎƘƻǳƭŘ ōŜ ŎƻǊǊŜƭŀǘŜŘΦ CƻǊ 
example, left indications should be on the left side of the graphic and 
higher altitudes should be shown above lower altitudes.  

3  LŦ ǘƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ŘŜǇƛŎǘƛƻƴǎΣ ǎǳŎƘ ŀǎ άǘƘǳƳōƴŀƛƭέ ƻǊ ƻǾŜǊƭŀƛŘ 
depictions, the orientation (for example, heading up, track up, North 
up, etc.) should be the same for each depiction. This does not apply 
to other systems where the captain and first officer may select 
different presentations of the same information and are used 
exclusively by that flight crew member.  
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4  Graphics that include 3-Dimensional effects, such as raised buttons or 
the aeroplane flight path in a perspective view, should ensure that the 
symbol elements used to achieve these effects will not be incorrectly 
interpreted.  

(5) Colour Coding 

(a)  If colour is used for coding at least one other distinctive coding parameter 
should be used (for example, size, shape, location, etc.). Normal aging of the 
eye can reduce the ability to sharply focus on red objects, or discriminate 
blue from green. For pilots with such a deficiency, display interpretation 
workload may be unacceptably increased unless symbology is coded in more 
dimensions than colour alone. However, the use of colour alone for coding 
information has been shown to be acceptable in some cases, such as 
weather radar and terrain depiction on the lateral view of the navigation 
display.  

(b)  To ensure correct information transfer, the consistent use and 
standardisation of colour is highly desirable. In order to avoid confusion or 
interpretation error, there should not be a change in how the colour is 
perceived over all foreseeable conditions. Colours used for one purpose in 
one information set should not be used for an incompatible purpose that 
could create a misunderstanding within another information set. In 
particular, consistent use and standardisation for red and amber or yellow, 
per CS 25.1322, is required to retain the effectiveness of flight crew alerts. A 
common application is the progression from green to amber to red, 
representing increasing degrees of threat, potential hazard, safety criticality, 
or need for flight crew awareness or response. Inconsistencies in the use of 
colour should be evaluated to ensure that they are not susceptible to 
confusion or errors, and do not adversely impact the intended function of 
the system(s) involved.  

(c)  If colour is used for coding it is considered good practice to use six colours 
or less for coding parameters. Each coded colour should have sufficient 
chrominance separation so it is identifiable and distinguishable in all 
foreseeable lighting and operating conditions and when used with other 
colours. Colours should be identifiable and distinguishable across the range 
of information element size, shape, and movement. The colours available for 
coding from an electronic display system should be carefully selected to 
maximise their chrominance separation. Colour combinations that are 
similar in luminance should be avoided (for example, Navy blue on black or 
yellow on white).  

(d)  Other graphic depictions such as terrain maps and synthetic vision 
presentations may use more than six colours and use colour blending 
techniques to represent colours in the outside world or to emphasize terrain 
features. These displays are often presented as background imagery and the 
colours used in the displays should not interfere with the flight crew 
interpretation of overlaid information parameters as addressed in 
paragraph 31c(5)(e)1 of this chapter.  

(e)  The following table depicts previously accepted colour coding and the 
functional meaning associated with each colour. The use of these colours is 
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recommended for electronic display systems with colour displays. (Note: 
Some of these colours may be mandatory under CS-25).  

Table 11 Recommended Colours for Certain Features  

Feature  Colour 

Warnings  Red  

Flight envelope and system limits, exceedances  Red or Yellow/Amber as appropriate (see above)  

Cautions, non-normal sources  Yellow/Amber  

Scales, dials, tapes, and associated information elements  White 

Earth  Tan/Brown  

Sky  Blue/Cyan  

Engaged Modes/Normal Conditions Green  

Instrument landing system deviation pointer  Magenta  

Divisor lines, units and labels for inactive soft buttons  Light Gray  

Note 

(1) Use of the colour green for tape elements (for example airspeed and altitude) has also been 
found acceptable if the colour green does not adversely affect flight crew alerting.  

 

(f)  The following table depicts display features that should be allocated a 
colour from either Colour Set 1 or Colour Set 2.  

 
Table 12 Recommended Colour Sets for Certain Display Features  

Display Feature Colour Set 1  Colour Set 2  

Fixed reference symbols  White  Yellow 

Current data, values  White Green 

Armed modes  White  Cyan  

Selected data, values  Green  Cyan  

Selected heading  Magenta Cyan  

Active route/flight plan  Magenta  White  

Notes 

(1) Use of the colour yellow for functions other than flight crew alerting should be limited and 
should not adversely affect flight crew alerting.  

(2) In Colour Set 1, magenta is intended to be associated with those analogue parameters that 
ŎƻƴǎǘƛǘǳǘŜ άŦƭȅ ǘƻέ ƻǊ άƪŜŜǇ ŎŜƴǘǊŜŘέ ǘȅǇŜ ƛƴŦƻǊƳŀǘƛƻƴΦ  

 

(g) Colour Pairs.For further information on this subject see the FAA report 
Human Factors Design Guide Update (Report Number DOT/FAA/CT-96/01): 
A Revision to Chapter 8 - Human Interface Guidelines.  

(h)  When background colour is used (for example, grey), it should not impair 
the use of the overlaid information elements. Labels, display-based controls, 
menus, symbols, and graphics should all remain identifiable and 
distinguishable. The use of background colour should conform to the overall 
flight deck philosophies for colour usage and information management. If 
texturing is used to create a background, it should not result in loss of 
readability of the symbols overlaid on it, nor should it increase visual clutter 
or pilot information access time. Transparency is a means of seeing a 
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background information element through a foreground one ς the use of 
transparency should be minimised because it may increase pilot 
interpretation time or errors.  

(i)  Requiring the flight crew to discriminate between shades of the same colour 
for distinct meaning is not recommended. The use of pure blue should not 
be used for important information because it has low luminance on many 
display technologies (for example, CRT and LCD).  

(j)  Any foreseeable change in symbol size should ensure correct colour 
interpretation; for example, the symbol needs to be sufficiently large so the 
pilot can interpret the correct colour.  

d.  Dynamic (Graphic) Information Elements on a Display 

(1) General. The following paragraphs cover the motion of graphic information 
elements on a display, such as the indices on a tape display.Graphic objects that 
translate or rotate should do so smoothly without distracting or objectionable 
jitter, jerkiness, or ratcheting effects. Data update rates for information elements 
used in direct aeroplane or powerplant manual control tasks (such as attitude, 
engine parameters, etc.) equal to or greater than 15 Hertz have been found to be 
acceptable. Any lag introduced by the display system should be consistent with the 
aeroplane control task associated with that parameter. In particular, display 
system lag (including the sensor) for attitude which does not exceed a first order 
equivalent time constant of 100 milliseconds for aeroplanes with conventional 
control system response is generally acceptable.  

(2) Movement of display information elements should not blur, shimmer, or produce 
unintended dynamic effects such that the image becomes distracting or difficult to 
interpret. Filtering or coasting of data intended to smooth the motion of display 
elements should not introduce significant positioning errors or create system lag 
that makes it difficult to perform the intended task.  

(3) When a symbol reaches the limit of its allowed range of motion, the symbol should 
either slide from view, change visual characteristics, or be self-evident that further 
deflection is impossible.  

(4) Dynamic information should not appreciably change shape or colour as it moves. 
Objects that change sizes (for example, as the map range changes) should not 
cause confusion as to their meaning and should remain consistent throughout their 
size range. At all sizes the objects should meet the guidance of this chapter as 
applicable (that is, the objects should be discernable, legible, identifiable, placed 
accurately, not distracting, etc.).  

e.  Sharing Information on a Display. There are three primary methods of sharing 
information on a given display. First, the information may be overlaid or combined, such 
as when traffic alert and collision avoidance system (TCAS) information is overlaid on a 
map display. Second, the information can be time shared so that the pilot toggles 
between functions, one at a time. Third, the information may be displayed in separate 
physical areas or windows that are concurrently displayed. Regardless of the method of 
information sharing, care should be taken to ensure that information that is out 
prioritised, but is needed, can be recovered, and that it will not be needed more quickly 
than it can be recovered.  

(1) Overlays and Combined Information Elements. The following guidelines apply:  
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- When information is graphically overlaid over other information (for 
example, an aeroplane symbol over a waypoint symbol) in the same location 
on a display, the loss of information availability, information access times, 
and potential for confusion should be minimised.  

- When information obscures other information it should be shown that the 
obscured information is either not needed when it is obscured or can be 
rapidly recovered. Needed information should not be obscured. This may be 
accomplished by protecting certain areas of the display.  

- If information is integrated with other information on a display, the 
projection, the placement accuracy, the directional orientation and the 
display data ranges should all be consistent (for example, when traffic or 
weather is integrated with navigation information). When information 
elements temporarily obscure other information (for example, pop-up 
menus or windows), the resultant loss of information should not cause a 
ƘŀȊŀǊŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ƻōǎŎǳǊŜŘ ƛƴŦƻǊƳŀǘƛƻƴΩǎ ƛƴǘŜƴŘŜŘ ŦǳƴŎǘƛƻƴΦ  

(2) Time Sharing.The following guidelines apply:  

- Guidance on Full-time vs. Part-time Displays (see paragraph 36c(3) of this 
AMC).  

- Any information that should or must be continuously monitored by the flight 
crew should be displayed at all times (for example, attitude).  

- Whether or not information may be time shared depends on how easily it 
can be retrieved in normal, non-normal, and emergency operations. 
Information for a given performance monitoring task may be time shared if 
the method of switching back and forth does not jeopardise the 
performance monitoring task.  

- Generally, system information, planning, and other information not 
necessary for the pilot tasks can be time shared.  

(3) Separating Information Visually.When different information elements are adjacent 
to each other on a display, the elements should be separated visually so the pilots 
can easily distinguish between them. Visual separation can be achieved with, for 
example, spacing, delimiters, or shading in accordance with the overall flight deck 
information management philosophy. Required information presented in 
reversionary or compacted display modes following a display failure should still be 
uncluttered and still allow acceptable information access time.  

(4) Clutter and De-Clutter 

(a) A cluttered display presents an excessive number or variety of symbols, 
colours, and/or other unnecessary information and, depending on the 
situation, may interfere with the flight task or operation. A cluttered display 
causes increased flight crew processing time for display interpretation, and 
may detract from the interpretation of information necessary to navigate 
and fly the aeroplane. Information should be displayed so that clutter is 
minimised.  

(b) To enhance pilot performance a means should be considered to de-clutter 
the display. For example, an attitude indicator may automatically de-clutter 
when the aeroplane is at an unusual attitude to aid the pilot in recovery from 
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the unusual attitude by removing unnecessary information and retaining 
information required for the flight crew to recover the aeroplane.  

f.  Annunciations and Indications 

(1) General. Annunciations and indications include annunciator switches, messages, 
prompts, flags, and status or mode indications which are either on the flight deck 
display itself or control a flight deck display. Reference: CS 25.1322 and the 
associated AMC for information regarding specific annunciations and indications 
such as warning, caution, and advisory level alerts.  

(a)  Annunciations and indications should be operationally relevant and limited 
to minimise the adverse effects on flight crew workload.  

(b)  Annunciations and indications should be clear, unambiguous, timely, and 
consistent with the flight deck design philosophy. When an annunciation is 
provided for the status or mode of a system, it is recommended that the 
annunciation indicate the actual state of the system and not just the position 
or selection of a switch. Annunciations should only be indicated while the 
condition exists.  

(2) Location.Annunciations and indications should be consistently located in a specific 
area of the electronic display. Annunciations that may require immediate flight 
ŎǊŜǿ ŀǿŀǊŜƴŜǎǎ ǎƘƻǳƭŘ ōŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŦƻǊǿŀǊŘκǇǊƛƳŀǊȅ ŦƛŜƭŘ ƻŦ 
view.  

(3) Managing Messages and Prompts 

(a) The following general guidance applies to all messages and prompts:  

- When messages are currently being displayed and there are additional 
messages in the queue that are not currently displayed, there should 
be an indication that the additional messages exist.  

- Within levels of urgency, messages should be displayed in logical 
order. In many cases the order of occurrence of events has been found 
to be the most logical way to place the messages in order.  

(b) A text change by itself should not be used as an attention-getting cue (for 
example, to annunciate mode changes).  

(4) Blinking. Blinking information elements such as readouts or pointers are effective 
methods of annunciation. However, the use of blinking should be limited because 
it can be distracting and excessive use reduces the attention getting effectiveness. 
Blinking rates between 0.8 and 4.0 Hertz should be used, depending on the display 
technology and the compromise between urgency and distraction. If blinking of an 
information element can occur for more than approximately 10 seconds, a means 
to cancel the blinking should be provided.  

g.  Use of Imaging. This paragraph provides guidance on the use of images which depict a 
specific portion of the aeroplane environment. These images may be static or 
continuously updated. Imaging includes weather radar returns, terrain depictions, 
forecast weather maps, video, enhanced vision displays, and synthetic vision displays. 
Images may be generated from databases or by sensors.  

(1) Images should be of sufficient size and include sufficient detail to meet the 
intended function. The pilots should be able to readily distinguish the features 
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depicted. Images should be oriented in such a way that their presentation is easily 
interpreted. All images, but especially dynamic images, should be located or 
controllable so they do not distract the pilots from required tasks. The source and 
intended function of the image and the level of operational approval for using the 
image should be provided to the pilots. This can be accomplished using the 
aeroplane flight manual, image location, adequate labelling, distinct texturing, or 
other means.  

(2) Image distortion should not compromise image interpretation. Images meant to 
provide information about depth (for example, 3-Dimensional type perspective 
displays) should provide adequate depth information to meet the intended 
function.  

(3) Dynamic images should meet the guidance in paragraph 31d of this chapter, above. 
The overall system lag time of a dynamic image relative to real time should not 
cause flight crew misinterpretation or lead to a potentially hazardous condition. 
Image failure, freezing, coasting or colour changes should not be misleading and 
should be considered during the safety analysis.  

(4) When overlaying coded information elements over images, the information 
elements should be readily identifiable and distinguishable for all foreseeable 
conditions of the underlying image and range of motion. The information elements 
should not obscure necessary information contained in the image. The information 
should be depicted with the appropriate size, shape, and placement accuracy to 
avoid being misleading. They should retain and maintain their shape, size, and 
colour for all foreseeable conditions of the underlying image and range of motion.  

(5) When fusing or overlaying multiple images, the resultant combined image should 
meet its intended function despite any differences in image quality, projection, 
data update rates, sensitivity to sunlight, data latency, or sensor alignment 
algorithms. When conforming an image to the outside world, such as on a HUD, 
the image should not obscurŜ ƻǊ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƴŘŜǊ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ 
detect real world objects. An independent brightness control of the image may 
help satisfy this guideline. Image elements that correlate or highlight real world 
objects should be sufficiently coincident to avoid interpretation error or 
significantly increase interpretation time.  

32. ς 35.  [RESERVED] 

 
CHAPTER 6 ORGANISING ELECTRONIC DISPLAY INFORMATION ELEMENTS  

36.  Organising Information Elements 

a.  General. This chapter provides guidance for integrating information into the flight deck 
related to managing the location of information, arranging the display, windowing, 
configuring and reconfiguring the display, and selecting the sensors across the flight deck 
displays. The following paragraphs include guidance for various flight deck configurations 
from dedicated electronic displays for the attitude director indicator and the horizontal 
situation indicator to larger display sizes which use windowing techniques to display 
various functionalities on one display area. In some flight decks the primary flight 
information and the navigation display are examples of information that is displayed 
using windowing techniques. Chapter 5 of this AMC provides guidance for information 
elements including: text, labels, symbols, graphics, and other depictions (such as video) 
in isolation and combination.  
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b.  Types and Arrangement of Display Information. This paragraph provides guidance for the 
arrangement and location of categories of information. The categories of information 
include:  

1.  Primary flight information including attitude, airspeed, altitude, and heading.  

2.  Powerplant information which covers functions relating to propulsion.  

3.  Other information.  

(1) Placement - General Information. The position of a message or symbol within a 
display conveys meaning to the pilot. Without the consistent or repeatable location 
of a symbol in a specific area of the electronic display interpretation error and 
response times may increase. The following information should be placed in a 
consistent location under normal conditions:  

- Primary flight information (see paragraph 36b(3) in this chapter and 
Appendix 1 of this AMC).  

- Powerplant information (see paragraph 36b(4) in this chapter and 
Appendix 2 of this AMC).  

- Flight crew alerts ς each flight crew alert should be displayed in a specific 
location or a central flight crew alert area.  

- Autopilot and flight director modes of operation.  

- Lateral and vertical path deviation indicators.  

- Radio altitude indications.  

- Failure flags should be presented in the location of the information they 
reference or replace.  

- Data labels for navigation, traffic, aeroplane system, and other information 
should be placed in a consistent position relative to the information they are 
labelling.  

- Supporting data for other information, such as bugs and limit markings, 
should be consistently positioned relative to the information they support.  

- Features on electronic moving map displays (for example, VORs, waypoints, 
etc.) relative to the current aeroplane position. In addition, the features 
should be placed on a constant scale for each range selected.  

- Segment of flight information relative to similar information or other 
segments.  

(2) Placement - Controls and Indications. When a control or indication occurs in 
ƳǳƭǘƛǇƭŜ ǇƭŀŎŜǎ όŦƻǊ ŜȄŀƳǇƭŜ ŀ άwŜǘǳǊƴέ ŎƻƴǘǊƻƭ ƻƴ ƳǳƭǘƛǇƭŜ ǇŀƎŜǎ ƻŦ ŀ ŦƭƛƎƘǘ 
management function), the control or indication should be located consistently for 
all occurrences.  

(3) Arrangement - Basic T Information 

(a) CS 25.1321(b) ƛƴŎƭǳŘŜǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ά.ŀǎƛŎ ¢έ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ 
certain information required by CS 25.1303(b).  

(b) The following paragraphs provide guidance for the Basic T arrangement. This 
guidance applies to single and multiple display surfaces.  
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1  The Basic T information should be displayed continuously, directly in 
front of each flight crew member under normal (that is, no display 
system failure) conditions. CS 25.1321(b) requires that flight 
instruments required by CS 25.1303 must be grouped on the 
instrument panel and centred as nearly as practicable about the 
vertical plane of the pilot's forward vision.  

2  The Basic T arrangement applies to the primary display of attitude, 
airspeed, altitude, and direction of flight. Depending on the flight deck 
design, there may be more than one indication of the Basic T 
information elements in front of a pilot. For example, heading 
information may appear on back-up displays, HUDs, and moving map 
displays. The primary airspeed, altitude, and direction indications are 
the respective display indications closest to the primary attitude 
indication.  

3  The primary attitude indication should be centred about the plane of 
ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŦƻǊǿŀǊŘ ǾƛǎƛƻƴΦ ¢Ƙƛǎ ǎƘƻǳƭŘ ōŜ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ 
DEP at the flight crew station. If located on the main instrument panel, 
the primary attitude indication must be in the top centre position (CS 
25.1321(b)). The attitude indication should be placed so that the 
display is unobstructed under all flight conditions. Refer to SAE ARP 
4102/7 for additional information.  

4  The primary airspeed, altitude, and direction of flight indications 
should be located adjacent to the primary attitude indication. 
Information elements placed within, overlaid, or between these 
indications, such as lateral and vertical deviation, are acceptable when 
they are relevant to respective airspeed, altitude, or directional 
indications used for accomplishing the basic flying task, and are shown 
to not disrupt the normal crosscheck or decrease manual flying 
performance.  

5  The instrument that most effectively indicates airspeed must be 
adjacent to and directly to the left of the primary attitude indication 
(CS 25.1321(b)). The centre of the airspeed indication should be 
aligned with the centre of the attitude indication. For airspeed 
indications, vertical deviations have been found acceptable up to 15 
degrees below to 10 degrees above when measured from the direct 
horizontal position of the aeroplane waterline reference symbol. For 
tape type airspeed indications, the centre of the indication is defined 
as the centre of the current airspeed status reference.  

6  Parameters related to the primary airspeed indication, such as 
reference speeds or a mach indication, should be displayed to the left 
of the primary attitude indication.  

7  The instrument that most effectively indicates altitude must be 
located adjacent to and directly to the right of the primary attitude 
indication (CS 25.1321(b)). The centre of the altitude indication should 
be aligned with the centre of the attitude indication. For altitude 
indications, vertical deviations have been found acceptable up to 15 
degrees below to 10 degrees above when measured from the direct 
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horizontal position of the aeroplane waterline reference symbol. For 
tape type altitude indications, the centre of the indication is defined 
as the centre of the current altitude status reference.  

8  Parameters related to the primary altitude indication, such as the 
barometric setting or the primary vertical speed indication, should be 
displayed to the right of the primary altitude indication.  

9  The instrument that most effectively indicates direction of flight must 
be located adjacent to and directly below the primary attitude 
indication (CS 25.1321(b)). The centre of the direction of flight 
indication should be aligned with the centre of the attitude indication. 
The centre of the direction of flight indication is defined as the centre 
of the current direction of flight status reference. 

10  Parameters related to the primary direction of flight indication, such 
as the reference (that is, magnetic or true) or the localiser deviation 
should be displayed below the primary attitude indication.  

11  If applicants seek approval of alternative instrument arrangements by 
equivalent safety under Part 21A.21(c)2, the Agency will normally 
require well-founded research, or relevant service experience from 
military, foreign, or other sources to subsǘŀƴǘƛŀǘŜ ǘƘŜ ŀǇǇƭƛŎŀƴǘǎΩ 
proposed compensating factors.  

(4) Arrangement - Powerplant Information 

(a) Required engine indications necessary to set and monitor engine thrust or 
ǇƻǿŜǊ ǎƘƻǳƭŘ ōŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ŘƛǎǇƭŀȅŜŘ ƛƴ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ǇǊƛƳŀǊȅ ŦƛŜƭŘ ƻŦ 
view, unless the applicant can demonstrate that this is not necessary (see 
the guidance in paragraph 36c(3) of this chapter and Appendix 2 of this 
AMC). The automatically selected display of powerplant information should 
not suppress other information that requires flight crew awareness.  

(b) Powerplant information must be closely grouped (in accordance with § 
25.1321) in an easily identifiable and logical arrangement which allows the 
flight crew to clearly and quickly identify the displayed information and 
associate it with the corresponding engine. Typically, it is considered to be 
acceptable to arrange parameters related to one powerplant in a vertical 
manner and, according to powerplant position, next to the parameters 
related to another powerplant in such a way that identical powerplant 
parameters are horizontally aligned. Generally, place parameter indications 
in order of importance with the most important one at the top. Typically, the 
top indication is the primary thrust setting parameter.  

(5) Arrangement - Other Information (For Example, Glideslope and Multi-Function 
Displays) 

(a) Glideslope or glidepath deviation scales should be located to the right side 
of the primary attitude indication. If glideslope deviation data is presented 
on both an electronic horizontal situation indicator and an electronic 
attitude direction indicator, the information should appear in the same 
relative location on each indicator.  

(b) When the glideslope pointer is being driven by a RNAV (area navigation) 
system with VNAV (vertical navigation) or ILS (instrument landing system) 
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look-ŀƭƛƪŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ǘƘŜ ǇƻƛƴǘŜǊ ǎƘƻǳƭŘ ƴƻǘ ōŜ ƳŀǊƪŜŘ άD{έ ƻǊ 
άƎƭƛŘŜǎƭƻǇŜΦέ  

(c) Navigation, weather, and vertical situation display informationis often 
displayed on multi-function displays. This information may be displayed on 
one or more physical electronic displays, or on several areas of one larger 
display. When this information is not required to be displayed continuously, 
it can be displayed part-time, but the displayed information should be easily 
recoverable to the flight crew when needed. For guidance on part-time 
displays see paragraph 36c(3) of this chapter.  

(d) Other information should not be located where the primary flight 
information or required powerplant information is normally presented. See 
paragraphs 36b(1) and 36b(3) of this chapter for primary flight information 
guidance. See paragraphs 21e(10) and 36b(4) of this AMC for powerplant 
information guidance.  

c.  Managing Display Information. The following paragraphs address managing and 
integrating the display of information throughout the flight deck. This includes the use of 
windows to present information and the use of menus to manage the display of 
information.  

(1) Window.A window is a defined area which can be present on one or more physical 
displays. A window that contains a set of related information is commonly referred 
to as a format. Multiple windows may be presented on one physical display surface 
and may have different sizes. Guidelines for sharing information on a display, using 
separate windows, are as follows:  

- The window(s) should have fixed size(s) and location(s).  

- Separation between information elements within and across windows 
should be sufficient to allow the flight crew to readily distinguish separate 
functions or functional groups (for example, powerplant indication) and 
avoid any distractions or unintended interaction.  

- Display of selectable information, such as a window on a display area, should 
not interfere with or affect the use of primary flight information.  

- For additional information regarding the display of data on a given location, 
data blending, and data over-writing (see ARINC Specification 661).  

(2) Menu 

(a)  A menu is a displayed list of items from which the flight crew can choose. 
Menus include drop-down and scrolling menus, line select keys on a multi-
function display, and flight management system menu trees. An option is 
one of the selectable items in a menu. Selection is the action a user makes 
in choosing a menu option, and may be done by pointing (with a cursor 
control device or other mechanism), entering an associated option code, or 
activating a function key.  

(b) The hierarchical structure and organisation of the menus should be designed 
to allow the flight crew to sequentially step through the available menus or 
options in a logical way that supports their tasks. The options provided on 
any particular menu should be logically related to each other. Menus should 
be displayed in consistent locations, either a fixed location or a consistent 
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relative location, so that the flight crew knows where to find them. At all 
times the system should indicate the current position within the menu and 
menu hierarchy. 

(c) The number of sub-menus should be designed to assure timely access to the 
desired option without over-reliance on memorisation of the menu 
structure. The presentation of items on the menu should allow clear 
distinction between items that select other menus and items that are the 
final selection.  

(d) The number of steps required to choose the desired option should be 
ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ŦǊŜǉǳŜƴŎȅΣ ƛƳǇƻǊǘŀƴŎŜΣ ŀƴŘ ǳǊƎŜƴŎȅ ƻŦ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ 
task.  

(e) Whena menu is displayed it should not obscure required information. 

(3) Full-time vs. Part-time Display of Information.Some aeroplane parameters or 
status indications are required to be displayed by the specifications (for example, 
powerplant information required by CS 25.1305), yet they may only be necessary 
or required in certain phases of flight. If it is desired to inhibit some parameters 
from full-time display, a usability level and functionality equivalent to a full-time 
display should be demonstrated.  

(a) When determining if information on a display can be part-time, consider the 
following criteria:  

- Continuous display of the parameter is not required for safety of flight 
in all normal flight phases.  

- The parameter is automatically displayed in flight phases where it is 
required, when its value indicates an abnormal condition, or when it 
would be relevant information during a failure condition.  

- Display of the inhibited parameter can be manually selected by the 
flight crew without interfering with the display of other required 
information.  

- If the parameter fails to be displayed when required, the failure effect 
and compounding effects must meet the specifications of all 
applicable specifications (for example, CS 25.1309).  

- The automatic or requested display of the inhibited parameter should 
not create unacceptable clutter on the display. Also, simultaneous 
multiple "pop-ups" should not create unacceptable clutter on the 
display.  

- If the presence of a new parameter is not sufficiently self-evident, 
suitable alerting or other annunciations should accompany the 
automatic presentation of the parameter.  

(b) Pop-up Display of Information 

1  Certain types of information, such as terrain and TCAS, are required 
by operating rules to be displayed, yet they are only necessary or 
required in certain phases of flight (similar to the part-time display of 
required aeroplane parameters, (see paragraph 36b(3) of this 
chapter)) or under specific conditions. One method commonly 
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ŜƳǇƭƻȅŜŘ ǘƻ ŘƛǎǇƭŀȅ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŎŀƭƭŜŘ άŀǳǘƻƳŀǘƛŎ ǇƻǇ-ǳǇΦέ 
Automatic pop-ups may be in the form of an overlay, such as a TCAS 
overlay on the moving map, or in a separate window as a part of a 
display format. Pop-up window locations should not obscure required 
information.  

2  Consider the following criteria for displaying automatic pop-up 
information:  

- Information is automatically displayed when its value indicates 
a predetermined condition, or when the associated parameter 
reaches a predetermined value.  

- Pop-up information should appropriately attract the flight 
ŎǊŜǿΩǎ ŀǘǘŜƴǘƛƻƴ ǿƘƛƭŜ ƳƛƴƛƳƛǎƛƴƎ ǘŀǎƪ Řƛsruption.  

- If the flight crew deselects the display of the automatic pop-up 
information, then another automatic pop-up should not occur 
until a new condition/event causes it.  

- If an automatic pop-up condition is activated and the system is 
in the wrong configuration or mode to display the information, 
and the system configuration cannot be automatically changed, 
then an annunciation should be displayed in the colour 
associated with the nature of the alert, prompting the flight 
crew to make the necessary changes for the display of the 
information. This guidance differs from the part-time display of 
information required by CS-25 because the required 
information should be displayed regardless of the 
configuration.  

- If a pop-up(s) or simultaneous multiple pop-ups occur and 
obscure information, it should be shown that the obscured 
information is not relevant or necessary for the current flight 
crew task. Additionally, the pop-ups should not cause a 
misleading presentation.  

- If more than one automatic pop-up occurs simultaneously on 
one display area, for example a terrain and TCAS pop-up, then 
the system should prioritise the pop-up events based on their 
criticality. Pop-up display orientation should be in track-up or 
heading-up.  

- Any information to a given system that is not continuously 
displayed, but the safety assessment determines it is necessary 
to be presented to the flight crew, should automatically pop-up 
or otherwise indicate that its display is required.  

d.  Managing Display Configuration. The following paragraphs address managing the 
information presented by an electronic display system and its response to failure 
conditions and flight crew selections. The following paragraphs also provide guidance on 
the acceptability of display formats and their required physical location on the flight deck, 
both during normal flight and in failure modes. Manual and automatic system 
reconfiguration and source switching are also addressed.  
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(1) Normal Conditions. In normal conditions (that is, non-failure conditions) there may 
be a number of possible display configurations that may be selected manually or 
automatically. All possible display configurations available to the flight crew should 
be designed and evaluated for arrangement, visibility, and interference.  

(2) System Failure Conditions (Reconfiguration). The following paragraphs provide 
guidance on manual and automatic display system reconfiguration in response to 
display system failures. Arrangement and visibility specifications also apply in 
failure conditions. Alternative display locations used in non-normal conditions 
should be evaluated by the Agency to determine if the alternative locations meet 
the criteria for acceptability.  

(a) Moving display formats to different display locations on the flight deck or 
using redundant display paths to drive display information is acceptable to 
meet availability and integrity specifications.  

(b) In an instrument panel configuration with a display unit for primary flight 
information positioned above a display unit for navigation information, it is 
acceptable to move the primary flight information to the lower display unit 
if the upper display unit fails.  

(c) In an instrument panel configuration with a display unit for primary flight 
information positioned next to a display unit for navigation information, it is 
acceptable to move the primary flight information to the display unit directly 
adjacent to it if the preferred display unit fails. It is also acceptable to switch 
the navigation information to a centrally located auxiliary display (multi-
function display). 

(d) If several possibilities exist for relocating the failed display, a recommended 
flight crew procedure should be considered and documented in the 
aeroplane flight manual.  

(e) It is acceptable to have manual or automatic switching capability (automatic 
switching is preferred) in case of system failure; however, the ARAC 
recommendation for revising § 25.1333(b) requires that the equipment, 
systems, and installations must be designed so that sufficient information is 
ŀǾŀƛƭŀōƭŜ ǘƻ ŀǎǎǳǊŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ŀƛǊǎǇŜŜŘΣ ŀƭǘƛǘǳŘŜΣ ƘŜŀŘƛƴƎΣ 
and attitude by one of the pilots without additional flight crew action, after 
any single failure or combination of failures that is not assessed to be 
extremely improbable.  

(f) The following means to reconfigure the displayed information are 
acceptable:  

- Display unit reconfiguration. Moving a display format to a different 
location (for example, moving the primary flight information to the 
adjacent display unit) or the use of a compacted format may be 
acceptable.  

- Source/graphic generator reconfiguration. The reconfiguration of 
graphic generator sources either manually or automatically to 
accommodate a failure may be acceptable. In the case where both the 
ŎŀǇǘŀƛƴ ŀƴŘ ŦƛǊǎǘ ƻŦŦƛŎŜǊΩǎ ŘƛǎǇƭŀȅǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ŀ ǎƛƴƎƭŜ ƎǊŀǇƘƛŎ 
generator source, there should be clear, cautionary alerting to the 
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flight crew that the displayed information is from a single graphic 
generator source. 

1  In certain flight phases, manual reconfiguration may not satisfy the 
need for the pilot controlling the aeroplane to recover primary flight 
information without delay. Automatic reconfiguration might be 
necessary to ensure the timely availability of information that requires 
immediate flight crew member action.  

2  When automatic reconfiguration occurs (for example, display 
transfer), it should not adversely affect the performance of the flight 
crew and should not result in any trajectory deviation.  

3 When the display reconfiguration results in the switching of sources 
or display paths that is not annunciated and is not obvious to the flight 
crew, care should be taken that the flight crew is aware of the actual 
status of the systems when necessary, depending on flight deck 
philosophy.  

e.  Methods of Reconfiguration  

(1) Compacted Format 

(a) The term "compacted format," as used in this AMC, refers to a reversionary 
display mode where selected display components of a multi-display 
configuration are combined in a single display format to provide higher 
ǇǊƛƻǊƛǘȅ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻƭƭƻǿƛƴƎ ŀ ŘƛǎǇƭŀȅ ŦŀƛƭǳǊŜΦ ¢ƘŜ άŎƻƳǇŀŎǘŜŘ ŦƻǊƳŀǘέ Ƴŀȅ 
be automatically selected in case of a primary display failure, or it may be 
manually (automatic selection preferred) selected by the flight crew. Except 
for traƛƴƛƴƎ ǇǳǊǇƻǎŜǎΣ ǘƘŜ άŎƻƳǇŀŎǘŜŘ ŦƻǊƳŀǘέ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǎŜƭŜŎǘŀōƭŜ 
unless there is a display failure. The concepts and specifications of CS 
25.1321, as discussed in paragraph 36(b)(3) of this chapter, still apply.  

(b) The compacted display format should maintain the same display attributes 
(colour, symbol location, etc.) and include the same required information, 
as the primary formats it is replacing. The compacted format should ensure 
the proper operation of all the display functions it presents, including 
annunciation of navigation and guidance modes, if present. However, due to 
size constraints and to avoid clutter, it may be necessary to reduce the 
amount of display functions on the compacted format. For example, in some 
cases, the use of numeric readouts in place of graphical scales has been 
found to be acceptable. Failure flags and mode annunciations should, 
wherever possible, be displayed in a location common with the normal 
format.  

(2) Sensor Selection and Annunciation 

(a) Automatic switching of sensor data to the display system should be 
considered, especially with highly integrated display systems to address 
those cases where multiple failure conditions may occur at the same time 
and require immediate flight crew action. Manual switching may be 
acceptable.  

(b)  Independent attitude, direction, and air data sources are required for the 
ŎŀǇǘŀƛƴ ŀƴŘ ŦƛǊǎǘ ƻŦŦƛŎŜǊΩǎ ŘƛǎǇƭŀȅǎ ƻŦ ǇǊƛƳŀǊȅ ŦƭƛƎƘǘ ƛƴŦƻǊƳŀǘƛƻƴ όǎŜŜ 
CS 25.1333). If sources can be switched such that the captain and first officer 
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are provided with single sensor information, each of them should receive a 
clear annunciation indicating the vulnerability to misleading information.  

(c) If sensor information sources cannot be switched, then no annunciation is 
required.  

(d) There should be a means of determining the source of the displayed 
navigation information and the active navigation mode. For approach 
operations the source of the displayed navigation information and the active 
navigation mode should be available on the primary flight display or 
immediately adjacent to the primary flight display.  

(e) The selected source should be annunciated if multiple or different types of 
navigation sources (flight management system, instrument landing system, 
GNSS (global navigation satellite system) landing system, etc.) can be 
selected (manually or automatically).  

(f) An alert should be given when the information presented to the flight crew 
is no longer meeting the required integrity level, in particular when there is 
a single sensor or loss of independence.  

37. ς 40.  [RESERVED]  

 
CHAPTER 7 ELECTRONIC DISPLAY SYSTEM CONTROL DEVICES  

41.  General. Each electronic display system control device has characteristics unique to its 
operation that need to be considered when designing the functions the display system controls, 
and the redundancy provided during failure modes. Despite the amount of redundancy that 
may be available to achieve a given task, the flight deck should still present a consistent user 
interface scheme for the primary displays and a compatible, if not consistent, user interface 
scheme for auxiliary displays throughout the flight deck.  

a. Multi-function Control Labels. Multi-function controls should be labelled such that the 
pilot is able to:  

4. Rapidly, accurately, and consistently identify and select all functions of the control 
device.  

5. Quickly and reliably identify what item ƻƴ ǘƘŜ ŘƛǎǇƭŀȅ ƛǎ άŀŎǘƛǾŜέ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎǳǊǎƻǊ 
positioning, as well as what function will be performed if the item is selected using 
the selector buttons and/or changed using the multi-function control.  

6. Determine quickly and accurately the function of the control without extensive 
training or experience.  

b.  Multi-function Controls. The installation guidelines below apply to control input devices 
that are dedicated to operating a specific function (for example, control knobs and 
wheels), as well as new control features (for example, a cursor control device (CCD)).  

(1) άIŀǊŘέ /ƻƴǘǊƻƭǎ 

(a) Mechanical controlsused to set numeric data on a display should have 
adequate friction or tactile detents to allow a flight crew without extensive 
training or experience to set values (for example, setting an out-of-view 
heading bug to a displayed number) to a required level of accuracy within a 
time appropriate to the task.  
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(b) The input for display response gain to control should be optimised for gross 
motion as well as fine positioning tasks without overshoots. In accordance 
with CS 25.777(b), the direction of movement of the cockpit controls must 
meet the specifications of CS 25.779. Wherever practicable, the sense of 
motion involved in the operation of other controls must correspond to the 
sense of the effect of the operation on the aeroplane or on the part 
operated. Controls of a variable nature using a rotary motion must move 
clockwise from the off position, through an increasing range, to the full on 
position.  

(2) ά{ƻŦǘέ /ƻƴǘǊƻƭǎ 

(a) There are two interactive types of soft control displays, one type affects 
aeroplane systems and the other type does not. Displays that utilize a 
graphical user interface (GUI) permit information within different display 
areas to be directly manipulated by the flight crew (for example, changing 
range, scrolling crew alert messages or electronic checklists, configuring 
windows, or layering information.) This level of display interaction affects 
only the presentation of display information and has a minimal effect on 
flight deck operations. The other level of display interaction provides a GUI 
to control aeroplane system operations (for example, utility controls on 
displays traditionally found in overhead panel functions, FMS operations, 
and graphical flight planning).  

(b) The design of display systems that will be used as soft controls is dependent 
on the functions they control. Consider the following guidelines when 
designing these display systems: 

1  The GUI and control device should be compatible with the aeroplane 
system they will control. The hardware and software design assurance 
levels and tests for the GUI and control device should be 
commensurate with the level of criticality of the aeroplane system 
they will control.  

2  Redundant methods of controlling the system may lessen the 
criticality required of the display control. Particular attention should 
be paid to the interdependence of display controls (that is, 
vulnerability to common mode failures), and to the combined effects 
of the loss of control of multiple systems and functions.  

3  The applicant should demonstrate that the failure of any display 
control does not unacceptably disrupt operation of the aeroplane 
(that is the allocation of flight crew member tasks) in normal, non-
normal, and emergency conditions.  

4  To show compliance with CS 25.777(a) and CS 25.1523, the applicant 
should show that the flight crew can conveniently access required and 
backup control functions in all expected flight scenarios, without 
impairing aeroplane control, flight crew task performance, and flight 
crew resource management.  

5  Control system latency and gains can be important in the acceptability 
of a display control. Usability testing should therefore accurately 
replicate the latency and control gains that will be present in the 
actual aeroplane.  
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6  The final display response to control input should be fast enough to 
prevent undue concentration being required when the flight crew sets 
values or display parameters CS 25.771(a)). The initial indication of a 
response to a soft control input should take no longer than 250 
milliseconds. If the initial response to a control input is not the same 
as the final expected response, a means of indicating the status of the 
pilot input should be made available to the flight crew.  

7  To show compliance with CS 25.771(e) the applicant should show by 
test and/or demonstration in representative motion environment(s) 
(for example, turbulence) that the display control is acceptable for 
controlling all functions that the flight crew may access during these 
conditions.  

c.  Cursor Control Devices 

When the input device controls cursor activity on a display, it is called a cursor control 
device (CCD). The CCDs are used to position display cursors on selectable areas of the 
ŘƛǎǇƭŀȅǎΦ ¢ƘŜǎŜ ǎŜƭŜŎǘŀōƭŜ ŀǊŜŀǎ ŀǊŜ άǎƻŦǘ ŎƻƴǘǊƻƭǎέ ƛƴǘŜƴŘŜŘ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ǎame 
functions as mechanical switches or other controls on conventional control panels. 
Typically, CCDs control several functions and are the means for directly selecting display 
elements. When designing CCDs, in addition to the guidance provided in paragraphs 41a, 
41b, and 41d of this chapter, consider the guidance in the following paragraphs, which 
address design considerations unique to CCDs.  

(1) The CCD design and installation should enable the flight crew to operate the CCD 
without exceptional skillduring foreseeable flight conditions, both normal and 
adverse (for example, turbulence and vibrations). Certain selection techniques, 
such as double or triple clicks, should be avoided.  

(2) The safety assessment should address reversion to alternate means of control 
following loss of the CCD. This includes an assessment on the impact of the failure 
on flight crew workload.  

(3) The functionality of the CCD should be demonstrated with respect to the flight 
crew interface considerations outlined below:  

(a) The ability of the flight crew to share tasks, following CCD failure, with 
appropriate workload and efficiency.  

(b) The ability of the flight crew to use the CCD with accuracy and speed of 
selection required of the related tasks, under foreseeable operating 
conditions (for example, turbulence, engine imbalance, and vibration).  

(c) Satisfactory flight crew task performance and CCD functionality, whether the 
CCD is operated with a dominant or non-dominant hand.  

(d) Hand stability support position (for example, wrist rest).  

(e) Ease of recovery from incorrect use.  

d.  Cursor Displays  

(1) The cursor symbol should be restricted from areas of primary flight information or 
where occlusion of display information by a cursor could result in misinterpretation 
by the flight crew. If a cursor symbol is allowed to enter a critical display 
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ƛƴŦƻǊƳŀǘƛƻƴ ŦƛŜƭŘΣ ƛǘ ǎƘƻǳƭŘ ōŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŀǘ ǘƘŜ ŎǳǊǎƻǊ ǎȅƳōƻƭΩǎ ǇǊŜǎŜƴŎŜ ǿƛƭƭ 
not cause interference during any phase of flight or failure condition.  

(2)  Because the cursor is a directly controllable element on the display it has unique 
characteristics. Consider the following when designing a cursor display:  

(a) Presentation of the cursor should be clear, unambiguous, and easily 
detectable in all foreseeable operating conditions.  

(b) The failure mode of an uncontrollable and distracting display of the cursor 
should be evaluated.  

(c) Because in most applications more than one flight crew member will be 
using one cursor, the applicant should establish an acceptable method for 
hŀƴŘƭƛƴƎ άŘǳŜƭƭƛƴƎ ŎǳǊǎƻǊǎέ ǘƘŀǘ ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƘŜ ƻǾŜǊŀƭƭ ŦƭƛƎƘǘ ŘŜŎƪ 
ǇƘƛƭƻǎƻǇƘȅ όŦƻǊ ŜȄŀƳǇƭŜΣ άƭŀǎǘ ǇŜǊǎƻƴ ƻƴ ŘƛǎǇƭŀȅ ǿƛƴǎέύΦ !ŎŎŜǇǘŀōƭŜ ƳŜǘƘƻŘǎ 
should also be established for handling other possible scenarios, including 
the use of two cursors by two pilots.  

(d) If more than one cursor is used on a display system, a means should be 
provided to distinguish between the cursors.  

(e) If a cursor is allowed to fade from a display, some means should be employed 
for the flight crew to quickly locate it on the display system. Common 
ŜȄŀƳǇƭŜǎ ƻŦ ǘƘƛǎ ŀǊŜ άōƭƻƻƳƛƴƎέ ƻǊ άƎǊƻǿƛƴƎέ ǘƘŜ ŎǳǊǎƻǊ ǘƻ ŀǘǘǊŀŎǘ ǘƘŜ ŦƭƛƎƘǘ 
ŎǊŜǿΩǎ ŀǘǘŜƴǘƛƻƴΦ  

42. ς 45. [RESERVED] 

 
CHAPTER 8 SHOWING COMPLIANCE FOR APPROVAL OF ELECTRONIC DISPLAY SYSTEMS 

46.  Compliance Considerations (Test and Compliance) 

a.  General. This chapter provides guidance for demonstrating compliance to the 
specifications for the approval of electronic flight deck displays. Since so much of display 
system compliance is dependent on subjective evaluations, this chapter focuses on 
providing specific guidance that facilitates these types of evaluations.  

b.  Means of Compliance 

(1) The acceptable means of compliance for a display system depends on many factors 
and is determined on a case-by-case basis. For example, when the proposed 
display system technology is mature and well understood, means such as 
analogical reasoning documented as a Statement of Similarity may be sufficient. 
However, more rigorous and structured methods, such as analysis and flight test, 
are appropriate if the proposed display system design is deemed novel, complex, 
or highly integrated.  

(2)  The acceptable means of compliance depends on other factors as well. These 
include the subjectivity of the acceptance criteria and the evaluation facilities of 
the applicant (for example, high-fidelity flight simulators) and the manner in which 
these facilities are used (for example, data collection).  

(3)  When subjective criteria are used to satisfy a means of compliance, the subjective 
data should be collected from multiple people (including pilots, engineers, and 
human factor specialists.)  

(4) The following guidance describes means of compliance for electronic displays:  
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(a) System Descriptions 

1  System descriptions may include system architecture, description of 
the layout and general arrangement of the flight deck, description of 
the intended function, flight crew interfaces, system interfaces, 
functionality, operational modes, mode transitions, and 
characteristics (for example dynamics of the display system), and 
applicable specifications addressed by this description. Layout 
drawings and/or engineering drawings may show the geometric 
arrangement of hardware or display graphics. Drawings typically are 
used in cases where showing compliance to the specifications can 
easily be reduced to simple geometry, arrangement, or the presence 
of a given feature on the drawing.  

2  The following questions may be used to evaluate whether the 
description of intended function is sufficiently specific and detailed:  

- Does each system, feature, and function have a stated intended 
function?  

- What assessments, decisions, or actions are the flight crew 
members intended to make based on the display system?  

- What other information is assumed to be used in combination 
with the display system?  

- What is the assumed operational environment in which the 
ŜǉǳƛǇƳŜƴǘ ǿƛƭƭ ōŜ ǳǎŜŘΚ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǇƛƭƻǘǎΩ ǘŀǎƪǎ ŀƴŘ 
operations within the flight deck, phase of flight, and flight 
procedures.  

(b) Statement of Similarity. This is a substantiation to demonstrate compliance 
by a comparison to a previously approved display (system or function). The 
comparison details the physical, logical, and functional and operational 
similarities of the two systems. Substantiation data from previous 
installations should be provided for the comparison. This method of 
compliance should be used with care because the flight deck should be 
evaluated as a whole, rather than merely as a set of individual functions or 
systems. For example, display functions that have been previously approved 
on different programmes may be incompatible when applied to another 
flight deck. Also, changing one feature in a flight deck may necessitate 
corresponding changes in other features, in order to maintain consistency 
and prevent confusion (for example, use of colour).  

(c) Calculation & Engineering Analyses. These include assumptions of relevant 
parameters and contexts, such as the operational environment, pilot 
population, and pilot training. Examples of calculations and engineering 
analyses include human performance modelling of optical detections, task 
times, and control forces. For analyses that are not based on advisory 
material or accepted industry standards, validation of calculations and 
engineering analyses using direct participant interaction with the display 
should be considered.  

(d) Evaluation. This is an assessment of the design conducted by the applicant, 
who then provides a report of the results to the Agency. Evaluations typically 
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use a display design model that is more representative of an actual system 
than drawings. Evaluations have two defining characteristics that distinguish 
them from tests: (1) the representation of the display design does not 
necessarily conform to the final documentation, and (2) the Agency may or 
may not be present. Evaluations may contribute to a finding of compliance, 
but they generally do not constitute a finding of compliance by themselves.  

1  Evaluations may begin early in the certification programme. They may 
involve static assessments of the basic design and layout of the 
display, part-task evaluations and/or, full task evaluations in an 
operationally representative environment (environment may be 
simulated). A wide variety of development tools may be used for 
evaluations, from mock-ups to full installation representations of the 
actual product or flight deck.  

2  In cases where human subjects (typically pilots) are used to gather 
data (subjective or objective), the applicant should fully document the 
ǇǊƻŎŜǎǎ ǳǎŜŘ ǘƻ ǎŜƭŜŎǘ ǎǳōƧŜŎǘǎΣ ǘƘŜ ǎǳōƧŜŎǘǎΩ ŜȄǇŜǊƛŜƴŎŜΣ ǘƘŜ ǘȅǇŜ ƻŦ 
data collected, and the method(s) used to collect the data. The 
resulting information should be provide to the Agency as early as 
possible to obtain agreement between the applicant and the Agency 
on the extent to which the evaluations are valid and relevant for 
certification credit. Additionally, credit will depend on the extent to 
which the equipment and facilities actually represent the flight deck 
configuration and realism of the flight crew tasks.  

(e) Test. This means of compliance is conducted in a manner very similar to 
evaluations (see above), but is performed on conformed systems (or 
conformed items relevant to the test), in accordance with an approved test 
plan, and may be witnessed by the Agency. A test can be conducted on a test 
bench, in a simulator, and/or on the actual aeroplane, and is often more 
formal, structured, and rigorous than an evaluation.  

1  Bench or simulator tests that are conducted to show compliance 
should be performed in an environment that adequately represents 
the aeroplane environment, for the purpose of those tests.  

2  Flight tests should be used to validate and verify data collected from 
other means of compliance such as analyses, evaluations, and 
simulations. Per CS 25.1523, during the certification process, the flight 
crew workload assessments and failure classification validations 
should be addressed in a flight simulator or an actual aeroplane, 
although the assessments may be supported by appropriate analyses 
(see CS-25 Appendix D, for a description of the types of analyses).  

47. ς 50.  [RESERVED]  

 
CHAPTER 9 CONTINUED AIRWORTHINESS AND MAINTENANCE  

51.  Continued Airworthiness and Maintenance. The following paragraphs provide guidance for 
preparing instructions for the continued airworthiness of the display system and its components 
to show compliance with CS 25.1309 and CS 25.1529 (including Appendix H), which require 
preparing Instructions for Continued Airworthiness. The following guidance is not a definitive 
list, and other maintenance tasks may be developed as a result of the safety assessment, design 
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ǊŜǾƛŜǿǎΣ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ŀƴŘ aŀƛƴǘŜƴŀƴŎŜ {ǘŜŜǊƛƴƎ DǊƻǳǇ όa{Dύ-3 analyses 
that are conducted.  

a.  General. Information on preparing the Instructions for Continued Airworthiness can be 
found in CS-25 Appendix H. In addition to those instructions, maintenance procedures 
should be considered for:  

(1)  Reversionary switches not used in normal operation. These switches should be 
checked during routine maintenance because, if a switch failure is not identified 
until the aeroplane is in flight, the switching or back up display/sensor may not be 
available when required. These failures may be addressed by a System Safety 
!ǎǎŜǎǎƳŜƴǘ ŀƴŘ ǎƘƻǳƭŘ ōŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ƳŀƛƴǘŜƴŀƴŎŜ ǇǊƻƎǊŀƳƳŜ 
(for example, MSG-3).  

(2)  Display cooling fans and filters integral with cooling ducting.  

b.  Design for Maintainability. The display system should be designed to minimise 
maintenance error and maximise maintainability.  

(1) The display mounting, connectors, and labelling, should allow quick, easy, safe, and 
correct access for identification, removal and replacement. Means should be 
provided (for example, using physically coded connectors) to prevent 
inappropriate connections of system elements.  

(2) If the system has the capability of providing information on system faults (for 
example diagnostics) to maintenance personnel, it should be displayed in text 
instead of coded information.  

(3) If the flight crew needs to provide information to the maintenance personnel (for 
example overheat warning), problems associated with the display system should 
be communicated to the maintenance personnel as appropriate, relative to the 
task and criticality of the information displayed.  

(4) The display components should be designed so they can withstand cleaning 
without internal damage, scratching and/or crazing (cracking).  

c.  Maintenance of Display Characteristics.  

(1) Maintenance procedures may be used to ensure that the display characteristics 
remain within the levels presented and accepted at certification.  

(2) Experience has shown that display quality may degrade with time and become 
difficult to use. Examples include lower brightness/contrast; distortion or 
discolouration of the screen (blooming effects); and areas of the screen that may 
not display information properly.  

(3) Test methods and criteria may be established to determine if the display system 
remains within acceptable minimum levels. Display system manufacturers may 
alternaǘƛǾŜƭȅ ǇǊƻǾƛŘŜ άŜƴŘ ƻŦ ƭƛŦŜέ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŘƛǎǇƭŀȅǎ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ 
adopted by the aeroplane manufacturer.  

52. ς 60. [RESERVED] 

[Amdt 25/11] 
[Amdt 25/12] 
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Appendix 1 ς Primary Flight Information 
ED Decision 2012/008/R  

This appendix provides additional guidance for displaying primary flight information. Displaying 
primary flight information is required by CS 25.1303(b) and CS 25.1333(b). The specifications for 
arranging primary flight information are specified in CS 25.1321(b).  

1.1  Attitude  

Pitch attitude display scaling should be such that during normal manoeuvres (for example, 
approach or climb at high thrust-to-weight ratios) the horizon remains visible in the display with 
at least 5 degrees pitch margin available.  

An accurate, easy, quick-glance interpretation of attitude should be possible for all unusual 
ŀǘǘƛǘǳŘŜ ǎƛǘǳŀǘƛƻƴǎ ŀƴŘ ƻǘƘŜǊ άƴƻƴ-ƴƻǊƳŀƭέ ƳŀƴƻŜǳǾǊŜǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ǇŜrmit the pilot to 
recognise the unusual attitude and initiate an appropriate recovery within one second. 
Information to perform effective manual recovery from unusual attitudes using chevrons, 
pointers, and/or permanent ground-sky horizon on all attitude indications is recommended.  

.ƻǘƘ ŦƛȄŜŘ ŀŜǊƻǇƭŀƴŜ ǊŜŦŜǊŜƴŎŜ ŀƴŘ ŦƛȄŜŘ ŜŀǊǘƘ ǊŜŦŜǊŜƴŎŜ ōŀƴƪ ǇƻƛƴǘŜǊǎ όάƎǊƻǳƴŘ ŀƴŘκƻǊ ǎƪȅέ 
pointers) are acceptable as a reference point for primary attitude information. A mix of these 
types in the same flight deck is not recommended.  

There should be a means to determine the margin to stall and to display that information when 
necessary. For example, a pitch limit indication is acceptable.  

There should be a means to identify an excessive bank angle condition prior to stall buffet.  

Sideslip should be clearly indicated to the flight crew (for example, a split trapezoid on the 
attitude indicator) and an indication of excessive sideslip should be provided.  

1.2 Continued Function of Primary Flight Information (Including Standby) in Conditions of 
Unusual Attitudes or in Rapid Manoeuvres  

Primary flight information must continue to be displayed in conditions of unusual attitudes or 
in rapid manoeuvres (CS 25.1301). The pilot must also be able to rely on primary or standby 
instrument information for recovery in all attitudes and at the highest pitch, roll, and yaw rates 
that may be encountered (CS 25.1301).  

In showing compliance with the specifications of CS 25.1301(a), CS 25.1309(a), CS 25.1309(b), 
and CS 25.1309(c), the analysis and test programme must consider the following conditions that 
might occur due to pilot action, system failures, or external events:  

- Abnormal attitude (including the aeroplane becoming inverted);  

- Excursion of any other flight parameter outside protected flight boundaries; or  

- Flight conditions that may result in higher than normal pitch, roll, or yaw rates.  

For each of the conditions identified above, primary flight displays and standby indicators must 
continue to provide useable attitude, altitude, airspeed and heading information and any other 
information that the pilot may require to recognise and execute recovery from the unusual 
attitude and/or arrest the higher than normal pitch, roll, or yaw rates (CS 25.1301).  

2.1  Airspeed and Altitude  

Airspeed and altitude displays should be able to convey to the flight crew a quick-glance sense 
of the present speed or altitude. Conventional round-dial moving pointer displays inherently 
give some of this sense that may be difficult to duplicate on moving scales. Scale length is one 
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attribute related to this quick-glance capability. The minimum visible airspeed scale length 
found acceptable for moving scales has been 80 knots; since this minimum is dependent on 
other scale attributes and aeroplane operational speed range, variations from this should be 
verified for acceptability. A displayed altitude that is geometrically derived should be easily 
discernable from the primary altitude information, which is barometrically derived altitude. To 
ŜƴǎǳǊŜ ǘƘŜ Ǉƛƭƻǘ Ŏŀƴ Ŝŀǎƛƭȅ ŘƛǎŎŜǊƴ ǘƘŜ ǘǿƻΣ ǘƘŜ ƭŀōŜƭ άD{[έ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ƭŀōŜƭ ƎŜƻƳŜǘǊƛŎ 
height above mean sea level.  

Airspeed reference marks (bugs) on conventional airspeed indicators perform a useful function 
by providing a visual reminder of important airspeed parameters. Including bugs on electronic 
airspeed displays is encouraged. Computed airspeed/angle-of-attack bugs such as Vstall 
warning, V1, VR, V2, flap limit speeds, etc., displayed on the airspeed scale should be evaluated 
for accuracy. The design of an airspeed indicator should include the capability to incorporate a 
reference mark that will reflect the current target airspeed of the flight guidance system. This 
has been required in the past for some systems that have complex speed selection algorithms, 
in order to give the flight crew adequate information for system monitoring as required by 
CS 25.1309(c).  

Scale units marking for air data displays incorporated into primary flight displays are not 
ǊŜǉǳƛǊŜŘ όάƪƴƻǘǎΣέ άŀƛǊǎǇŜŜŘέ ŦƻǊ ŀƛǊǎǇŜŜŘΣ άŦŜŜǘΣέ άŀƭǘƛǘǳŘŜέ ŦƻǊ ŀƭǘƛƳŜǘŜǊǎύ ŀǎ ƭƻƴƎ ŀǎ ǘƘŜ 
content of the readout remains clear. For altimeters with the capability to display both English 
and Metric units, the scale and primary present value readout should remain scaled in English 
units with no units marking required; the Metric display should consist of a separate present 
value readout that does include units marking.  

Airspeed scale markings such as stall warning, maximum operation speed/maximum operating 
mach number, or flap limits, should be displayed to provide the flight crew a quick-glance sense 
of speed relative to key targets or limits. The markings should be predominant enough to confer 
the quick-glance sense information, but not so predominant as to be distracting when operating 
normally near those speeds (for example, stabilised approach operating between stall warning 
and flap limit speeds).  

If airspeed trend or acceleration cues are associated with the speed scale, vertically oriented 
moving scale airspeed indications should have higher numbers at the top so that increasing 
energy or speed results in upward motion of the cue. Speed, altitude, or vertical rate trend 
indicators should have appropriate hysteresis and damping to be useful and non-distracting, 
however, damping may result in erroneous airspeed when accelerating. In this case, it may be 
necessary to use acceleration data in the algorithms to compensate for the error. The evaluation 
should include turbulence expected in service.  

For acceptable means of compliance and guidance material on instrument graduations and 
markings, refer to the latest ETSOǎ ŀƴŘ ƭƛǎǘ ƻŦ ŀǇǇǊƻǾŜŘ ŘŜǾƛŀǘƛƻƴǎ ƻƴ ǘƘŜ !ƎŜƴŎȅΩǎ ǿŜōǎŜ 
(www.easa.europa.eu). 

Altimeters present special design problems in that: (1) the ratio of total usable range to required 
resolution is a factor of 10 greater than for airspeed or attitude, and (2) the consequences of 
losing sense of context of altitude can be detrimental. The combination of altimeter scale length 
and markings, therefore, should be adequate to allow sufficient resolution for precise manual 
altitude tracking in level flight, as well as enough scale length and markings to reinforce the 
flight crew's sense of altitude and to allow sufficient look-ahead room to adequately predict and 
accomplish level-off. When providing low altitude awareness, it may be helpful to include radio 
altimeter information on the scale so that it is visually related to the ground position.  
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2.2 Airspeed and Altitude for HUD  

To reduce display clutter, during the precision approach phase of flight, HUD formats have been 
accepted that provide an alphanumeric-only display of airspeed and altitude. Acceptance of 
these display formats is predicated on the unique characteristics of the precision approach 
operation and the availability of compensating features for the lack of visual awareness of high 
and low speed limits.  

The compensating features for HUD formats that provide an alphanumeric-only display of 
airspeed and altitude is that the information display should also provide clear and distinct alerts 
to the flight crew when these and any other required parameters exceed well defined 
tolerances around the nominal approach range, and when these alerts have associated 
procedures that require the termination of the approach. Previously accepted display formats 
also included effective cues for acceleration and speed deviation so that the pilot could 
manually achieve tight speed control to preclude unintended proximity to low speed limits. 
When an alphanumeric-only indication of airspeed and altitude HUD format is displayed, there 
should still remain an overall awareness of the following indications:  

- Airspeed/altitude,  

- Airspeed/altitude trends,  

- Deviations from selected airspeed/altitude targets,  

- Low and high airspeed limits, and  

- Selected airspeed/altitude setting changes.  

2.3 Low and High Speed Awareness Cues  

CS 25.1541όŀύόнύ ǎǘŀǘŜǎΥ ά¢ƘŜ ŀŜǊƻǇƭŀƴŜ Ƴǳǎǘ Ŏƻƴǘŀƛƴ ς Any additional information, instrument 
markings, and placards required for the safe operation if there are unusual design, operating, 
ƻǊ ƘŀƴŘƭƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦέ ¢ƘŜ /S-25 certification specifications related to instrument systems 
and their markings were not developed with modern day electronic displays in mind; 
ŎƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜǎŜ ŜƭŜŎǘǊƻƴƛŎ ŘƛǎǇƭŀȅǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ άǳƴǳǎǳŀƭ ŘŜǎƛƎƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎέ ǇŜǊ 
CS 25.1541(a)(2), and may require additional marking to warrant safe operation. In particular, 
it is considered necessary to incorporate additional markings on electronic airspeed displays in 
the form of low and high speed awarenesǎ ŎǳŜǎ ǘƻ ǇǊƻǾƛŘŜ Ǉƛƭƻǘǎ ǘƘŜ ǎŀƳŜ ǘȅǇŜ ƻŦ άǉǳƛŎƪ ƎƭŀƴŎŜέ 
airspeed awareness that was an intrinsic feature of round dial instruments.  

Low speed awareness cues should provide adequate visual cues to the pilot that the airspeed is 
below the reference operating speed for the aeroplane configuration (that is, weight, flap 
setting, landing gear position, etc.); similarly, high speed awareness cues should provide 
adequate visual cues to the pilot that the airspeed is approaching an established upper limit 
that may result in a hazardous operating condition. Consider the following guidance when 
developing airspeed awareness cues:  

- Take into account all independent parameters that may affect the speed against which 
protection is being provided. This is most important in the low speed regime where all 
large aeroplanes have a wide range of stall speeds due to multiple flap/slat configurations 
and potentially large variations in gross weight.  

- The cues should be readily distinguishable from other markings such as V-speeds and 
speed targets (bugs). The cues should indicate not only the boundary value of the speed 
limit, but must clearly distinguish between the normal speed range and the unsafe speed 
range beyond those limiting values (CS 25.1545). Since the moving scale display does not 
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provide any inherent visual cue of the relationship of present airspeed to low or high 
airspeed limits, many electronic displays utilize an amber and red bar adjacent to the 
airspeed tape to provide this quick-glance low/high speed awareness. The preferred 
colours to be used are amber or yellow to indicate that the airspeed has decreased below 
a reference speed that provides adequate manoeuvre margin, changing to red at the stall 
warning speed. The speeds at which the low speed awareness bands start should be 
chosen as appropriate to the aeroplane configuration and operational flight regime. For 
example, low speed awareness cues for approach and landing should be shown starting 
at VREF with a tolerance of +0 and ς5 knots. Some Agency approved systems use a pilot 
ǎŜƭŜŎǘŀōƭŜ ƻǇŜǊŀǘƛƴƎ ǎǇŜŜŘ άōǳƎέ ŀǘ ±w9C ǎǳǇǇƭŜƳŜƴǘŜŘ ōȅ ǎȅǎǘŜƳ-computed low speed 
cues that vary in colour as airspeed decreases below certain multiples of the appropriate 
stall speed (for example, white below 1.3VS, amber below 1.2 VS, and red below 1.1 VS). 
Consider the specific operating needs of other flight regimes when developing the criteria 
for the associated visual cue.  

- Low speed awareness displays should be sensitive to load factor (g-sensitive) to enable 
the pilot to maintain adequate manoeuvre margins above stall warning in all phases of 
flight. The accuracy of this g-sensitivity function should be verified by flight tests. Flight 
tests should also be conducted in manoeuvring flight and expected levels of turbulence 
to evaluate proper functioning of any damping routines incorporated into the low speed 
awareness software; the level of damping should preclude nuisance/erratic movement 
of the low speed cues during operation in turbulence but not be so high that it inhibits 
adequate response to accurately reflect changes in margins to stall warning and stall 
during manoeuvring flight.  

- High speed awareness should be provided to prevent inadvertent excursions beyond limit 
speeds. Symbology should be provided to permit easy identification of flap and landing 
gear speed limits. A visual cue should be incorporated to provide adequate awareness of 
proximity to VMO; this awareness has been provided by amber bands, similar to the 
previously discussed low speed cues, and instantaneous airspeed displays that turn 
amber (or flash amber digits) as the closure rate to VMO increases beyond a value that 
sill provides adequate time for pilot corrective action to be taken without exceeding the 
limit speed.  

- The display requirements for airspeed awareness cues are in addition to other alerts 
associated with exceeding high and low speed limits, such as the stick shaker and aural 
overspeed warning.  

3. Vertical Speed  

The display range of vertical speed (or rate of climb) indications should be consistent with the 
climb/descent performance capabilities of the aeroplane. If the resolution advisory (RA) is 
integrated with the primary vertical speed indication, the range of vertical speed indication 
should be sufficient to display the red and green bands for all TCAS RA information.  

4. Flight Path Vector or Symbol  

The display of flight path vector (FPV or velocity vector) or flight path angle (FPA) cues on the 
primary flight display is not required, but may be included in many designs.  

The FPV symbol can be especially useful on HUD applications. The FPV display on the HUD 
should be conformal with the outside view when the FPV is within the HUD field of view. During 
flight situations with large bank, pitch, and/or wind drift angles; the movement of the FPV may 
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be limited by the available display field-of-view. In some designs, the pilot can manually cage 
the FPV which restricts its motion to the vertical axis, thereby making it an FPA.  

The FPV or FPA indication may also be displayed on the HDD. In some HDD and most HUD 
applications, the FPV or FPA is the primary control and tracking cue for controlling the aeroplane 
during most phases of flight. Even though an FPV or FPA indication may be used as a primary 
flight control parameter, the attitude pitch and roll symbols (that is, waterline or boresight and 
pitch scale) which are still required primary indications by § 25.1303 must still be prominently 
displayed. In dynamic situations, such as during recovery from an unusual attitude, constant 
availability of attitude indications is required.  

If the FPV/FPA is used as the primary means to control the aeroplane in pitch and roll, the 
FPV/FPA system design should allow pilots to control and manoeuvre the aeroplane with a level 
of safety that is at least equal to traditional designs based on attitude (CS 25.1333(b)).  

There may be existing aeroplane designs where the HUD provides a FPV presentation and the 
HDD provides a FPA presentation. However, mixture of the two different presentations is not 
recommended due to possible misinterpretation by the flight crew. The designs that were 
accepted were found to have the following characteristics: correlation between the HUD FPV 
display and the primary flight display FPA display; consistent vertical axis presentation of 
Ct±κCt!Τ ŀƴŘ ǇƛƭƻǘǎΩ ŀōƛƭƛǘȅ ǘƻ ƛƴǘŜǊǇǊŜǘ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ Ct± ŀƴŘ Ct! similarly.  

It should be easy and intuitive for the pilot to switch between FPV/FPA and attitude when 
necessary. The primary flight display of FPV/FPA symbology must not interfere with the display 
of attitude and there must always be attitude symbology at the top centre of the pilot's primary 
field of view, as required by CS 25.1321.  

Aeroplane designs which display flight path symbology on the HUD and the HDD should use 
consistent symbol shapes (that is, the HUD FPV symbol looks like the HDD FPV).  

In existing cases where an FPV is displayed head up and an FPA head down on an aeroplane, 
the symbols for each should not have the same shape. When different types of flight path 
indications may be displayed as head up and/or head down, the symbols should be easily 
distinguished to avoid any misinterpretation by the flight crew. A mixture of the two types of 
flight path indications is not recommended due to possible misinterpretation by the flight crew.  

The normal FPV, the field-of-view limited FPV, and the caged FPV should each have a distinct 
appearance, so that the pilot is aware of the restricted motion or non-conformality.  

Implementation of air mass-based FPV/FPA presentations should account for inherent 
limitations of air mass flight path computations.  

Flight directors should provide some lateral movement to the lateral flight director guidance 
cue during bank commands.  

To show compliance with CS 25.1301(a), CS 25.1303(b)(5), and CS 25.143(b), the FPV/FPA FD 
design must:  

1.  Not have any characteristics that may lead to oscillatory control inputs;  

2. Provide sufficiently effective and salient cues to support all expected manoeuvres in 
longitudinal, lateral, and directional axes, including recovery from unusual attitudes; and  

3.  Not have any inconsistencies between cues provided on the HUD and HDD displays that 
may lead to pilot confusion or have adverse affects on pilot performance.  

Performance and system safety requirements for flight guidance systems are found in the 
following advisory circulars:  

http://easa.europa.eu/
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Document Number  Title 

AC 25.1329-1B  Approval of Flight Guidance Systems  

AC 120-28D  Criteria for Approval of Category III Weather Minima for Take-off, Landing, and 
Rollout  

AC 120-29A  Criteria for Approval of Category I and Category II Weather Minima for 
Approach  

[Amdt 25/11] 
[Amdt 25/12] 
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Appendix 2 ς Powerplant Displays 
ED Decision 2011/004/R  

1.  General  

At the time CS 25.1305 was adopted, flight deck powerplant displays were primarily a collection 
of dedicated, independent, full-ǘƛƳŜ ŀƴŀƭƻƎǳŜ άǊƻǳƴŘ Řƛŀƭέ ǘȅǇŜ ƛƴǎǘǊǳƳŜƴǘǎΦ ¢ȅǇƛŎŀƭƭȅΣ ǘƘŜre 
was one display for each required indication. Today, flight deck powerplant displays are 
primarily electronic displays integrated with other flight deck displays on a few relatively large 
electronic display spaces. Throughout this technological evolution, the Agency has used 
certification review items (CRIs) to assure that this new technology, with its increased potential 
for common faults and the challenges of effectively sharing display space, did not adversely 
impact the timely availability and independence of the powerplant information required to 
meet the intent of CS 25.1305. This AMC provides some of that guidance material. 

To comply with one of the provisions of CS 25.1305, a display should provide all the instrument 
functionality of a full-time, dedicated analogue type instrument as intended when the 
specification was adopted (see AC 20-88A, Guidelines on the Marking of Aircraft). The design 
flexibility and conditional adaptability of modern displays were not envisioned when CS 25.1305 
and CS 25.1549 were initially adopted. In addition, the capabilities of modern control systems 
to automate and complement flight crew functions were not envisioned. In some cases these 
system capabilities obviate the need for a dedicated full-time analogue type instrument.  

When making a compliance finding, all uses of the affected displays should be taken into 
consideration, including:  

(1) Flight deck indications to support the approved operating procedures (CS 25.1585), 

(2) Indications as required by the powerplant system safety assessments (CS 25.1309), and 

(3) Indications required in support of the instructions for continued airworthiness 25.1529). 

For example:  

Compliance with CS 25.1305(c)(3) for the engine N2 rotor was originally achieved by means of 
a dedicated, full time analogue instrument. This provided the continuous monitoring capability 
required to:  

- Support engine starting (for example, typically used to identify fuel on point);  

- Support power setting (for example, sometimes used as primary or back up parameter);  

- άDƛǾŜ reasonable assurance that those engine operating limitations that adversely affect 
ǘǳǊōƛƴŜ ǊƻǘƻǊ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ǿƛƭƭ ƴƻǘ ōŜ ŜȄŎŜŜŘŜŘ ƛƴ ǎŜǊǾƛŎŜέ ŀǎ ǊŜǉǳƛǊŜŘ ōȅ 
CS 25.903(d)(2);  

- Provide the indication of normal, precautionary, and limit operating values required by 
CS 25.1549; as well as  

- Support detection of unacceptable deterioration in the margin to operating limits and 
other abnormal engine operating conditions as required to comply with CS 25.901, 
CS 25.1309, etc.  

As technology evolved full authority digital engine controls (FADECs) were introduced. The 
FADECs were designed with the ability to monitor and control engine N2 rotor speed as required 
to comply with CS 25.903(d)(2). Additionally, engine condition monitoring programmes were 
introduced and used to detect unacceptable engine deterioration. Flight deck technology 
evolved such that indications could be displayed automatically to cover abnormal engine 

http://easa.europa.eu/
https://dxweb.easa.europa.eu/dx4/Topics/cs25topic_267.docx
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operating conditions. The combination of these developments obviated the need for a full time 
analogue N2 rotor speed indication, in accordance with the guidance found in Chapter 6, 
paragraph 36c(3) of this AMC.  

2. Design Guidelines  

Safety-related engine limit exceedances should be indicated in a clear and unambiguous 
manner. Flight crew alerting is addressed in CS 25.1322.  

If an indication of significant thrust loss is provided it should be presented in a clear and 
unambiguous manner.  

In addition to the failure conditions listed in Chapter 4 of this AMC, the following design 
guidelines should be considered: 

1.  For single failures leading to the non-recoverable loss of any indications on an engine, 
sufficient indications should remain to allow continued safe operation of the engine. (See 
CS 25.901(b)(2), CS 25.901(c), and CS 25.903(d)(2)).  

2.  No single failure could prevent the continued safe operation of more than one engine or 
require immediate action by any flight crew member for continued safe operation. (See 
CS 25.901(c), CS 25.903(b), and CS 25.1309(b)). 

3.  Engine indications needed during engine re-start should be readily available after an 
engine out event. (See CS 25.901(b)(2), CS 25.901(c), CS 25.903(d)(2), CS 25.903(e), 
CS 25.1301, CS 25.1305, CS 25.1309, and Chapter 6, paragraph 36c(3) of this AMC). 

[Amdt 25/11] 

http://easa.europa.eu/
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Appendix 3 ς Definitions 
ED Decision 2011/004/R  

Air Mass System - An air mass-based system that provides a heading/airspeed/vertical velocity 
derived flight path presentation. It depicts the flight path through an air mass, will not account for air 
mass disturbances such as wind drift and windshear and, therefore, cannot be relied on to show the 
ŦƭƛƎƘǘ ǇŀǘƘ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  

Alert ς A generic term used to describe a flight deck indication meant to attract the attention of and 
identify to the flight crew a non-normal operational or aeroplane system condition. Warnings, 
Cautions, and Advisories are considered to be alerts.  

Annunciation - A visual, auditory, or tactile stimulus used to attract a flight crew membŜǊΩǎ ŀǘǘŜƴǘƛƻƴΦ  

Architecture - The manner in which the components of a display or display system are organised and 
integrated. 

Basic T- The arrangement of primary flight information as required by CS 25.1321(b); including 
attitude, airspeed, altitude, and direction information.  

Brightness - The perceived or subjective luminance. This should not be confused with luminance.  

Bugs - A symbol used to mark or reference other information such as heading, altitude, etc.  

Catastrophic -Failure conditions that result in multiple fatalities, usually with the loss of the aeroplane. 
(Note: In previous versions of CS 25.1309 ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ŀŘǾƛǎƻǊȅ ƳŀǘŜǊƛŀƭ ŀ άŎŀǘŀǎǘǊƻǇƘƛŎ ŦŀƛƭǳǊŜ 
ŎƻƴŘƛǘƛƻƴέ ǿŀǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ŦŀƛƭǳǊŜ ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ǿƻǳƭŘ ǇǊŜǾŜƴǘ ŎƻƴǘƛƴǳŜŘ ǎŀŦŜ ŦƭƛƎƘǘ ŀƴŘ ƭŀƴŘƛƴƎΦ)  

Chrominance- The quality of a display image that includes both luminance and chromaticity and is a 
perceptual construct subjectively assessed by the human observer.  

Chromaticity - /ƻƭƻǳǊŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ŀ ǎȅƳōƻƭ ƻǊ ŀƴ ƛƳŀƎŜ ŘŜŦƛƴŜŘ ōȅ ƛǘǎ ǳΩΣ ǾΩ ŎƻƻǊŘƛƴŀǘŜǎ ό{ŜŜ 
ComƳƛǎǎƛƻƴǎ LƴǘŜǊƴŀǘƛƻƴŀƭŜ ŘŜ [Ω9ŎƭŀƛǊŀƎŜ ǇǳōƭƛŎŀǘƛƻƴ ƴǳƳōŜǊ мрΦоΣ /ƻƭƻǊƛƳŜǘǊȅΣ нллпύΦ  

Clutter - Excessive number and/or variety of symbols, colours, or other information on a display that 
may reduce flight crew access or interpretation time, or decrease the probability of interpretation 
error.  

Coasting Data - Data that is not updated for a defined period of time.  

Coding- The use of assigning special meanings to some design element or characteristic (such as 
numbers, letters, symbols, auditory signals, colours, brightness, or variations in size) to represent 
information in a shorter or more convenient form.  

Coding Characteristics - Readily identifiable attributes commonly associated with a design element 
that provide special meaning and differentiate the design elements from each other; for example size, 
shape, colour, motion, location, etc.  

Colour Coding- The structured use of colour to convey specific information, call attention to 
information, or impose an organisational scheme on displayed information. 

Command Information - Displayed information directing a control action.  

Compact Mode- In display use, this most frequently refers to a single, condensed display presented in 
numeric format that is used during reversionary or failure conditions.  

Conformal - Refers to displayed graphic information that is aligned and scaled with the outside view.  

Contrast Ratio -  

For HUD - Ratio of the luminance over the background scene (see SAE AS 8055).  
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For HDD - Ratio of the total foreground luminance to the total background luminance.  

Criticality - Indication of the hazard level associated with a function, hardware, software, etc., 
considering abnormal behaviour (of this function, hardware, software) alone, in combination, or in 
combination with external events.  

Design Eye Position - The position at each pilot's station from which a seated pilot achieves the 
required combination of outside visibility and instrument scan. The design eye position (DEP) is a single 
point selected by the applicant that meets the specifications of CS 25.773(d), CS 25.777(c), and 
CS 25.1321 for each pilot station. It is normally a point fixed in relation to the aircraft structure (neutral 
ǎŜŀǘ ǊŜŦŜǊŜƴŎŜ Ǉƻƛƴǘύ ŀǘ ǿƘƛŎƘ ǘƘŜ ƳƛŘǇƻƛƴǘ ƻŦ ǘƘŜ ǇƛƭƻǘΩǎ ŜȅŜǎ ǎƘƻǳƭŘ ōŜ ƭƻŎŀǘŜŘ ǿƘŜƴ ǎŜŀǘŜŘ ŀǘ ǘƘŜ 
normal position. The DEP is the principal dimensional reference point for the location of flight deck 
panels, controls, displays, and external vision.  

Display Element ς A basic component of a display, such as a circle, line, or dot.  

Display Refresh Rate - The rate at which a display completely refreshes its image. 

Display Resolution - Size of the minimum element that can be displayed, expressed by the total 
number of pixels or dots per inch (or millimetre) of the display surface.  

Display Response Time - The time needed to change the information from one level of luminance to 
a different level of luminance. Display response time related to the intrinsic response me linked to 
the electro-optic effect used for the display and the way to address it). 

Display Surface/Screen - The area of the display unit that provides an image.  

Display System - The entire set of avionic devices implemented to display information to the flight 
crew. This is also known as an electronic display system.  

Display Unit - Equipment that is located in the flight deck, in view of the flight crew, that is used to 
provide visual information. Examples include a colour head down display and a head up display 
projector and combiner.  

Earth Referenced System -An inertial-based system which provides a display of flight path through 
space. In a descent, an earth-referenced system indicates the relationship between the flight path and 
the terrain and/or the artificial horizon.  

Enhanced Flight Vision System (EFVS)- An electronic means to provide a display of the forward 
external scene topography (the natural or manmade features of a place or region, especially in a way 
to show their relative positions and elevation) through the use of imaging sensors such as millimetre 
wave radiometry, millimetre wave radar, and low light level image intensifying.  

Enhanced Vision System (EVS) - An electronic means to provide a display of the forward external 
scene topography through the use of imaging sensors, such as forward looking infrared, millimetre 
wave radiometry, millimetre wave radar, and low light level image intensifying.  

NOTE: An EFVS is an EVS that is intended to be used for instrument approaches under the provisions of 
14 CFR 91.175 (l) and 91.175 (m), and must display the imagery with instrument flight information on 
a HUD.  

Extremely Improbable -An extremely improbablefailure condition is so unlikely that it is not 
anticipated to occur during the entire operational life of all aeroplanes of one type.  

Extremely Remote - An extremely remote failure condition is not anticipated to occur to each 
aeroplane during its total life, but may occur a few times when considering the total operational life 
of all aeroplanes of that type.  

http://easa.europa.eu/
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Eye Reference Position (ERP) - A single spatial position located at or near the centre of the HUD Eye 
Box. The HUD ERP is the primary geometrical reference point for the HUD.  

Failure - An occurrence which affects the operation of a component, part, or element, such that it can 
no longer function as intended (this includes both loss of function and malfunction). NOTE: Errors may 
cause failures but are not considered to be failures.  

Failure Condition - A condition having an effect on the aeroplane and/or its occupants, either direct 
or consequential, which is caused or contributed to by one or more failures or errors, considering flight 
phase and relevant adverse operational or environmental conditions, or external events.  

Field of View - The angular extent of the display that can be seen by either pilot with the pilot seated 
at either pilots station.  

Flicker- An undesired, rapid temporal variation in the display luminance of a symbol, group of symbols, 
or a luminous field. It can cause discomfort for the viewer (such as headaches and irritation).  

Flight Deck Design Philosophy- A high level description of the design principles that guide the designer 
and ensure a consistent and coherent interface is presented to the flight crew.  

Flight Path Angle (FPA) ǎƻ ƪƴƻǿƴ ŀǎ ŀ CƭƛƎƘǘ tŀǘƘ {ȅƳōƻƭΣ /ƭƛƳōΣ 5ƛǾŜ !ƴƎƭŜΣ ƻǊ άŎŀƎŜŘέ όƻƴ ǘƘŜ 
attitude indicator centreline) Flight Path Vector) - A dynamic symbol displayed on an attitude display 
that depicts the vertical angle relative to the artificial horizon, in the pitch axis, that the aeroplane is 
moving. A flight path angle is the vector resultant of the forward velocity and the vertical velocity. For 
most designs, the FPA is earth referenced, though some use air mass vectors. Motion of the FPA on 
the attitude display is in the vertical (pitch) axis only with no lateral motion. 

Flight Path Vector (FPV) so known as Velocity Vector or Flight Path Marker) - A dynamic symbol 
displayed on an attitude display that depicts the vector resultant of real-time flight path angle (vertical 
axis) and lateral angle relative to aeroplane heading created by wind drift and slip/skid. For most 
designs, the FPV is earth referenced, though some use air mass vectors which cannot account for wind 
effects 

Foreseeable Conditions - The full environment that the display or the display system is assumed to 
operate within, given its intended function. This includes operating in normal, non-normal, and 
emergency conditions.  

Format (See Figure A3-2) - An image rendered on the whole display unit surface. A format is 
constructed from one or more windows (see ARINC Specification 661).  

FPV/FPA-referenced Flight Director (FD) - ! I¦5 ƻǊ I55 ŦƭƛƎƘǘ ŘƛǊŜŎǘƻǊ ŎǳŜ ƛƴ ǿƘƛŎƘ ǘƘŜ Ǉƛƭƻǘ άŦƭƛŜǎέ 
the FPV/FPA cue to the FD command in order to comply with flight guidance commands. This is 
ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ŀǘǘƛǘǳŘŜ C5 ƎǳƛŘŀƴŎŜ ǿƘŜǊŜ ǘƘŜ Ǉƛƭƻǘ άŦƭƛŜǎέ ǘƘŜ ŀŜǊƻǇƭŀƴŜ όǘƘŀǘ ƛǎΣ ǇƛǘŎƘΣ ōƻǊŜǎƛƎƘǘύ 
symbol to follow pitch and roll commands.  

Full-time Display - A dedicated continuous information display. 

Functional Hazard Assessment - A systematic, comprehensive examination of aeroplane and system 
function to identify potential Minor, Major, Hazardous, and Catastrophic failure conditions that may 
arise as a result of malfunctions or failures to function.  

Grey Scale- The number of incremental luminance levels between full dark and full bright.  

Hazard - Any condition that compromises the overall safety of the aeroplane or that significantly 
reduces the ability of the flight crew to cope with adverse operating conditions.  

Hazardous ς A hazardous failure condition reduces the operation of the aeroplane or the ability of the 
flight crew to operate in adverse conditions to the extent that there would be:  
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- A large reduction in safety margins or functional capabilities;  

- Physical distress or excessive workload such that the flight crew cannot be relied upon to 
perform their tasks accurately or completely; or  

- Serious or fatal injury to a relatively small number of the occupants other than the flight crew.  

Head Down Display (HDD) - ! ǇǊƛƳŀǊȅ ŦƭƛƎƘǘ ŘƛǎǇƭŀȅ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ Ƴŀƛƴ ƛƴǎǘǊǳƳŜƴǘ ǇŀƴŜƭ 
ŘƛǊŜŎǘƭȅ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ Ǉƛƭƻǘ ƛƴ ǘƘŜ ǇƛƭƻǘΩǎ ǇǊƛƳŀǊȅ ŦƛŜƭŘ ƻŦ ǾƛŜǿΦ ¢ƘŜ I55 ƛǎ ƭƻŎŀǘŜŘ ōŜƭƻǿ ǘƘŜ 
windscreen and requires the flight crew to look below the glareshield in order to use the HDD to fly 
the aeroplane.  

Head Mounted Display (HMD) ς ! ǎǇŜŎƛŀƭ ŎŀǎŜ ƻŦ I¦5 ƳƻǳƴǘŜŘ ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ ƘŜŀŘΦ /ǳǊǊŜƴǘƭȅΣ ǘƘŜǊŜ 
are not any HMDs used in CS-25 installations, but guidance will be provided in the future, as needed.  

Head Up Display (HUD) - A display system that projects primary flight information (for example, 
ŀǘǘƛǘǳŘŜΣ ŀƛǊ ŘŀǘŀΣ ƎǳƛŘŀƴŎŜΣ ŜǘŎΦύ ƻƴ ŀ ǘǊŀƴǎǇŀǊŜƴǘ ǎŎǊŜŜƴ όŎƻƳōƛƴŜǊύ ƛƴ ǘƘŜ ǇƛƭƻǘΩǎ ŦƻǊǿŀǊŘ ŦƛŜƭŘ ƻŦ 
view, between the pilot and the windshield. This allows the pilot to simultaneously use the flight 
information while looking along the forward path out the windshield, without scanning the head down 
displays. The flight information symbols should be presented as a virtual image focused at optical 
infinity. Attitude and flight path symbology needs to be conformal (that is, aligned and scaled) with 
the outside view.  

HUD Design Eye Box - The three-dimensional area surrounding the design eye position, which defines 
the area, from which the HUD symbology and/or imagery are viewable.  

Icon- A single, graphical symbol that represents a function or event.  

Image Size - The viewing area (field) of the display surface.  

- Direct View Display: The useful (or active) area of the display  

(for example, units cm x cm). 

- Head Up Display: The total field of view (units usually in degrees x degrees).  

(Total field of view defines the maximum angular extent of the display that can be seen by either 
eye allowing head motion within the eyebox (see 8055). 

Indication - Any visual information representing the status of graphical gauges, other graphical 
representations, numeric data messages, lights, symbols, synoptics, etc. to the flight crew. 

Information Update Rate - The rate at which new data is displayed or updated.  

Interaction- The ability to directly affect a display by utilizing a graphical user interface (GUI) that 
consists of a control device (for example, a trackball), cursor, aƴŘ άǎƻŦǘέ ŘƛǎǇƭŀȅ ŎƻƴǘǊƻƭ ǘƘŀǘ ƛǎ ǘƘŜ 
cursor target.  

Latency - Thetime taken by the display system to react to a triggered event coming from an 
input/output device, the symbol generator, the graphic processor, or the information source.  

Layer - A layer is the highest level entity of the Display System that is known by a User Application.  

Luminance - Visible light that is emitted from the display. Commonly-used units: foot-lamberts, 
cd/m2.  

Major - A majorfailure condition reduces the operation of the aeroplane or the ability of the flight 
crew to operate in adverse conditions to the extent that there would be, for example:  

- A significant reduction in safety margins or functional capabilities;  
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- Physical discomfort or a significant increase in flight crew workload  

- Physical distress to passengers or cabin crew, possibly including injuries.  

Menu - A list of display options available for selection.  

Message - Acommunication that conveys an intended meaning such as an alerting or data link 
message.  

Minor - A minor failure condition would not significantly reduce aeroplane safety and would involve 
crew actions well within their capabilities. Minor failure conditions may include:  

- A slight reduction in safety margins or functional capabilities;  

- A slight increase in crew workload (such as routine flight plan changes); or  

- Some physical discomfort to passengers or cabin crew.  

Misleading Information - Incorrect information that is not detected by the flight crew because it 
appears as correct and credible information under the given circumstances.  

When incorrect information is automatically detected by a monitor resulting in an indication to the 
flight crew, or when the information is obviously incorrect, it is no longer considered misleading. The 
consequence of misleading information will depend on the nature of the information, and the given 
circumstances.  

Mode - The functional state of a display and/or control system(s). A mode can be manually or 
automatically selected.  

MSG-3- Maintenance Steering Group 3. A steering group sponsored by the Airline Transportation 
Association whose membership includes representatives from the aviation industry and aviation 
regulatory authorities.  

Occlusion - Visual blocking of one symbol by another, sometimes called occulting.  

Partitioning- A technique for providing isolation between functionally independent software 
components to contain and/or isolate faults and potentially reduce the effort of the software 
verification process.  

Pixel- A display picture element which usually consists of three (red, green, blue) sub-pixels (also called 
dots on a cathode ray tube).  

Pixel Defect - A pixel that appears to be in a permanently on or off-state.  

Primary Flight Displays- The displays used to present primary flight information.  

Primary Field of View (FOV) (See Figure A3-1) - Primary Field-of-View is based on the optimum vertical 
and horizontal visual fields from the design eye reference point that can be viewed with eye rotation 
only using foveal or central vision. The description below provides an example of how this may apply 
to head-down displays.  

With the normal line-of-sight established at 15 degrees below the horizontal plane, the values for the 
vertical (relative to normal line-of-sight forward of the aircraft) are  

+/-15 degrees optimum, with +40 degrees up and -20 degrees down maximum.  
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Figure A3-1 Primary Field of View 

 

Primary Flight Information- The information whose presentation is required by CS 25.1303(b) and 
CS 25.1333(b), and arranged by CS 25.1321(b).  

Primary Flight Instrument - !ƴȅ ŘƛǎǇƭŀȅ ƻǊ ƛƴǎǘǊǳƳŜƴǘ ǘƘŀǘ ǎŜǊǾŜǎ ŀǎ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ǇǊƛƳŀǊȅ 
reference of a specific parameter of primary flight information. For example, a centrally located 
ŀǘǘƛǘǳŘŜ ŘƛǊŜŎǘƻǊ ƛƴŘƛŎŀǘƻǊ ƛǎ ŀ ǇǊƛƳŀǊȅ ŦƭƛƎƘǘ ƛƴǎǘǊǳƳŜƴǘ ōŜŎŀǳǎŜ ƛǘ ƛǎ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ǇǊƛƳŀǊȅ 
reference for pitch, bank, and command steering information.  

Prompt- A method of cueing the flight crew that some input or action is required.  

Required Engine Indications- The information whose presentation is required by CS 25.1305.  

Reversionary - The automatic or flight crew initiated (manual) relocation of display formats or 
windows following a display failure.  

Shading - Shading is used as:  

- A coding method for separating information, change in state, give emphasis, and depth 
information.  

- A blending method between graphic elements (map displays, synthetic vision system).  

Soft Control- Display element used to manipulate, select, or de-select information (for example, 
menus and soft keys). 

Standby Display- A backup display that is used if a primary display malfunctions.  

Status information - Information about the current condition of an aeroplane system and its 
surroundings.  
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Symbol - A symbol is a geometric form or alpha-numeric information used to represent the state of a 
parameter on a display. The symbol may be further defined by its location and motion on a display.  

Synthetic Vision ς A computer generated image of the external topography from the perspective of 
the flight deck. The image is derived from aircraft attitude, high-precision navigation solution, and 
terrain database terrain, obstacles, and relevant cultural features.  

Synthetic Vision System ς An electronic means to display a synthetic vision image of the external 
scene topography to the flight crew.  

Texturing - A graphic, pictorial effect used to give a displayed object or graphic a speciŦƛŎ άƭƻƻƪέ 
(metallic, grassy, cloudy, etc.). Texture is used:  

- As a coding method for separating information, change in state, give emphasis, and depth 
information.  

- As a blending method between graphic elements (map displays, synthetic vision system).  

- To enhance similarity between a synthetic image and the real world image.  

Time Sharing ς Showing different information in the same display area at different times.  

Transparency- A means of seeing a background information element through a foreground 
infoǊƳŀǘƛƻƴ ŜƭŜƳŜƴǘΦ ¢ǊŀƴǎǇŀǊŜƴŎȅ Ŏŀƴ ŀƭǘŜǊ ǘƘŜ ŎƻƭƻǳǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ōƻǘƘ ǘƘŜ άŦǊƻƴǘέ ŜƭŜƳŜƴǘ ŀƴŘ 
ǘƘŜ άōŀŎƪέ ŜƭŜƳŜƴǘΦ  

Viewing Angle ς The angle between the normal line of sight (looking straight ahead) and the line from 
the eye to the object being viewed. The angle can be horizontal, vertical, or a composite of those two 
angles.  

Window (See Figure A3-2) - A rectangular physical area of the display surface. A window consists of 
one or more layers (see ARINC Specification 661).  

Figure A3-2 ς Display Format  

 

Windowing - The technique to create windows. Segmenting a single display area into two or more 
independent display areas or inserting a new display area onto an existing display. 

[Amdt 25/11] 
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Appendix 4 ς Acronyms Used in this AMC 
ED Decision 2011/004/R  

AC  (FAA) Advisory Circular 

AMC Acceptable Means of Compliance 

ARAC  Aviation Rulemaking Advisory Committee  

ARP  Aerospace Recommended Practices  

AS  Aerospace Standard  

CCD  Curser Control Device  

CFR  Code of Federal Regulations  

CRT  Cathode Ray Tube  

DEP  Design Eye Position  

EASA  European Aviation Safety Agency  

EUROCAE  European Organisation for Civil Aviation Electronics  

FAA  Federal Aviation Administration  

GUI  Graphical User Interface  

HDD  Head down Display  

HUD  Head up Display  

JAA  Joint Airworthiness Authorities  

LCD  Liquid Crystal Display  

SAE  SAE International (formerly Society of Automotive Engineers)  

TCAS  Traffic Alert and Collision Avoidance System  

[Amdt 25/11] 

AMC 25-13 Reduced And Derated Take-Off Thrust (Power) 
Procedures 

ED Decision 2013/010/R 

1 Purpose 

This acceptable means of compliance (AMC) provides guidance for the certification and use of 
reduced thrust (power) for take-off and derated take-off thrust (power) on turbine powered 
transport category aeroplanes. It consolidates CS guidance concerning this subject and serves 
as a ready reference for those involved with aeroplane certification and operation. These 
procedures should be considered during aeroplane type certification and supplemental type 
certification activities when less than engine rated take-off thrust (power) is used for take-off.  

2 Related Certification Specifications (CS) 

The applicable regulations are CS 25.101, 25.1521 and 25.1581.  

3 Background 

Take-off operations conducted at thrust (power) settings less than the maximum take-off thrust 
(power) available may provide substantial benefits in terms of engine reliability, maintenance, 
and operating costs. These take-off operations generally fall into two categories; those with a 
specific derated thrust (power) level, and those using the reduced thrust (power) concept, 
which provides a lower thrust (power) level that may vary for different take-off operations. Both 
methods can be approved for use, provided certain limitations are observed. The subjects 
discussed herein do not pertain to in-flight thrust cutback procedures that may be employed 
for noise abatement purposes.  
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4 Definitions 

/ǳǎǘƻƳŀǊƛƭȅΣ ǘƘŜ ǘŜǊƳǎ ΨǘƘǊǳǎǘΩ ŀƴŘ ΨǇƻǿŜǊΩ ŀǊŜ ǳǎŜŘΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ƛƴ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘǳǊōƻƧŜǘ ŀƴŘ 
ǘǳǊōƻǇǊƻǇ ƛƴǎǘŀƭƭŀǘƛƻƴǎΦ CƻǊ ǎƛƳǇƭƛŎƛǘȅΣ ƻƴƭȅ ǘƘŜ ǘŜǊƳ ΨǘƘǊǳǎǘΩ ƛǎ ǳǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘƛǎ !a/Φ CƻǊ 
ǘǳǊōƻǇǊƻǇ ƛƴǎǘŀƭƭŀǘƛƻƴǎΣ ǘƘŜ ǘŜǊƳ ΨǇƻǿŜǊΩ ǎƘƻǳƭŘ ōŜ ǎǳōǎǘƛǘǳǘŜŘΦ CƻǊ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ !a/ ǘhe 
following definitions apply:  

a.  Take-off Thrust  

(1) Rated take-off thrust, for a turbojet engine, is the approved engine thrust, within 
the operating limits, including associated time limits, established by the engine 
type certificate for use during take-off operations. 

(2) Take-off thrust, for an aeroplane, is normally the engine rated take-off thrust, 
corrected for any installation losses and effects that is established for the 
aeroplane under CS-25. Some aeroplanes use a take-off thrust setting that is 
defined at a level that is less than that based on the engine rated take-off thrust. 
CS 25.1521 requires that the take-off thrust rating established for the aeroplane 
must not exceed the take-off thrust rating limits established for the engine under 
the engine type certificate. The value of the take-off thrust setting parameter is 
presented in the Aeroplane Flight Manual (AFM) and is considered a normal take-
off operating limit. 

b. Derated take-off thrust, for an aeroplane, is a take-off thrust less than the maximum take-
off thrust, for which exists in the AFM a set of separate and independent, or clearly 
distinguishable, take-off limitations and performance data that complies with all the take-
off requirements of CS-25. When operating with a derated take-off thrust, the value of 
the thrust setting parameter, which establishes thrust for take-off, is presented in the 
AFM and is considered a normal take-off operating limit.  

c. Reduced take-off thrust, for an aeroplane, is a take-off thrust less than the take-off (or 
derated take-off) thrust. The aeroplane take-off performance and thrust setting are 
established by approved simple methods, such as adjustments, or by corrections to the 
take-off or derated take-off thrust setting and performance. When operating with a 
reduced take-off thrust, the thrust setting parameter, which establishes thrust for take-
off, is not considered a take-off operating limit.  

d. A wet runway is one that is neither dry nor contaminated.  

e. A contaminated runway is a runway where more than 25% of the required field length, 
within the width being used, is covered by standing water or slush more than 3·2 mm 
(0·125 inch) deep, or that has an accumulation of snow or ice. However, in certain other 
situations it may be appropriate to consider the runway contaminated. For example, if 
the section of the runway surface that is covered with standing water or slush is located 
where rotation and lift-off will occur, or during the high speed part of the take-off roll, 
the retardation effect will be far more significant than if it were encountered early in the 
take-off while at low speed. In this situation, the runway might better be considered 
ΨŎƻƴǘŀƳƛƴŀǘŜŘΩ ǊŀǘƘŜǊ ǘƘŀƴ ΨǿŜǘΩΦ  

5  Reduced Thrust: (Acceptable Means Of Compliance)  

Under CS 25.101(c), 25.101(f), and 25.101(h), it is acceptable to establish and use a take-off 
thrust setting that is less than the take-off or derated take-off thrust if ς  

a.  The reduced take-off thrust setting ς  
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(1) Does not result in loss of systems or functions that are normally operative for take-
off such as automatic spoilers, engine failure warning, configuration warning, 
systems dependent on engine bleed air, or any other required safety related 
system. 

(2) Is based on an approved take-off thrust rating or derating for which complete 
aeroplane performance data is provided. 

(3) Enables compliance with the applicable engine operating and aeroplane 
controllability requirements in the event that take-off thrust, or derated take-off 
thrust (if such is the performance basis), is applied at any point in the take-off path. 

(4) Is at least 60% of the maximum take-off thrust (no derate) for the existing ambient 
conditions, with no further reduction below 60% resulting from Automatic Take-
off Thrust Control System (ATTCS) credit. Consequently the amount of reduced 
thrust permitted is reduced when combined with the use of derated thrust so that 
the overall thrust reduction remains at least 60 % of the maximum take-off thrust. 
For reduced thrust operations, compliance with the applicable performance and 
handling requirements should be demonstrated as thoroughly as for an approved 
take-off rating. 

(5) For turboprop installations, is predicated on an appropriate analysis of propeller 
efficiency variation at all applicable conditions and is limited to at least 75% take-
off thrust. 

(6) Enables compliance with CS-25 Appendix I in the event of an engine failure during 
take-off, for aeroplanes equipped with an ATTCS. 

b. Relevant speeds (VEF, VMC, VR, and V2) used for reduced thrust take-offs are not less than 
those which will comply with the required airworthiness controllability criteria when 
using the take-off thrust (or derated take-off thrust, if such is the performance basis) for 
the ambient conditions, including the effects of an ATTCS. It should be noted, as stated 
in paragraph c. below, that in determining the take-off weight limits, credit can be given 
for an operable ATTCS.  

c. The aeroplane complies with all applicable performance requirements, including the 
criteria in paragraphs a. and b. above, within the range of approved take-off weights, with 
the operating engines at the thrust available for the reduced thrust setting selected for 
take-off. However, the thrust settings used to show compliance with the take-off flight 
path requirements of CS 25.115 and the final take-off climb performance requirements 
of CS 25.121(c) should not be greater than that established by the initial thrust setting. In 
determining the take-off weight limits, credit can be given for an operable ATTCS.  

d. Appropriate limitations, procedures, and performance information are established and 
are included in the AFM. The reduced thrust procedures must ensure that there is no 
significant increase in cockpit workload, and no significant change to take-off procedures.  

e. A periodic take-ƻŦŦ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƛǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǘŀƪŜ-off thrust 
setting without ATTCS, if fitted, and the event is logged in ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǇŜǊƳŀƴŜƴǘ 
records. An approved engine maintenance procedure or an approved engine condition-
monitoring programme may be used to extend the time interval between take-off 
demonstrations.  

f. The AFM states, as a limitation, that take-offs utilising reduced take-off thrust settings ς  

http://easa.europa.eu/
https://dxweb.easa.europa.eu/dx4/Topics/Cloned-d25707da-31cc-420f-af44-6ccbbb5c3c8c.docx


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART A ς GENERAL 

GENERAL AMCs 

 

Powered by EASA eRules Page 109 of 1189| Jan 2023 
 

(1) Are not authorised on runways contaminated with standing water, snow, slush, or 
ice, and are not authorised on wet runways unless suitable performance 
accountability is made for the increased stopping distance on the wet surface. 

(2) Are not authorised where items affecting performance cause significant increase 
in crew workload. 

Examples of these are ς 

Inoperative Equipment: Inoperative engine gauges, reversers, anti-skid systems or 
engine systems resulting in the need for additional performance corrections.  

Engine Intermix: Mixed engine configurations resulting in an increase in the normal 
number of power setting values.  

Non-standard operations: Any situation requiring a non-standard take-off 
technique.  

(3) Are not authorised unless the operator establishes a means to verify the availability 
of take-off or derated take-off thrust to ensure that engine deterioration does not 
exceed authorised limits. 

(4) Are authorised for aeroplanes equipped with an ATTCS, whether operating or not. 

g.  The AFM states that ς  

(1) Application of reduced take-off thrust in service is always at the discretion of the 
pilot. 

(2) When conducting a take-off using reduced take-off thrust, take-off thrust or 
derated take-off thrust if such is the performance basis may be selected at any time 
during the take-off operation. 

h. Procedures for reliably determining and applying the value of the reduced take-off thrust 
setting and determining the associated required aeroplane performance are simple (such 
as the assumed temperature method). Additionally, the pilot is provided with information 
to enable him to obtain both the reduced take-off thrust and take-off thrust, or derated 
take-off thrust if such is the performance basis, for each ambient condition.  

i. Training procedures are developed by the operator for the use of reduced take-off thrust.  

6  Derated Thrust (Acceptable Means Of Compliance)  

For approval of derated take-off thrust provisions, the limitations, procedures, and other 
information prescribed by CS 25.1581, as applicable for approval of a change in thrust, should 
be included as a separate Appendix in the AFM. The AFM limitations section should indicate 
that when operating with derated thrust, the thrust setting parameter should be considered a 
take-off operating limit. However, in-flight take-off thrust (based on the maximum take-off 
thrust specified in the basic AFM) may be used in showing compliance with the landing and 
approach climb requirements of CS 25.119 and 25.121(d), provided that the availability of take-
off thrust upon demand is confirmed by using the thrust-verification checks specified in 
paragraph 5.e. above.  

[Amdt 25/2] 
[Amdt 25/13] 
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AMC 25-19 Certification Maintenance Requirements 
ED Decision 2006/005/R 

Requirements  

1 PURPOSE 

This AMC is similar to FAA Advisory Circular AC 25ς19 dated 28 November 1994.  

This Acceptable Means of Compliance (AMC) provides guidance on the selection, 
documentation and control of Certification Maintenance Requirements (CMRs). For those 
aeroplanes whose initial maintenance programme is developed under the Maintenance Review 
Board (MRB) process, this document also provides a rational basis for coordinating the 
Maintenance Review Board (MRB) and CMR selection processes in order to minimise the impact 
of CMRs on aeroplane operators. It is recognised that, for those aeroplanes whose initial 
maintenance programme is developed under a different process, the coordination and 
documentation aspects have to be adapted to the particular case. Like all acceptable means of 
compliance, this AMC is not, in itself, mandatory, and does not constitute a requirement. It is 
issued to describe an acceptable means, but not the only means, for selecting, documenting 
ŀƴŘ ƳŀƴŀƎƛƴƎ /awǎΦ ¢ŜǊƳǎ ǎǳŎƘ ŀǎ ΨǎƘŀƭƭΩ ŀƴŘ ΨƳǳǎǘΩ ŀǊŜ ǳǎŜŘ ƻƴƭȅ ƛƴ ǘƘŜ ǎŜƴǎŜ ƻŦ ŜƴǎǳǊƛƴƎ 
applicability of this particular method of compliance when the acceptable method of 
compliance described herein is used.  

2 APPLICABLE CERTIFICATION SPECIFICATIONS  

CS 25.1309 and CS 25.1529 of the Certification Specifications (CS).  

3 RELATED DOCUMENTS  

a. AC 25.1309ς1A, System Design and Analysis.  

b. Acceptable Means of Compliance AMC 25.1309, System Design and Analysis.  

c. AC 121ς22A, Maintenance Review Board (MRB) Procedures.  

d. ATA Maintenance Steering Group (MSGς3), Airline/Manufacturer Maintenance Program 
Development Document, available from the Air Transport Association of America, 1301 
Pennsylvania Avenue ς Suite 1100, Washington, DC 20004ς1707.  

e. AC 120ς17A, Maintenance Program Management through Reliability Methods.  

4 BACKGROUND 

/awǎ ƘŀǾŜ ōŜŜƴ ƛƴ ǳǎŜ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ мфтлΩǎΣ ǿƘŜƴ ǘƘŜ ƛƴŘǳǎǘǊȅ ōŜƎŀƴ ǳǎƛƴƎ ǉǳŀƴǘƛǘŀǘƛǾŜ 
approaches to certify systems to the requirements of CS 25.1309 and other requirements 
requiring safety analyses. CMRs have been established on several aeroplanes certified in Europe 
and in other countries, and are being planned for use on aeroplanes currently under 
development.  

5 CMR DEFINITION  

A CMR is a required periodic task, established during the design certification of the aeroplane 
as an operating limitation of the type certificate. CMRs are a subset of the tasks identified during 
the type certification process. CMRs usually result from a formal, numerical analysis conducted 
to show compliance with Catastrophic and Hazardous Failure Conditions as defined in 
paragraph 6b, below. There are two types of CMRs, as defined in paragraph 12 of this AMC.  
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a. A CMR is intended to detect safety-significant latent failures which would, in combination 
with one or more other specific failures or events, result in a Hazardous or Catastrophic 
Failure Condition.  

b. It is important to note that CMRs are derived from a fundamentally different analysis 
process than the maintenance tasks and intervals which result from Maintenance 
Steering Group (MSGς3) analysis associated with Maintenance Review Board (MRB) 
activities. MSGς3 analysis activity produces maintenance tasks which are performed for 
safety, operational, or economic reasons, involving both preventative maintenance tasks, 
which are performed before failure occurs (and are intended to prevent failures), as well 
as failure-finding tasks. CMRs, on the other hand, are failure-finding tasks only, and exist 
solely to limit the exposure to otherwise hidden failures. Although CMR tasks are failure-
finding tasks, use of potential failure-finding tasks, such as functional checks and 
inspections, may also be appropriate.  

c. CMRs are designed to verify that a certain failure has or has not occurred, and do not 
provide any preventative maintenancŜ ŦǳƴŎǘƛƻƴΦ /awǎ ΨǊŜǎǘŀǊǘ ǘƘŜ ŦŀƛƭǳǊŜ ŎƭƻŎƪ ǘƻ ȊŜǊƻΩ 
for latent failures by verifying that the item has not failed, or cause repair if it has failed. 
Because the exposure time to a latent failure is a key element in the calculations used in 
a safety analysis performed to show compliance with CS 25.1309, limiting the exposure 
time will have a significant effect on the resultant overall failure probability of the system. 
The CMR task interval should be designated in terms of flight hours, cycles, or calendar 
time, as appropriate.  

d. The type certification process assumes that the aeroplane will be maintained in a 
condition or airworthiness at least equal to its certified or properly altered condition. The 
process described in this AMC is not intended to establish normal maintenance tasks that 
should be defined through the MSGς3 analysis process. Also, this process is not intended 
to establish CMRs for the purpose of providing supplemental margins of safety for 
concerns arising late in the type design approval process. Such concerns should be 
resolved by appropriate means, which are unlikely to include CMRs not established via 
normal safety analyses.  

e. CMRs should not be confused with required structural inspection programmes, which are 
developed by the type certificate applicant to meet the inspection requirements for 
damage tolerance, as required by CS 25.571 or CS 25.1529, Appendix H25.4 
(Airworthiness Limitations section). CMRs are to be developed and administered 
separately from any structural inspection programmes.  

6  OTHER DEFINITIONS  

The following terms apply to the system design and analysis requirements of CS 25.1309(b) and 
(c), and the guidance material provided in this AMC. For a complete definition of these terms, 
refer to the applicable requirements and guidance material, (i.e. AC 25.1309ς1A and/or the 
EASA Acceptable Means of Compliance AMC 25.1309-1). AC 25.1309ς1A and AMC 25.1309-1 
are periodically revised by the FAA/EASA and are the controlling documents for definition of 
these terms. The terms listed below are derived from this guidance material and are included 
to assist in the use of this document.  

a.  Failure 

A loss of function, or a malfunction, of a system or a part thereof.  

b.  Failure Condition  
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The effect on the aeroplane and its occupants, both direct and consequential, caused or 
contributed to by one or more failures, considering relevant adverse operational or 
environmental conditions. Failure Conditions may be classified according to their 
severities as follows:  

(1) Minor Failure Conditions: Failure Conditions which would not significantly reduce 
aeroplane safety, and which involve crew actions that are well within their 
capabilities. Minor Failure Conditions may include, for example, a slight reduction 
in safety margins or functional capabilities, a slight increase in crew workload, such 
as routine flight plan changes, or some inconvenience to occupants.  

(2) Major Failure Conditions: Failure Conditions which would reduce the capability of 
the aeroplane or the ability of the crew to cope with adverse operating conditions 
to the extent that there would be, for example, a significant reduction in safety 
margins or functional capabilities, a significant increase in crew workload or in 
conditions impairing crew efficiency, or discomfort to occupants, possibly including 
injuries.  

(3) Hazardous Failure Conditions: Failure Conditions, which would reduce the 
capability of the aeroplane or the ability of the crew to cope with adverse 
operating, conditions to the extent that there would be:  

(i) A large reduction in safety margins or functional capabilities; 

(ii) physical distress or higher workload such that the flight crew cannot be 
relied upon to perform their tasks accurately or completely, or 

(iii) serious or fatal injury to a relatively small number of the occupants. 

(4) Catastrophic Failure Conditions: Failure Conditions, which would prevent the 
continued safe flight and landing of the aeroplane.  

(c) Probability Terms  

When using qualitative or quantitative assessments to determine compliance with 
CS 25.1309(b), the following descriptions of the probability terms used in the 
requirement and in the acceptable means of compliance listed above have become 
commonly accepted aids to engineering judgment:  

(1) Probable Failure Conditions: Probable Failure Conditions are those anticipated to 
occur one or more times during the entire operational life of each aeroplane. 
Probable Failure Conditions are those having a probability of the order of 1 x 10-5 
or greater. Minor Failure Conditions may be probable.  

(2) Improbable Failure Conditions: Improbable Failure Conditions are divided into two 
categories as follows:  

(i) Remote: Unlikely to occur to each aeroplane during its total life but may 
occur several times when considering the total operational life of a number 
of aeroplanes of the same type. Improbable (Remote) Failure Conditions are 
those having a probability of the order of 1 x 10-5 or less, but greater than of 
the order of 1 x 10-7. Major Failure Conditions must be no more frequent 
than Improbable (Remote).  

(ii) Extremely Remote. Unlikely to occur when considering the total operational 
life of all aeroplanes of the same type, but nevertheless has to be considered 
as being possible. Improbable (Extremely Remote) Failure Conditions are 
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those having a probability of the order of 1 x 10-7 or less, but greater than of 
the order of 1 x 10-9. Hazardous Failure Conditions must be no more frequent 
than Improbable (Extremely Remote).  

(3) Extremely Improbable Failure Conditions: Extremely Improbable Failure Conditions 
are those so unlikely that they are not anticipated to occur during the entire 
operational life of all aeroplanes of one type, and have a probability of the order 
of 1 x 10-9 or less. Catastrophic Failure Conditions must be shown to be Extremely 
Improbable.  

d. Qualitative  

Those analytical processes that assess system and aeroplane safety in a subjective, non-
numerical manner, based on experienced engineering judgement.  

e. Quantitative  

Those analytical processes that apply mathematical methods to assess system and 
aeroplane safety.  

7  SYSTEM SAFETY ASSESSMENTS (SSA)  

CS 25.1309(b) provides general requirements for a logical and acceptable inverse relationship 
between the probability and severity of each Failure Condition, and AMC 25.1309, sub-
paragraph 9 b.(1) specifies that compliance should be shown primarily by analysis. In recent 
years there has been an increase in the degree of system complexity and integration, and in the 
number of safety-critical functions performed by systems. This increase in complexity has led 
to the use of structured means for showing compliance with the requirements of CS 25.1309.  

a. CS 25.1309(b) specify required safety levels in qualitative terms, and AMC 25.1309, sub-
paragraph 9 b.(1) specifies that a safety assessment should be made. Various assessment 
techniques have been developed to assist applicants and the Agency in determining that 
a logical and acceptable inverse relationship exists between the probability and the 
severity of each Failure Condition. These techniques include the use of service experience 
data of similar, previously approved systems, and thorough qualitative analyses.  

b. In addition, difficulties have been experienced in assessing the acceptability of some 
designs, especially those of systems, or parts of systems, that are complex, that have a 
high degree of integration, that use new technology, or that perform safety-critical 
functions. These difficulties led to the selective use of rational analyses to estimate 
quantitative probabilities, and the development of related criteria based on historical 
data of accidents and hazardous incidents caused or contributed to by failures. These 
criteria, expressed as numerical probability ranges associated with the terms used in 
CS 25.1309(b), became commonly accepted for evaluating the quantitative analyses that 
are often used in such cases to support experienced engineering and operational 
judgment and to supplement qualitative analyses and tests.  

NOTE: See Acceptable Means of Compliance 25.1309, System Design and Analysis, for a 
complete description of the inverse relationship between the probability and severity of 
Failure Conditions, and the various methods of showing compliance with CS 25.1309.  

8  DESIGN CONSIDERATIONS RELATED TO CANDIDATE CMRs  

A decision to create a candidate CMR should follow the guidelines given in AMC 25.1309 (i.e. 
the use of candidate CMRs in lieu of practical and reliable failure monitoring and warning 
systems to detect significant latent failures when they occur does not comply with 
CS 25.1309(c). A practical failure monitoring and warning system is one, which is considered to 
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be within the state of the art. A reliable failure monitoring and warning system is one, which 
would not result in either excessive failures of a genuine warning, or excessive or untimely false 
warnings, which can sometimes be more hazardous than lack of provision for, or failures of, 
genuine but infrequent warnings. Experienced judgement should be applied when determining 
whether or not a failure monitoring and warning system would be practical and reliable. 
Comparison with similar, previously approved systems is sometimes helpful. Appendix 1 
outlines some design considerations that should be observed in any decision to create a 
candidate CMR.  

9  IDENTIFICATION OF CANDIDATE CMRs (CCMRs)  

a. Figure 1 illustrates the relationship between the certification process and the MRB 
process in establishing scheduled maintenance tasks. Those tasks related to the 
certification process, as well as those derived through MSGς3 analysis, must be identified 
and documented as illustrated. The details of the process to be followed in defining, 
documenting, and handling CMRs are given in paragraphs 9b through 12 below.  

b. Candidate CMRs  

(1) Tasks that are candidates for selection as CMRs usually come from safety analyses 
(e.g. System Safety Assessments (SSA), which may establish the need for tasks to 
be carried out periodically to comply with CS 25.1309 and other requirements 
requiring this type of analysis). Tasks may be selected from those intended to 
detect latent failures, which would, in combination with one or more specific 
failures or events, lead to a Hazardous or Catastrophic Failure Condition. 

(2) Other tasks, not derived from formal safety analyses but based on properly 
justified engineering judgement, may also be candidates for CMRs. The justification 
must include the logic leading to identification as a candidate CMR, and the data 
and experience base supporting the logic. 

10  CERTIFICATION MAINTENANCE COORDINATION COMMITTEE (CMCC)  

a. In order to grant operators of the aeroplane an opportunity to participate in the selection 
of CMRs and to assess the candidate CMRs and the proposed MRB tasks and intervals in 
an integrated process, the type certificate (TC) applicant should convene a Certification 
Maintenance Coordination Committee (CMCC) (see Figure 1). This committee should be 
made up of manufacturers, operator representatives designated by the Industry Steering 
Committee (ISC) Chairperson, Agency Certification Specialist(s) and the MRB Chairperson.  

b. As early as possible in the design phase of the aeroplane programme, and at intervals as 
necessary, the CMCC should meet to review candidate CMRs, their purpose, criticality, 
ŀƴŘ ƻǘƘŜǊ ǊŜƭŜǾŀƴǘ ŦŀŎǘƻǊǎΦ 5ǳǊƛƴƎ ǘƘŜ /a//Ωǎ ŘƛǎŎǳǎǎƛƻƴǎΣ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜ Ƴŀȅ 
suggest alternatives to a given CMR, which would satisfy the intent of the CMR, while 
allowing reduced operational impact. In addition, where multiple tasks result from a 
quantitative analysis, it may be possible to extend a given interval at the expense of one 
or more other intervals, in order to optimise the required maintenance activity. However, 
if a decision is made to create a CMR, then the CMR task interval shall be based solely on 
the results of the safety analysis.  

c. The CMCC would function as an advisory committee for the TC applicant. The results of 
the CMCC (proposed CMRs to be included on the type design definition and proposed 
revisions to MRB tasks and/or intervals) would be forwarded by the TC applicant to the 
ISC for their consideration. Revisions to proposed MRB tasks and/or intervals accepted 
by the ISC will be reflected in the MRB report proposal. Revisions to proposed MRB tasks 
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ŀƴŘκƻǊ ƛƴǘŜǊǾŀƭǎ ǊŜƧŜŎǘŜŘ ōȅ ǘƘŜ L{/ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ /aw ǘŀǎƪǎΦ {ǳōǎŜǉǳŜƴǘ ǘƻ ǘƘŜ L{/Ωǎ 
consideration, the TC applicant will submit the CMR document, as defined in paragraph 
12 of this AMC, to the Agency for final review and approval.  

11  SELECTION OF CMRs  

a.  The candidate CMRs should be reviewed by the CMCC and a determination made as to 
whether or not CMR status is necessary and, if so, whether to categorise the CMR as One 
Star or Two Star, as defined in paragraph 12 of this AMC. To reach this decision, the 
following should be considered by the CMCC:  

(1) CMR status does not need to be applied if the CCMR is satisfied by: 

(i) Maintenance actions considered to be routine maintenance activity (and 
which are also identified as MRB tasks) based on engineering judgement and 
experience on similar aeroplane types, or 

(ii) Tasks included in the approved Aeroplane Flight Manual. 

(2) CMRs remaining after application of paragraph 11a(1) should be categorised as 
either One Star or Two Star CMRs. The following should be considered in assigning 
One Star or Two Star status: 

(i) The degree of conservatism taken in the classification of the Failure 
Condition consequences. 

(ii) The degree of conservatism taken in the individual failure rates and event 
occurrence rates used. 

(iii) The margin between safety analysis calculated maximum interval and the 
interval selected through the MRB process. 

(iv) The sensitivity of the Failure Condition probability to interval escalation. 

(v) The proximity of the calculated maximum interval to the aeroplane life. 

b.  For operators with approved escalation practices or an approved reliability programme, 
data collŜŎǘƛƻƴ ŀƴŘ ŀƴŀƭȅǘƛŎŀƭ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ƳŀƪŜ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ŀƴ ƻǇŜǊŀǘƻǊΩǎ 
maintenance programme. It has been demonstrated that the management of a 
maintenance programme does not give rise to undue escalations. Therefore, escalation 
of Two Star CMR tasƪ ƛƴǘŜǊǾŀƭǎ ǿƛǘƘƛƴ ŀƴ ƻǇŜǊŀǘƻǊΩǎ ƳŀƛƴǘŜƴŀƴŎŜ ǇǊƻƎǊŀƳƳŜ ŜƴǎǳǊŜǎ 
that Two Star CMRs will be properly managed by the operator with adequate controls.  

12 DOCUMENTATION AND HANDLING OF CMRs  

CMRs should be listed in a separate CMR document, which is referenced in the Type Certificate 
Data Sheet. The latest version of the CMR document should be controlled by a EASA-approved 
log of pages. In this way, changes to CMRs following certification will not require an amendment 
to the Type Certificate Data Sheet. The CMR document should clearly identify the two types of 
CMR tasks, which are handled as follows:  

a. One Star CMRs (*) ς The tasks and intervals specified are mandatory and cannot be 
changed, escalated, or deleted without the approval of the Agency.  

b. Two Star CMRs (**) ς ¢ŀǎƪ ƛƴǘŜǊǾŀƭǎ Ƴŀȅ ōŜ ŀŘƧǳǎǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ŀƴ ƻǇŜǊŀǘƻǊΩǎ 
approved escalation practices or an approved reliability programme, but the task may 
not be changed or deleted without prior Agency approval.  

c. All minimum initial scheduled maintenance tasks, and CMRs, should reside in an MRB 
ǊŜǇƻǊǘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƳŀƛƴǘŜƴŀƴŎŜ ǇƭŀƴƴƛƴƎ ǇŜǊǎƻƴƴŜƭ ŀǊŜ ŀǿŀǊŜ ƻŦ ŀƭƭ 
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requirements. The CMR document should be included as Appendix 1 or A (the first 
appendix) to the MRB report. The MRB report should include a note indicating that the 
CMR document is the controlling document for all CMR tasks. When a CMR task 
corresponds to an MRB task, whatever the respective intervals, this fact should be 
highlighted, for example, by flagging the task in the CMR appendix of the MRB report.  

d. Since CMRs are based on statistical averages and reliability rates, an exceptional short-
term extension for a single CMR interval may be made on one aeroplane for a specific 
period of time without jeopardising safety. Any extensions to CMR intervals (both one 
star and two star) must be defined and fully explained in the CMR document. The local 
authority must be notified as soon as practicable if any short-term extension allowed by 
the CMR document has taken place.  

(1) ¢ƘŜ ǘŜǊƳ ΨŜȄŎŜǇǘƛƻƴŀƭ ǎƘƻǊǘ-ǘŜǊƳ ŜȄǘŜƴǎƛƻƴΩ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŀ /aw 
interval which may be needed to cover an uncontrollable or unexpected situation. 
Any allowable increase must be defined either as a percent of the normal interval, 
or a stated number of flight hours, flight cycles, or calendar days. If no short-term 
extension is to be allowed for a given CMR, this restriction should be stated in the 
CMR document. 

(2) Repeated use of extensions, either on the same aeroplane or on similar aeroplanes 
ƛƴ ŀƴ ƻǇŜǊŀǘƻǊΩǎ ŦƭŜŜǘΣ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǳǎŜŘ ŀǎ ŀ ǎǳōǎǘƛǘǳǘŜ ŦƻǊ ƎƻƻŘ ƳŀƴŀƎŜƳŜƴǘ 
practices. Short-term extensions must not be used for fleet CMR escalation. 

(3) The CMR document should state that the Agency must approve, prior to its use, 
any desired extension not explicitly listed in the CMR document. 

13  POST-CERTIFICATION CHANGES TO CMRs  

Any post-certification changes to CMRs should be reviewed by the CMCC, and must be approved 
by the Agency, which approved the type design.  

a. Since the purpose of a CMR is to limit the exposure time to a given significant latent 
failure as part of an engineering analysis of overall system reliability, instances of a CMR 
task repeatedly finding that no failure has occurred may not be sufficient justification for 
deleting the task or increasing the time between repetitive performances of the CMR 
task. In general, One Star CMRs are not good candidates for escalation under an 
ƻǇŜǊŀǘƻǊΩǎ ǊŜƭƛŀōƛƭƛǘȅ ǇǊƻƎǊŀƳƳŜΦ ! hƴŜ {ǘŀǊ /aw ǘŀǎƪ ŎƘŀƴƎŜ ƻǊ ƛƴǘŜǊǾŀƭ ŜǎŎŀƭŀǘƛƻƴ ŎƻǳƭŘ 
only be made if world fleet service experience indicates that certain assumptions 
regarding component failure rates made early during the engineering analysis were 
overly conservative, and a re-calculation of system reliability with revised failure rates of 
certain components reveals that the task or interval may be changed.  

b. The introduction of a new CMR or any change to an existing CMR should be reviewed by 
the same process used during initial certification. It is important that operators be 
afforded the same opportunity to participate they received during the original 
certification of the aeroplane, in order to allow the operators to manage their own 
maintenance programmes.  

c. In the event that later data provide sufficient basis for a relaxation of a CMR (less 
restrictive actions to be required), the change may be documented by a EASA-approved 
change to the CMR document.  

d. If the requirements of an existing CMR must be increased (more restrictive actions to be 
performed), it will be mandated by an airworthiness directive (AD).  
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e. After initial aeroplane certification, the only basis for adding a new CMR is in association 
with certification of design changes.  

f. A new CMR created as part of a design change should be a part of the approved data for 
that change, and added to the CMR document.  
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APPENDIX 1 GUIDANCE FOR USE OF CMRs  

The underlying goal of any system design should be an absolute minimum number of CMRs, with none 
as the goal. However the final determination of system design, and ultimately the number of CMRs, 
after safety and reliability are assured, should be based on the total cost of ownership of the system 
(or the aeroplane), with due regard to weight, reliability, initial and recurring costs. If the cost of 
adding practical and reliable monitoring and/or warning to a system is large, and the added 
maintenance burden of a CMR is small, addition of a CMR may be the solution of choice for both the 
type certificate applicant and the operator.  

A decision to create a CMR should include a rigorous trade-off of the cost, weight, or complexity of 
providing an alerting mechanism or device that will expose the latent failure, versus the requirement 
for the operator to conduct a maintenance or inspection task at fixed intervals. The following points 
should be considered in any decision to create a CMR.  

a. What is the magnitude of the changes to the system and/or aeroplane needed to add a reliable 
monitoring or warning device that would expose the hidden failure? What is the cost in added 
system complexity?  

b. Is it possible to introduce a self-test on power-up?  

c. Is the monitoring and warning system reliable? False warnings must be considered as well as a 
lack of warnings.  

d. Does the monitoring or warning system itself need a CMR due to its latent failure potential?  

e. Is the CMR task reasonable, considering all aspects of the failure condition that the task is 
intended to address?  

f. How long (or short) is the CMR task interval?  

g. Is the proposed CMR task labour intensive or time consuming? Can it be done without having 
ǘƻ ΨƎŀƛƴ ŀŎŎŜǎǎΩ ŀƴŘκƻǊ ǿƛǘƘƻǳǘ ǿƻǊƪǎǘŀƴŘǎΚ ²ƛǘƘƻǳǘ test equipment? Can the CMR task be 
done without removing equipment from the aeroplane? Without having to re-adjust 
equipment? Without leak checks and/or engine runs?  

h. Can a simple visual inspection be used instead of a complex one? Can a simple operational check 
suffice in lieu of a formal functional check against measured requirements?  

i. Lǎ ǘƘŜǊŜ ΨŀŘŘŜŘ ǾŀƭǳŜΩ ǘƻ ǘƘŜ ǇǊƻǇƻǎŜŘ ǘŀǎƪ όƛΦŜΦ ǿƛƭƭ ǘƘŜ ǇǊƻǇƻǎŜŘ ǘŀǎƪ Řƻ ƳƻǊŜ ƘŀǊƳ ǘƘŀƴ ƎƻƻŘ 
if the aeroplane must be continually inspected)?  

j. Have all alternatives been evaluated?  

[Amdt 25/1] 

AMC 25-24 Sustained Engine Imbalance 
ED Decision 2009/017/R 

1.   PURPOSE 

This AMC sets forth an acceptable means, but not the only means, of demonstrating compliance 
with the provisions of CS-25 related to the aircraft design for sustained engine rotor imbalance 
conditions. 

2.   RELATED CS PARAGRAPHS    

a.   CS-25: 

 /{ нрΦолн άLƴǘŜǊŀŎǘƛƻƴ ƻŦ ǎȅǎǘŜƳǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎέ 
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 /{ нрΦртм ά5ŀƳŀƎŜ ǘƻƭŜǊŀƴŎŜ ŀƴŘ ŦŀǘƛƎǳŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǎǘǊǳŎǘǳǊŜέ 

 /{ нрΦснф ά!ŜǊƻŜƭŀǎǘƛŎ ǎǘŀōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎέ 

 /{ нрΦфлм άLƴǎǘŀƭƭŀǘƛƻƴέ 

 /{ нрΦфло ά9ƴƎƛƴŜǎέ 

b.   CS-E: 

CS-E 520 ά{ǘǊŜƴƎǘƘέ 

 CS-9 рнр ά/ƻƴǘƛƴǳŜŘ wƻǘŀǘƛƻƴέ 

 CS-E 810 ά/ƻƳǇǊŜǎǎƻǊ ŀƴŘ ¢ǳǊōƛƴŜ .ƭŀŘŜ CŀƛƭǳǊŜέ 

 CS-E 850 ά/ƻƳǇǊŜǎǎƻǊΣ Cŀƴ ŀƴŘ ¢ǳǊōƛƴŜ {ƘŀŦǘǎέ 

3. DEFINITIONS. Some new terms have been defined for the imbalance condition in order to 
present criteria in a precise and consistent manner. In addition, some terms are employed from 
other fields and may not be in general use as defined below. The following definitions apply in 
this AMC: 

a. Airborne Vibration Monitor (AVM). A device used for monitoring the operational engine 
vibration levels that are unrelated to the failure conditions considered by this AMC.   

b. Design Service Goal (DSG). The design service goal is a period of time (in flight 
cycles/hours) established by the applicant at the time of design and/or certification and 
used in showing compliance with CS 25.571. 

c. Diversion Flight. The segment of the flight between the point where deviation from the 
planned route is initiated in order to land at an en route alternate airport and the point 
of such landing. 

d. Ground Vibration Test (GVT). Ground resonance tests of the aeroplane normally 
conducted in compliance with CS 25.629. 

e. Imbalance Design Fraction (IDF). The ratio of the design imbalance to the imbalance 
(including all collateral damage) resulting from release of  a single turbine, compressor, 
or fan blade at the maximum rotational speed to be approved, in accordance with CS-E 
810. 

f. Low Pressure (LP) Rotor. The rotating system, which includes the low pressure turbine 
and compressor components and a connecting shaft.   

g. Well Phase. The flight hours accumulated on an aeroplane or component before the 
failure event. 

4. BACKGROUND  

a. Requirements. CS 25.901(c) requires the powerplant installation to comply with 
CS 25.1309. In addition, CS 25.903(c) requires means of stopping the rotation of an engine 
where continued rotation could jeopardise the safety of the aeroplane, and CS 25.903(d) 
requires that design precautions be taken to minimise the hazards to the aeroplane in 
the event of an engine rotor failure. CS-E 520(c)(2) requires that data shall be established 
and provided for the purpose of enabling each aircraft constructor to ascertain the forces 
that could be imposed on the aircraft structure and systems as a consequence of out-of-
balance running and during any continued rotation with rotor unbalance after shutdown 
of the engine following the occurrence of blade failure, as demonstrated in compliance 
with CS-E 810, or a shaft, bearing or bearing support, if this results in higher loads. 

http://easa.europa.eu/
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b. Blade Failure. The failure of a fan blade and the subsequent damage to other rotating 
parts of the fan and engine may induce significant structural loads and vibration 
throughout the airframe that may damage the nacelles, equipment necessary for 
continued safe flight and landing, engine mounts, and airframe primary structure. Also, 
the effect of flight deck vibration on displays and equipment is of significance to the 
ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ ƳŀƪŜ ŎǊƛǘƛŎŀƭ ŘŜŎƛǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǎƘǳǘ Řƻǿƴ ƻŦ ǘƘŜ ŘŀƳŀƎŜŘ ŜƴƎƛƴŜ 
and their ability to carry out other operations during the remainder of the flight. The 
vibratory loads resulting from the failure of a fan blade have traditionally been regarded 
as insignificant relative to other portions of the design load spectrum for the aeroplane. 
However, the progression to larger fan diameters and fewer blades with larger chords 
has changed the significance of engine structural failures that result in an imbalanced 
rotating assembly. This condition is further exacerbated by the fact that fans will continue 
to windmill in the imbalance condition following engine shut down. 

c. Bearing/Bearing Support Failure. Service experience has shown that failures of 
bearings/bearing supports have also resulted in sustained high vibratory loads. 

d. Imbalance Conditions. There are two sustained imbalance conditions that may affect safe 
flight: the windmilling condition and a separate high power condition. 

(1)   Windmilling Condition. The windmilling condition results after the engine is shut 
down but continues to rotate under aerodynamic forces. The windmilling 
imbalance condition results from bearing/bearing support failure or loss of a fan 
blade along with collateral damage. This condition may last until the aeroplane 
completes its diversion flight, which could be several hours. 

(2) High Power Condition. The high power imbalance condition occurs immediately 
after blade failure but before the engine is shut down or otherwise spools down. 
This condition addresses losing less than a full fan blade which may not be 
sufficient to cause the engine to spool down on its own. This condition may last 
from several seconds to a few minutes.  In some cases it has hampered the crew's 
ability to read instruments that may have aided in determining which engine was 
damaged. 

e. The information provided in this AMC is derived from the recommendations in the report 
ά9ƴƎƛƴŜ ²ƛƴŘƳƛƭƭƛƴƎ LƳōŀƭŀƴŎŜ [ƻŀŘǎ - Cƛƴŀƭ wŜǇƻǊǘΣέ ŘŀǘŜŘ Wǳƭȅ мΣ мффтΣ ǿƘƛŎƘ ƛǎ 
appended to this NPA for information. 

f. The criteria presented in this AMC are based on a statistical analysis of 25 years of service 
history of high by-pass ratio engines with fan diameters of 1.52 metres (60 inches) or 
greater. Although the study was limited to these larger engines, the criteria and 
methodology are also acceptable for use on smaller engines.   

5.   EVALUATION OF THE WINDMILLING IMBALANCE CONDITIONS 

a. Objective. It should be shown by a combination of tests and analyses that after: 

i)   partial or complete loss of an engine fan blade, or 

ii)  after bearing/bearing support failure, or  

iii)  any other failure condition that could result in higher induced vibrations  

including collateral damage, the aeroplane is capable of continued safe flight and landing.  

b. Evaluation. The evaluation should show that during continued operation at windmilling 
engine rotational speeds, the induced vibrations will not cause damage that would 
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jeopardise continued safe flight and landing. The degree of flight deck vibration1 should 
not prevent the flight crew from operating the aeroplane in a safe manner. This includes 
the ability to read and accomplish checklist procedures. 

This evaluation should consider: 

(1)   The damage to airframe primary structure including, but not limited to, engine 
mounts and flight control surfaces, 

(2)    The damage to nacelle components, and 

(3) The effects on equipment necessary for continued safe flight and landing (including 
connectors) mounted on the engine or airframe. 

c. Blade Loss Imbalance Conditions 

(1)   Windmilling Blade Loss Conditions.  The duration of the windmilling event should 
cover the expected diversion time of the aeroplane. An evaluation of service 
experience indicates that the probability of the combination of a 1.0 IDF and a 60 
minute diversion is on the order of 10-7 to 10 -8 while the probability of the 
combination of a 1.0 IDF and a 180 minute diversion is 10-9 or less. Therefore, with 
an IDF of 1.0, it would not be necessary to consider diversion times greater than 
180 minutes. In addition, the 180 minute diversion should be evaluated using 
nominal and realistic flight conditions and parameters. The following two separate 
conditions with an IDF of 1.0 are prescribed for application of the subsequent 
criteria which are developed consistent with the probability of occurrence: 

(a)   A 60 minute diversion flight. 

(b)  If the maximum diversion time established for the aeroplane exceeds 60 
minutes, a diversion flight of a duration equal to the maximum diversion 
time, but not exceeding 180 minutes. 

(2)   Aeroplane Flight Loads and Phases 

(a)   Loads on the aeroplane components should be determined by dynamic 
analysis.  At the start of the windmill event, the aeroplane is assumed to be 
in level flight with a typical payload and realistic fuel loading. The speeds, 
altitudes, and flap configurations considered may be established according 
to the Aeroplane Flight Manual (AFM) procedures. The analysis should take 
into account unsteady aerodynamic characteristics and all significant 
structural degrees of freedom including rigid body modes. The vibration 
loads should be determined for the significant phases of the diversion 
profiles described in paragraphs 5c(1)(a) and (b) above.   

(b)   The significant phases are: 

1   The initial phase during which the pilot establishes a cruise condition; 

2   The cruise phase; 

3   The descent phase; and 

4   The approach to landing phase. 

 
1 An acceptable level of cockpit vibration in terms of vibration frequency, acceleration magnitude, exposure time and direction may be 
ŦƻǳƴŘ ƛƴ L{h нсомκм άLƴǘŜǊƴŀǘƛƻƴŀƭ {ǘŀƴŘŀǊŘΣ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ IǳƳŀƴ 9ȄǇƻǎǳǊŜ ǘƻ ²ƘƻƭŜ-.ƻŘȅ ±ƛōǊŀǘƛƻƴΣ tŀǊǘ LΥ DŜƴŜǊŀƭ wŜǉǳƛǊŜƳŜƴǘǎέΣ 
1985. 
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(c)   The flight phases may be further divided to account for variation in aerodynamic 
and other parameters. The calculated loads parameters should include the 
accelerations needed to define the vibration environment for the systems and 
flight deck evaluations. A range of windmilling frequencies to account for variation 
in engine damage and ambient temperature should be considered. 

(3)   Strength Criteria 

(a) The primary airframe structure should be designed to withstand the flight and 
windmilling vibration load combinations defined in paragraphs 1, 2, and 3 below. 

1   The peak vibration loads for the flight phases in paragraphs 5c(2)(b)1 and 3 
above, combined with appropriate 1g flight loads. These loads should be 
considered limit loads, and a factor of safety of 1.375 should be applied to 
obtain ultimate load. 

2   The peak vibration loads for the approach to landing phase in paragraph 
5c(2)(b)4 above, combined with appropriate loads resulting from a positive 
symmetrical balanced manoeuvring load factor of 1.15g. These loads should 
be considered as limit loads, and a factor of safety of 1.375 should be applied 
to obtain ultimate load. 

3   The vibration loads for the cruise phase in paragraph 5c(2)(b)2 above, 
combined with appropriate 1g flight loads and 70 percent of the flight 
manoeuvre loads up to the maximum likely operational speed of the 
aeroplane. These loads are considered to be ultimate loads. 

4   The vibration loads for the cruise phase in paragraph 5c(2)(b)2 above, 
combined with appropriate 1g flight loads and 40 percent of the limit gust 
velocity of CS 25.341 as specified at VC (design cruising speed) up to the 
maximum likely operational speed of the aeroplane. These loads are 
considered to be ultimate loads. 

(b)   In selecting material strength properties for the static strength analyses, the 
requirements of CS 25.613 apply. 

(4)   Assessment of Structural Endurance 

(a)   Criteria for fatigue and damage tolerance evaluations of primary structure are 
summarised in Table 1 below. Both of the conditions described in paragraphs 
5c(1)(a) and (b) above should be evaluated. Different levels of structural endurance 
capability are provided for these conditions. The criteria for the condition in 
paragraph 5c(1)(b) are set to ensure at least a 50 percent probability of preventing 
a structural component failure. The criteria for the condition in paragraph 5c(1)(a) 
are set to ensure at least a 95 percent probability of preventing a structural 
component failure. These criteria are consistent with the probability of 
occurrences for these events discussed in paragraph 5(c)(1) above. 

(b)   CƻǊ ƳǳƭǘƛǇƭŜ ƭƻŀŘ ǇŀǘƘ ŀƴŘ ŎǊŀŎƪ ŀǊǊŜǎǘ άŦŀƛƭ-ǎŀŦŜέ ǎǘǊǳŎǘǳǊŜΣ ŜƛǘƘŜǊ ŀ ŦŀǘƛƎǳŜ 
analysis per paragraph 1 below, or damage tolerance analysis per paragraph 2 
below, may be performed to demonstrate structural endurance capability. For all 
other structure, the structural endurance capability should be demonstrated using 
only the damage tolerance approach of paragraph 2 below. The definitions of 
multiple load path and crack arrest "fail-safe" structure are the same as defined for 
use in showing compliance with CS 25.571, "Damage tolerance and fatigue 
evaluation of structure." 
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1   Fatigue Analysis. Where a fatigue analysis is used for substantiation of 
ƳǳƭǘƛǇƭŜ ƭƻŀŘ ǇŀǘƘ άŦŀƛƭ-ǎŀŦŜέ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜ ǘƻǘŀƭ ŦŀǘƛƎǳŜ ŘŀƳŀge accrued 
during the well phase and the windmilling phase should be considered. The 
analysis should be conducted considering the following: 

(aa)   For the well phase, the fatigue damage should be calculated using an 
approved load spectrum (such as used in satisfying the requirements 
of CS 25.571) for the durations specified in Table 1. Average material 
properties may be used. 

(bb)   For the windmilling phase, fatigue damage should be calculated for 
the diversion profiles using a diversion profile consistent with the AFM 
recommended operations, accounting for transient exposure to peak 
vibrations, as well as the more sustained exposures to vibrations. 
Average material properties may be used. 

(cc)   For each component, the accumulated fatigue damage specified in 
Table 1 should be shown to be less than or equal to the fatigue 
damage to failure of the component. 

2   Damage Tolerance Analysis. Where a damage tolerance approach is used to 
establish the structural endurance, the aeroplane should be shown to have 
adequate residual strength during the specified diversion time. The extent 
of damage for residual strength should be established, considering growth 
from an initial flaw assumed present since the aeroplane was manufactured. 
Total flaw growth will be that occurring during the well phase, followed by 
growth during the windmilling phase. The analysis should be conducted 
considering the following: 

(aa)   The size of the initial flaw should be equivalent to a manufacturing 
quality flaw associated with a 95 percent probability of existence with 
95 percent confidence (95/95). 

(bb)   For the well phase, crack growth should be calculated starting from 
the initial flaw defined in paragraph 5c(4)(b)2(aa) above, using an 
approved load spectrum (such as used in satisfying the requirements 
of CS 25.571) for the duration specified in Table 1.  Average material 
properties may be used. 

(cc)   For the windmilling phase, crack growth should be calculated for the 
diversion profile starting from the crack length calculated in 
paragraph 5c(4)(b)2(bb) above. The diversion profile should be 
consistent with the AFM recommended operation accounting for 
transient exposure to peak vibrations as well as the more sustained 
exposures to vibrations.  Average material properties may be used. 

(dd)   The residual strength for the structure with damage equal to the crack 
length calculated in paragraph 5c(4)(b)2(cc) above should be shown 
capable of sustaining the combined loading conditions defined in 
paragraph 5c(3)(a) above with a factor of safety of 1.0. 

  

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART A ς GENERAL 

GENERAL AMCs 

 

Powered by EASA eRules Page 124 of 1189| Jan 2023 
 

TABLE 1 - Fatigue and Damage Tolerance 

  Condition Paragraph 5c(1)(a) Paragraph 5c(1)(b) 

 Imbalance Design 
Fraction (IDF) 

1.0 1.0 

Diversion time A 60-minute diversion The maximum expected 
diversion6 

Well phase Damage for 1 DSG Damage for 1 DSG 

Fatigue Analysis1,2 

(average material 
properties) 

Windmilling 
phase 

Damage due to 60 minute 
diversion under a 1.0 IDF 
imbalance condition. 

Damage due to the maximum 
expected diversion time6 under 
a 1.0 IDF imbalance condition 

 
 

Criteria Demonstrate no failure7 

under twice the total damage 
due to the well phase and the 
windmilling phase. 

Demonstrate no failure7 under 
the total damage (unfactored) 
due to the well phase and the 
windmilling phase. 

Well phase Manufacturing quality flaw5 
(MQF) grown for 1 DSG 

Manufacturing quality flaw5 
(MQF) grown for 1/2 DSG 

Damage Tolerance1,2 
(average material 
properties) 

Windmilling 
phase3,4 

Additional crack growth for 
60 minute diversion with an 
IDF = 1.0 

Additional crack growth for the 
maximum diversion6 with an 
IDF = 1.0 

 Criteria Positive margin of safety with 
residual strength loads 
specified in 5c(3)(a) for the 
final crack length 

Positive margin of safety with 
residual strength loads 
specified in 5c(3)(a) for the final 
crack length 

Notes: 

1 The analysis method that may be used is described in paragraph 5 (Evaluation of the Windmilling 
Imbalance Conditions) of this AMC. 

2 Load spectrum to be used for the analysis is the same load spectrum qualified for use in showing 
compliance with CS 25.571, augmented with windmilling loads as appropriate. 

3 Windmilling phase is to be demonstrated following application of the well phase spectrum loads. 

4 The initial flaw for damage tolerance analysis of the windmilling phase need not be greater than the flaw 
size determined as the detectable flaw size plus growth under well phase spectrum loads for one 
inspection period for mandated inspections. 

5 MQF is the manufacturing quality flaw associated with 95/95 probability of existence.  (Reference - 
Ψ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ aŜǘƘƻŘǎ CƻǊ 5ŀƳŀƎŜ ¢ƻƭŜǊŀƴŎŜ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ !ƛǊŎǊŀŦǘ {ǘǊǳŎǘǳǊŜǎ ǘƻ C!! wŜǉǳƛǊŜƳŜƴǘǎΩΣ 
Tom Swift FAA, 12th International Committee on Aeronautical Fatigue, 25 May 1983, Figures 42, and 43.) 

6 Maximum diversion time for condition 5c(1)(b) is the maximum diversion time established for the 
aeroplane, but need not exceed 180 minutes. This condition should only be investigated if the diversion 
time established for the aeroplane exceeds 60 minutes. 

7 The allowable cycles to failure may be used in the damage calculations. 

 

(5)  Systems Integrity 

(a)   It should be shown that systems required for continued safe flight and landing after 
a blade-out event will withstand the vibratory environment defined for the 
windmilling conditions and diversion times described above. For this evaluation, 
the aeroplane is assumed to be dispatched in its normal configuration and 
condition. Additional conditions associated with the Master Minimum Equipment 
List (MMEL) need not be considered in combination with the blade-out event. 
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(b)   The initial flight environmental conditions are assumed to be night, instrument 
meteorological conditions (IMC) en route to nearest alternate airport, and 
approach landing minimum of 300 feet and 3/4 mile or runway visual range (RVR) 
4000m or better. 

(6)   Flight crew Response. For the windmilling condition described above, the degree of flight 
ŘŜŎƪ ǾƛōǊŀǘƛƻƴ ǎƘŀƭƭ ƴƻǘ ƛƴƘƛōƛǘ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ƻǇŜǊŀǘŜ ǘƘŜ 
aeroplane in a safe manner during all phases of flight. 

d.  Bearing/Bearing Support Failure. To evaluate these conditions, the low pressure 
(LP) rotor system should be analysed with each bearing removed, one at a time, 
with the initial imbalance consistent with the airborne vibration monitor (AVM) 
advisory level. The analysis should include the maximum operating LP rotor speed 
(assumed bearing failure speed), spool down, and windmilling speed regions. The 
effect of gravity, inlet steady air load, and significant rotor to stator rubs and gaps 
should be included. If the analysis or experience indicates that secondary damage 
such as additional mass loss, secondary bearing overload, permanent shaft 
deformation, or other structural changes affecting the system dynamics occur 
during the event, the model should be revised to account for these additional 
effects. The objective of the analyses is to show that the loads and vibrations 
produced by the bearing/bearing support failure event are less than those 
produced by the blade loss event across the same frequency range. 

An alternative means of compliance is to conduct an assessment of the design by 
analogy with previous engines to demonstrate this type of failure is unlikely to 
occur. Previous engines should be of similar design and have accumulated a 
significant amount of flight hours with no adverse service experience.    

e. Other failure conditions. If any other engine structural failure conditions 
applicable to the specific engine design, e.g. failure of a shaft, could result in 
more severe induced vibrations than the blade loss or bearing/bearing 
support failure condition, they should be evaluated. 

6.   ANALYSIS METHODOLOGY 

a. Objective of the Methodology. The aeroplane response analysis for engine windmilling 
imbalance is a structural dynamic problem. The objective of the methodology is to 
develop acceptable analytical tools for conducting dynamic investigations of imbalance 
events. The goal of the windmilling analyses is to produce loads and accelerations suitable 
for structural, systems, and flight deck evaluations. 

b. Scope of the Analysis. The analysis of the aeroplane and engine configuration should be 
sufficiently detailed to determine the windmilling loads and accelerations on the 
aeroplane. For aeroplane configurations where the windmilling loads and accelerations 
are shown not to be significant, the extent and depth of the analysis may be reduced 
accordingly.  

c. Results of the Analysis. The windmilling analyses should provide loads and accelerations 
for all parts of the primary structure. The evaluation of equipment and human factors 
may require additional analyses or tests. For example, the analysis may need to produce 
floor vibration levels, and the human factors evaluation may require a test (or analysis) 
to subject the seat and the human subject to floor vibration. 
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7.   MATHEMATICAL MODELLING 

a. Components of the Integrated Dynamic Model. Aeroplane dynamic responses should be 
calculated with a complete integrated airframe and propulsion analytical model. The 
model should provide representative connections at the engine-to-pylon interfaces, as 
well as all interfaces between components (e.g., inlet-to-engine and engine-to-thrust 
reverser). The model should be to a similar level of detail to that used for certification 
flutter and dynamic gust analyses, except that it should also be capable of representing 
asymmetric responses.  The model should be representative of the aeroplane to the 
highest windmilling frequency expected. The model consists of the following 
components: 

(1)   Airframe structural model, 

(2)   Propulsion structural model (including the engine model representing the engine 
type-design), 

(3)   Control system model, 

(4)   Aerodynamic model, and 

(5)   Forcing function and gyroscopic effects 

The airframe and engine manufacturers should mutually agree upon the definition of the 
integrated structural model, based on test and experience.  

b. Airframe Structural Model. An airframe structural model is necessary in order to calculate 
the response at any point on the airframe due to the rotating imbalance of a windmilling 
engine. The airframe structural model should include the mass, stiffness, and damping of 
the complete airframe. A lumped mass and finite element beam representation is 
considered adequate to model the airframe. This type of modelling represents each 
airframe component, such as fuselage, empennage, and wings, as distributed lumped 
masses rigidly connected to weightless beams that incorporate the stiffness properties 
of the component. A full aeroplane model capable of representing asymmetric responses 
is necessary for the windmilling imbalance analyses. Appropriate detail should be 
included to ensure fidelity of the model at windmilling frequencies. A more detailed finite 
element model of the airframe may also be acceptable. Structural damping used in the 
windmilling analysis may be based on Ground Vibration Test (GVT) measured damping. 

c. Propulsion Structural Model 

(1)   Engine manufacturers construct various types of dynamic models to determine 
loads and to perform dynamic analyses on the engine rotating components, its 
static structures and mounts. Dynamic engine models can range from a centreline 
two-dimensional (2D) model, to a centreline model with appropriate three-
dimensional (3D) features such as mount and pylon, up to a full 3D finite element 
model (3D FEM). Any of these models can be run for either transient or steady state 
conditions. 

(2)   Propulsion structural models typically include the engine and all major 
components of the propulsion system, such as the nacelle intake, fan cowl doors, 
thrust reverser, common nozzle assembly, all structural casings, frames, bearing 
housings, rotors, and a representative pylon. Gyroscopic effects are included. The 
models provide for representative connections at the engine-to-pylon interfaces 
as well as all interfaces between components (e.g., inlet-to-engine and engine-to-
thrust reverser). The engine that is generating the imbalance forces should be 
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modelled in this level of detail, while the undamaged engines that are operating 
normally need only to be modelled to represent their sympathetic response to the 
aeroplane windmilling condition. 

(3)   Features modelled specifically for blade loss windmilling analysis typically include 
fan imbalance, component failure and wear, rubs (blade to casing, and intershaft), 
and resulting stiffness changes. Manufacturers whose engines fail the rotor 
support structure by design during the blade loss event should also evaluate the 
effect of the loss of support on engine structural response during windmilling.   

(4)   Features that should be modelled specifically for bearing/bearing support failure 
windmilling events include the effects of gravity, inlet steady air loads, rotor to 
stator structure friction and gaps, and rotor eccentricity. Secondary damage should 
be accounted for, such as additional mass loss, overload of other bearings, 
permanent shaft deformation, or other structural changes affecting the system 
dynamics, occurring during rundown from maximum LP rotor speed and 
subsequent windmilling. 

d. Control System Model. The automatic flight control system should be included in the 
analysis unless it can be shown to have an insignificant effect on the aeroplane response 
due to engine imbalance. 

e. Aerodynamic Model. The aerodynamic forces can have a significant effect on the 
structural response characteristics of the airframe. While analysis with no aerodynamic 
forces may be conservative at most frequencies, this is not always the case. Therefore, a 
validated aerodynamic model should be used. The use of unsteady three-dimensional 
panel theory methods for incompressible or compressible flow, as appropriate, is 
recommended for modelling of the windmilling event. Interaction between aerodynamic 
surfaces and main surface aerodynamic loading due to control surface deflection should 
be considered where significant. The level of detail of the aerodynamic model should be 
supported by tests or previous experience with applications to similar configurations. 
Main and control surface aerodynamic derivatives should be adjusted by weighting 
factors in the aeroelastic response solutions.  The weighting factors for steady flow (k=0) 
are usually obtained by comparing wind tunnel test results with theoretical data. 

f. Forcing Function and Gyroscopic Forces. Engine gyroscopic forces and imbalance forcing 
function inputs should be considered.  The imbalance forcing function should be 
calibrated to the results of the test performed under CS-E 810. 

8. VALIDATION. 

a. Range of Validation. The analytical model should be valid to the highest windmilling 
frequency expected.  

b.   Aeroplane Structural Dynamic Model. The measured ground vibration tests (GVT) 
normally conducted for compliance with CS 25.629 may be used to validate the analytical 
model throughout the windmilling range. These tests consist of a complete airframe and 
propulsion configuration subjected to vibratory forces imparted by electro-dynamic 
shakers.   

(1)   Although the forces applied in the ground vibration test are small compared to the 
windmilling forces, these tests yield reliable linear dynamic characteristics 
(structural modes) of the airframe and propulsion system combination. 
Furthermore, the windmilling forces are far less than would be required to induce 
non-linear behaviour of the structural material (i.e. yielding).  Therefore, a 
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structural dynamic model that is validated by ground vibration test is considered 
appropriate for the windmilling analysis. 

(2)   The ground vibration test of the aeroplane may not necessarily provide sufficient 
information to assure that the transfer of the windmilling imbalance loads from 
the engine is accounted for correctly. The load transfer characteristics of the 
engine to airframe interface via the pylon should be validated by test and analysis 
correlation. In particular, the effect of the point of application of the load on the 
dynamic characteristics of the integrated model should be investigated in the 
ground vibration test by using multiple shaker locations. 

(3)   Structural damping values obtained in the ground vibration tests are considered 
conservative for application to windmilling dynamic response analysis. Application 
of higher values of damping consistent with the larger amplitudes associated with 
windmilling analysis should be justified.  

c.   Aerodynamic Model. The dynamic behaviour of the whole aeroplane in air at the 
structural frequency range associated with windmilling is normally validated by the flight 
flutter tests performed under CS 25.629. 

d.   Engine Model. The engine model covering the engine type-design will normally be 
validated by the Engine manufacturer under CS-E 520(c)(2) by correlation against blade-
off test data obtained in showing compliance with CS-E 810. This is aimed at ensuring that 
the model accurately predicts initial blade release event loads, any rundown resonant 
response behaviour, frequencies, potential structural failure sequences, and general 
engine movements and displacements. In addition, if the Failure of a shaft, bearing or 
bearing support, results in higher forces being developed, such Failures and their 
resulting consequences should also be accurately represented. 

9.  HIGH POWER IMBALANCE CONDITION.   

An imbalance condition equivalent to 50 percent of one blade at cruise rotor speed considered 
to last for 20 seconds may be assumed unless it is shown that the engine will respond 
automatically and spool down in a shorter period. It should be shown that attitude, airspeed, 
and altimeter indications will withstand the vibratory environment of the high power condition 
and operate accurately in that environment. Adequate cues should be available to determine 
which engine is damaged. Strength and structural endurance need not be considered for this 
condition. 

[Amdt 25/8] 
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CS 25.20 Scope 
ED Decision 2003/2/RM  

(a) The requirements of this Subpart B apply to aeroplanes powered with turbine engines ς 

(1) Without contingency thrust ratings, and 

(2) For which it is assumed that thrust is not increased following engine failure during take-
off except as specified in sub-paragraph (c). 

(b) In the absence of an appropriate investigation of operational implications these requirements 
do not necessarily cover ς 

(1) Automatic landings. 

(2) Approaches and landings with decision heights of less than 60 m (200 ft). 

(3) Operations on unprepared runway surfaces. 

(c) If the aeroplane is equipped with an engine control system that automatically resets the power 
or thrust on the operating engine(s) when any engine fails during take-off, additional 
requirements pertaining to aeroplane performance and limitations and the functioning and 
reliability of the system, contained in Appendix I, must be complied with. 

CS 25.21 Proof of compliance 
ED Decision 2015/008/R  

(a) Each requirement of this Subpart must be met at each appropriate combination of weight and 
centre of gravity within the range of loading conditions for which certification is requested. This 
must be shown ς 

(1) By tests upon an aeroplane of the type for which certification is requested, or by 
calculations based on, and equal in accuracy to, the results of testing; and 

(2) By systematic investigation of each probable combination of weight and centre of gravity, 
if compliance cannot be reasonably inferred from combinations investigated. 

(b) Reserved 

(c) The controllability, stability, trim, and stalling characteristics of the aeroplane must be shown 
for each altitude up to the maximum expected in operation. 

(d) Parameters critical for the test being conducted, such as weight, loading (centre of gravity and 
inertia), airspeed, power, and wind, must be maintained within acceptable tolerances of the 
critical values during flight testing. 

(e) If compliance with the flight characteristics requirements is dependent upon a stability 
augmentation system or upon any other automatic or power-operated system, compliance 
must be shown with CS 25.671 and 25.672. 

(f) In meeting the requirements of CS 25.105(d), 25.125, 25.233 and 25.237, the wind velocity must 
be measured at a height of 10 metres above the surface, or corrected for the difference 
between the height at which the wind velocity is measured and the 10-metre height. 
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(g) The requirements of this subpart associated with icing conditions apply only if the applicant is 
seeking certification for flight in icing conditions. 

(1) Each requirement of this subpart, except CS 25.121(a), 25.123(c), 25.143(b)(1) and (b)(2), 
25.149, 25.201(c)(2), and 25.251(b) through (e), must be met in the icing conditions 
specified in Appendix C. CS 25.207(c) and (d) must be met in the landing configuration in 
the icing conditions specified in Appendix C but need not be met for other configurations. 
Compliance must be shown using the ice accretions defined in part II of Appendix C, 
assuming normal operation of the aeroplane and its ice protection system in accordance 
with the operating limitations and operating procedures established by the applicant and 
provided in the Aeroplane Flight Manual. 

(2)  If the applicant does not seek certification for flight in all icing conditions defined in 
Appendix O, each requirement of this subpart, except CS 25.105, 25.107, 25.109, 25.111, 
25.113, 25.115, 25.121, 25.123, 25.143(b)(1), (b)(2), and (c)(1), 25.149, 25.201(c)(2), 
25.207(c), (d) and (e)(1), and 25.251(b) through (e), must be met in the Appendix O icing 
conditions for which certification is not sought in order to allow a safe exit from those 
conditions. Compliance must be shown using the iceaccretions defined in part II, 
paragraphs (b) and (d) of Appendix O, assuming normal operation of the aeroplane and 
its ice protection system in accordance with the operating limitations and operating 
procedures established by the applicant and provided in the Aeroplane Flight Manual. 

(3)  If the applicant seeks certification for flight in any portion of the icing conditions of 
Appendix O, each requirement of this subpart, except paragraphs CS 25.121(a), 25.123(c), 
25.143(b)(1) and (b)(2), 25.149, 25.201(c)(2), and 25.251(b) through (e), must be met in 
the Appendix O icing conditions for which certification is sought. CS 5.207(c) and (d) must 
be met in the landing configuration in the icing conditions specified in Appendix O for 
which certification is sought but need not be met for other configurations. Compliance 
must be shown using the ice accretions defined in part II, paragraphs (c) and (d) of 
Appendix O, assuming normal operation of the aeroplane and its ice protection system 
in accordance with the operating limitations and operating procedures established by the 
applicant and provided in the Aeroplane Flight Manual 

(4) No changes in the load distribution limits of CS 25.23, the weight limits of CS 25.25 (except 
where limited by performance requirements of this subpart), and the centre of gravity 
limits of CS 25.27, from those for non-icing conditions, are allowed for flight in icing 
conditions or with ice accretion. 

[Amdt 25/3] 
[Amdt 25/6] 
[Amdt 25/16] 

AMC 25.21(d) Proof of compliance 
ED Decision 2003/2/RM  

1 Where variation of the parameter on which a tolerance is permitted will have an appreciable 
effect on the test, the result should be corrected to the specified value of the parameter; 
otherwise no correction is necessary.  

2 In areas of critical handling or stability, notwithstanding the tolerance of CS 25.21(d) (7% total 
travel), aft centre of gravity tests should be flown at a centre of gravity not more forward than 
the certificate aft centre of gravity limit. Tests which are critical on the forward centre of gravity 
limit should be flown at centres of gravity at least as forward as the certificate forward limit.  
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AMC 25.21(g) Performance and handling characteristics in icing 
conditions  

ED Decision 2015/008/R 

Table of Contents 

Para. Title 

1 Purpose 
2 Related Requirements 
3 Reserved 
4 Requirements and Guidance 
4.1 General 
4.2 Proof of Compliance (CS 25.21(g)) 
4.3 Propeller Speed and Pitch Limits (CS 25.33) 
4.4 Performance - General (CS 25.101) 
4.5 Stall Speed (CS 25.103) 
4.6 Failure Conditions (CS 25.1309)  
4.7 Flight-related Systems  
4.8 Aeroplane Flight Manual (CS 25.1581)  
5 Acceptable Means of Compliance - General  
5.1 General  
5.2 Flight Testing  
5.3 Wind Tunnel Testing and Analysis 
5.4 Engineering Simulator Testing and Analysis 
5.5 Engineering Analysis 
5.6 Ancestor Aeroplane Analysis 
6 Acceptable Means of Compliance - Flight Test Programme 
6.1 General 
6.2 Stall Speed (CS 25.103) 
6.3 Accelerate-stop Distance (CS 25.109) 
6.4 Take-off Path (CS 25.111) 
6.5 Landing Climb: All-engines-operating (CS 25.119) 
6.6 Climb: One-engine-inoperative (CS 25.121) 
6.7 En-route Flight Path (CS 25.123) 
6.8 Landing (CS 25.125) 
6.9 Controllability and Manoeuvrability - General (CS 25.143) 
6.10 Longitudinal Control (CS 25.145) 
6.11 Directional and Lateral Control (CS 25.147) 
6.12 Trim (CS 25.161) 
6.13 Stability - General (CS 25.171) 
6.14 Demonstration of Static Longitudinal Stability (CS 25.175) 
6.15 Static Directional and Lateral Stability (CS 25.177) 
6.16 Dynamic Stability (CS 25.181) 
6.17 Stall Demonstration (CS 25.201) 
6.18 Stall Warning (CS 25.207) 
6.19 Wind Velocities (CS 25.237) 
6.20 Vibration and Buffeting (CS 25.251) 
6.21 Natural Icing Conditions 
6.22 Failure Conditions (CS 25.1309) 
A1 Appendix 1 - Airframe Ice Accretion 
A1.1 General 
A1.2 Operative Ice Protection System  
A1.3 Ice Protection System Failure Cases 
A1.4 Additional guidance for Appendix O ice accretions 
A2 Appendix 2 - Artificial Ice Shapes 
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A2.1 General  
A2.2 Shape and Texture of Artificial Ice 
A2.3 "Sandpaper Ice" 
A3 Appendix 3 - Design Features 
A3.1 Aeroplane Configuration and Ancestry 
A3.2 Wing 
A3.3 Empennage  
A3.4 Aerodynamic Balancing of Flight Control Surfaces 
A3.5 Ice Protection/Detection System 
A4 Appendix 4 - Examples of Aeroplane Flight Manual Limitations and Operating Procedures for Operations    
in Supercooled Large Drop Icing Conditions 
A5 Appendix 5 - Related Acceptable Means of Compliance (AMC) and FAA Advisory Circulars (AC) 
A6 Appendix 6 - Acronyms and definitions 

 

1 Purpose. 

1.1 This AMC describes an acceptable means for showing compliance with the requirements 
related to performance and handling characteristics of Large Aeroplanes as affected by 
flight in icing conditions. The means of compliance described in this AMC is intended to 
provide guidance to supplement the engineering and operational judgement that should 
form the basis of any compliance findings relative to handling characteristics and 
performance in Appendix C and Appendix O icing conditions. 

1.2 The guidance information is presented in sections 4 to 6 and three appendices. 

1.3 Section 4 explains the various performance and handling requirements in relation to the 
flight conditions that are relevant for determining the shape and texture of ice accretions 
for the aeroplane in the atmospheric icing conditions of CS-25, Appendix C and 
Appendix O. 

1.4 Section 5 describes acceptable methods and procedures that an applicant may use to 
show that an aeroplane meets these requirements. Depending on the design features of 
a specific aeroplane as discussed in Appendix 3 of this AMC, its similarity to other types 
or models, and the service history of those types or models, some judgement will often 
be necessary for determining that any particular method or procedure is adequate for 
showing compliance with a particular requirement. 

1.5 Section 6 provides an acceptable flight test programme where flight testing is selected by 
the applicant and agreed by the Agency as being the primary means of compliance. 

1.6 The three appendices provide additional reference material associated with ice accretion, 
artificial ice shapes, and aeroplane design features. 

2 Related Requirements. The following paragraphs of CS-25 are related to the guidance in this 
AMC: 

- CS 25.21 (Proof of compliance) 

- CS 25.103 (Stall speed) 

- CS 25.105 (Take-off) 

- CS 25.107 (Take-off speeds) 

- CS 25.111 (Take-off path) 

- CS 25.119 (Landing climb) 
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- CS 25.121 (Climb: One-engine-inoperative) 

- CS 25.123 (En-route flight paths) 

- CS 25.125 (Landing) 

- CS 25.143 (Controllability and Manoeuvrability - General) 

- CS 25.207 (Stall warning) 

- CS 25.237 (Wind velocities) 

- CS 25.253 (High-speed characteristics) 

- CS 25.1309 (Equipment, systems, and installations) 

- CS 25.1419 (Ice protection) 

- CS 25.1420 (Supercooled large drop icing conditions) 

- CS 25.1581 (Aeroplane Flight Manual) 

- CS-25, Appendix C 

- CS 25, Appendix O 

3 Reserved. 

4 Requirements and Guidance. 

4.1 General. This section provides guidance for showing compliance with Subpart B 
requirements for flight in the icing conditions of Appendix C and Appendix O to CS-25. 

4.1.1 Operating rules for commercial operation of large aeroplanes (e.g. EU-OPS 1.345) 
require that the aeroplane is free of any significant ice contamination at the 
beginning of the take-off roll due to application of appropriate ice removal and ice 
protection procedures during flight preparation on the ground. 

4.1.2 For certification for flight in the icing conditions described in Appendix C of CS-25, 
CS 25.21(g)(1) requires that an aeroplane meet certain performance and handling 
qualities requirements while operating in the icing environment defined in 
Appendix C. In addition, CS 25.1420 requires applicants to consider icing conditions 
beyond those covered by Appendix C. The additional icing conditions that must be 
considered are the supercooled large drop icing conditions defined in Appendix O. 
CS 25.21(g)(2) and (3) respectively provide the performance and handling qualities 
requirements to be met by applicants not seeking certification in the icing 
conditions of Appendix O and by applicants seeking certification in any portion of 
the icing conditions of Appendix O. Appendix 1 of this AMC provides detailed 
guidance for determining ice accretions in both Appendix C and Appendix O icing 
conditions that can be used for showing compliance. 

CS 25.1420 requires applicants to choose to do one of the following: 

(a) Not seek approval for flight in the supercooled large drop atmospheric icing 
conditions defined in Appendix O. 

(b) Seek approval for flight in only a portion of Appendix O icing conditions. 

(c) Seek approval for flight throughout the entire Appendix O atmospheric icing 
envelope. 
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4.1.3 Because an aeroplane may encounter supercooled large drop icing conditions at 
any time while flying in icing conditions, certain safety requirements must be met 
for the supercooled large drop icing conditions of Appendix O, even if the 
aeroplane will not be certified for flight in the complete range of Appendix O 
atmospheric icing conditions. CS 25.21(g)(2) requires the stall speed (CS 25.103), 
landing climb (CS 25.119), and landing (CS 25.125) requirements to be met in 
supercooled large drop atmospheric icing conditions beyond those the aeroplane 
will be certified for. Compliance with these requirements plus the requirements 
for flight in Appendix C icing conditions are intended to provide adequate 
performance capability for a safe exit from all icing conditions after an encounter 
with supercooled large drop atmospheric icing conditions beyond those the 
aeroplane is certified for. 

4.1.4 If the aeroplane is not to be certified for flight in all of the supercooled large drop 
icing conditions of Appendix O, there must be a means of indicating when the 
aeroplane has encountered icing conditions beyond those it is certified for. See 
AMC 25.1420 for guidance on acceptable means of detecting and indicating when 
the aeroplane has encountered icing conditions beyond those it is certified for. The 
applicant should provide procedures in the aeroplane flight manual to enable a 
safe exit from all icing conditions after an encounter with icing conditions beyond 
those the aeroplane is certified for. 

4.1.5 To certify an aeroplane for operations in Appendix O icing conditions only for 
certain flight phase(s), the applicant should define the flight phase(s) for which 
approval is sought in a way that will allow a flight crew to easily determine whether 
the aeroplane is operating inside or outside its certified icing envelope. The critical 
ice accretion or accretions used to show compliance with the applicable 
requirements should cover the range of aeroplane configurations, operating 
speeds, angles-of-attack, and engine thrust or power settings that may be 
encountered during that phase of flight (not just at the conditions specified in the 
CS-25 subpart B requirements). For the ice accretion scenarios defined in 
paragraph A1.4.3(c) of Appendix 1 to this AMC, the applicable flight phases are 
take-off (including the ground roll, take-off, and final take-off segments), en route, 
holding, and approach/landing (including both the approach and landing 
segments).  

4.1.6 Ice accretions used to show compliance with the applicable CS-25 subpart B 
regulations should be consistent with the extent of the desired certification for 
flight in icing conditions. Appendices C and O define the ice accretions, as a 
function of flight phase, that must be considered for certification for flight in those 
icing conditions. Any of the applicable ice accretions (or a composite accretion 
representing a combination of accretions) may be used to show compliance with a 
particular subpart B requirement if it is either the ice accretion identified in the 
requirement or one shown to be more conservative than that. In addition, the ice 
accretion with the most adverse effect on handling characteristics may be used for 
compliance with the aeroplane performance requirements if each difference in 
performance is conservatively taken into account. Ice accretion(s) used to show 
compliance should take into account the speeds, configurations (including 
configuration changes), angles of attack, power or thrust settings, etc. for the flight 
phases and icing conditions they are intended to cover. For example, if the 
applicant desires certification for flight in the supercooled large drop icing 
conditions of Appendix O in addition to those of Appendix C, compliance with the 
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applicable subpart B requirements may be shown using the most critical of the 
Appendix C and Appendix O ice accretions. 

4.1.7 Certification experience has shown that it is not necessary to consider ice 
accumulation on the propeller, induction system or engine components of an 
inoperative engine for handling qualities substantiation.  Similarly, the mass of the 
ice need not normally be considered. 

4.1.8 Flight in icing conditions includes operation of the aeroplane after leaving the icing 
conditions, but with ice accretion remaining on the critical surfaces of the 
aeroplane. 

4.1.9 Ice-contaminated tailplane stall (ICTS) refers to a phenomenon identified as a 
causal factor in several aeroplane incidents and accidents. It results from airflow 
separation on the lower surface of the tailplane because ice is present. ICTS can 
occur if the angle-of-attack of the horizontal tailplane exceeds its stall angle-of-
attack. Even very small quantities of ice on the tailplane leading edge can 
significantly reduce the angle-of-attack at which the tailplane stalls. An increase in 
tailplane angle-of-attack, which may lead to a tailplane stall, can result from 
changes in aeroplane configuration (for example, extending flaps, which increases 
the downwash angle at the tail or the pitch trim required) or flight conditions (a 
high approach speed, gusts, or manoeuvring, for example). An ICTS is characterized 
by reduction or loss of pitch control or pitch stability while in, or soon after leaving, 
icing conditions. A flight test procedure for determining susceptibility to ICTS is 
presented in paragraph 6.9.4, Low g Manoeuvres and Sideslips, of this AMC. 

(a)  For aeroplanes with unpowered longitudinal control systems, the pressure 
differential between the upper and lower surfaces of the stalled tailplane 
may result in a high elevator hinge moment, forcing the elevator trailing 
edge down. This elevator hinge moment reversal can be of sufficient 
magnitude to cause the longitudinal control (for example, the control 
column) to suddenly move forward with a force beyond the capability of the 
flight crew to overcome. On some aeroplanes, ICTS has been caused by a 
lateral flow component coming off the vertical stabilizer, as may occur in 
sideslip conditions or because of a wind gust with a lateral component. 

(b)  Aerodynamic effects of reduced tailplane lift should be considered for all 
aeroplanes, including those with powered controls. Aeroplanes susceptible 
to this phenomenon are those having a near zero or negative tailplane stall 
margin with tailplane ice contamination. 

4.1.10  There have been aeroplane controllability incidents in icing conditions as a result 
of ice on unprotected leading edges of extended trailing edge flaps or flap vanes. 
The primary safety concern illustrated by these incidents is the potential for 
controllability problems due to the accretion of ice on trailing edge flap or flap vane 
leading edges while extending flaps in icing conditions. The flight tests specified in 
Table 4 of this AMC, in which handling characteristics are tested at each flap 
position while ice is being accreted in natural icing conditions, are intended to 
investigate this safety concern. Unless controllability concerns arise from these 
tests, it is not necessary to conduct flight tests with artificial ice shapes on the 
extended trailing edge flap or flap vanes or to include extended trailing edge flap 
or flap vane ice accretions when evaluating aeroplane performance with flaps 
extended.  
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4.1.11  Supercooled large drop icing conditions, or runback ice in any icing condition, can 
cause a ridge of ice to form aft of the protected area on the upper surface of the 
wing. This can lead to separated airflow over the aileron. Ice-induced airflow 
separation upstream of the aileron can have a significant effect on aileron hinge 
moment. Depending on the extent of the separated flow and the design of the 
flight control system, ice accretion upstream of the aileron may lead to aileron 
hinge moment reversal, reduced aileron effectiveness, and aileron control 
reversal. Although aeroplanes with de-icing boots and unpowered aileron controls 
are most susceptible to this problem, all aeroplanes should be evaluated for roll 
control capability in icing conditions. Acceptable flight test procedures for checking 
roll control capability are presented in paragraphs 6.9.3, 6.15, and 6.17.2.e of this 
AMC and consist of bank-to-bank roll manoeuvres, steady heading sideslips, and 
rolling manoeuvres at stall warning speed. 

4.1.12  Appendix 5 contains related Acceptable Means of Compliance and FAA Advisory 
Circulars. Appendix 6 contains acronyms and definitions used in this AMC. 

4.2 Proof of Compliance (CS 25.21(g)). 

4.2.1 Demonstration of compliance with certification requirements for flight in icing 
conditions may be accomplished by any of the means discussed in paragraph 5.1 
of this AMC. 

4.2.2 Certification experience has shown that aeroplanes of conventional design do not 
require additional detailed substantiation of compliance with the requirements of 
the following paragraphs of CS-25 for flight in icing conditions or with ice 
accretions: 

25.23, Load distribution limits 

25.25, Weight limits 

25.27, Centre of gravity limits 

25.29, Empty weight and corresponding centre of gravity 

25.31, Removable ballast 

25.231, Longitudinal stability and control 

25.233, Directional stability and control 

25.235, Taxiing condition 

25.253(a) and (b), High-speed characteristics, and 

25.255, Out-of-trim characteristics 

4.2.3 Where normal operation of the ice protection system results in changing the stall 
warning system and/or stall identification system activation settings, it is 
acceptable to establish a procedure to return to the non icing settings when it can 
be demonstrated that the critical wing surfaces are free of ice accretion. 

4.3 Propeller Speed and Pitch Limits (CS 25.33). Certification experience has shown that it 
may be necessary to impose additional propeller speed limits for operations in icing 
conditions.  

4.4 Performance - General (CS 25.101). 
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4.4.1 The propulsive power or thrust available for each flight condition must be 
appropriate to the aeroplane operating limitations and normal procedures for 
flight in icing conditions. In general, it is acceptable to determine the propulsive 
power or thrust available by suitable analysis, substantiated when required by 
appropriate flight tests (e.g. when determining the power or thrust available after 
8 seconds for CS 25.119). The following aspects should be considered: 

a. Operation of induction system ice protection. 

b. Operation of propeller ice protection. 

c. Operation of engine ice protection. 

d. Operation of airframe ice protection system. 

4.4.2 The following should be considered when determining the change in performance 
due to flight in icing conditions: 

a. Thrust loss due to ice accretion on propulsion system components with 
normal operation of the ice protection system, including engine induction 
system and/or engine components, and propeller spinner and blades. 

b. The incremental airframe drag due to ice accretion with normal operation of 
the ice protection system. 

c. Changes in operating speeds due to flight in icing conditions. 

4.4.3 Certification experience has shown that any increment in drag (or decrement in 
thrust) due to the effects of ice accumulation on the landing gear, propeller, 
induction system and engine components may be determined by a suitable 
analysis or by flight test.  

4.4.4 Apart from the use of appropriate speed adjustments to account for operation in 
icing conditions, any changes in the procedures established for take-off, balked 
landing, and missed approaches should be agreed with the Agency.  

4.4.5 Performance associated with flight in icing conditions is applicable after exiting 
icing conditions until the aeroplane critical surfaces are free of ice accretion and 
ǘƘŜ ƛŎŜ ǇǊƻǘŜŎǘƛƻƴ ǎȅǎǘŜƳǎ ŀǊŜ ǎŜƭŜŎǘŜŘ άhŦŦΦέ 

4.4.6 Certification experience has also shown that runback ice may be critical for 
propellers, and propeller analyses do not always account for it. Therefore, runback 
ice on the propeller should be addressed. Research has shown that ice accretions 
on propellers, and resulting thrust decrement, may be larger in Appendix O 
(supercooled large drop) icing conditions than in Appendix C icing conditions for 
some designs. This may be accomplished through aeroplane performance checks 
in natural icing conditions, icing tanker tests, icing wind tunnel tests, aerodynamic 
analysis, or the use of an assumed (conservative) loss in propeller efficiency. 
Testing should include a range of outside air temperatures, including warmer (near 
freezing) temperatures that could result in runback icing. 

4.5 Stall speed (CS 25.103). Certification experience has shown that for aeroplanes of 
conventional design it is not necessary to make a separate determination of the effects 
of Mach number on stall speeds for the aeroplane with ice accretions. 

4.6 Failure Conditions (CS 25.1309). 
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4.6.1 The failure modes of the ice protection system and the resulting effects on 
aeroplane handling and performance should be analysed in accordance with 
CS 25.1309. In determining the probability of a failure condition, it should be 
assumed that the probability of entering icing conditions defined in CS-25 
Appendix C is one. As explained in AMC 25.1420, on an annual basis, the average 
probability of encountering the icing conditions defined in Appendix O may be 
assumed to be 1 × 10-2 per flight hour. This probability should not be reduced on a 
phase-of-flight basis. The "Failure Ice" configuration is defined in Appendix 1, 
paragraph A1.3. 

4.6.2 For probable failure conditions that are not annunciated to the flight crew, the 
guidance in this AMC for a normal condition is applicable with the "Failure Ice" 
configuration. 

4.6.3 For probable failure conditions that are annunciated to the flight crew, with an 
associated procedure that does not require the aeroplane to exit icing conditions, 
the guidance in this AMC for a normal condition is applicable with the "Failure Ice" 
configuration. 

4.6.4 For probable failure conditions that are annunciated to the flight crew, with an 
associated operating procedure that requires the aeroplane to leave the icing 
conditions as soon as possibleΣ ƛǘ ǎƘƻǳƭŘ ōŜ ǎƘƻǿƴ ǘƘŀǘ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǊŜǎǳƭǘƛƴƎ 
performance and handling characteristics with the failure ice accretion are 
commensurate with the hazard level as determined by a system safety analysis in 
accordance with CS 25.1309. The operating procedures and related speeds may 
ǊŜǎǘǊƛŎǘ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ƻǇŜǊŀǘƛƴƎ ŜƴǾŜƭƻǇŜΣ ōǳǘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǊŜǎǘǊƛŎǘŜŘ ŜƴǾŜƭƻǇŜ 
should be consistent with the safety analysis. 

4.6.5 For failure conditions that are extremely remote but not extremely improbable, 
the analysis and substantiation of continued safe flight and landing, in accordance 
with CS 25.1309, should take into consideration whether annunciation of the 
failure is provided and the associated operating procedures and speeds to be used 
following the failure condition. 

4.7 Flight-related Systems. In general, systems aspects are covered by the applicable systems 
and equipment requirements in other subparts of CS-25, and associated guidance 
material.  However, certification experience has shown that other flight related systems 
aspects should be considered when determining compliance with the flight requirements 
of subpart B.  For example, the following aspects may be relevant: 

a. The ice protection systems may not anti-ice or de-ice properly at all power or thrust 
settings. This may result in a minimum power or thrust setting for operation in icing 
conditions which affects descent and/or approach capability. The effect of power 
or thrust setting should also be considered in determining the applicable ice 
accretions. For example, a thermal bleed air system may be running wet resulting 
in the potential for runback ice. 

b. Ice blockage of control surface gaps and/or freezing of seals causing increased 
control forces, control restrictions or blockage. 

c. Airspeed, altitude and/or angle of attack sensing errors due to ice accretion 
forward of the sensors (e.g. radome ice). Dynamic pressure ("q") operated feel 
systems using separate sensors also may be affected. 
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d. Ice blockage of unprotected inlets and vents that may affect the propulsive thrust 
available, aerodynamic drag, powerplant control, or flight control. 

e. Operation of stall warning and stall identification reset features for flight in icing 
conditions, including the effects of failure to operate. 

f. Operation of icing condition sensors, ice accretion sensors, and automatic or 
manual activation of ice protection systems. 

g. Flight guidance and automatic flight control systems operation. See AMC No. 1 and 
2 to 25.1329 for guidance on compliance with CS 25.1329 for flight in icing 
conditions, including stall and manoeuvrability evaluations with the aeroplane 
under flight guidance system control. 

h. Installed thrust. This includes operation of ice protection systems when 
establishing acceptable power or thrust setting procedures, control, stability, lapse 
rates, rotor speed margins, temperature margins, Automatic Take-Off Thrust 
Control System (ATTCS) operation, and power or thrust lever angle functions. 

4.8 Aeroplane Flight Manual (CS 25.1581). 

4.8.1 Limitations. 

4.8.1.1 Where limitations are required to ensure safe operation in icing conditions, 
these limitations should be stated in the AFM. 

4.8.1.2 The Limitations section of the AFM should include, as applicable, a 
ǎǘŀǘŜƳŜƴǘ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ άLƴ ƛŎƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ǘƘŜ ŀŜǊƻǇƭŀƴŜ Ƴǳǎǘ 
be operated, and its ice protection systems used, as described in the 
operating procedures section of this manual. Where specific operational 
speeds and performance information have been established for such 
conditions, this information must be used." 

4.8.1.3 For aeroplanes without leading edge high-lift devices, unless an acceptable 
means exists to ensure that the protected surfaces of the wing leading edges 
are free of ice contamination immediately prior to take-off, the wing ice 
protection system should be operative and efficient before take-off (at least 
during the final taxi phase) whenever the outside air temperature is below 
6 C (42 °F) and any of the following applies: 

- Visible moisture is present in the air or on the wing, 

- The difference between the dew point temperature and the outside 
air temperature is less than 3  C (5 °F), or  

- Standing water, slush, ice, or snow is present on taxiways or runways. 

An acceptable means to ensure that the wing leading edges are free of ice 
contamination immediately prior to take-off would be the application of 
anti-icing fluid with adequate hold over time and compliant with SAE AMS 
1428, Types II, III, or IV. 

Note: The aircraft must be de-iced in compliance with applicable operational 
rules. 

4.8.1.4 To comply with CS 25.1583(e), Kinds of operation, the AFM Limitations 
section should clearly identify the extent of each approval to operate in icing 
conditions, including the extent of any approval to operate in the 
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supercooled large drop atmospheric icing conditions defined in CS-25 
Appendix O. 

4.8.1.5 For aeroplanes not certified to operate throughout the atmospheric icing 
envelope of CS-25 Appendix O for every flight phase, the Limitations section 
of the AFM should also identify the means for detecting when the certified 
icing conditions have been exceeded and state that intentional flight, 
including take-off and landing, into these conditions is prohibited. A 
requirement to exit all icing conditions must be included if icing conditions 
for which the aeroplane is not certified are encountered. 

4.8.2 Operating Procedures. 

4.8.2.1 AFM operating procedures for flight in icing conditions should include 
normal operation of the aeroplane including operation of the ice protection 
system and operation of the aeroplane following ice protection system 
failures. Any changes in procedures for other aeroplane system failures that 
affect the capability of the aeroplane to operate in icing conditions should 
be included. 

4.8.2.2 Normal operating procedures provided in the AFM should reflect the 
procedures used to certify the aeroplane for flight in icing conditions.  This 
includes configurations, speeds, ice protection system operation, power 
plant and systems operation, for take-off, climb, cruise, descent, holding, go-
around, and landing. For aeroplanes not certified for flight in all of the 
supercooled large drop atmospheric icing conditions defined in Appendix O 
to CS-25, procedures should be provided for safely exiting all icing conditions 
if the aeroplane encounters Appendix O icing conditions that exceed the 
icing conditions the aeroplane is certified for. 

4.8.2.3 For aeroplanes without leading edge high-lift devices, the AFM normal 
operating procedures section should contain a statement similar to the 
following: 

ά²!wbLbD 

Minute amounts of ice or other contamination on the leading edges or wing 
upper surfaces can result in a stall without warning, leading to loss of control 
on take-ƻŦŦΦέ 

4.8.2.4 Abnormal operating procedures should include the procedures to be 
followed in the event of annunciated ice protection system failures and 
suspected unannunciated failures. Any changes to other abnormal 
procedures contained in the AFM, due to flight in icing conditions, should 
also be included. 

4.8.3 Performance Information. Performance information, derived in accordance with 
subpart B of CS-25, must be provided in the AFM for all relevant phases of flight. 

4.8.4 Examples of AFM limitations and operating procedures are contained in Appendix 
4 of this AMC. 

5 Acceptable Means of Compliance - General. 

5.1 General. 
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5.1.1 This section describes acceptable methods and procedures that an applicant may 
use to show that an aeroplane meets the performance and handling requirements 
of subpart B in the atmospheric conditions of Appendix C and Appendix O to CS-
25. 

5.1.2 Compliance with CS 25.21(g) should be shown by one or more of the methods 
listed in this section. 

5.1.3 The compliance process should address all phases of flight, including take-off, 
climb, cruise, holding, descent, landing, and go-around as appropriate to the 
aeroplane type, considering its typical operating regime and the extent of its 
certification approval for operation in the atmospheric icing conditions of 
Appendix O to CS-25. 

5.1.4 The design features included in Appendix 3 of this AMC should be considered when 
determining the extent of the substantiation programme. 

5.1.5 Appropriate means for showing compliance include the actions and items listed in 
Table 1 below. These are explained in more detail in the following sections of this 
AMC. 

 
TABLE 1: Means for Showing Compliance 

Flight Testing Flight testing in dry air using artificial ice shapes or with ice 
shapes created in natural icing conditions. 

Wind Tunnel Testing and Analysis An analysis of results from wind tunnel tests with artificial or 
actual ice shapes. 

Engineering Simulator Testing and Analysis An analysis of results from engineering simulator tests. 

Engineering Analysis An analysis which may include the results from any of the 
other means of compliance as well as the use of engineering 
judgment. 

Ancestor Aeroplane Analysis An analysis of results from a closely related ancestor 
aeroplane. 

 

5.1.6 Various factors that affect ice accretion on the airframe with an operative ice 
protection system and with ice protection system failures are discussed in 
Appendix 1 of this AMC. 

5.1.7 An acceptable methodology to obtain agreement on the artificial ice shapes is 
given in Appendix 2 of this AMC. That appendix also provides the different types of 
artificial ice shapes to be considered. 

5.2 Flight Testing. 

5.2.1 General. 

5.2.1.1 The extent of the flight test programme should consider the results 
obtained with the non-contaminated aeroplane and the design features of 
the aeroplane as discussed in Appendix 3 of this AMC. 

5.2.1.2 It is not necessary to repeat an extensive performance and flight 
characteristics test programme on an aeroplane with ice accretion. A 
suitable programme that is sufficient to demonstrate compliance with the 
requirements can be established from experience with aeroplanes of similar 
size, and from review of the ice protection system design, control system 
design, wing design, horizontal and vertical stabiliser design, performance 
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characteristics, and handling characteristics of the non-contaminated 
aeroplane. In particular, it is not necessary to investigate all weight and 
centre of gravity combinations when results from the non-contaminated 
aeroplane clearly indicate the most critical combination to be tested.  It is 
not necessary to investigate the flight characteristics of the aeroplane at 
high altitude (i.e. above the highest altitudes specified in Appendix C and 
Appendix O to CS-25). An acceptable flight test programme is provided in 
section 6 of this AMC. 

5.2.1.3 Certification experience has shown that tests are usually necessary to 
evaluate the consequences of ice protection system failures on handling 
characteristics and performance and to demonstrate continued safe flight 
and landing. 

5.2.2 Flight Testing Using Approved Artificial Ice Shapes. 

5.2.2.1 The performance and handling tests may be based on flight testing in dry 
air using artificial ice shapes that have been agreed with the Agency.  

5.2.2.2 Additional limited flight tests are discussed in paragraph 5.2.3, below. 

5.2.3 Flight Testing In Natural Icing Conditions. 

5.2.3.1 Where flight testing with ice accretion obtained in natural atmospheric 
icing conditions is the primary means of compliance, the conditions should 
be measured and recorded. The tests should ensure good coverage of CS-25 
Appendix C and Appendix O conditions (consistent with the extent of the 
certification approval sought for operation in Appendix O icing conditions) 
and, in particular, the critical conditions. The conditions for accreting ice 
(including the icing atmosphere, configuration, speed and duration of 
exposure) should be agreed with the Agency. 

5.2.3.2 Where flight testing with artificial ice shapes is the primary means of 
compliance, additional limited flight tests should be conducted with ice 
accretion obtained in natural icing conditions. The objective of these tests is 
to corroborate the handling characteristics and performance results 
obtained in flight testing with artificial ice shapes. As such, it is not necessary 
to measure the atmospheric characteristics (i.e. liquid water content (LWC) 
and median volumetric diameter (MVD)) of the flight test icing conditions. 
For some derivative aeroplanes with similar aerodynamic characteristics as 
the ancestor, it may not be necessary to carry out additional flight test in 
natural icing conditions if such tests have been already performed with the 
ancestor. Depending on the extent of the Appendix O icing conditions that 
certification is being sought for, and the means used for showing compliance 
with the performance and handling characteristics requirements, it may also 
not be necessary to conduct flight tests in the natural icing conditions of 
Appendix O. See AMC 25.1420 for guidance on when it is necessary to 
conduct flight tests in the natural atmospheric icing conditions of Appendix 
O. 

5.3 Wind Tunnel Testing and Analysis. Analysis of the results of dry air wind tunnel testing of 
models with artificial ice shapes, as defined in Part II of Appendix C and Appendix O to 
CS-25, may be used to substantiate the performance and handling characteristics. 
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5.4 Engineering Simulator Testing and Analysis. The results of an engineering simulator 
analysis of an aeroplane that includes the effects of the ice accretions as defined in Part II 
of Appendix C and Appendix O to CS-25 may be used to substantiate the handling 
characteristics. The data used to model the effects of ice accretions for the engineering 
simulator may be based on results of dry air wind tunnel tests, flight tests, computational 
analysis, and engineering judgement. 

5.5 Engineering Analysis. An engineering analysis that includes the effects of the ice 
accretions as defined in Part II of Appendix C and Appendix O to CS-25 may be used to 
substantiate the performance and handling characteristics. The effects of the ice shapes 
used in this analysis may be determined by an analysis of the results of dry air wind tunnel 
tests, flight tests, computational analysis, engineering simulator analysis, and engineering 
judgement. 

5.6 Ancestor Aeroplane Analysis. 

5.6.1 To help substantiate acceptable performance and handling characteristics, the 
applicant may use an analysis of an ancestor aeroplane that includes the effect of 
the ice accretions as defined in Part II of Appendix C and Appendix O to CS-25. This 
analysis should consider the similarity of the configuration, operating envelope, 
performance and handling characteristics, and ice protection system of the 
ancestor aeroplane to the one being certified. 

5.6.2 The analysis may include flight test data, dry air wind tunnel test data, icing tunnel 
test data, engineering simulator analysis, service history, and engineering 
judgement. 

6 Acceptable Means of Compliance - Flight Test Programme. 

6.1 General. 

6.1.1 This section provides an acceptable flight test programme where flight testing is 
selected by the applicant and agreed by the Agency as being the primary means 
for showing compliance. 

6.1.2 Where an alternate means of compliance is proposed for a specific paragraph in 
this section, it should enable compliance to be shown with at least the same degree 
of confidence as flight test would provide (see CS 25.21(a)(1)). 

6.1.3 Ice accretions for each flight phase are defined in Part II of Appendix C and Part II 
of Appendix O to CS-25. Additional guidance for determining the applicable ice 
accretions is provided in Appendix 1 to this AMC. 

6.1.4 This test programme is based on the assumption that the applicant will choose to 
use the holding Ice accretion for the majority of the testing assuming that it is the 
most conservative ice accretion. In general, the applicant may choose to use an ice 
accretion that is either conservative or is the specific ice accretion that is 
appropriate to the particular phase of flight. In accordance with part II (b) of 
Appendix C and part II(e) of Appendix O to CS-25, if the holding ice accretion is not 
as conservative as the ice accretion appropriate to the flight phase, then the ice 
accretion appropriate to the flight phase (or a more conservative ice accretion) 
must be used.  

6.1.5 For the approach and landing configurations, in accordance with the guidance 
provided in paragraph 4.1.10 of this AMC, the flight tests in natural icing conditions 
specified in Table 4 of this AMC are usually sufficient to evaluate whether ice 
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accretions on trailing edge flaps adversely affect aeroplane performance or 
handling qualities. If these tests show that aeroplane performance or handling 
qualities are adversely affected, additional tests may be necessary to show 
compliance with the aeroplane performance and handling qualities requirements. 

6.2 Stall Speed (CS 25.103). 

6.2.1 The stall speed for intermediate high lift configurations can normally be obtained 
by interpolation. However if a stall identification system (e.g. stick pusher) 
activation point is set as a function of the high lift configuration and/or the 
activation point is reset for icing conditions, or if significant configuration changes 
occur with extension of trailing edge flaps (such as wing leading edge high-lift 
device position movement), additional tests may be necessary. 

6.2.2 Acceptable Test Programme. The following represents an acceptable test 
programme subject to the provisions outlined above: 

a. Forward centre of gravity position appropriate to the configuration. 

b. Normal stall test altitude. 

c. In the configurations listed below, trim the aeroplane at an initial speed of 
1.13 to 1.30 VSR. Decrease speed at a rate not to exceed 0.5 m/sec² (1 knot 
per second) until an acceptable stall identification is obtained. 

i. High lift devices retracted configuration, "Final Take-off Ice." 

ii. High lift devices retracted configuration, "En-route Ice." 

iii. Holding configuration, "Holding Ice." 

iv. Lowest lift take-off configuration, "Holding Ice." 

v. Highest lift take-off configuration, "Take-off Ice." 

vi. Highest lift landing configuration, "Holding Ice." 

6.3 Accelerate-stop Distance (CS 25.109). The effect of any increase in V1 due to take-off in 
icing conditions may be determined by a suitable analysis. 

6.4 Take-off Path (CS 25.111). If VSR in the configuration defined by CS 25.121(b) with the 
ά¢ŀƪŜ-off Ice" accretion defined in Appendix C and Appendix O to CS-25 exceeds VSR for 
the same configuration without ice accretions by more than the greater of 5.6 km/h (3 
knots) or 3%, the take-off demonstrations should be repeated to substantiate the speed 
schedule and distances for take-off in icing conditions.  The effect of the take-off speed 
increase, thrust loss, and drag increase on the take-off path may be determined by a 
suitable analysis. 

6.5 Landing Climb: All-engines-operating (CS 25.119). Acceptable Test Programme. The 
following represents an acceptable test programme: 

a. The "Holding Ice" accretion should be used. 

b. Forward centre of gravity position appropriate to the configuration. 

c. Highest lift landing configuration, landing climb speed no greater than VREF. 

d. Stabilise at the specified speed and conduct 2 climbs or drag polar checks as agreed 
with the Agency.  
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6.6 Climb: One-engine-inoperative (CS 25.121). Acceptable Test Programme. The following 
represents an acceptable test programme:  

a. Forward centre of gravity position appropriate to the configuration. 

b. In the configurations listed below, stabilise the aeroplane at the specified speed 
with one engine inoperative (or simulated inoperative if all effects can be taken 
into account) and conduct 2 climbs in each configuration or drag polar checks 
substantiated for the asymmetric drag increment as agreed with the Agency. 

i. High lift devices retracted configuration, final take-off climb speed, "Final 
Take-off Ice." 

ii. Lowest lift take-off configuration, landing gear retracted, V2 climb speed, 
"Take-off Ice." 

iii. Approach configuration appropriate to the highest lift landing configuration, 
landing gear retracted, approach climb speed, "Holding Ice." 

6.7 En-route Flight Path (CS 25.123). Acceptable Test Programme. The following represents 
an acceptable test programme: 

a. The "En-route Ice" accretion should be used. 

b. Forward centre of gravity position appropriate to the configuration. 

c. En-route configuration and climb speed. 

d. Stabilise at the specified speed with one engine inoperative (or simulated 
inoperative if all effects can be taken into account) and conduct 2 climbs or drag 
polar checks substantiated for the asymmetric drag increment as agreed with the 
Agency.  

6.8 Landing (CS 25.125). The effect of landing speed increase on the landing distance may be 
determined by a suitable analysis. 

6.9 Controllability and Manoeuvrability - General (CS 25.143 and 25.177). 

6.9.1 A qualitative and quantitative evaluation is usually necessary to evaluate the 
aeroplane's controllability and manoeuvrability. In the case of marginal 
compliance, or the force limits or stick force per g limits of CS 25.143 being 
approached, additional substantiation may be necessary to establish compliance. 
In general, it is not necessary to consider separately the ice accretion appropriate 
to take-off and en-route because the "Holding Ice" is usually the most critical. 

6.9.2 General Controllability and Manoeuvrability. The following represents an 
acceptable test programme for general controllability and manoeuvrability, 
subject to the provisions outlined above: 

a. The "Holding Ice" accretion should be used. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 

c In the configurations listed in Table 2, trim at the specified speeds and 
conduct the following manoeuvres: 

i. 30° banked turns left and right with rapid reversals; 
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ii. Pull up to 1.5g (except that this may be limited to 1.3g at VREF), and 
pushover to 0.5g (except that the pushover is not required at VMO and 
VFE); and 

iii. Deploy and retract deceleration devices. 

TABLE 2: Trim Speeds 

Configuration Trim Speed 

High lift devices retracted configuration: 1.3 VSR, and 

VMO or 463 km/h (250 knots) IAS , whichever is less 

Lowest lift takeoff configuration: 1.3 VSR, and 

VFE or 463 km/h (250 knots) IAS, whichever is less 

Highest lift landing configuration: VREF, and 

VFE or 463 km/h (250 knots) IAS, whichever is less. 

VSR τ Reference Stall Speed 

VMO τ Maximum operating limit speed 

IAS τ Indicated air speed 

VFE τ Maximum flap extended speed 

VREF τ Reference landing speed 

d. Lowest lift take-off configuration: At the greater of 1.13 VSR or V2 MIN, with 
the critical engine inoperative (or simulated inoperative if all effects can be 
taken into account), conduct 30° banked turns left and right with normal 
turn reversals and, in wings-level flight, a 9.3 km/h (5 knot) speed decrease 
and increase. 

e. Conduct an approach and go-around with all engines operating using the 
recommended procedure. 

f. Conduct an approach and go-around with the critical engine inoperative (or 
simulated inoperative if all effects can be taken into account) using the 
recommended procedure. 

g. Conduct an approach and landing using the recommended procedure. In 
addition satisfactory controllability should be demonstrated during a landing 
at VREF minus 9.3 km/h (5 knots). These tests should be done at heavy weight 

and forward centre of gravity. 

h. Conduct an approach and landing with the critical engine inoperative (or 
simulated inoperative if all effects can be taken into account) using the 
recommended procedure. 

6.9.3 Evaluation of Lateral Control Characteristics. Aileron hinge moment reversal and 
other lateral control anomalies have been implicated in icing accidents and 
incidents. The following manoeuvre, along with the evaluation of lateral 
controllability during a deceleration to the stall warning speed covered in 
paragraph 6.17.2(e) of this AMC and the evaluation of static lateral-directional 
stability covered in paragraph 6.15 of this AMC, is intended to evaluate any adverse 
effects arising from both stall of the outer portion of the wing and control force 
characteristics. 
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For each of the test conditions specified in subparagraphs (a) and (b) below, 
perform the manoeuvres described in subparagraphs 1 through 6 below. 

(a) Holding configuration, holding ice accretion, maximum landing weight, 
forward centre-of-gravity position, minimum holding speed (highest 
expected holding angle-of-attack); and 

(b) Landing configuration, most critical of holding, approach, and landing ice 
accretions, medium to light weight, forward centre-of-gravity position, VREF 
(highest expected landing approach angle-of-attack). 

1 Establish a 30-degree banked level turn in one direction. 

2 Using a step input of approximately 1/3 full lateral control deflection, 
roll the aeroplane in the other direction. 

3 Maintain the control input as the aeroplane passes through a wings 
level attitude. 

4 At approximately 20 degrees of bank in the other direction, apply a 
step input in the opposite direction to approximately 1/3 full lateral 
control deflection. 

5 Release the control input as the aeroplane passes through a wings 
level attitude. 

6 Repeat this test procedure with 2/3 and up to full lateral control 
deflection unless the roll rate or structural loading is judged excessive.  
It should be possible to readily arrest and reverse the roll rate using 
only lateral control input, and the lateral control force should not 
reverse with increasing control deflection. 

6.9.4 Low g Manoeuvres and Sideslips. The following represents an example of an 
acceptable test program for showing compliance with controllability requirements 
in low g manoeuvres and in sideslips to evaluate susceptibility to ice-contaminated 
tailplane stall.  

6.9.4.1 CS 25.143(i)(2) ǎǘŀǘŜǎΥ άLǘ Ƴǳǎǘ ōŜ ǎƘƻǿƴ ǘƘŀǘ ŀ ǇǳǎƘ ŦƻǊŎŜ ƛǎ ǊŜǉǳƛǊŜŘ 
throughout a pushover manoeuvre down to zero g or the lowest load factor 
obtainable if limited by elevator power or other design characteristic of the 
flight control system. It must be possible to promptly recover from the 
manoeuvre without exceeding a pull control force of  222 N. (50 lbf). 

6.9.4.2 Any changes in force that the pilot must apply to the pitch control to 
maintain speed with increasing sideslip angle must be steadily increasing 
with no force reversals, unless the change in control force is gradual and 
easily controllable by the pilot without using exceptional piloting skill, 
alertness, or strength. Discontinuities in the control force characteristic, 
unless so small as to be unnoticeable, would not be considered to meet the 
requirement that the force be steadily increasing. A gradual change in 
control force is a change that is not abrupt and does not have a steep 
gradient that can be easily managed by a pilot of average skill, alertness, and 
strength. Control forces in excess of those permitted by CS 25.143(c) would 
be considered excessive. 

(See paragraph 6.15.1 of this AMC for lateral-directional aspects). 
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6.9.4.3 The test manoeuvres described in paragraphs 6.9.4.1 and 6.9.4.2, above, 
should be conducted using the following configurations and procedures: 

a. The "Holding Ice" accretion should be used. For aeroplanes with 
unpowered elevators, these tests should also be performed with 
"Sandpaper Ice." 

b. Medium to light weight, the most critical of aft or forward centre of 
gravity position, symmetric fuel loading. 

c. In the configurations listed below, with the aeroplane in trim, or as 
nearly as possible in trim, at the specified trim speed, perform a 
continuous manoeuvre (without changing trim) to reach zero g 
normal load factor or, if limited by elevator control authority, the 
lowest load factor obtainable at the target speed. 

i. Highest lift landing configuration at idle power or thrust, and 
the more critical of: 

- Trim speed 1.23 VSR, target speed not more than 1.23 VSR, 
or 

- Trim speed VFE, target speed not less than VFE - 37 km/h 
(20 knots) 

ii. Highest lift landing configuration at go-around power or thrust, 
and the more critical of:  

- Trim speed 1.23 VSR, target speed not more than 1.23 VSR, 
or 

- Trim speed VFE, target speed not less than VFE - 37 km/h 
(20 knots) 

d. Conduct steady heading sideslips to full rudder authority, 801 N. (180 
lbf) rudder force or full lateral control authority (whichever comes 
first), with highest lift landing configuration, trim speed 1.23 VSR, and 
power or thrust for -3° flight path angle. 

6.9.5 Controllability prior to Activation and Normal Operation of the Ice Protection 
System. The following represents an acceptable test programme for compliance 
with controllability requirements with the ice accretion prior to activation and 
normal operation of the ice protection system. 

In the configurations, speeds, and power settings listed below, with the ice 
accretion specified in the requirement, trim the aeroplane at the specified speed. 
Conduct pull up to 1.5g and pushover to 0.5g without longitudinal control force 
reversal. 

i. High lift devices retracted configuration (or holding configuration if 
different), holding speed, power or thrust for level flight. 

ii. Landing configuration, VREF for non-icing conditions, power or thrust for 

landing approach (limit pull up to stall warning). 

6.10 Longitudinal Control (CS 25.145). 

6.10.1 No specific quantitative evaluations are required for demonstrating compliance 
with CS 25.145(b) and (c). Qualitative evaluations should be combined with the 
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other testing. The results from the non-contaminated aeroplane tests should be 
reviewed to determine whether there are any cases where there was marginal 
compliance. If so, these cases should be repeated with ice.  

6.10.2 Acceptable Test Programme. The following represents an acceptable test 
programme for compliance with CS 25.145(a): 

a. The "Holding ice" accretion should be used. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 

c. In the configurations listed below, trim the aeroplane at 1.3 VSR.  Reduce 
speed using elevator control to stall warning plus one second and 
demonstrate prompt recovery to the trim speed using elevator control. 

i. High lift devices retracted configuration, maximum continuous power 
or thrust. 

ii. Maximum lift landing configuration, maximum continuous power or 
thrust.  

6.11 Directional and Lateral Control (CS 25.147). Qualitative evaluations should be combined 
with the other testing. The results from the non-contaminated aeroplane tests should be 
reviewed to determine whether there are any cases where there was marginal 
compliance. If so, these cases should be repeated with ice. 

6.12 Trim (CS 25.161). 

6.12.1 Qualitative evaluations should be combined with the other testing. The results 
from the non-contaminated aeroplane tests should be reviewed to determine 
whether there are any cases where there was marginal compliance. If so, these 
cases should be repeated with ice. In addition a specific check should be made to 
demonstrate compliance with CS 25.161(c)(2). 

6.12.2 The following represents a representative test program for compliance with 
25.161(c)(2). 

a. The "Holding ice" accretion should be used. 

b. Most critical landing weight, forward centre of gravity position, symmetric 
fuel loading. 

c. In the configurations below, trim the aircraft at the specified speed. 

i. Maximum lift landing configuration, landing gear extended, and the 
most critical of: 

- Speed 1.3VSR1 with Idle power or thrust; or, 

- Speed VREF with power or thrust corresponding to a 3 deg 
glidepath' 

6.13 Stability - General (CS 25.171). Qualitative evaluations should be combined with the other 
testing.  Any tendency to change speed when trimmed or requirement for frequent trim 
inputs should be specifically investigated. 

6.14 Demonstration of Static Longitudinal Stability (CS 25.175). 

6.14.1 Each of the following cases should be tested. In general, it is not necessary to test 
the cruise configuration at low speed (CS 25.175(b)(2)) or the cruise configuration 
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with landing gear extended (CS 25.175(b)(3)); nor is it necessary to test at high 
altitude. The maximum speed for substantiation of stability characteristics in icing 
conditions (as prescribed by CS 25.253(c)) is the lower of 556 km/h (300 knots) CAS, 
VFC, or a speed at which it is demonstrated that the airframe will be free of ice 
accretion due to the effects of increased dynamic pressure. 

6.14.2 Acceptable Test Programme. The following represents an acceptable test 
programme for demonstration of static longitudinal stability: 

a. The "Holding ice" accretion should be used. 

b. High landing weight, aft centre of gravity position, symmetric fuel loading. 

c. In the configurations listed below, trim the aeroplane at the specified speed. 
The power or thrust should be set and stability demonstrated over the speed 
ranges as stated in CS 25.175(a) through (d), as applicable. 

i.  Climb:  With high lift devices retracted, trim at the speed for best rate-
of-climb, except that the speed need not be less than 1.3 VSR. 

ii. Cruise: With high lift devices retracted, trim at VMO or 463 km/h 
(250 knots) CAS, whichever is lower. 

iii. Approach: With the high lift devices in the approach position 
appropriate to the highest lift landing configuration, trim at 1.3 VSR. 

iv. Landing: With the highest lift landing configuration, trim at 1.3VSR.  

6.15 Static Directional and Lateral Stability (CS 25.177). 

6.15.1 Compliance should be demonstrated using steady heading sideslips to show 
compliance with directional and lateral stability. The maximum sideslip angles 
obtained should be recorded and may be used to substantiate a crosswind value 
for landing (see paragraph 6.19 of this AMC). 

6.15.2 Acceptable Test Programme. The following represents an acceptable test 
programme for static directional and lateral stability: 

a. The "Holding ice" accretion should be used. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 

c. In the configurations listed below, trim the aeroplane at the specified speed 
and conduct steady heading sideslips to full rudder authority, 801 N. 
(180 lbf) rudder pedal force, or full lateral control authority, whichever 
comes first. 

i. High lift devices retracted configuration:  Trim at best rate-of-climb 
speed, but need not be less than 1.3 VSR. 

ii. Lowest lift take-off configuration:  Trim at the all-engines-operating 
initial climb speed. 

iii. Highest lift landing configuration:  Trim at VREF. 

6.16 Dynamic Stability (CS 25.181). Provided that there are no marginal compliance aspects 
with the non-contaminated aeroplane, it is not necessary to demonstrate dynamic 
stability in specific tests. Qualitative evaluations should be combined with the other 
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testing. Any tendency to sustain oscillations in turbulence or difficulty in achieving precise 
attitude control should be investigated. 

6.17 Stall Demonstration (CS 25.201). 

6.17.1 Sufficient stall testing should be conducted to demonstrate that the stall 
characteristics comply with the requirements. In general, it is not necessary to 
conduct a stall programme which encompasses all weights, centre of gravity 
positions (including lateral asymmetry), altitudes, high lift configurations, 
deceleration device configurations, straight and turning flight stalls, power off and 
power on stalls.  Based on a review of the stall characteristics of the non-
contaminated aeroplane, a reduced test matrix can be established. However, 
additional testing may be necessary if: 

- the stall characteristics with ice accretion show a significant difference from 
the non-contaminated aeroplane, 

- testing indicates marginal compliance, or  

- a stall identification system (e.g. stick pusher) is required to be reset for icing 
conditions. 

6.17.2  Acceptable Test Programme. Turning flight stalls at decelerations greater than 
1 knot/sec are not required.  Slow decelerations (much slower than 1 knot/sec) 
may be critical on aeroplanes with anticipation logic in their stall protection system 
or on aeroplanes with low directional stability, where large sideslip angles could 
develop. The following represents an acceptable test programme subject to the 
provisions outlined above. 

a. The "Holding ice" accretion should be used. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 

c. Normal stall test altitude. 

d. In the configurations listed below, trim the aeroplane at the same initial stall 
speed factor used for stall speed determination. For power-on stalls, use the 
power setting as defined in CS 25.201 (a)(2) but with ice accretions on the 
aeroplane. Decrease speed at a rate not to exceed 1 knot/sec to stall 
identification and recover using the same test technique as for the non-
contaminated aeroplane. 

i. High lift devices retracted configuration: Straight/Power Off, 
Straight/Power On, Turning/Power Off, Turning/Power On. 

ii. Lowest lift take-off configuration: Straight/Power On, Turning/Power 
Off. 

iii. Highest lift take-off configuration: Straight/Power Off, Turning/Power 
On. 

iv. Highest lift landing configuration: Straight/Power Off, Straight/Power 
On, Turning/Power Off, Turning/Power On. 

e. For the configurations listed in paragraph 6.17.2(d)i and iv, and any other 
configuration if deemed more critical, in 1 knot/second deceleration rates 
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down to stall warning with wings level and power off, roll the aeroplane left 
and right up to 10 degrees of bank using the lateral control. 

6.18 Stall Warning (CS 25.207). 

6.18.1 Stall warning should be assessed in conjunction with stall speed testing and stall 
demonstration testing (CS 25.103, CS 25.201 and paragraphs 6.2 and 6.17 of this 
AMC, respectively) and in tests with faster entry rates. 

6.18.2 Normal Ice Protection System Operation. The following represents an acceptable 
test programme for stall warning in slow down turns of at least 1.5g and at entry 
rates of at least 1 m/sec2 (2 knot/sec): 

a. The "Holding ice" accretion should be used. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 

c. Normal stall test altitude. 

d. In the configurations listed below, trim the aeroplane at 1.3VSR with the 
power or thrust necessary to maintain straight level flight. Maintain the trim 
power or thrust during the test demonstrations.  Increase speed as 
necessary prior to establishing at least 1.5g and a deceleration of at least 
1 m/sec2 (2 knot/sec). Decrease speed until 1 sec after stall warning and 
recover using the same test technique as for the non-contaminated 
aeroplane. 

i. High lift devices retracted configuration; 

ii. Lowest lift take-off configuration; and 

iii. Highest lift landing configuration. 

6.18.3 Ice Accretion Prior to Activation and Normal System Operation. The following 
represent acceptable means for evaluating stall warning margin with the ice 
accretion prior to activation and normal operation of the ice protection system. 

a. In the configurations listed below, with the ice accretion specified in 
the requirement, trim the aeroplane at 1.3 VSR. 

i. High lift devices retracted configuration: Straight/Power Off. 

ii. Landing configuration: Straight/Power Off. 

b. At decelerations of up to 0.5 m/sec2 (1 knot per second), reduce the 
speed to stall warning plus 1 second, and demonstrate that stalling 
can be prevented using the same test technique as for the non-
contaminated aeroplane, without encountering any adverse 
characteristics (e.g., a rapid roll-off). As required by CS 25.207(h)(3)(ii), 
where stall warning is provided by a different means than for the 
aeroplane without ice accretion, the stall characteristics must be 
satisfactory and the delay must be at least 3 seconds. 

6.19 Wind Velocities (CS 25.237). 

6.19.1 Crosswind landings with "Landing Ice" should be evaluated on an opportunity 
basis.  
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6.19.2 The results of the steady heading sideslip ǘŜǎǘǎ ǿƛǘƘ ά[ŀƴŘƛƴƎ LŎŜέ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ 
establish the safe cross wind component. If the flight test data show that the 
maximum sideslip angle demonstrated is similar to that demonstrated with the 
non-contaminated aeroplane, and the flight characteristics (e.g. control forces and 
deflections) are similar, then the non-contaminated aeroplane crosswind 
component is considered valid.  

6.19.3 If the results of the comparison discussed in paragraph 6.19.2, above, are not 
clearly similar, and in the absence of a more rational analysis, a conservative 
analysis based on the results of the steady heading sideslip tests may be used to 
establish the safe crosswind component. The crosswind value may be estimated 
from: 

VCW = VREF  * sin (sideslip angle) / 1.5 

Where: 

VCW is the crosswind component,  

VREF  is the landing reference speed appropriate to a minimum landing weight, 
and sideslip angle is that demonstrated at VREF (see paragraph 6.15 of this 
AMC). 

6.20 Vibration and Buffeting (CS 25.251). 

6.20.1 Qualitative evaluations should be combined with the other testing, including 
speeds up to the maximum speed obtained in the longitudinal stability tests (see 
paragraph 6.14 of this AMC). 

6.20.2 It is also necessary to demonstrate that the aeroplane is free from harmful 
vibration due to residual ice accumulation.  This may be done in conjunction with 
the natural icing tests. 

6.20.3 An aeroplane with pneumatic de-icing boots should be evaluated to VDF/M DF with 
the de-icing boots operating and not operating.  It is not necessary to do this 
demonstration with ice accretion. 

6.21 Natural Icing Conditions. 

6.21.1  General. 

6.21.1.1 Whether the flight testing has been performed with artificial ice shapes or 
in natural icing conditions, additional limited flight testing described in this 
section should be conducted in natural icing conditions specified in Appendix 
C to CS-25 and, if necessary, in the icing conditions described in Appendix O 
to CS-25. (AMC 25.1420 provides guidance on when it is necessary to 
perform flight testing in the atmospheric icing conditions of Appendix O.) 
Where flight testing with artificial ice shapes is the primary means for 
showing compliance, the objective of the tests described in this section is to 
corroborate the handling characteristics and performance results obtained 
in flight testing with artificial ice shapes. 

6.21.1.2 It is acceptable for some ice to be shed during the testing due to air loads 
or wing flexure, etc.  However, an attempt should be made to accomplish 
the test manoeuvres as soon as possible after exiting the icing cloud to 
minimise the atmospheric influences on ice shedding. 
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6.21.1.3 During any of the manoeuvres specified in paragraph 6.21.2, below, the 
behaviour of the aeroplane should be consistent with that obtained with 
artificial ice shapes. There should be no unusual control responses or 
uncommanded aeroplane motions. Additionally, during the level turns and 
bank-to-bank rolls, there should be no buffeting or stall warning.  

6.21.2 Ice Accretion/Manoeuvres. 

6.21.2.1 Holding scenario. 

a. The manoeuvres specified in Table 3, below, should be carried out 
with the following ice accretions representative of normal operation 
of the ice protection system: 

i. On unprotected Parts: A thickness of 75 mm (3 inches) on those 
parts of the aerofoil where the collection efficiency is highest 
should be the objective. (A thickness of 50 mm (2 inches) is 
normally a minimum value, unless a lesser value is agreed by 
the Agency.) 

ii. On protected parts: The ice accretion thickness should be that 
resulting from normal operation of the ice protection system. 

b. For aeroplanes with control surfaces that may be susceptible to 
jamming due to ice accretion (e.g. elevator horns exposed to the air 
flow), the holding speed that is critical with respect to this ice 
accretion should be used.  

Table 3: Holding Scenario ς Manoeuvres 

Configuration 
Centre of 
Gravity 
Position 

Trim speed Manoeuvre 

Flaps up, gear up Optional 
(aft range) 

Holding, except 
1.3 VSR for the 
stall manoeuvre 

Level, 40° banked turn, 
Bank-to-bank rapid roll, 30° - 30°, 
Speedbrake extension, retraction, 
Full straight stall (1 knot/second deceleration rate, 
wings level, power off). 

Flaps in 
intermediate 
positions, gear up 

Optional 
(aft range) 

1.3 VSR Deceleration to the speed reached 3 seconds after 
activation of stall warning in a 1 knot/second 
deceleration. 

Landing flaps, gear 
down 

Optional 
(aft range) 

VREF Level, 40° banked turn, 
Bank-to-bank rapid roll, 30° - 30°, 
Speedbrake extension, retraction (if approved), 
Full straight stall (1 knot/second deceleration rate, 
wings level, power off). 

 

6.21.2.2 Approach/Landing Scenario. The manoeuvres specified in Table 4, below, 
should be carried out with successive accretions in different configurations 
on unprotected surfaces. Each test condition should be accomplished with 
the ice accretion that exists at that point. The final ice accretion (Test 
Condition 3) represents the sum of the amounts that would accrete during 
a normal descent from holding to landing in icing conditions. 

TABLE 4: Approach/Landing Scenario ς Manoeuvres 
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Test 
Condition 

Ice accretion 
thickness (*) 

Configuration 
Centre of 
Gravity 
Position 

Trim 
speed 

Manoeuvre 

_ First 13 mm 
(0.5 in.) 

Flaps up, gear 
up 

Optional 
(aft range) 

Holding No specific test 

1 Additional  
6.3 mm (0.25 in.) 
(19 mm (0.75 
in.) total) 

First 
intermediate 
flaps, gear up 

Optional 
(aft range) 

Holding -Level 40° banked turn, 
-Bank-to-bank rapid roll, 30°- 30°, 
-Speed brake extension and 
retraction (if approved),  
-Deceleration to stall warning. 

2 Additional  
6.3 mm (0.25 in.) 
 (25 mm (1.00 
in.) total) 

Further 
intermediate 
flaps, gear up 
(as applicable) 

Optional 
(aft range) 

1.3 VSR -Bank-to-bank rapid roll, 30° - 30°, 
-Speed brake extension and 
retraction (if approved), 
-Deceleration to stall warning. 

3 Additional  
6.3 mm (0.25 in.) 
(31 mm (1.25 
in.) total) 

Landing flaps, 
gear down 

Optional  
(aft range) 

VREF -Bank-to-bank rapid roll, 30° - 30°, 
-Speed brake extension and 
retraction (if approved), 
-Bank to 40°, 
-Full straight stall. 

(*) The indicated thickness is that obtained on the parts of the unprotected aerofoil with the highest collection efficiency. 
 

6.21.3  For aeroplanes with unpowered elevator controls, in the absence of an agreed 
substantiation of the criticality of the artificial ice shape used to demonstrate 
compliance with the controllability requirement, the pushover test of paragraph 
6.9.4 should be repeated with a thin accretion of natural ice on the unprotected 
surfaces. 

6.21.4  Existing propeller speed limits or, if required, revised propeller speed limits for 
flight in icing, should be verified by flight tests in natural icing conditions. 

6.22 Failure Conditions (CS 25.1309). 

6.22.1 For failure conditions which are annunciated to the flight crew, credit may be taken 
for the established operating procedures following the failure. 

6.22.2 Acceptable Test Programme.  In addition to a general qualitative evaluation, the 
following test programme (modified as necessary to reflect the specific operating 
procedures) should be carried out for the most critical probable failure condition 
where the associated procedure requires the aeroplane to exit the icing condition: 

a. The ice accretion is defined as a combination of the following: 

i. On the unprotected surfaces - ǘƘŜ άIƻƭŘƛƴƎ ƛŎŜέ ŀŎŎǊŜǘƛƻƴ ŘŜǎŎǊƛōŜŘ 
in paragraph A1.2.1 of this AMC;  

ii. On the normally protected surfaces that are no longer protected - the 
άCŀƛƭǳǊŜ ƛŎŜέ ŀŎŎǊŜǘƛƻƴ ŘŜǎŎǊƛōŜŘ ƛƴ ǇŀǊŀƎǊŀǇƘ !мΦоΦн ƻŦ ǘƘƛǎ !MC; and 

iii. On the normally protected surfaces that are still functioning following 
the segmental failure of a cyclical de-ice system ς the ice accretion 
that will form during the rest time of the de-ice system following the 
critical failure condition. 

b. Medium to light weight, aft centre of gravity position, symmetric fuel 
loading. 
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c. In the configurations listed below, trim the aeroplane at the specified speed. 
Conduct 30° banked turns left and right with normal reversals. Conduct pull 
up to 1.5g and pushover to 0.5g. 

i. High lift devices retracted configuration (or holding configuration if 
different): Holding speed, power or thrust for level flight.  In addition, 
deploy and retract deceleration devices. 

ii. Approach configuration: Approach speed, power or thrust for level 
flight. 

iii. Landing configuration: Landing speed, power or thrust for landing 
approach (limit pull up to 1.3g). In addition, conduct steady heading 
sideslips to angle of sideslip appropriate to type and landing 
procedure. 

d. In the configurations listed below, trim the aeroplane at estimated 1.3 VSR 
Decrease speed to stall warning plus 1 second, and demonstrate prompt 
recovery using the same test technique as for the non-contaminated 
aeroplane. Natural stall warning is acceptable for the failure case. 

i. High lift devices retracted configuration: Straight/Power Off.  

ii. Landing configuration: Straight/Power Off. 

e. Conduct an approach and go-around with all engines operating using the 
recommended procedure. 

f. Conduct an approach and landing with all engines operating (unless the one-
engine-inoperative condition results in a more critical probable failure 
condition) using the recommended procedure.  

6.22.3  For improbable failure conditions, flight test may be required to demonstrate that 
the effect on safety of flight (as measured by degradation in flight characteristics) 
is commensurate with the failure probability or to verify the results of analyses 
and/or wind tunnel tests. The extent of any required flight test should be similar 
to that described in paragraph 6.22.2, above, or as agreed with the Agency for the 
specific failure condition. 

[Amdt 25/3] 
[Amdt 25/6] 
[Amdt 25/13] 
[Amdt 25/16] 
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Appendix 1 ς Airframe Ice Accretion 
ED Decision 2015/008/R 

A1.1 General. 

a.  In accordance with CS 25.1419, each aeroplane certified for flight in icing conditions must 
be capable of safely operating in the continuous maximum and intermittent maximum 
icing conditions of Appendix C. Therefore, at a minimum, certification for flight in icing 
conditions must include consideration of ice accretions that can occur in Appendix C icing 
conditions. 

b.  In accordance with CS 25.1420(a)(1), each aeroplane certified for flight in icing conditions 
must, at a minimum, be capable of safely operating:  

i.  In the atmospheric icing conditions of Appendix C to CS-25, and 

ii.  After encountering the atmospheric icing conditions of Appendix O, and 
subsequently while exiting all icing conditions.  

Therefore, at a minimum, certification for flight in icing conditions must consider ice 
accretions that can occur during flight in Appendix C icing conditions and during detection 
and exiting of Appendix O icing conditions. 

c.  In accordance with CS 25.1420(a)(2), an aeroplane may also be certified for operation in 
a portion of the atmospheric icing conditions of Appendix O to CS-25. In that case, the 
aeroplane must also be capable of operating safely after encountering, and while exiting, 
atmospheric icing conditions in the portion of Appendix O for which operation is not 
approved. Ice accretions used for certification must consider:  

i.  Operations in Appendix C icing conditions,  

ii.  Operations in the Appendix O icing conditions for which approval is sought, and  

iii.  Detection and exiting of the Appendix O icing conditions beyond those for which 
approval is sought.  

d.  In accordance with CS 25.1420(a)(3), in addition to being certified for flight in Appendix 
C conditions, an aeroplane may be certified for operation throughout the atmospheric 
icing conditions of Appendix O to CS-25. Certification for flight throughout the 
atmospheric icing conditions of Appendix O must consider ice accretions resulting from:  

i. Operations in Appendix C icing conditions, and  

ii.  Operations in Appendix O icing conditions.  

e.  The CS-25 subpart B aeroplane performance and handling characteristics requirements 
identify the specific ice accretions that apply in showing compliance. In accordance with 
Appendix C, part II(b) and Appendix O, part II(e), to reduce the number of ice accretions 
used for demonstrating compliance, the applicant may use any of the applicable ice 
accretions (or a composite accretion representing a combination of accretions) to show 
compliance with a particular subpart B requirement if that accretion is either the ice 
accretion identified in the requirement or is shown to be more conservative than the ice 
accretion identified in the requirement. In addition, the ice accretion with the most 
adverse effect on handling characteristics may be used for compliance with the aeroplane 
performance requirements if any difference in performance is conservatively taken into 
account. Ice accretion(s) used to show compliance should take into account the speeds, 
configurations (including configuration changes), angles of attack, power or thrust 
settings, etc. for the flight phases and icing conditions they are intended to cover. 
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f.  The applicant should determine the most critical ice accretion in terms of handling 
characteristics and performance for each flight phase. Parameters to be considered 
include:  

- flight conditions (for example, aeroplane configuration, speed, angle-of-attack, 
altitude) and  

- atmospheric icing conditions for which certification is desired (for example, 
temperature, liquid water content (LWC), mean effective drop diameter (MED), 
drop median volume diameter (MVD)).  

g.  For each phase of flight, the shape, chordwise and spanwise, and the roughness of the 
shapes, considered in selection of a critical ice shape should accurately reflect the full 
range of atmospheric icing conditions for which certification is desired in terms of MED, 
LWC, MVD, and temperature during the respective phase of flight. Justification and 
selection of the most critical ice shape for each phase of flight should be agreed to by the 
Agency.  

h.  See Appendix R of FAA Advisory Circular AC 20-73A, Aircraft Ice Protection, for additional 
detailed information about determining the applicable critical ice accretion (shape and 
roughness). 

A1.2 Operative Ice Protection System. 

A1.2.1 All flight phases except take-off. 

A1.2.1.1 For unprotected parts, the ice accretion to be considered should be determined 
in accordance with Appendices C and O to CS-25. 

A1.2.1.2 Unprotected parts consist of the unprotected aerofoil leading edges and all 
unprotected airframe parts on which ice may accrete. The effect of ice accretion 
on protuberances such as antennae or flap hinge fairings need not normally be 
investigated. However aeroplanes that are characterised by unusual unprotected 
airframe protuberances, e.g. fixed landing gear, large engine pylons, or exposed 
control surface horns or winglets, etc., may experience significant additional 
effects, which should therefore be taken into consideration. 

A1.2.1.3 For holding ice, the applicant should determine the effect of a 45-minute hold in 
continuous maximum icing conditions. The analysis should assume that the 
ŀŜǊƻǇƭŀƴŜ ǊŜƳŀƛƴǎ ƛƴ ŀ ǊŜŎǘŀƴƎǳƭŀǊ άǊŀŎŜ ǘǊŀŎƪέ ǇŀǘǘŜǊƴΣ ǿƛǘƘ ŀƭƭ ǘǳǊƴǎ ōŜƛƴƎ ƳŀŘŜ 
within the icing cloud. Therefore, no horizontal extent correction should be used 
for this analysis. For some previous aeroplane certification programs, the 
maximum pinnacle height was limited to 75 mm (3 inches). This method of 
compliance may continue to be accepted for follow-on products if service 
experience has been satisfactory, and the designs are similar enough to conclude 
that the previous experience is applicable. The applicant should substantiate the 
critical mean effective drop diameter, liquid water content, and temperature that 
result in the formation of an iŎŜ ŀŎŎǊŜǘƛƻƴ ǘƘŀǘ ƛǎ ŎǊƛǘƛŎŀƭ ǘƻ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ 
performance and handling qualities. The shape and texture of the ice are important 
and should be agreed with the Agency. 

A1.2.1.4 For protected parts, the ice protection systems are normally assumed to be 
operative. However, the applicant should consider the effect of ice accretion on 
the protected surfaces that result from: 
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a. The rest time of a de-icing cycle. Performance may be established on the 
basis of a representative intercycle ice accretion for normal operation of the 
de-icing system (consideration should also be given to the effects of any 
residual ice accretion that is not shed.) The average drag increment 
determined over the de-icing cycle may be used for performance 
calculations. 

b. Runback ice which occurs on or downstream of the protected surface. 

c. Ice accretion prior to activation and normal operation of the ice protection 
system (see paragraph A1.2.3, below).  

A1.2.2 Take-off phase. 

A1.2.2.1 For both unprotected and protected parts, the ice accretion identified in 
Appendix C and Appendix O to CS-25 for the take-off phase may be determined by 
calculation, assuming the following: 

- aerofoils, control surfaces and, if applicable, propellers are free from frost, 
snow, or ice at the start of the take-off; 

- the ice accretion starts at the end of the take-off distance 

- the critical ratio of thrust/power-to-weight; 

- failure of the critical engine occurs at VEF; and 

- flight crew activation of the ice protection system in accordance with an AFM 
procedure, except that after commencement of the take-off roll no flight 
crew action to activate the ice protection system should be assumed to 
occur until the aeroplane is 122 m (400 ft) above the take-off surface.  

A1.2.2.2 The ice accretions identified in Appendix C and Appendix O to CS-25 for the take-
off phase are:  

- "Take-off ice": The most critical ice accretion between the end of the take-
off distance and 122 m (400 ft) above the takeoff surface, assuming 
accretion starts at the end of the take-off distance in the icing environment.  

- "Final Take-off ice": The most critical ice accretion between 122 m (400 ft) ) 
and the height at which the transition to the en route configuration and 
speed is completed, or 457 m (1500 ft) above the take-off surface, whichever 
is higher, assuming accretion starts at the end of the take-off distance in the 
icing environment.  

A1.2.3 Ice accretion prior to activation and normal system operation. 

A1.2.3.1 When considering ice accretion before the ice protection system has been 
activated and is performing its intended function, the means of activating the ice 
protection system and the system response time should be taken into account. 
System response time is defined as the time interval between activation of the 
system and its effective operation (for example, for a thermal ice protection system 
used for de-icing, the time to heat the surface and perform its de-icing function).  

If activation of the ice protection system depends on flight crew recognition of icing 
conditions or response to a cockpit annunciation, appropriate delays in identifying 
the icing conditions and activating the ice protection system should be taken into 
account. For the icing conditions of Appendix C, the aeroplane should be assumed 
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to be in continuous maximum icing conditions during the time between entering 
the icing conditions and effective operation of the ice protection system. 

A1.2.3.2 For an aeroplane certified in accordance with CS 25.1420 (a)(2) or (a)(3), the 
requirements of CS 25.1419 (e), (f), (g), and (h) must be met for the icing conditions 
defined in Appendix O in which the aeroplane is certified to operate. 

CS 25.1419(e) requires one of the following three methods for detecting icing and 
activating the airframe ice protection system: 

(a) A primary ice detection system that automatically activates or that alerts the 
flight crew to activate the airframe ice protection system; or 

(b) A definition of visual cues for recognition of the first sign of ice accretion on 
a specified surface combined with an advisory ice detection system that 
alerts the flight crew to activate the airframe ice protection system; or 

(c) Identification of conditions conducive to airframe icing as defined by an 
appropriate static or total air temperature and visible moisture for use by 
the flight crew to activate the airframe ice protection system. 

A1.2.3.3 The following guidance should be used to determine the ice accretion on 
the unprotected and protected aerodynamic surfaces before activation and 
normal system operation of the ice protection system. 

a. If the ice protection system activates automatically after annunciation 
from a primary ice detection system, the assumed ice accretion should 
take into account the time it takes for automatic activation of the ice 
protection system and the time it takes for the system to perform its 
intended function. The assumed ice accretion can be determined as 
follows:  

i. The ice accretion on the protected surfaces corresponding to 
the time between entry into the icing conditions and activation 
of the system, plus 

ii. The ice accretion during the system response time.  

b. If ice protection system activation depends on pilot action following 
annunciation from a primary ice detection system, the assumed ice 
accretion should take into account flight crew delays in activating the 
ice protection system and the time it takes for the system to perform 
its intended function. The assumed ice accretion can be determined 
as follows:  

i. The ice accretion corresponding to the time between entry into 
the icing conditions and annunciation from the primary ice 
detection system, plus 

ii. The ice accretion corresponding to 10 additional seconds of 
operation in icing conditions, plus 

iii. The ice accretion during the system response time.  

c. If ice protection system activation depends on the flight crew visually 
recognizing the first indication of ice accretion on a reference surface 
(for example, an ice accretion probe) combined with an advisory ice 
detection system, the assumed ice accretion should take into account 
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flight crew delays in detecting the accreted ice and in activating the 
ice protection system, and the time it takes for the system to perform 
its intended function. This may be determined as follows:  

i. The ice accretion that would be easily recognizable by the flight 
crew under all foreseeable conditions (for example, at night in 
clouds) as it corresponds to the first indication of ice accretion 
on the reference surface, plus 

ii. the ice accretion equivalent to 30 seconds of operation in icing 
conditions, plus 

iii. the ice accreted during the system response time.  

d. If ice protection system activation depends on pilot identification of 
icing conditions (as defined by an appropriate static or total air 
temperature in combination with visible moisture conditions) with or 
without an advisory ice detector, the assumed ice accretion should 
take into account flight crew delays in recognizing the presence of 
icing conditions and flight crew delays in activating the ice protection 
system, and the time it takes for the system to perform its intended 
function. This may be determined as follows:  

i. the ice accretion equivalent to 30 seconds of operation in icing 
conditions, plus 

ii. the ice accretion during the system response time. 

A1.3 Ice Protection System Failure Cases. 

A1.3.1 Unprotected parts. The same accretion as in paragraph A1.2.1 is applicable. 

A1.3.2 Protected parts following system failure. "Failure Ice" is defined as follows: 

A1.3.2.1 In the case where the failure condition is not annunciated, the ice accretion on 
normally protected parts where the ice protection system has failed should be the 
same as the accretion specified for unprotected parts. 

A1.3.2.2 In the case where the failure condition is annunciated and the associated 
procedure does not require the aeroplane to exit icing conditions, the ice accretion 
on normally protected parts where the ice protection system has failed should be 
the same as the accretion specified for unprotected parts. 

A1.3.2.3 In the case where the failure condition is annunciated and the associated 
procedure requires the aeroplane to exit icing conditions as soon as possible, the 
ice accretion on normally protected parts where the ice protection has failed, 
should be taken as one-half of the accretion specified for unprotected parts unless 
another value is agreed by the Agency. 

A1.4 Additional guidance for Appendix O ice accretions. 

A1.4.1 Ice Accretion in Appendix O Conditions Before those Conditions Have Been Detected by 
the Flight crew.  

This ice accretion, defined as pre-detection ice in Appendix O, part II(b)(5), refers to the 
ice accretion existing at the time the flight crew become aware that they are in Appendix 
O icing conditions and have taken action to begin exiting from all icing conditions.  
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a.  Both direct entry into Appendix O icing conditions and entry into Appendix O icing 
conditions from flight in Appendix C icing conditions should be considered.  

b.  The time that the applicant should assume it will take to detect Appendix O icing 
conditions exceeding those for which the aeroplane is certified should be based on 
the means of detection. AMC 25.1419 and AMC 25.1420 provide guidance for 
certifying the detection means. In general, the Agency expects that the time to 
detect exceedance icing conditions may be significantly longer for a detection 
means relying on the flight crew seeing and recognizing a visual icing cue than it is 
for an ice detection system that provides an attention-getting alert to the flight 
crew. 

c.  Visual detection requires time for accumulation on the reference surface(s) of 
enough ice to be reliably identified by either pilot in all atmospheric and lighting 
conditions. Time between pilot scans of reference surface(s) should be considered. 

i.  The amount of ice needed for reliable identification is a function of the 
distinguishing characteristics of the ice (for example, size, shape, contrast 
compared to the surface feature that it is adhered to), the distance from the 
pilots (for example, windshield vs. engine vs. wingtip), and the relative 
ǾƛŜǿƛƴƎ ŀƴƎƭŜ όƭƻŎŀǘƛƻƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǇƛƭƻǘǎΩ ǇǊƛƳŀǊȅ ŦƛŜƭŘǎ ƻŦ ǾƛŜǿύΦ 

ii.  Pilot scan time of the reference surface(s) will be influenced by many factors. 
Such factors include phase of flight, workload, frequency of occurrence of 
Appendix O conditions, pilot awareness of the possibility of supercooled 
large drop conditions, and ease of seeing the reference surface(s). The 
infrequency of Appendix O conditions (approximately 1 in 100 to 1 in 1 000, 
on average in all worldwide icing encounters) and the high workload 
associated with some phases of flight in instrument conditions (for example, 
approach and landing) justify using a conservative estimate for the time 
between pilot scans. 

iii.  In the absence of specific studies or tests validating visual detection times, 
the following times should be used for visual detection of exceedance icing 
conditions following accumulation of enough ice to be reliably identified by 
either pilot in all atmospheric and lighting conditions: 

1.  For a visual reference located on or immediately outside a cockpit 
window (for example, ice accretions on side windows, windshield 
wipers, or icing probe near the windows) ς 3 minutes. 

2.  For a visual reference located on a wing, wing 
mounted engine, or wing tip ς 5 minutes. 

A1.4.2 Ice Accretions for Encounters with Appendix O Conditions Beyond those in Which the 
Aeroplane is Certified to Operate. 

a.  Use the ice accretions in Table 1, below, to evaluate compliance with the applicable 
CS-25 subpart B requirements for operating safely after encountering Appendix O 
atmospheric icing conditions for which the aeroplane is not approved, and then 
safely exiting all icing conditions.  

b.  The ice accretions of Table 1 apply when the aeroplane is not certified for flight in 
any portion of Appendix O atmospheric icing conditions, when the aeroplane is 
certified for flight in only a portion of Appendix O conditions, and for any flight 
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phase for which the aeroplane is not certified for flight throughout the Appendix O 
icing envelope.  

c.  Table 1 shows the scenarios to be used for determining ice accretions for 
certification testing of encounters with Appendix O conditions beyond those in 
which the aeroplane is certified to operate (for detecting and exiting those 
conditions):  

Table 1 

Flight Phase/Condition - Appendix O Detect-and-Exit Ice Accretion 

Ground Roll No accretion 

Take-off No accretion1 

Final Take-off No accretion1 

En Route En Route Detect-and-Exit Ice 
Combination of:  
(1) either Appendix C en route ice or Appendix O en route ice for which 
approval is sought, whichever is applicable,  
(2) pre-detection ice,  
(3) accretion from one standard cloud horizontal extent (32.2 km (17.4 
nautical miles)) in Appendix O conditions for which the aeroplane is not 
approved, and  
(4) accretion from one standard cloud horizontal extent (32.2 km (17.4 
nautical miles)) in Appendix C continuous maximum icing conditions. 

Holding Holding Detect-and-Exit Ice 
Combination of:  
(1) either Appendix C holding ice or Appendix O holding ice for which approval 
is sought, whichever is applicable,  
(2) pre-detection ice,  
(3) accretion from one standard cloud horizontal extent (32.2 km (17.4 
nautical miles)) in Appendix O conditions for which the aeroplane is not 
approved, and  
(4) accretion from one standard cloud horizontal extent (32.2 km (17.4 
nautical miles)) in Appendix C continuous maximum icing conditions.  
The total time in icing conditions need not exceed 45 minutes. 

Approach Approach Detect-and-Exit Ice 
The more critical of holding detect-and-exit ice or the combination of:  
(1) ice accreted during a descent in the cruise configuration from the 
maximum vertical extent of the Appendix C continuous maximum icing 
conditions or the Appendix O icing environment for which approval is sought, 
whichever is applicable, to 610 m (2 000 feet) above the landing surface, 
where transition to the approach configuration is made,  
(2) pre-detection ice, and  
(3) ice accreted at 610 m (2 000 feet) above the landing surface while 
transiting one standard cloud horizontal extent (32.2 km (17.4 nautical miles)) 
in Appendix O conditions for which the aeroplane is not approved and one 
standard cloud horizontal extent (32.2 km (17.4 nautical miles)) in Appendix C 
continuous maximum icing conditions. 

Landing Landing Detect-and-Exit Ice 
The more critical of holding detect-and-exit ice or the combination of:  
(1) either Appendix C or Appendix O approach and landing ice for which 
approval is sought, whichever is applicable,  
(2) pre-detection ice, and  
(3) ice accreted during an exit maneuver beginning with the minimum climb 
gradient specified in CS 25.119 from a height of 61 m (200 feet) above the 
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Flight Phase/Condition - Appendix O Detect-and-Exit Ice Accretion 

landing surface and transiting through one standard cloud horizontal extent 
(32.2 km (17.4 nautical miles)) in Appendix O conditions for which the 
aeroplane is not approved, and one standard cloud horizontal extent (32.2 km 
(17.4 nautical miles)) in Appendix C continuous maximum icing conditions. 
For the purposes of defining the landing detect-and-exit ice shape, the 
Appendix C approach and landing ice is defined as the ice accreted during: 
1. a descent in the cruise configuration from the maximum vertical extent 

of the Appendix C continuous maximum icing environment to 610 m 
(2 000 feet) above the landing surface,  

2. a transition to the approach configuration and manoeuvring for 15 
minutes at 610 m (2 000 feet) above the landing surface, and 

3. a descent from 610 m (2 000 feet) to 61 m (200 feet) above the landing 
surface with a transition to the landing configuration. 

Ice Accretion Before the Ice 
Protection System Has 
Been Activated and is 
Performing its Intended 
Function 

Ice accreted on protected and unprotected surfaces during the time it takes 
for icing conditions (either Appendix C or Appendix O) to be detected, the ice 
protection system to be activated, and the ice protection system to become 
fully effective in performing its intended function. 

Ice Accretion in Appendix O 
Conditions Before Those 
Conditions Have Been 
Detected by the Flight crew 
and Actions Taken, in 
Accordance With the AFM, 
to Either Exit All Icing 
Conditions or Continue 
Flight in Appendix O Icing 
Conditions 

Ice accreted on protected and unprotected surfaces during:  
4. the time it takes to detect and identify Appendix O conditions (based 

on the method of detection) beyond those in which the aeroplane is 
certified to operate, and  

5. the time it takes the flight crew to refer to and act on procedures, 
including coordinating with Air Traffic Control, to exit all icing 
conditions. 

6. a minimum time period of two minutes should be used as the time 
needed for the flight crew to refer to and act on the procedures to exit 
all icing conditions after the Appendix O icing conditions are 
recognised. 

Failures of the Ice 
Protection System 

No accretion2 

Notes: 

1  Intentional flight, including Take-off, is not permitted into Appendix O conditions beyond those 
in which the aeroplane is certified to operate. 

2  It is not necessary to consider an unintentional encounter with Appendix O icing conditions 
beyond those in which the aeroplane is certified to operate while operating with a failed ice 
protection system. 

A1.4.3 Ice Accretions for Encounters with Appendix O Atmospheric Icing Conditions in Which 
the Aeroplane is Certified to Operate. 

a.  The applicant should use the ice accretions in Table 2 to evaluate compliance with 
the applicable CS-25 subpart B requirements for operating safely in the Appendix 
O atmospheric icing conditions for which approval is sought. 

b.  The decision about which ice accretions to use should include consideration of 
combinations of Appendix C and Appendix O icing conditions within the scenarios 
defined in paragraph A1.4.3(c) of this appendix. For example, flight in Appendix O 
conditions may result in ice accumulating, and potentially forming a ridge, behind 
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a protected surface. Once this accretion site has been established, flight in 
Appendix C icing conditions for the remaining portion of the applicable flight phase 
scenario may result in a more critical additional accretion than would occur for 
continued flight in Appendix O icing conditions. 

c.  Table 2 shows the scenarios the applicant should use for determining ice accretions 
for certification for flight in the icing conditions of Appendix O to CS-25. 

Table 2 

Flight Phase/Condition Appendix O Ice Accretion 

Ground Roll  No accretion 

Take-off Take-off Ice 
Ice accretion occurring between the end of the take-off distance and 122 m 
(400 feet) above the take-off surface assuming ice accretion starts at the end 
of the take-off distance. 

Final Take-off Final Take-off Ice 
Ice accretion occurring between a height of 122 m (400 ft) above the take-off 
surface and the height at which the transition to the en-route configuration 
and speed is completed, or 457 m (1 500 feet) above the take-off surface, 
whichever is higher, assuming ice accretion starts at the end of the take-off 
distance. 

En Route En Route Ice 
Ice accreted during the en route phase of flight. 

Holding Holding Ice 
Ice accreted during a 45-minute hold with no reduction for horizontal cloud 
extent (that is, the hold is conducted entirely within the 32.2 km (17.4 
nautical mile) standard cloud extent). 

Approach Approach Ice 
More critical ice accretion of:  
(1) Ice accreted during a descent in the cruise configuration from the 
maximum vertical extent of the Appendix O icing environment to 610 m 
(2 000 feet) above the landing surface, followed by: 
7. transition to the approach configuration and  

8. manoeuvring for 15 minutes at 610 m (2 000 feet) above the landing 
surface;  

or  
(2) Holding ice (if the aeroplane is certified for holding in Appendix O 
conditions). 

Landing Landing Ice 
More critical ice accretion of:  
(1) Approach ice plus ice accreted during descent from 610 m (2 000 feet) 
above the landing surface to 61 m (200 feet) above the landing surface with: 
9. a transition to the landing configuration, followed by  

10. a go-around manoeuvre beginning with the minimum climb gradient 
specified in CS 25.119 from 61 m (200 feet) to 610 m (2 000 feet) 
above the landing surface, and  

11. holding for 15 minutes at 610 m (2 000 feet) above the landing 
surface in the approach configuration, and  

12. a descent to the landing surface in the landing configuration,  

or  
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Flight Phase/Condition Appendix O Ice Accretion 

(2) Holding ice (if the aeroplane is certified for holding in Appendix O 
conditions). 

Ice Accretion Before the Ice 
Protection System has been 
Activated and is Performing 
its Intended Function 

Ice accreted during the time it takes for the flight crew to recognise icing 
conditions and activate the ice protection system, plus the time for the ice 
protection system to perform its intended function. 

Ice Accretion in Appendix O 
Conditions Before those 
Conditions have been 
Detected by the Flight crew 
and Actions Taken, in 
Accordance With the AFM, 
to Either Exit All Icing 
Conditions or Continue 
Flight in Appendix O Icing 
Conditions 

Ice accreted during the time it takes for the flight crew to detect Appendix O 
conditions and refer to and initiate associated procedures, and any time it 
takes for systems to perform their intended functions (if applicable). Pre-
detection ice need not be considered if there are no specific crew actions or 
systems changes associated with flight in Appendix O conditions. 

Failures of the Ice Protection 
System 

Same criteria as for Appendix C (see paragraph A1.3 of this appendix), but in 
Appendix O conditions. 

[Amdt 25/3] 
[Amdt 25/16] 
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Appendix 2 ς Artificial Ice Shapes 
ED Decision 2015/008/R 

A2.1 General. 

A2.1.1 The artificial ice shapes used for flight testing should be those which have the most 
adverse effects on handling characteristics. If analytical data show that other reasonably 
expected ice shapes could be generated which could produce higher performance 
decrements, then the ice shape having the most adverse effect on handling 
characteristics may be used for performance tests provided that any difference in 
performance can be conservatively taken into account.  

A2.1.2 The artificial shapes should be representative of natural icing conditions in terms of 
location, general shape, thickness and texture. Following determination of the form and 
surface texture of the ice shape under paragraph A2.2, a surface roughness for the shape 
should be agreed with the Agency as being representative of natural ice accretion. 

A2.1.3 "Sandpaper Ice" is addressed in paragraph A2.3. 

A2.2 Shape and Texture of Artificial Ice. 

A2.2.1 The shape and texture of the artificial ice should be established and substantiated by 
agreed methods. Common practices include: 

- use of computer codes, 

- flight in measured natural icing conditions, 

- icing wind tunnel tests, and  

- flight in a controlled simulated icing cloud (e.g. from an icing tanker). 

A2.2.2 In absence of another agreed definition of texture the following may be used: 

- roughness height:  3 mm 

- particle density:  8 to 10/cm² 

A2.3 "Sandpaper Ice." 

A2.3.1 "Sandpaper Ice" is the most critical thin, rough layer of ice. Any representation of 
"Sandpaper Ice" (e.g. carborundum paper no. 40) should be agreed by the Agency. 

A2.3.2 Because sandpaper ice must be considered in the basic icing certification within the 
Appendix C environmental icing envelope, it does not need to be considered for 
certification of flight in Appendix O icing conditions. 

A2.3.3 The spanwise and chordwise coverage should be consistent with the areas of ice 
accretion determined for the conditions of CS-25, Appendix C except that, for the zero g 
pushover manoeuvre of paragraph 6.9.4 of this AMC, the "Sandpaper Ice" may be 
restricted to the horizontal stabiliser if this can be shown to be conservative. 

[Amdt 25/3] 
[Amdt 25/16] 
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Appendix 3 ς Design Features 
ED Decision 2015/008/R 

A3.1 Aeroplane Configuration and Ancestry. An important design feature of an overall aeroplane 
configuration that can affect performance, controllability and manoeuvrability is its size. In 
addition, the safety record of the aeroplane's closely-related ancestors may be taken into 
consideration. 

A3.1.1 Size. The size of an aeroplane determines the sensitivity of its flight characteristics to ice 
thickness and roughness. The relative effect of a given ice height (or ice roughness height) 
decreases as aeroplane size increases. 

A3.1.2 Ancestors. If a closely related ancestor aeroplane was certified for flight in icing 
conditions, its safety record may be used to evaluate its general arrangement and 
systems integration. 

A3.2 Wing. Design features of a wing that can affect performance, controllability, and 
manoeuvrability include aerofoil type, leading edge devices and stall protection devices. 

A3.2.1 Aerofoil. Aerodynamic effects of ice accretions result mainly from the effects of the ice 
accretion on the behaviour of the aerofƻƛƭΩǎ ōƻǳƴŘŀǊȅ ƭŀȅŜǊΦ ¢ƘŜ ōƻǳƴŘŀǊȅ ƭŀȅŜǊ ƛǎ ǘƘŜ 
layer of air close to the surface of the aerofoil that is moving across the aerofoil at a 
velocity lower than the freestream velocity, that is, the velocity of the aerofoil. Ice 
accretions that occur in areas favourable to keeping the boundary layer attached to the 
aircraft surface will result in effects that are less aerodynamically adverse than ice 
accretions that occur in areas less favourable to attached boundary layer conditions. Ice 
shapes that build up in areas of local airflow deceleration (positively increasing surface 
pressure), or result in conditions unfavourable to keeping attached flow conditions, as 
the airflow negotiates the ice surface, will result in the most adverse effects. 

A3.2.2 Leading Edge Device. The presence of a leading edge device (such as a slat) reduces the 
percentage decrease in CLMAX due to ice by increasing the overall level of CL. Gapping the 
slat may improve the situation further. Leading edge devices can also reduce the loss in 
angle of attack at stall due to ice. 

A3.2.3 Stall Protection Device. An aeroplane with an automatic slat-gapping device may 
generate a greater CLMAX with ice than the certified CLMAX with the slat sealed and a non-
contaminated leading edge. This may provide effective protection against degradation in 
stall performance or characteristics. 

A3.2.4 Lateral Control. The effectiveness of the lateral control system in icing conditions can be 
evaluated by comparison with closely related ancestor aeroplanes. 

A3.3 Empennage. The effects of size and aerofoil type also apply to the horizontal and vertical tails. 
Other design features include tailplane sizing philosophy, aerofoil design, trimmable stabiliser, 
and control surface actuation. Since tails are usually not equipped with leading edge devices, 
the effects of ice on tail aerodynamics are similar to those on a wing with no leading edge 
devices. However, these effects usually result in changes to aeroplane handling and/or control 
characteristics rather than degraded performance. 

A3.3.1 Tail Sizing. The effect on aeroplane handling characteristics depends on the tailplane 
design philosophy. The tailplane may be designed and sized to provide full functionality 
in icing conditions without ice protection, or it may be designed with a de-icing or anti-
icing system. 
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A3.3.2 Horizontal Stabiliser Design. Cambered aerofoils and trimmable stabilisers may reduce 
the susceptibility and consequences of elevator hinge moment reversal due to ice-
induced tailplane stall. 

A3.3.3 Control Surface Actuation. Hydraulically powered irreversible elevator controls are not 
affected by ice-induced aerodynamic hinge moment reversal. 

A3.3.4 Control Surface Size. For mechanical elevator controls, the size of the surface significantly 
affects the control force due to an ice-induced aerodynamic hinge moment reversal. 
Small surfaces are less susceptible to control difficulties for given hinge moment 
coefficients. 

A3.3.5 Vertical Stabiliser Design. The effectiveness of the vertical stabiliser in icing conditions 
can be evaluated by comparison with closely-related ancestor aeroplanes. 

A3.4 Aerodynamic Balancing of Flight Control Surfaces. The aerodynamic balance of unpowered or 
boosted reversible flight control surfaces is an important design feature to consider. The design 
should be carefully evaluated to account for the effects of ice accretion on flight control system 
hinge moment characteristics. Closely balanced controls may be vulnerable to overbalance in 
icing. The effect of ice in front of the control surface, or on the surface, may upset the balance 
of hinge moments leading to either increased positive force gradients or negative force 
gradients. 

A3.4.1 This feature is particularly important with respect to lateral flight control systems when 
large aileron hinge moments are balanced by equally large hinge moments on the 
opposite aileron. Any asymmetric disturbance in flow which affects this critical balance 
can lead to a sudden uncommanded deflection of the control. This auto deflection, in 
extreme cases, may be to the control stops. 

A3.5 Ice Protection/Detection System. The ice protection/detection system design philosophy may 
include design features that reduce the ice accretion on the wing and/or tailplane. 

A3.5.1 Wing Ice Protection/Detection. A primary ice detection system that automatically 
activates a wing de-icing or anti-icing system may ensure that there is no significant ice 
accretion on wings that are susceptible to performance losses with small amounts of ice. 

A3.5.1.1 If the wing leading edge is not entirely protected, the part that is protected may 
be selected to provide good handling characteristics at stall, with an acceptable 
performance degradation. 

A3.5.2 Tail Ice Protection/Detection. A primary ice detection system may automatically activate 
a tailplane de-icing or anti-icing system on aeroplanes that do not have visible cues for 
system operation. 

A3.5.2.1 An ice protection system on the unshielded aerodynamic balances of aeroplanes 
with unpowered reversible controls can reduce the risk of ice-induced 
aerodynamic hinge moment reversal. 

[Amdt 25/3] 
[Amdt 25/16] 
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Appendix 4 ς Examples of Aeroplane Flight Manual Limitations and 
Operating Procedures for Operations in Supercooled Large Drop 
Icing Conditions 

ED Decision 2015/008/R 

A4.1  Aeroplane approved for flight in Appendix C icing conditions but not approved for flight in 
Appendix O icing conditions. 

a.  AFM Limitations. 

Intentional flight, including take-off and landing, into supercooled large drop (SLD) icing 
conditions, which includes freezing drizzle or freezing rain, is prohibited. If freezing drizzle 
or freezing rain conditions are encountered, or if [insert cue description here], 
immediately request priority handling from air traffic control to facilitate a route or 
altitude change to exit all icing conditions. Stay clear of all icing conditions for the 
remainder of the flight, including landing, unless it can be determined that ice accretions 
no longer remain on the airframe. 

b.  AFM Operating Procedures (Normal Procedures Section). 

Freezing drizzle and freezing rain conditions are severe icing conditions for this aeroplane. 
Intentional flight, including take-off and landing, into freezing drizzle or freezing rain 
conditions is prohibited. A flight delay or diversion to an alternate airport is required if 
these conditions exist at the departure or destination airports. 

[insert cue description here] is one indication of severe icing for this aeroplane. If severe 
icing is encountered, immediately request priority handling from air traffic control to 
facilitate a route or altitude change to exit all icing conditions. Stay clear of all icing 
conditions for the remainder of the flight, including landing, unless it can be determined 
that ice accretions no longer remain on the airframe. 

c.  Flight Crew Operating Manual Operating Procedures. 

Warning: Hazardous icing effects may result from environmental conditions outside of 
those for which this aeroplane is certified. Flight into unapproved icing conditions may 
result in ice build-up on protected surfaces exceeding the capability of the ice protection 
system, or in ice forming aft of the protected surfaces. This ice might not be shed when 
using the ice protection systems, and may seriously degrade performance and 
controllability of the aeroplane. 

Operations in icing conditions were evaluated as part of the certification process for this 
aeroplane. Freezing drizzle and freezing rain conditions were not evaluated and are 
considered severe icing conditions for this aeroplane. 

Intentional flight, including take-off and landing, into freezing drizzle or freezing rain 
conditions is prohibited. A flight delay or diversion to an alternate airport is required if 
these conditions exist at the departure or destination airports. [insert cue description 
here] is an indication of severe icing conditions that exceed those for which this aeroplane 
is certified. If severe icing is encountered, immediately request priority handling from air 
traffic control to facilitate a route or altitude change to exit all icing conditions. Stay clear 
of all icing conditions for the remainder of the flight, including landing, unless it can be 
determined that ice accretions no longer remain on the airframe. 

A4.2.  Aeroplane approved for flight in Appendix C icing conditions and freezing drizzle conditions of 
Appendix O but not approved for flight in freezing rain conditions of Appendix O. 
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a.  AFM Limitations. 

Intentional flight, including take-off and landing, into freezing rain conditions is 
prohibited. If freezing rain conditions are encountered, or if [insert cue description here], 
immediately request priority handling from air traffic control to facilitate a route or 
altitude change to exit all icing conditions. Stay clear of all icing conditions for the 
remainder of the flight, including landing, unless it can be determined that ice accretions 
no longer remain on the airframe. 

b.  AFM Operating Procedures (Normal Procedures Section). 

Freezing rain conditions are severe icing conditions for this aeroplane. Intentional flight, 
including take-off and landing, into freezing rain conditions is prohibited. A flight delay or 
diversion to an alternate airport is required if these conditions exist at the departure or 
destination airports. 

[insert cue description here] is one indication of severe icing for this aeroplane. If severe 
icing is encountered, immediately request priority handling from air traffic control to 
facilitate a route or altitude change to exit all icing conditions. Stay clear of all icing 
conditions for the remainder of the flight, including landing, unless it can be determined 
that ice accretions no longer remain on the airframe. 

c.  Flight Crew Operating Manual Operating Procedures. 

Warning: Hazardous icing effects may result from environmental conditions outside of 
those for which this aeroplane is certified. Flight into unapproved icing conditions may 
result in ice build-up on protected surfaces exceeding the capability of the ice protection 
system, or may result in ice forming aft of the protected surfaces. This ice might not be 
shed when using the ice protection systems, and may seriously degrade the performance 
and controllability of the aeroplane. 

Operations in icing conditions, including freezing drizzle, were evaluated as part of the 
certification process for this aeroplane. Freezing rain conditions were not evaluated and 
are considered severe icing conditions for this aeroplane. 

Intentional flight, including take-off and landing, into freezing rain conditions is 
prohibited. A flight delay or diversion to an alternate airport is required if these 
conditions exist at the departure or destination airports. [insert cue description here] is 
an indication of severe icing conditions that exceed those for which this aeroplane is 
certified. If severe icing is encountered, immediately request priority handling from air 
traffic control to facilitate a route or altitude change to exit all icing conditions. Stay clear 
of all icing conditions for the remainder of the flight, including landing, unless it can be 
determined that ice accretions no longer remain on the airframe. 

A4.3  Aeroplane approved for flight in Appendix C and Appendix O icing conditions except for en route 
and holding flight phases in Appendix O icing conditions. 

a.  AFM Limitations. 

Intentional holding or en route flight into freezing drizzle or freezing rain conditions is 
prohibited. If freezing drizzle or freezing rain conditions are encountered during a hold 
(in any aeroplane configuration) or in the en route phase of flight (climb, cruise, or 
descent with high lift devices and gear retracted), or if [insert cue description here], 
immediately request priority handling from air traffic control to facilitate a route or 
altitude change to exit all icing conditions. Stay clear of all icing conditions for the 
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remainder of the flight, including landing, unless it can be determined that ice accretions 
no longer remain on the airframe. 

b.  AFM Operating Procedures (Normal Procedures Section). 

Freezing drizzle and freezing rain conditions encountered during a hold (in any aeroplane 
configuration) or in the en route phase of flight (climb, cruise, or descent with high lift 
devices and gear retracted) are severe icing conditions for this aeroplane. Intentional 
holding or en route flight into freezing drizzle or freezing rain conditions is prohibited. 

[insert cue description here] is one indication of severe icing for this aeroplane. If severe 
icing is encountered, immediately request priority handling from air traffic control to 
facilitate a route or altitude change to exit all icing conditions. Stay clear of all icing 
conditions for the remainder of the flight, including landing, unless it can be determined 
that ice accretions no longer remain on the airframe. 

c.  Flight Crew Operating Manual Operating Procedures. 

Warning: Hazardous icing effects may result from environmental conditions outside of 
those for which this aeroplane is certified. Flight into unapproved icing conditions may 
result in ice build-up on protected surfaces exceeding the capability of the ice protection 
system, or in ice forming aft of the protected surfaces. This ice might not be shed when 
using the ice protection systems, and may seriously degrade the performance and 
controllability of the aeroplane. 

Operations in icing conditions were evaluated as part of the certification process for this 
aeroplane. En route (climb, cruise, and descent with high lift devices and gear retracted) 
and holding flight (in any aeroplane configuration) in freezing drizzle and freezing rain 
conditions were not evaluated and are considered severe icing conditions for this 
aeroplane. 

Intentional holding or en route flight into freezing drizzle or freezing rain conditions is 
prohibited. [insert cue description here] is an indication of severe icing conditions that 
exceed those for which the aeroplane is certified. If severe icing is encountered, 
immediately request priority handling from air traffic control to facilitate a route or 
altitude change to exit all icing conditions. Stay clear of all icing conditions for the 
remainder of the flight, including landing, unless it can be determined that ice accretions 
no longer remain on the airframe. 

A4.4  Aeroplane approved for flight in Appendix C icing conditions and a portion of Appendix O icing 
conditions. 

a.  AFM Limitations. 

Intentional flight, including take-off and landing, into [insert pilot usable description here] 
conditions is prohibited. If [insert pilot usable description here] conditions are 
encountered, or if [insert cue description here], immediately request priority handling 
from air traffic control to facilitate a route or altitude change to exit all icing conditions. 
Stay clear of all icing conditions for the remainder of the flight, including landing, unless 
it can be determined that ice accretions no longer remain on the airframe. 

b.  AFM Operating Procedures (Normal Procedures Section). 

[insert pilot usable description here] are severe icing conditions for this aeroplane. 
Intentional flight, including take-off and landing, into [insert pilot usable description here] 
conditions is prohibited. A flight delay or diversion to an alternate airport is required if 
these conditions exist at the departure or destination airports. 
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[insert cue description here] is one indication of severe icing for this aeroplane. If severe 
icing is encountered, immediately request priority handling from air traffic control to 
facilitate a route or altitude change to exit all icing conditions. Stay clear of all icing 
conditions for the remainder of the flight, including landing, unless it can be determined 
that ice accretions no longer remain on the airframe. 

c.  Flight Crew Operating Manual Operating Procedures. 

Warning: Hazardous icing effects may result from environmental conditions outside of 
those for which this aeroplane is certified. Flight into unapproved icing conditions may 
result in ice build-up on protected surfaces exceeding the capability of the ice protection 
system, or may result in ice forming aft of the protected surfaces. This ice may not be 
shed when using the ice protection systems, and may seriously degrade the performance 
and controllability of the aeroplane. 

Operations in icing conditions were evaluated as part of the certification process for this 
aeroplane. [insert pilot usable description here] were not evaluated and are considered 
severe icing conditions for this aeroplane.  

Intentional flight, including take-off and landing, into [insert pilot usable description here] 
is prohibited. A flight delay or diversion to an alternate airport is required if these 
conditions exist at the departure or destination airports. [insert cue description here] is 
an indication of severe icing conditions that exceed those for which this aeroplane is 
certified. If severe icing is encountered, immediately request priority handling from air 
traffic control to facilitate a route or altitude change to exit all icing conditions. Remain 
clear of all icing conditions for the remainder of the flight, including landing, unless it can 
be determined that ice accretions no longer remain on the airframe. 

[Amdt 25/16] 
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Appendix 5 ς Related Acceptable Means of Compliance (AMC) and 
FAA Advisory Circulars (AC) 

ED Decision 2015/008/R 

Acceptable Means of Compliance 

The following AMCs are related to the guidance contained in this AMC: 

AMC 25.1309, System Design and Analysis 

AMC N°. 1 to CS 25.1329, Flight Guidance System 

AMC N°. 2 to CS 25.1329, Flight testing of Flight Guidance Systems 

AMC 25.1419, Ice Protection 

AMC 25.1420, Supercooled large drop icing conditions 

Advisory Circulars 

The following FAA ACs are related to the guidance contained in this AMC.  

AC 20-73A, Aircraft Ice Protection 

[Amdt 25/16] 
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Appendix 6 ς Acronyms and definitions  
ED Decision 2015/008/R 

AC Advisory Circular 

AFM Aeroplane Flight Manual 

ATTCS Automatic Takeoff Thrust Control System 

FAA Federal Aviation Administration 

ICTS  Ice-Contaminated Tailplane Stall. 

LWC Liquid Water Content 

MED Mean Effective Diameter 

MVD Median Volume Diameter 

CL Lift Coefficient 

CLMAX Maximum Lift Coefficient 

Trim A flight condition in which the aerodynamic moment acting about the axis of interest is zero. In 
the absence of an external disturbance no control input is needed to maintain the flight 
condition.  

[Amdt 25/16] 

CS 25.23 Load distribution limits 
ED Decision 2003/2/RM  

(a) Ranges of weights and centres of gravity within which the aeroplane may be safely operated 
must be established. If a weight and centre of gravity combination is allowable only within 
certain load distribution limits (such as spanwise) that could be inadvertently exceeded, these 
limits and the corresponding weight and centre of gravity combinations must be established. 

(b) The load distribution limits may not exceed ς  

(1) The selected limits; 

(2) The limits at which the structure is proven; or 

(3) The limits at which compliance with each applicable flight requirement of this Subpart is 
shown. 

CS 25.25 Weight Limits 
ED Decision 2003/2/RM  

(a) Maximum weights. Maximum weights corresponding to the aeroplane operating conditions 
(such as ramp, ground taxi, take-off, en-route and landing) environmental conditions (such as 
altitude and temperature), and loading conditions (such as zero fuel weight, centre of gravity 
position and weight distribution) must be established so that they are not more than ς  

(1) The highest weight selected by the applicant for the particular conditions; or 

(2) The highest weight at which compliance with each applicable structural loading and flight 
requirement is shown. 

(3) The highest weight at which compliance is shown with the noise certification 
requirements. 

(b) Minimum weight. The minimum weight (the lowest weight at which compliance with each 
applicable requirement of this CS-25 is shown) must be established so that it is not less than ς  

(1) The lowest weight selected by the applicant; 
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(2) The design minimum weight (the lowest weight at which compliance with each structural 
loading condition of this CS-25 is shown); or 

(3) The lowest weight at which compliance with each applicable flight requirement is shown. 

CS 25.27 Centre of gravity limits 
ED Decision 2003/2/RM  

The extreme forward and the extreme aft centre of gravity limitations must be established for each 
practicably separable operating condition. No such limit may lie beyond ς  

(a) The extremes selected by the applicant; 

(b) The extremes within which the structure is proven; or 

(c) The extremes within which compliance with each applicable flight requirement is shown. 

CS 25.29 Empty weight and corresponding centre of gravity 
ED Decision 2003/2/RM  

(a) The empty weight and corresponding centre of gravity must be determined by weighing the 
aeroplane with ς  

(1)  Fixed ballast; 

(2) Unusable fuel determined under CS 25.959; and  

(3) Full operating fluids, including ς 

(i) Oil; 

(ii) Hydraulic fluid; and 

(iii) Other fluids required for normal operation of aeroplane systems, except potable 
water, lavatory pre-charge water, and fluids intended for injection in the engine. 

(b) The condition of the aeroplane at the time of determining empty weight must be one that is 
well defined and can be easily repeated. 

CS 25.31 Removable ballast 
ED Decision 2003/2/RM  

Removable ballast may be used in showing compliance with the flight requirements of this Subpart.  

CS 25.33 Propeller speed and pitch limits 
ED Decision 2003/2/RM  

(a) The propeller speed and pitch must be limited to values that will ensure ς  

(1) Safe operation under normal operating conditions; and 

(2)Compliance with the performance requirements in CS 25.101 to 25.125. 

(b) There must be a propeller speed limiting means at the governor. It must limit the maximum 
possible governed engine speed to a value not exceeding the maximum allowable rpm. 

(c) The means used to limit the low pitch position of the propeller blades must be set so that the 
engine does not exceed 103% of the maximum allowable engine rpm or 99% of an approved 
maximum overspeed, whichever is greater, with ς 
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(1) The propeller blades at the low pitch limit and governor inoperative; 

(2) The aeroplane stationary under standard atmospheric conditions with no wind; and 

(3) The engines operating at the maximum take-off torque limit for turbopropeller engine-
powered aeroplanes. 
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PERFORMANCE 

CS 25.101 General 
ED Decision 2006/005/R  

(a) Unless otherwise prescribed, aeroplanes must meet the applicable performance requirements 
of this Subpart for ambient atmospheric conditions and still air. 

(b) The performance, as affected by engine power or thrust, must be based on the following 
relative humidities: 

(1) 80%, at and below standard temperatures; and  

(2) 34%, at and above standard temperatures plus 28°C (50°F). 

Between these two temperatures, the relative humidity must vary linearly.  

(c) The performance must correspond to the propulsive thrust available under the particular 
ambient atmospheric conditions, the particular flight condition, and the relative humidity 
specified in sub-paragraph (b) of this paragraph. The available propulsive thrust must 
correspond to engine power or thrust, not exceeding the approved power or thrust, less ς 

(1) Installation losses; and 

(2) The power or equivalent thrust absorbed by the accessories and services appropriate to 
the particular ambient atmospheric conditions and the particular flight condition. (See 
AMCs No 1 and No 2 to CS 25.101(c).) 

(d) Unless otherwise prescribed, the applicant must select the take-off, en-route, approach, and 
landing configuration for the aeroplane. 

(e) The aeroplane configurations may vary with weight, altitude, and temperature, to the extent 
they are compatible with the operating procedures required by sub-paragraph (f) of this 
paragraph. 

(f) Unless otherwise prescribed, in determining the accelerate-stop distances, take-off flight paths, 
take-ƻŦŦ ŘƛǎǘŀƴŎŜǎΣ ŀƴŘ ƭŀƴŘƛƴƎ ŘƛǎǘŀƴŎŜǎΣ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ŎƻƴŦƛƎǳǊŀǘƛon, speed, 
power, and thrust, must be made in accordance with procedures established by the applicant 
for operation in service. 

(g) Procedures for the execution of balked landings and missed approaches associated with the 
conditions prescribed in CS 25.119 and 25.121(d) must be established. 

(h) The procedures established under sub-paragraphs (f) and (g) of this paragraph must ς 

(1) Be able to be consistently executed in service by crews of average skill, 

(2) Use methods or devices that are safe and reliable, and 

(3) Include allowance for any time delays in the execution of the procedures, that may 
reasonably be expected in service. (See AMC 25.101(h)(3).) 

(i) The accelerate-stop and landing distances prescribed in CS 25.109 and 25.125, respectively, 
must be determined with all the aeroplane wheel brake assemblies at the fully worn limit of 
their allowable wear range. (See AMC 25.101(i).) 

[Amdt 25/2] 
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AMC 25.101 General 
ED Decision 2003/2/RM  

The test aeroplane used in the determination of the scheduled performance should be in a condition 
which, as far as is reasonably possible, is representative of the average new production aeroplane. 
Where the test aeroplane differs from this standard (e.g. with regard to engine idle thrust settings, 
flap rigging, etc.) it will be necessary to correct the measured performance for any significant 
performance effects of such differences.  

AMC No. 1 to CS 25.101(c) Extrapolation of Performance with 
Weight 

ED Decision 2003/2/RM  

The variation of take-off, climb and landing performance with weight may be extrapolated without 
conservatism to a weight greater, by up to 10%, than the maximum weight tested and to a weight 
lower, by up to 10%, than the lowest weight tested. These ranges may not be applicable if there are 
significant discontinuities, or unusual variations, in the scheduling of the relevant speeds with weight, 
in the weight ranges covered by extrapolation.  

AMC No. 2 to CS 25.101(c) General 
ED Decision 2003/2/RM  

1 GENERAL - CS 25.101  

1.1 Explanation - Propulsion System Behaviour. CS 25.101(c) requires that aeroplane 
άǇŜǊŦƻǊƳŀƴŎŜ Ƴǳǎǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ǇǊƻǇǳƭǎƛǾŜ ǘƘǊǳǎǘ ŀǾŀƛƭŀōƭŜ ǳƴŘŜǊ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ 
ambient aǘƳƻǎǇƘŜǊƛŎ ŎƻƴŘƛǘƛƻƴǎΣ ǘƘŜ ǇŀǊǘƛŎǳƭŀǊ ŦƭƛƎƘǘ ŎƻƴŘƛǘƛƻƴΣ Φ Φ Φέ ¢ƘŜ ǇǊƻǇǳƭǎƛƻƴ 
ǎȅǎǘŜƳΩǎ όƛΦŜΦΣ ǘǳǊōƛƴŜ ŜƴƎƛƴŜǎ ŀƴŘ ǇǊƻǇŜƭƭŜǊǎΣ ǿƘŜǊŜ ŀǇǇǊƻǇǊƛŀǘŜύ ƛƴǎǘŀƭƭŜŘ ǇŜǊŦƻǊƳŀƴŎŜ 
characteristics are primarily a function of engine power setting, airspeed, propeller 
efficiency (where applicable), altitude, and ambient temperature. The effects of each of 
these variables must be determined in order to establish the thrust available for 
aeroplane performance calculations.  

1.2 Procedures.  

1.2.1 The intent is to develop a model of propulsion system performance that covers the 
approved flight envelope. Furthermore, it should be shown that the combination 
of the propulsion system performance model and the aeroplane performance 
model are validated by the takeoff performance test data, climb performance 
tests, and tests used to determine aeroplane drag. Installed propulsion system 
performance characteristics may be established via the following tests and 
analyses:  

a. Steady-state engine power setting vs. thrust (or power) testing. Engines 
should be equipped with adequate instrumentation to allow the 
determination of thrust (or power). Data should be acquired in order to 
validate the model, including propeller installed thrust, if applicable, over 
the range of power settings, altitudes, temperatures, and airspeeds for 
which approval is sought. Although it is not possible to definitively list or 
foresee all of the types of instrumentation that might be considered 
adequate for determining thrust (or power) output, two examples used in 
past certification programmes are: (1) engine pressure rakes, with engines 
calibrated in a ground test cell, and (2) fan speed, with engines calibrated in 
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a ground test cell and the calibration data validated by the use of a flying 
test bed. In any case, the applicant should substantiate the adequacy of the 
instrumentation to be used for determining the thrust (or power) output.  

b. Lapse rate takeoff testing to characterise the behaviour of power setting, 
rotor speeds, propeller effects (i.e., torque, RPM, and blade angle), or gas 
temperature as a function of time, thermal state, or airspeed, as 
appropriate. These tests should include the operation of an Automatic 
Takeoff Thrust Control System (ATTCS), if applicable, and should cover the 
range of power settings for which approval is sought.  

i. Data for higher altitude power settings may be acquired via overboost 
(i.e., operating at a higher than normal power setting for the 
conditions) with the consent of the engine and propeller (when 
applicable) manufacturer(s). When considering the use of overboost 
on turbopropeller propulsion system installations to simulate higher 
altitude and ambient temperature range conditions, the capability to 
achieve an appropriate simulation should be evaluated based on the 
engine and propeller control system(s) and aircraft performance and 
structural considerations. Engine (gearbox) torque, rotor speed, or gas 
temperature limits, including protection devices to prohibit or limit 
exceedences, may prevent the required amount of overboost needed 
for performance at the maximum airport altitude sought for approval. 
Overboost may be considered as increased torque, reduced propeller 
speed, or a combination of both in order to achieve the appropriate 
blade angle for the higher altitude and ambient temperature range 
simulation. Consideration for extrapolations will depend on the 
ŀǇǇƭƛŎŀƴǘΩǎ ǎǳōǎǘŀƴǘƛŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻǇŜǊ ǘǳǊōƻǇǊƻǇŜƭƭŜǊ ǇǊƻǇǳƭǎƛƻƴ 
system simulated test conditions.  

ii. Lapse rate characteristics should be validated by takeoff 
demonstrations at the maximum airport altitude for which takeoff 
approval is being sought. Alternatively, if overboost (see paragraph (i) 
above) is used to simulate the thrust setting parameters of the 
maximum airport altitude for which takeoff approval is sought, the 
takeoff demonstrations of lapse rate characteristics can be performed 
at an airport altitude up to 915 m (3,000 feet) lower than the 
maximum airport altitude.  

c. Thrust calculation substantiation. Installed thrust should be calculated via a 
mathematical model of the propulsion system, or other appropriate means, 
adjusted as necessary to match the measured inflight performance 
characteristics of the installed propulsion system. The propulsion system 
mathematical model should define the relationship of thrust to the power 
setting parameter over the range of power setting, airspeed, altitude, and 
temperature for which approval is sought. For turbojet aeroplanes, the 
propulsion system mathematical model should be substantiated by ground 
tests in which thrust is directly measured via a calibrated load cell or 
equivalent means. For turbopropeller aeroplanes, the engine power 
measurements should be substantiated by a calibrated dynamometer or 
equivalent means, the engine jet thrust should be established by an 
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acceptable engine model, and the propeller thrust and power characteristics 
should be substantiated by wind tunnel testing or equivalent means.  

d. Effects of ambient temperature. The flight tests of paragraph 1.2.1.a. above 
will typically provide data over a broad range of ambient temperatures. 
Additional data may also be obtained from other flight or ground tests of the 
same type or series of engine. The objective is to confirm that the propulsion 
system model accurately reflects the effects of temperature over the range 
of ambient temperatures for which approval is being sought (operating 
envelope). Because thrust (or power) data can usually be normalised versus 
temperature using either dimensionless variables (e.g., theta exponents) or 
a thermodynamic cycle model, it is usually unnecessary to obtain data over 
the entire ambient temperature range. There is no need to conduct 
additional testing if:  

i. The data show that the behaviour of thrust and limiting parameters 
versus ambient temperature can be predicted accurately; and  

ii. Analysis based upon the test data shows that the propulsion system 
will operate at rated thrust without exceeding propulsion system 
limits.  

1.2.2 Extrapolation of propulsion system performance data to 915 m (3,000 feet) above 
the highest airport altitude tested (up to the maximum takeoff airport altitude to 
be approved) is acceptable, provided the supporting data, including flight test and 
propulsion system operations data (e.g., engine and propeller control, limits 
exceedence, and surge protection devices scheduling), substantiates the proposed 
extrapolation procedures. Considerations for extrapolation depend upon an 
applicant's determination, understanding, and substantiation of the critical 
operating modes of the propulsion system. This understanding includes a 
determination and quantification of the effects that propulsion system installation 
and variations in ambient conditions have on these modes.  

2 Expansion of Takeoff and Landing Data for a Range of Airport Elevations.  

2.1 These guidelines are applicable to expanding aeroplane Flight Manual takeoff and landing 
data above and below the altitude at which the aeroplane takeoff and landing 
performance tests are conducted.  

2.2 With installed propulsion system performance characteristics that have been adequately 
defined and verified, aeroplane takeoff and landing performance data obtained at one 
field elevation may be extrapolated to higher and lower altitudes within the limits of the 
operating envelope without applying additional performance conservatisms. It should be 
noted, however, that extrapolation of the propulsion system data used in the 
determination and validation of propulsion system performance characteristics is 
typically limited to 915 m (3,000 feet) above the highest altitude at which propulsion 
system parameters were evaluated for the pertinent power/thrust setting. (See 
paragraph 1 of this AMC for more information on an acceptable means of establishing 
and verifying installed propulsion system performance characteristics.)  

2.3 Note that certification testing for operation at airports that are above 2438 m (8,000 feet) 
should also include functional tests of the cabin pressurisation system. Consideration 
should be given to any other systems whose operation may be sensitive to, or dependent 
upon airport altitude, such as: engine and APU starting, passenger oxygen, autopilot, 
autoland, autothrottle system thrust set/operation."  
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AMC 25.101(g) Go-around 
ED Decision 2013/010/R 

In showing compliance with CS 25.101(g), it should be shown at the landing weight, altitude and 
temperature (WAT) limit, by test or calculation, that a safe go-around can be made from the minimum 
decision height with: 

- the critical engine inoperative and, where applicable, the propeller feathered, 

- a configuration and a speed initially set for landing and then in accordance with the go-around 
procedures, using actual time delays and, except for movements of the primary flying controls, 
not less than 1 second between successive crew actions, 

- the power available, 

- ǘƘŜ ƭŀƴŘƛƴƎ ƎŜŀǊ ǎŜƭŜŎǘƛƻƴ ǘƻ ǘƘŜ ΨǳǇΩ Ǉƻǎƛǘƛƻƴ ōŜƛƴƎ ƳŀŘŜ ŀŦǘŜǊ ŀ ǎǘŜŀŘȅ Ǉƻǎƛtive rate of climb 
is achieved. 

It should be noted that for Category 3 operation, the system will ensure the aircraft is over the runway, 
so any go-around will be safe with the aircraft rolling on the runway during the manoeuvre. Hence, 
AMC 25.101(g) is only relevant to or necessary for decision heights down to Category 2 operations. 

[Amdt 25/13] 

AMC 25.101(h)(3) General 
ED Decision 2003/2/RM  

CS 25.109(a) and (b) require the accelerate-stop distance to include a distance equivalent to 2 seconds 
at V1 in addition to the demonstrated distance to accelerate to V1 and then bring the aeroplane to a 
full stop. This additional distance is not intended to allow extra time for making a decision to stop as 
the aeroplane passes through V1, but is to account for operational variability in the time it takes pilots 
to accomplish the actions necessary to bring the aeroplane to a stop. It allows for the typical 
requirement for up to three pilot actions (i.e. brakes ς throttles ς spoilers) without introducing 
additional time delays to those demonstrated. If the procedures require more than three pilot actions, 
an allowance for time delays must be made in the scheduled accelerate-stop distance. These delays, 
which are applied in addition to the demonstrated delays, are to be 1 second (or 2 seconds if a 
command to another crew member to take the action is required) for each action beyond the third 
action. This is illustrated in Figure 1.  

 
FIGURE 1. ACCELERATE-STOP TIME DELAYS 

where:ς  

  
* 2 sec. where a command to another crew member is required.  
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VEF is the calibrated airspeed selected by the applicant at which the critical engine is assumed to fail. 
The relationship between VEF and V1 is defined in CS 25.107.  

ҟǘact 1 = the demonstrated time interval between engine failure and activation of the first deceleration 
device. This time interval is defined as beginning at the instant the critical engine is failed and ending 
ǿƘŜƴ ǘƘŜ Ǉƛƭƻǘ ǊŜŎƻƎƴƛǎŜǎ ŀƴŘ ǊŜŀŎǘǎ ǘƻ ǘƘŜ ŜƴƎƛƴŜ ŦŀƛƭǳǊŜΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ ǇƛƭƻǘΩǎ ŀǇǇƭication of 
the first retarding means during accelerate-stop tests. A sufficient number of demonstrations should 
be conducted using both applicant and Agency test pilots to assure that the time increment is 
ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ŀƴŘ ǊŜǇŜŀǘŀōƭŜΦ ¢ƘŜ ǇƛƭƻǘΩǎ ŦŜŜǘ ǎƘould be on the rudder pedals, not the brakes, during 
the tests. For AFM data expansion purposes, in order to provide a recognition time increment that can 
be executed consistently in service, this time increment should be equal to the demonstrated time or 
1 second, whichever is greater. If the aeroplane incorporates an engine failure warning light, the 
recognition time includes the time increment necessary for the engine to spool down to the point of 
warning light activation, plus the time increment from liƎƘǘ ΨƻƴΩ ǘƻ Ǉƛƭƻǘ ŀŎǘƛƻƴ ƛƴŘƛŎŀǘƛƴƎ ǊŜŎƻƎƴƛǘƛƻƴ 
of the engine failure.  

ҟǘact 2 = the demonstrated time interval between activation of the first and second deceleration 
devices.  

ҟǘact 3 = the demonstrated time interval between activation of the second and third deceleration 
devices.  

ҟǘact пҦƴ = the demonstrated time interval between activation of the third and fourth (and any 
subsequent) deceleration devices. For AFM expansion, a 1-second reaction time delay to account for 
in-service variations should be added to the demonstrated activation time interval between the third 
and fourth (and any subsequent) deceleration devices. If a command is required for another crew 
member to actuate a deceleration device, a 2-second delay, in lieu of the 1-second delay, should be 
applied for each action. For automatic deceleration devices that are approved for performance credit 
for AFM data expansion, established systems actuation times determined during certification testing 
may be used without the application of the additional time delays required by this paragraph.  

AMC 25.101(i) Performance determination with worn brakes 
ED Decision 2003/2/RM  

It is not necessary for all the performance testing on the aircraft to be conducted with fully worn 
brakes. Sufficient data should be available from aircraft or dynamometer rig tests covering the range 
of wear and energy levels to enable correction of the flight test results to the 100% worn level. The 
only aircraft test that should be carried out at a specific brake wear state is the maximum kinetic 
energy rejected take-off test of CS 25.109(i), for which all brakes should have not more than 10% of 
the allowable brake wear remaining.  

CS 25.103 Stall speed 
ED Decision 2007/010/R 

(a) The reference stall speed VSR is a calibrated airspeed defined by the applicant. VSR may not be 
less than a 1-g stall speed. VSR is expressed as: 

ὠὛὙ
ὠ

ὲ
 

where ς  
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VCLMAX = Calibrated airspeed obtained when the loadfactor-corrected lift coefficient 
 

 is 

first a maximum during the manoeuvre prescribed in sub-paragraph (c) of this paragraph. 
In addition, when the manoeuvre is limited by a device that abruptly pushes the nose 
down at a selected angle of attack (e.g. a stick pusher), VCLMAX may not be less than the 
speed existing at the instant the device operates;  

nzw  = Load factor normal to the flight path at VCLMAX;  

W    = Aeroplane gross weight; 

S= Aerodynamic reference wing area; and 

q= Dynamic pressure. 

(b) VCLMAX is determined with: 

(1) Engines idling, or, if that resultant thrust causes an appreciable decrease in stall speed, 
not more than zero thrust at the stall speed; 

(2) Propeller pitch controls (if applicable) in the take-off position; 

(3) The aeroplane in other respects (such as flaps, landing gear, and ice accretions) in the 
condition existing in the test or performance standard in which VSR is being used; 

(4) The weight used when VSR is being used as a factor to determine compliance with a 
required performance standard; 

(5) The centre of gravity position that results in the highest value of reference stall speed; 
and 

(6) The aeroplane trimmed for straight flight at a speed selected by the applicant, but not 
less than 1.13 VSR and not greater than 1.3 VSR. 

(c) Starting from the stabilised trim condition, apply the longitudinal control to decelerate the 
aeroplane so that the speed reduction does not exceed 0.5 m/s2 (one knot per second). (See 
AMC 25.103(b) and (c)). 

(d) In addition to the requirements of sub-paragraph (a) of this paragraph, when a device that 
abruptly pushes the nose down at a selected angle of attack (e.g. a stick pusher) is installed, the 
reference stall speed, VSR, may not be less than 3,7 km/h (2 kt) or 2%, whichever is greater, 
above the speed at which the device operates. 

[Amdt. 25/3] 

AMC 25.103(b) Stalling speed 
ED Decision 2003/2/RM  

The airplane should be trimmed for hands-off flight at a speed 13 percent to 30 percent above the 
anticipated VSR with the engines at idle and the airplane in the configuration for which the stall speed 
is being determined. Then, using only the primary longitudinal control for speed reduction, a constant 
deceleration (entry rate) is maintained until the airplane is stalled, as defined in CS 25.201(d). 
Following the stall, engine thrust may be used as desired to expedite the recovery.  

The analysis to determine VCLMAX should disregard any transient or dynamic increases in recorded load 
factor, such as might be generated by abrupt control inputs, which do not reflect the lift capability of 
the aeroplane. The load factor normal to the flight path should be nominally 1.0 until VCLMAX is reached. 
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AMC 25.103(c) Stall speed 
ED Decision 2003/2/RM  

The stall entry rate is defined as the mean rate of speed reduction (in m/s2 (knots CAS/second)) in the 
deceleration to the stall in the particular stall demonstration, from a speed 10% above that stall speed, 
i.e.  

Ὁὲὸὶώ ὙὥὸὩ
ρϽρ ὠ ρϽπ ὠ

ὝὭάὩ ὸέ ὨὩὧὩὰὩὶὥὸὩ Ὢὶέά ρϽρ ὠ  ὸέ ὠ
άȾί Ὧὲέὸί ὅὃὛȾίὩὧ 

AMC 25.103(d) Stall speed 
ED Decision 2003/2/RM  

In the case where a device that abruptly pushes the nose down at a selected angle of attack (e.g. a 
stick pusher) operates after CLMAX, the speed at which the device operates, stated in CS 25.103(d), need 
not be corrected to 1g.  

Test procedures should be in accordance with AMC 25.103(b) to ensure that no abnormal or unusual 
pilot control input is used to obtain an artificially low device activation speed.  

CS 25.105 Take-off 
ED Decision 2015/008/R  

(a) The take-off speeds prescribed by CS 25.107, the accelerate-stop distance prescribed by 
CS 25.109, the take-off path prescribed by CS 25.111, the take-off distance and take-off run 
prescribed by CS 25.113, and the net take-off flight path prescribed by CS 25.115, must be 
determined in the selected configuration for take-off at each weight, altitude, and ambient 
temperature within the operational limits selected by the applicant - 

(1) In non-icing conditions; and 

(2) In icing conditions, if in the configuration used to show compliance with CS 25.121(b), 
and with the most critical of ǘƘŜ ά¢ŀƪŜ-ƻŦŦ LŎŜέ ŀŎŎǊŜǘƛƻƴόǎύ ŘŜŦƛƴŜŘ ƛƴ !ǇǇŜƴŘƛŎŜǎ / ŀƴŘ 
O, as applicable, in accordance with CS 25.21(g): 

(i) The stall speed at maximum take-off weight exceeds that in non-icing conditions 
by more than the greater of 5.6 km/h (3 knots) CAS or 3% of VSR; or 

(ii) The degradation of the gradient of climb determined in accordance with 
CS 25.121(b) is greater than one-half of the applicable actual-to-net take-off flight 
path gradient reduction defined in CS 25.115(b). 

(b) No take-off made to determine the data required by this paragraph may require exceptional 
piloting skill or alertness. 

(c) The take-off data must be based on: 

(1) Smooth, dry and wet, hard-surfaced runways; and 

(2) At the option of the applicant, grooved or porous friction course wet, hardsurfaced 
runways. 

(d) The take-off data must include, within the established operational limits of the aeroplane, the 
following operational correction factors: 
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(1) Not more than 50% of nominal wind components along the take-off path opposite to the 
direction of take-off, and not less than 150% of nominal wind components along the take-
off path in the direction of take-off. 

(2) Effective runway gradients. 

[Amdt 25/3] 
[Amdt 25/16] 

CS 25.107 Take-off speeds 
ED Decision 2007/010/R  

(a) V1 must be established in relation to VEF as follows: 

(1) VEF is the calibrated airspeed at which the critical engine is assumed to fail. VEF must be 
selected by the applicant, but may not be less than VMCG determined under CS 25.149(e). 

(2) V1, in terms of calibrated airspeed, is selected by the applicant; however, V1 may not be 
less than VEF plus the speed gained with the critical engine inoperative during the time 
interval between the instant at which the critical engine is failed, and the instant at which 
ǘƘŜ Ǉƛƭƻǘ ǊŜŎƻƎƴƛǎŜǎ ŀƴŘ ǊŜŀŎǘǎ ǘƻ ǘƘŜ ŜƴƎƛƴŜ ŦŀƛƭǳǊŜΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ ǇƛƭƻǘΩǎ ƛƴƛtiation 
of the first action (e.g. applying brakes, reducing thrust, deploying speed brakes) to stop 
the aeroplane during accelerate-stop tests. 

(b) V2MIN, in terms of calibrated airspeed, may not be less than ς 

(1) 1·13 VSR for ς 

(i) Two-engined and three-engined turbo-propeller powered aeroplanes; and 

(ii) Turbojet powered aeroplanes without provisions for obtaining a significant 
reduction in the one-engineinoperative power-on stall speed; 

(2) 1·08 VSR for ς 

(i) Turbo-propeller powered aeroplanes with more than three engines; and 

(ii) Turbojet powered aeroplanes with provisions for obtaining a significant reduction 
in the one-engine-inoperative power-on stall speed: and 

(3) 1·10 times VMC established under CS 25.149.  

(c) V2, in terms of calibrated airspeed, must be selected by the applicant to provide at least the 
gradient of climb required by CS 25.121(b) but may not be less than ς 

(1) V2MIN; 

(2) VR plus the speed increment attained (in accordance with CS 25.111(c)(2)) before 
reaching a height of 11 m (35 ft) above the takeoff surface; and 

(3) A speed that provides the manoeuvring capability specified in CS 25.143(h). 

(d) VMU is the calibrated airspeed at and above which the aeroplane can safely lift off the ground, 
and continue the take-off. VMU speeds must be selected by the applicant throughout the range 
of thrust-to-weight ratios to be certificated. These speeds may be established from free air data 
if these data are verified by ground take-off tests. (See AMC 25.107(d).) 

(e) VR, in terms of calibrated air speed, must be selected in accordance with the conditions of sub-
paragraphs (1) to (4) of this paragraph: 

(1) VR may not be less than ς 
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(i) V1; 

(ii) 105% of VMC; 

(iii) The speed (determined in accordance with CS 25.111(c)(2)) that allows reaching V2 
before reaching a height of 11 m (35 ft) above the take-off surface; or 

(iv) A speed that, if the aeroplane is rotated at its maximum practicable rate, will result 
in a VLOF of not less than - 

(A) 110% of VMU in the allengines-operating condition, and 105% of VMU 
determined at the thrust-to-weight ratio corresponding to the one-engine-
inoperative condition; or 

(B) If the VMU attitude is limited by the geometry of the aeroplane (i.e., tail 
contact with the runway), 108% of VMU in the all-engines-operating condition 
and 104% of VMU determined at the thrust-to-weight ratio corresponding to 
the one-engine-inoperative condition. (See AMC 25.107(e)(1)(iv).) 

(2) For any given set of conditions (such as weight, configuration, and temperature), a single 
value of VR, obtained in accordance with this paragraph, must be used to show 
compliance with both the one-engine-inoperative and the all-engines-operating take-off 
provisions. 

(3) It must be shown that the one-engine-inoperative take-off distance, using a rotation 
speed of 9.3 km/h (5 knots) less than VR established in accordance with sub-paragraphs 
(e)(1) and (2) of this paragraph, does not exceed the corresponding one-engine-
inoperative take-off distance using the established VR. The take-off distances must be 
determined in accordance with CS 25.113(a)(1). (See AMC 25.107(e)(3).) 

(4) Reasonably expected variations in service from the established take-off procedures for 
the operation of the aeroplane (such as over-rotation of the aeroplane and out-of-trim 
conditions) may not result in unsafe flight characteristics or in marked increases in the 
scheduled take-off distances established in accordance with CS 25.113(a). (See AMC No. 
1 to CS 25.107(e)(4) and AMC No. 2 to CS 25.107(e)(4).) 

(f) VLOF is the calibrated airspeed at which the aeroplane first becomes airborne. 

(g) VFTO, in terms of calibrated airspeed, must be selected by the applicant to provide at least the 
gradient of climb required by CS 25.121(c), but may not be less than ς 

(1) 1.18 VSR; and 

(2) A speed that provides the manoeuvring capability specified in CS 25.143(h). 

(h) In determining the take-off speeds V1, VR, and V2 for flight in icing conditions, the values of VMCG, 
VMC, and VMU determined for non-icing conditions may be used. 

[Amdt. 25/3] 

AMC 25.107(d) Take-off speeds 
ED Decision 2003/2/RM  

1 If cases are encountered where it is not possible to obtain the actual VMU at forward centre of 
gravity with aeroplanes having limited elevator power (including those aeroplanes which have 
limited elevator power only over a portion of the take-off weight range), it will be permissible 
to test with a more aft centre of gravity and/or more than normal nose-up trim to obtain VMU.  
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1.1 When VMU is obtained in this manner, the values should be corrected to those which 
would have been attained at forward centre of gravity if sufficient elevator power had 
been available. The variation of VMU with centre of gravity may be assumed to be the 
same as the variation of stalling speed in free air with centre of gravity for this correction.  

1.2 In such cases where VMU has been measured with a more aft centre of gravity and/or with 
more than normal nose-up trim, the VR selected should (in addition to complying with the 
requirements of CS 25.107(e)) be greater by an adequate margin than the lowest speed 
at which the nose wheel can be raised from the runway with centre of gravity at its most 
critical position and with the trim set to the normal take-off setting for the weight and 
centre of gravity.  

NOTE: A margin of 9,3 km/h (5 kt) between the lowest nose-wheel raising speed and VR 
would normally be considered to be adequate.  

2 Take-offs made to demonstrate VMU should be continued until the aeroplane is out of ground 
effect. The aeroplane pitch attitude should not be decreased after lift-off.  

AMC 25.107(e)(1)(iv) Take-off speeds 
ED Decision 2003/2/RM  

VMU Testing for Geometry Limited Aeroplanes.  

1 For aeroplanes that are geometry limited (i.e., the minimum possible VMU speeds are limited by 
tail contact with the runway), CS 25.107(e)(1)(iv)(B) allows the VMU to VLOF speed margins to be 
reduced to 108% and 104% for the all-engines-operating and one-engineinoperative conditions, 
respectively. The VMU demonstrated must be sound and repeatable.  

2 One acceptable means for demonstrating compliance with CS 25.107(d) and 25.107(e)(1)(iv) 
with respect to the capability for a safe lift-off and fly-away from the geometry limited condition 
is to show that at the lowest thrust-to-weight ratio for the all-engines-operating condition:  

2.1  During the speed range from 96 to 100% of the actual lift-off speed, the aft under-surface 
of the aeroplane should be in contact with the runway. Because of the dynamic nature of 
the test, it is recognised that contact will probably not be maintained during this entire 
speed range, and some judgement is necessary. It has been found acceptable for contact 
to exist approximately 50% of the time that the aeroplane is in this speed range.  

2.2  Beyond the point of lift-ƻŦŦ ǘƻ ŀ ƘŜƛƎƘǘ ƻŦ ммƳ όор ŦǘύΣ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǇƛǘŎƘ ŀǘǘƛǘǳŘŜ should 
not decrease below that at the point of lift-off, nor should the speed increase more than 
10%.  

2.3  The horizontal distance from the start of the take-off to a height of 11 m (35 ft) should 
not be greater than 105% of the distance determined in accordance with CS 25.113(a)(2) 
without the 115% factor.  

AMC 25.107(e)(3) Take-off speeds 
ED Decision 2003/2/RM  

In showing compliance with CS 25.107(e)(3) ς  

a. Rotation at a speed of VR-9,3 km/h (5 kt) should be carried out using, up to the point of lift-off, 
the same rotation technique, in terms of control input, as that used in establishing the one-
engine-inoperative distance of CS 25.113(a)(1);  
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b. The engine failure speed used in the VR-9,3 km/h (5 kt) demonstration should be the same as 
that used in the comparative take-off rotating at VR;  

c. The tests should be carried out both at the lowest practical weight (such that VR-9,3 km/h (5 kt) 
is not less than VMCG) and at a weight approaching take-off climb limiting conditions;  

d. The tail or tail skid should not contact the runway.  

AMC No. 1 to CS 25.107(e)(4) Take-off speeds 
ED Decision 2003/2/RM  

Reasonably expected variations in service from established take-off procedures should be evaluated 
in respect of out-of-trim conditions during certification flight test programmes. For example, normal 
take-off should be made with the longitudinal control trimmed to its most adverse position within the 
allowable take-off trim band. 

AMC No. 2 to CS 25.107(e)(4) Take-off speeds 
ED Decision 2003/2/RM  

1 CS 25.107(e)(4) states that there must be no marked increase in the scheduled take-off distance 
when reasonably expected service variations, such as over-rotation, are encountered. This can 
be interpreted as requiring take-off tests with all engines operating with an abuse on rotation 
speed.  

2 ¢ƘŜ ŜȄǇǊŜǎǎƛƻƴ ΨƳŀǊƪŜŘ ƛƴŎǊŜŀǎŜΩ ƛƴ ǘƘŜ ǘŀƪŜ-off distance is defined as any amount in excess of 
1% of the scheduled take-off distance. Thus the abuse test should not result in a field length 
more than 101% of the scheduled field length.  

3 For the early rotation abuse condition with all engines operating and at a weight as near as 
practicable to the maximum sea-level take-off weight, it should be shown by test that when the 
aeroplane is rotated rapidly at a speed which is 7% or 19 km/h (10 kt), whichever is lesser, below 
the scheduled VR ǎǇŜŜŘΣ ƴƻ ΨƳŀǊƪŜŘ ƛƴŎǊŜŀǎŜΩ ƛƴ ǘƘŜ scheduled field length would result.  

CS 25.109 Accelerate-stop distance 
ED Decision 2003/2/RM  

(a) (See AMC 25.109(a) and (b).) The accelerate-stop distance on a dry runway is the greater of the 
following distances: 

(1) The sum of the distances necessary to ς  

(i) Accelerate the aeroplane from a standing start with all engines operating to VEF for 
take-off from a dry runway;  

(ii) Allow the aeroplane to accelerate from VEF to the highest speed reached during the 
rejected take-off, assuming the critical engine fails at VEF and the pilot takes the 
first action to reject the take-off at the V1 for take-off from a dry runway; and 

(iii) Come to a full stop on a dry runway from the speed reached as prescribed in sub-
paragraph (a)(1)(ii) of this paragraph; plus 

(iv) A distance equivalent to 2 seconds at the V1 for take-off from a dry runway. 

(2) The sum of the distances necessary to ς  
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(i) Accelerate the aeroplane from a standing start with all engines operating to the 
highest speed reached during the rejected take-off, assuming the pilot takes the 
first action to reject the take-off at the V1 for take-off from a dry runway; and 

(ii) With all engines still operating, come to a full stop on a dry runway from the speed 
reached as prescribed in sub-paragraph (a)(2)(i) of this paragraph; plus 

(iii) A distance equivalent to 2 seconds at the V1 for take-off from a dry runway. 

(b) (See AMC 25.109(a) and (b).) The accelerate-stop distance on a wet runway is the greater of the 
following distances: 

(1) The accelerate-stop distance on a dry runway determined in accordance with sub-
paragraph (a) of this paragraph; or  

(2) The accelerate-stop distance determined in accordance with sub-paragraph (a) of this 
paragraph, except that the runway is wet and the corresponding wet runway values of 
VEF and V1 are used. In determining the wet runway accelerate-stop distance, the stopping 
force from the wheel brakes may never exceed: 

(i) The wheel brakes stopping force determined in meeting the requirements of 
CS 25.101(i) and sub-paragraph (a) of this paragraph; and 

(ii) The force resulting from the wet runway braking coefficient of friction determined 
in accordance with subparagraphs (c) or (d) of this paragraph, as applicable, taking 
into account the distribution of the normal load between braked and unbraked 
wheels at the most adverse centre of gravity position approved for take-off. 

(c) The wet runway braking coefficient of friction for a smooth wet runway is defined as a curve of 
friction coefficient versus ground speed and must be computed as follows: 

(1) The maximum tyre-to-ground wet runway braking coefficient of friction is defined as (see 
Figure 1):  

 
Tyre Pressure 

(psi)  
Maximum Braking Coefficient (tyre-to-ground)  

50 µt/gMAX Ґ ҍлẗ0350  + 0ẗ306  ҍ лẗ851  + 0ẗ883 

100 µt/gMAX Ґ ҍлẗ0437  + 0ẗ320  ҍ лẗ805  + 0ẗ804 

200 µt/gMAX Ґ ҍлẗ0331  + 0ẗ252  ҍ лẗ658  + 0ẗ692 

300 µt/gMAX Ґ ҍлẗ0401  + 0ẗ263  ҍ лẗ611  + 0ẗ614 

Figure 1 

where: 

Tyre Pressure = maximum aeroplane operating tyre pressure (psi)  

µt/gMAX = maximum tyre-to-ground braking coefficient  

V = aeroplane true ground speed (knots); and  

Linear interpolation may be used for tyre pressures other than those listed. 

(2) (See AMC 25.109(c)(2) The maximum tyre-to-ground wet runway braking coefficient of 
friction must be adjusted to take into account the efficiency of the anti-skid system on a 
wet runway. Anti-skid system operation must be demonstrated by flight testing on a 
smooth wet runway and its efficiency must be determined. Unless a specific anti-skid 
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system efficiency is determined from a quantitative analysis of the flight testing on a 
smooth wet runway, the maximum tyre-to-ground wet runway braking coefficient of 
friction determined in sub-paragraph (c)(1) of this paragraph must be multiplied by the 
efficiency value associated with the type of anti-skid system installed on the aeroplane: 

Type of anti-skid system Efficiency value 

On-off 0ẗ30  

Quasi-modulating 0ẗ50  

Fully modulating 0ẗ80  

 

(d) At the option of the applicant, a higher wet runway braking coefficient of friction may be used 
for runway surfaces that have been grooved or treated with a porous friction course material. 
For grooved and porous friction course runways, 

(1) 70% of the dry runway braking coefficient of friction used to determine the dry runway 
accelerate-stop distance; or 

(2) (See AMC 25.109(d)(2).) The wet runway braking coefficient of friction defined in sub-
paragraph (c) of this paragraph, except that a specific anti-skid efficiency, if determined, 
is appropriate for a grooved or porous friction course wet runway and the maximum tyre-
to-ground wet runway braking coefficient of friction is defined as (see Figure 2): 

 
Tyre Pressure 

(psi) 
Maximum Braking Coefficient (tyre-to-ground) 

50 µt/gMAX = 0ẗ147  ҍ1ẗ05  + 2ẗ673  ҍ 2ẗ683  + 0ẗ403  + 0ẗ859 

100 µt/gMAX = 0ẗ1106  ҍ лẗ813  + 2ẗ13  ҍ нẗ20  + 0ẗ317  + 0ẗ807 

200 µt/gMAX = 0ẗ0498  ҍ лẗ398  +1ẗ14  ҍмẗ285  + 0ẗ140  + 0.701 

300 µt/gMAX = 0ẗ0314  ҍ лẗ247  + 0ẗ703  ҍ лẗ779  ҍ лẗ00954  + 0ẗ614 

Figure 2 

where: 

Tyre Pressure = maximum aeroplane operating tyre pressure (psi) 

µt/gMAX = maximum tyre-to-ground braking coefficient  

V   = aeroplane true ground speed (knots); and Linear interpolation may be used for tyre 
pressures other than those listed. 

(e) Except as provided in sub-paragraph (f)(1) of this paragraph, means other than wheel brakes 
may be used to determine the accelerate-stop distance if that means ς  

(1)  Is safe and reliable;  

(2) Is used so that consistent results can be expected under normal operating conditions; 
and 

(3) Is such that exceptional skill is not required to control the aeroplane. 

(f) The effects of available reverse thrust ς 

(1) Must not be included as an additional means of deceleration when determining the 
accelerate-stop distance on a dry runway; and 
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(2) May be included as an additional means of deceleration using recommended reverse 
thrust procedures when determining the accelerate-stop distance on a wet runway, 
provided the requirements of sub-paragraph (e) of this paragraph are met. (See 
AMC 25.109(f).) 

(g) The landing gear must remain extended throughout the accelerate-stop distance. 

(h) If the accelerate-stop distance includes a stopway with surface characteristics substantially 
different from those of the runway, the take-off data must include operational correction 
factors for the accelerate-stop distance. The correction factors must account for the particular 
surface characteristics of the stopway and the variations in these characteristics with seasonal 
weather conditions (such as temperature, rain, snow and ice) within the established operational 
limits. 

(i) A flight test demonstration of the maximum brake kinetic energy accelerate-stop distance must 
be conducted with not more than 10% of the allowable brake wear range remaining on each of 
the aeroplane wheel brakes. 

AMC 25.109(a) and (b) Accelerate-stop distance 
ED Decision 2003/2/RM  

Propeller pitch position. For the one-engine-inoperative accelerate-ǎǘƻǇ ŘƛǎǘŀƴŎŜΣ ǘƘŜ ŎǊƛǘƛŎŀƭ ŜƴƎƛƴŜΩǎ 
propeller should be in the position it would normally assume when an engine fails and the power 
levers are closed. For dry runway one-engine-inoperative accelerate-stop distances, the high drag 
ƎǊƻǳƴŘ ƛŘƭŜ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ƻǇŜǊŀǘƛƴƎ ŜƴƎƛƴŜǎΩ ǇǊƻǇŜƭƭŜǊǎ όŘŜŦƛƴŜŘ ōȅ ŀ ǇƛǘŎƘ ǎŜǘǘƛƴƎ ǘƘŀǘ ǊŜǎǳƭǘǎ ƛƴ ƴƻǘ 
less than zero total thrust, i.e. propeller plus jet thrust, at zero airspeed) may be used provided 
adequate directional control is available on a wet runway and the related operational procedures 
comply with CS 25.109(f) and (h). Wet runway controllability may either be demonstrated by using 
the guidance available in AMC 25.109(f) at the appropriate power level, or adequate control can be 
assumed to be available at ground idle power if reverse thrust credit is approved for determining the 
wet runway accelerate-stop distances. For the all-engines-operating accelerate-stop distances on a 
dry runway, the high drag ground idle propeller position may be used for all engines (subject to 
CS 25.109(f) and (h)). For criteria relating to reverse thrust credit for wet runway accelerate-stop 
distances, see AMC 25.109(f).  

AMC 25.109(c)(2) Accelerate-stop distance: anti-skid system 
efficiency 

ED Decision 2003/2/RM  

CS 25.109(c)(2) identifies 3 categories of anti-skid system and provides for either the use of a default 
efficiency value appropriate to the type of system or the determination of a specific efficiency value. 
Paragraph 1 of this AMC gives a description of the operating characteristics of each category to enable 
the classification of a particular system to be determined. Paragraph 2 gives an acceptable means of 
compliance with the requirement for flight testing and use of default efficiency values in accordance 
with CS 25.109(c)(2). These values are appropriate where the tuning of the anti-skid system is largely 
qualitative and without detailed quantitative analysis of system performance. Where detailed data 
recording and analysis is used to optimise system tuning, an efficiency value somewhat higher than 
the default value might be obtained and determined. Typically, a value of 40% might be achieved with 
an On/Off system. The quasi-modulating category covers a broad range of systems with varying 
performance levels. The best quasi-modulating systems might achieve an efficiency up to 
approximately 80%. Fully modulating systems have been tuned to efficiencies greater than 80% and 
up to a maximum of approximately 92%, which is considered to be the maximum efficiency on a wet 
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runway normally achievable with fully modulating digital anti-skid systems. Paragraph 3 gives an 
acceptable means of compliance with CS 25.109(c)(2) where the applicant elects to determine a 
specific efficiency value.  

In Paragraph 4 of this AMC, guidance is given on the use of 2 alternative methods for calculating 
antiskid system efficiency from the recorded data. One method is based on the variation of brake 
torque throughout the stop, while the other is based on wheel speed slip ratio. Finally, Paragraph 5 
gives guidance on accounting for the distribution of the normal load between braked and unbraked 
wheels.  

1 Classification of anti-skid system types  

1.1 For the purposes of determining the default anti-skid efficiency value under 
CS 25.109(c)(2), anti-skid systems have been grouped into three broad classifications; 
on/off, quasi-modulating and fully modulating. These classifications represent evolving 
levels of technology and performance capabilities on both dry and wet runways.  

1.2 On/off systems are the simplest of the three types of anti-skid systems. For these 
systems, fully metered brake pressure (as commanded by the pilot) is applied until wheel 
locking is sensed. Brake pressure is then released to allow the wheel to spin back up. 
When the system senses that the wheel is accelerating back to synchronous speed (i.e. 
ground speed), full metered pressure is again applied. The cycle of full pressure 
application/complete pressure release is repeated throughout the stop (or until the 
wheel ceases to skid with brake pressure applied).  

1.3 Quasi-modulating systems attempt to continuously regulate brake pressure as a function 
of wheel speed. Typically, brake pressure is released when the wheel deceleration rate 
exceeds a preselected value. Brake pressure is re-applied at a lower level after a length 
of time appropriate to the depth of skid. Brake pressure is then gradually increased until 
another incipient skid condition is sensed. In general, the corrective actions taken by 
these systems to exit the skid condition are based on a pre-programmed sequence rather 
than the wheel speed time history.  

1.4 Fully modulating systems are a further refinement of the quasi-modulating systems. The 
major difference between these two types of anti-skid systems is in the implementation 
of the skid control logic. During a skid, corrective action is based on the sensed wheel 
speed signal, rather than a preprogrammed response. Specifically, the amount of 
pressure reduction or reapplication is based on the rate at which the wheel is going into 
or recovering from a skid. Also, higher fidelity transducers and upgraded control systems 
are used, which respond more quickly.  

1.5 In addition to examining the control system differences noted above, a time history of 
the response characteristics of the anti-skid system during a wet runway stop should be 
used to help identify the type of anti-skid system. Comparing the response characteristics 
from wet and dry runway stops can also be helpful.  

Figure 1 shows an example of the response characteristics of a typical on-off system on both 
wet and dry runways. In general, the on-off system exhibits a cyclic behaviour of brake pressure 
application until a skid is sensed, followed by the complete release of brake pressure to allow 
the wheel to spin back up. Full metered pressure (as commanded by the pilot) is then re-applied, 
starting the cycle over again. The wheel speed trace exhibits deep and frequent skids (the 
troughs in the wheel speed trace), and the average wheel speed is significantly less than the 
synchronous speed (which is represented by the flat topped portions of the wheel speed trace). 
Note that the skids are deeper and more frequent on a wet runway than on a dry runway. For 
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the particular example shown in Figure 1, the brake becomes torque-limited toward the end of 
the dry runway stop and is unable to generate enough torque to cause further skidding. 

 

 
FIGURE 1. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS On-Off System 

 

The effectiveness of quasi-modulating systems can vary significantly depending on the 
slipperiness of the runway and the design of the particular control system. On dry runways, 
these systems typically perform very well; however, on wet runways their performance is highly 
dependent on the design and tuning of the particular system. An example of the response 
characteristics of one such system is shown in Figure 2. On both dry and wet runways, brake 
pressure is released to the extent necessary to control skidding. As the wheel returns to the 
synchronous speed, brake pressure is quickly increased to a pre-determined level and then 
gradually ramped up to the full metered brake pressure. On a dry runway, this type of response 
reduces the depth and frequency of skidding compared to an on-off system. However, on a wet 
runway, skidding occurs at a pressure below that at which the gradual ramping of brake 
pressure occurs. As a result, on wet runways the particular system shown in Figure 2 operates 
very similarly to an on-off system.  
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FIGURE 2. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS Quasi-Modulating System 
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FIGURE 3. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS Fully Modulating System 

When properly tuned, fully modulating systems are characterised by much smaller variations in 
brake pressure around a fairly high average value. These systems can respond quickly to 
developing skids and are capable of modulating brake pressure to reduce the frequency and 
depth of skidding. As a result, the average wheel speed remains much closer to the synchronous 
wheel speed. Figure 3 illustrates an example of the response characteristics of a fully 
modulating system on dry and wet runways.  

2 Demonstration of anti-skid system operation when using the anti-skid efficiency values specified 
in CS 25.109(c)(2) 

2.1 If the applicant elects to use one of the anti-skid efficiency values specified in 
CS 25.109(c)(2), a limited amount of flight testing must still be conducted to verify that 
the anti-skid system operates in a manner consistent with the type of anti-skid system 
declared by the applicant. This testing should also demonstrate that the anti-skid system 
has been properly tuned for operation on wet runways.  

2.2 A minimum of one complete stop, or equivalent segmented stops, should be conducted 
on a smooth (i.e. not grooved or porous friction course) wet runway at an appropriate 
speed and energy to cover the critical operating mode of the anti-skid system. Since the 
objective of the test is to observe the operation (i.e. cycling) of the anti-skid system, this 
test will normally be conducted at an energy well below the maximum brake energy 
condition.  

2.3 The section of the runway used for braking should be well soaked (i.e. not just damp), but 
not flooded. The runway test section should be wet enough to result in a number of cycles 
of anti-skid activity, but should not cause hydroplaning.  

2.4 Before taxy and with cold tyres, the tyre pressure should be set to the highest value 
appropriate to the take-off weight for which approval is being sought.  

2.5 The tyres and brakes should not be new, but need not be in the fully worn condition. They 
should be in a condition considered representative of typical in-service operations.  

2.6 Sufficient data should be obtained to determine whether the system operates in a 
manner consistent with the type of anti-skid system declared by the applicant, provide 
evidence that full brake pressure is being applied upstream of the anti-skid valve during 
the flight test demonstration, determine whether the anti-skid valve is performing as 
intended and show that the anti-skid system has been properly tuned for a wet runway.  

Typically, the following parameters should be plotted versus time:  

(i) The speed of a representative number of wheels. 

(ii) The hydraulic pressure at each brake (i.e. the hydraulic pressure downstream of 
the anti-skid valve, or the electrical input to each anti-skid valve). 

(iii) The hydraulic pressure at each brake metering valve (i.e. upstream of the anti-skid 
valve). 

2.7  A qualitative assessment of the anti-skid system response and aeroplane controllability 
should be made by the test pilot(s). In particular, pilot observations should confirm that:  

(i) Anti-skid releases are neither excessively deep nor prolonged; 

(ii) The gear is free of unusual dynamics; and 
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(iii) The aeroplane tracks essentially straight, even though runway seams, water 
puddles and wetter patches may not be uniformly distributed in location or extent. 

3 Determination of a specific wet runway anti-skid system efficiency  

3.1 If the applicant elects to derive the anti-skid system efficiency from flight test 
demonstrations, sufficient flight testing, with adequate instrumentation, must be 
conducted to ensure confidence in the value obtained. An anti-skid efficiency of 92% (i.e. 
a factor of 0·92) is considered to be the maximum efficiency on a wet runway normally 
achievable with fully modulating digital anti-skid systems.  

3.2 A minimum of three complete stops, or equivalent segmented stops, should be 
conducted on a wet runway at appropriate speeds and energies to cover the critical 
operating modes of the anti-skid system. Since the objective of the test is to determine 
the efficiency of the anti-skid system, these tests will normally be conducted at energies 
well below the maximum brake energy condition. A sufficient range of speeds should be 
covered to investigate any variation of the anti-skid efficiency with speed.  

3.3 The testing should be conducted on a smooth (i.e. not grooved or porous friction course) 
runway.  

3.4 The section of the runway used for braking should be well soaked (i.e. not just damp), but 
not flooded. The runway test section should be wet enough to result in a number of cycles 
of anti-skid activity, but should not cause hydroplaning.  

3.5 Before taxy and with cold tyres, the tyre pressure should be set to the highest value 
appropriate to the take-off weight for which approval is being sought.  

3.6 The tyres and brake should not be new, but need not be in the fully worn condition. They 
should be in a condition considered representative of typical in-service operations.  

3.7 A qualitative assessment of anti-skid system response and aeroplane controllability 
should be made by the test pilot(s). In particular, pilot observations should confirm that:  

(i) The landing gear is free of unusual dynamics; and 

(ii) The aeroplane tracks essentially straight, even though runway seams, water 
puddles and wetter patches may not be uniformly distributed in location or extent. 

3.8  The wet runway anti-skid efficiency value should be determined as described in 
Paragraph 4 of this AMC. The test instrumentation and data collection should be 
consistent with the method used.  

4 Calculation of anti-skid system efficiency 

4.1 Paragraph 3 above provides guidance on the flight testing required to support the 
determination of a specific anti-skid system efficiency value. The following paragraphs 
describe 2 methods of calculating an efficiency value from the data recorded. These two 
methods, which yield equivalent results, are referred to as the torque method and the 
wheel slip method. Other methods may also be acceptable if they can be shown to give 
equivalent results.  

4.2 Torque Method 

Under the torque method, the anti-skid system efficiency is determined by comparing 
the energy absorbed by the brake during an actual wet runway stop to the energy that is 
determined by integrating, over the stopping distance, a curve defined by connecting the 
peaks of the instantaneous brake force curve (see figure 4). The energy absorbed by the 
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brake during the actual wet runway stop is determined by integrating the curve of 
instantaneous brake force over the stopping distance. 

 

FIGURE 4. INSTANTANEOUS BRAKE FORCE AND PEAK BRAKE FORCE  

 

Using data obtained from the wet runway stopping tests of paragraph 3, instantaneous 
brake force can be calculated from the following relationship: 

Ὂ
Ὕ  ‌Ὅ

2
 

where: 

Fb  = brake force 

Tb  =  brake torque 

ʰ   Ґ  wheel acceleration 

I    =  wheel moment of inertia; and 

Rtyre =  tyre radius 

For brake installations where measuring brake torque directly is impractical, torque may 
be determined from other parameters (e.g. brake pressure) if a suitable correlation is 
available. Wheel acceleration is obtained from the first derivative of wheel speed. 
Instrumentation recording rates and data analysis techniques for wheel speed and torque 
data should be well matched to the anti-skid response characteristics to avoid introducing 
noise and other artifacts of the instrumentation system into the data.  

Since the derivative of wheel speed is used in calculating brake force, smoothing of the 
wheel speed data is usually necessary to give good results. The smoothing algorithm 
should be carefully designed as it can affect the resulting efficiency calculation. Filtering 
or smoothing of the brake torque or brake force data should not normally be done. If 
conditioning is applied, it should be done in a conservative manner (i.e. result in a lower 
efficiency value) and should not misrepresent actual aeroplane/system dynamics.  

Both the instantaneous brake force and the peak brake force should be integrated over 
the stopping distance. The anti-skid efficiency value for determining the wet runway 
accelerate-stop distance is the ratio of the instantaneous brake force integral to the peak 
brake force integral: 

–
Ὥ᷿ὲίὸὥὲὸὥὲὩέόί ὦὶὥὯὩ ὪέὶὧὩȢὨί

ὴ᷿ὩὥὯ ὦὶὥὯὩ ὪέὶὧὩȢὨί
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where:  

ʹ   Ґ  anti-skid efficiency; and  

s   =  stopping distance  

The stopping distance is defined as the distance travelled during the specific wet runway 
stopping demonstration, beginning when the full braking configuration is obtained and 
ending at the lowest speed at which anti-skid cycling occurs (i.e. the brakes are not torque 
limited), except that this speed need not be less than 19 km/h (10 kt). Any variation in 
the anti-skid efficiency with speed should also be investigated, which can be 
accomplished by determining the efficiency over segments of the total stopping distance. 
If significant variations are noted, this variation should be reflected in the braking force 
used to determine the accelerate-stop distances (either by using a variable efficiency or 
by using a conservative single value).  

4.3  Wheel Slip Method 

At brake application, the tyre begins to slip with respect to the runway surface, i.e. the 
ǿƘŜŜƭ ǎǇŜŜŘ ǎƭƻǿǎ Řƻǿƴ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ƎǊƻǳƴŘ ǎǇŜŜŘΦ !ǎ ǘƘŜ ŀƳƻǳƴǘ 
of tyre slip increases, the brake force also increases until an optimal slip is reached. If the 
amount of slip continues to increase past the optimal slip, the braking force will decrease.  

Using the wheel slip method, the anti-skid efficiency is determined by comparing the 
actual wheel slip measured during a wet runway stop to the optimal slip. Since the wheel 
slip varies significantly during the stop, sufficient wheel and ground speed data must be 
obtained to determine the variation of both the actual wheel slip and the optimal wheel 
slip over the length of the stop. A sampling rate of at least 16 samples per second for both 
wheel speed and ground speed has been found to yield acceptable fidelity.  

For each wheel and ground speed data point, the instantaneous anti-skid efficiency value 
should be determined from the relationship shown in Figure 5:  

 
FIGURE 5. ANTI-SKID EFFICIENCY ς WHEEL SLIP RELATIONSHIP 

 

WSR = wheel slip ratio = ρ  
 

 
 

OPS  = optimal slip ratio; and 

í = instantaneous anti-skid efficiency 
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To determine the overall anti-skid efficiency value for use in calculating the wet runway accelerate-stop 
distance, the instantaneous anti-skid efficiencies should be integrated with respect to distance and divided 
by the total stopping distance: 

–
–᷿ȢὨί

ί
 

where:  

ʹ   Ґ  anti-skid efficiency; and  

s   =  stopping distance  

The stopping distance is defined as the distance travelled during the specific wet runway 
stopping demonstration, beginning when the full braking configuration is obtained and 
ending at the lowest speed at which anti-skid cycling occurs (i.e. the brakes are not torque 
limited), except that this speed need not be less than 19 km/h (10 kt). Any variation in 
the anti-skid efficiency with speed should also be investigated, which can be 
accomplished by determining the efficiency over segments of the total stopping distance. 
If significant variations are noted, this variation should be reflected in the braking force 
used to determine the accelerate-stop distances (either by using a variable efficiency or 
by using a conservative single value).  

The applicant should provide substantiation of the optimal wheel slip value(s) used to 
determine the anti-skid efficiency value. An acceptable method for determining the 
optimal slip value(s) is to compare time history plots of the brake force and wheel slip 
data obtained during the wet runway stopping tests. For brake installations where 
measuring brake force directly is impractical, brake force may be determined from other 
parameters (e.g. brake pressure) if a suitable correlation is available. For those skids 
where wheel slip continues to increase after a reduction in the brake force, the optimal 
slip is the value corresponding to the brake force peak. See Figure 6 for an example and 
note how both the actual wheel slip and the optimal wheel slip can vary during the stop. 

 
FIGURE 6. SUBSTANTIATION OF THE OPTIMAL SLIP VALUE 
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4.4  For dispatch with an inoperative anti-skid system (if approved), the wet runway 
acceleratestop distances should be based on an efficiency no higher than that allowed by 
CS 25.109(c)(2) for an on-off type of anti-skid system. The safety of this type of operation 
should be demonstrated by flight tests conducted in accordance with Paragraph 2 of this 
AMC. 

5  Distribution of normal load between braked and unbraked wheels  

In addition to taking into account the efficiency of the anti-skid system, CS 25.109(b)(2)(ii) also 
requires adjusting the braking force for the effect of the distribution of the normal load between 
braked and unbraked wheels at the most adverse centre of gravity position approved for take-
off. The stopping force due to braking is equal to the braking coefficient multiplied by the 
ƴƻǊƳŀƭ ƭƻŀŘ όƛΦŜΦ ǿŜƛƎƘǘύ ƻƴ ŜŀŎƘ ōǊŀƪŜŘ ǿƘŜŜƭΦ ¢ƘŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǿŜƛƎƘǘ ōŜƛƴƎ 
supported by the unbraked wheels (e.g. unbraked nose wheels) does not contribute to the 
stopping force generated by the brakes. This effect must be taken into account for the most 
adverse centre of gravity position approved for take-off, considering any centre of gravity shifts 
that occur due to the dynamics of the stop. The most adverse centre of gravity position is the 
position that results in the least load on the braked wheels. 

AMC 25.109(d)(2) Accelerate-stop distance: anti-skid efficiency on 
grooved and porous friction course (PFC) runways. 

ED Decision 2003/2/RM  

Properly designed, constructed and maintained grooved and PFC runways can offer significant 
improvements in wet runway braking capability. A conservative level of performance credit is 
provided by 25.109(d) to reflect this performance improvement and to provide an incentive for 
installing and maintaining such surfaces.  

In accordance with CS 25.105(c) and 25.109(d), applicants may optionally determine the 
acceleratestop distance applicable to wet grooved and PFC runways. These data would be included in 
the AFM in addition to the smooth runway accelerate-stop distance data. The braking coefficient for 
determining the accelerate-stop distance on grooved and PFC runways is defined in CS 25.109(d) as 
either 70% of the braking coefficient used to determine the dry runway accelerate-stop distances, or 
a curve based on ESDU 71026 data and derived in a manner consistent with that used for smooth 
runways. In either case, the brake torque limitations determined on a dry runway may not be 
exceeded.  

Using a simple factor applied to the dry runway braking coefficient is acceptable for grooved and PFC 
runways because ǘƘŜ ōǊŀƪƛƴƎ ŎƻŜŦŦƛŎƛŜƴǘΩǎ ǾŀǊƛŀǘƛƻƴ ǿƛǘƘ ǎǇŜŜŘ ƛǎ ƳǳŎƘ ƭƻǿŜǊ ƻƴ ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ 
runways. On smooth wet runways, the braking coefficient varies significantly with speed, which makes 
it inappropriate to apply a simple factor to the dry runway braking coefficient. For applicants who 
choose to determine the grooved/PFC wet runway accelerate-stop distances in a manner consistent 
with that used for smooth runways, CS 25.109(d)(2) provides the maximum tyre-to-ground braking 
coefficient applicable to grooved and PFC runways. This maximum tyre-to-ground braking coefficient 
must be adjusted for the anti-skid system efficiency, either by using the value specified in 
CS 25.109(c)(2) appropriate to the type of anti-skid system installed, or by using a specific efficiency 
established by the applicant. As anti-skid system performance depends on the characteristics of the 
runway surface, a system that has been tuned for optimum performance on a smooth surface may 
not achieve the same level of efficiency on a grooved or porous friction course runway, and vice versa. 
Consequently, if the applicant elects to establish a specific efficiency for use with grooved or PFC 
surfaces, anti-skid efficiency testing should be conducted on a wet runway with such a surface, in 
addition to testing on a smooth runway. Means other than flight testing may be acceptable, such as 
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using the efficiency previously determined for smooth wet runways, if that efficiency is shown to be 
representative of, or conservative for, grooved and PFC runways. The resulting braking force for 
grooved/PFC wet runways must be adjusted for the effect of the distribution of the normal load 
between braked and unbraked wheels. This adjustment will be similar to that used for determining 
the braking force for smooth runways, except that the braking dynamics should be appropriate to the 
braking force achieved on grooved and PFC wet runways. Due to the increased braking force on 
grooved and PFC wet runways, an increased download on the nose wheel and corresponding 
reduction in the download on the main gear is expected. 

AMC 25.109(f) Accelerate-stop distance: credit for reverse thrust. 
ED Decision 2003/2/RM  

In accordance with CS 25.109(f), reverse thrust may not be used to determine the accelerate-stop 
distances for a dry runway. For wet runway accelerate-stop distances, however, CS 25.109(f) allows 
credit for the stopping force provided by reverse thrust, if the requirements of CS 25.109(e) are met. 
In addition, the procedures associated with the use of reverse thrust, which CS 25.101(f) requires the 
applicant to provide, must meet the requirements of CS 25.101(h). The following criteria provide 
acceptable means of demonstrating compliance with these requirements:  

1 Procedures for using reverse thrust during a rejected take-off must be developed and 
demonstrated. These procedures should include all of the pilot actions necessary to obtain the 
recommended level of reverse thrust, maintain directional control and safe engine operating 
characteristics, and return the reverser(s), as applicable, to either the idle or the stowed 
position. These procedures need not be the same as those recommended for use during a 
landing stop, but must not result in additional hazards, (e.g., cause a flame out or any adverse 
engine operating characteristics), nor may they significantly increase flightcrew workload or 
training needs.  

2 It should be demonstrated that using reverse thrust during a rejected take-off complies with 
the engine operating characteristics requirements of CS 25.939(a). No adverse engine operating 
characteristics should be exhibited. The reverse thrust procedures may specify a speed at which 
the reverse thrust is to be reduced to idle in order to maintain safe engine operating 
characteristics.  

3 The time sequence for the actions necessary to obtain the recommended level of reverse thrust 
should be demonstrated by flight test. The time sequence used to determine the accelerate-
stop distances should reflect the most critical case relative to the time needed to deploy the 
thrust reversers. For example, on some aeroplanes the outboard thrust reversers are locked out 
if an outboard engine fails. This safety feature prevents the pilot from applying asymmetric 
reverse thrust oƴ ǘƘŜ ƻǳǘōƻŀǊŘ ŜƴƎƛƴŜǎΣ ōǳǘ ƛǘ Ƴŀȅ ŀƭǎƻ ŘŜƭŀȅ ǘƘŜ ǇƛƭƻǘΩǎ ǎŜƭŜŎǘƛƻƴ ƻŦ ǊŜǾŜǊǎŜ 
thrust on the operable reversers. In addition, if the selection of reverse thrust is the fourth or 
subsequent pilot action to stop the aeroplane (e.g., after manual brake application, 
thrust/power reduction, and spoiler deployment), a one second delay should be added to the 
demonstrated time to select reverse thrust. (See figure 1 of AMC 25.101(h)(3).)  

4 The response times of the affected aeroplane systems to pilot inputs should be taken into 
account. For example, delays in system operation, such as thrust reverser interlocks that 
prevent the pilot from applying reverse thrust until the reverser is deployed, should be taken 
into account. The effects of transient response characteristics, such as reverse thrust engine 
spin-up, should also be included.  

5 To enable a pilot of average skill to consistently obtain the recommended level of reverse thrust 
under typical in-service conditions, a lever position that incorporates tactile feedback (e.g., a 
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detent or stop) should be provided. If tactile feedback is not provided, a conservative level of 
reverse thrust should be assumed.  

6 The applicant should demonstrate that exceptional skill is not required to maintain directional 
control on a wet runway with a 19 km/h (ten knot) crosswind from the most adverse direction. 
For demonstration purposes, a wet runway may be simulated by using a castering nosewheel 
on a dry runway. Symmetric braking should be used during the demonstration, and both all-
engines-operating and critical-engine-inoperative reverse thrust should be considered. The 
brakes and thrust reversers may not be modulated to maintain directional control. The reverse 
thrust procedures may specify a speed at which the reverse thrust is reduced to idle in order to 
maintain directional controllability.  

7 To meet the requirements of CS 25.101(h)(2) and 25.109(e)(1) the probability of failure to 
provide the recommended level of reverse thrust should be no greater than 1 per 1000 
selections. The effects of any system or component malfunction or failure should not create an 
additional hazard.  

8 The number of thrust reversers used to determine the wet runway accelerate-stop distance 
data provided in the AFM should reflect the number of engines assumed to be operating during 
the rejected take-off along with any applicable system design features. The all-engines-
operating accelerate-stop distances should be based on all thrust reversers operating. The one-
engine-inoperative accelerate-stop distances should be based on failure of the critical engine. 
For example, if the outboard thrust reversers are locked out when an outboard engine fails, the 
one-engine-inoperative accelerate stop distances can only include reverse thrust from the 
inboard engine thrust reversers.  

9 For the engine failure case, it should be assumed that the thrust reverser does not deploy (i.e., 
no reverse thrust or drag credit for deployed thrust reverser buckets on the failed engine).  

10 For approval of dispatch with one or more inoperative thrust reverser(s), the associated 
performance information should be provided either in the Aeroplane Flight Manual or the 
Master Minimum Equipment List.  

11 The effective stopping force provided by reverse thrust in each, or at the option of the applicant, 
the most critical take-off configuration, should be demonstrated by flight test. Flight test 
demonstrations should be conducted to substantiate the accelerate-stop distances, and should 
include the combined use of all the approved means for stopping the aeroplane. These 
demonstrations may be conducted on a dry runway.  

12 For turbo-propeller powered aeroplanes, the criteria of paragraphs 1 to 11 above remain 
generally applicable. Additionally, the propeller of the inoperative engine should be in the 
position it would normally assume when an engine fails and the power lever is closed. Reverse 
thrust may be selected on the remaining engine(s). Unless this is achieved by a single action to 
retard the power lever(s) from the take-off setting without encountering a stop or lockout, it 
must be regarded as an additional pilot action for the purposes of assessing delay times. If this 
is the fourth or subsequent pilot action to stop the aeroplane, a one second delay should be 
added to the demonstrated time to select reverse thrust. 
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CS 25.111 Take-off path 
ED Decision 2015/008/R  

(a) The take-off path extends from a standing start to a point in the take-off at which the aeroplane 
is 457 m (1500 ft) above the take-off surface, or at which the transition from the take-off to the 
en-route configuration is completed and VFTO is reached, whichever point is higher. In addition ς 

(1) The take-off path must be based on the procedures prescribed in CS 25.101(f); 

(2) The aeroplane must be accelerated on the ground to VEF, at which point the critical engine 
must be made inoperative and remain inoperative for the rest of the take-off; and  

(3) After reaching VEF, the aeroplane must be accelerated to V2. 

(b) During the acceleration to speed V2, the nose gear may be raised off the ground at a speed not 
less than VR. However, landing gear retraction may not be begun until the aeroplane is airborne. 
(See AMC 25.111(b).) 

(c) During the take-off path determination in accordance with sub-paragraphs (a) and (b) of this 
paragraph ς 

(1) The slope of the airborne part of the take-off path must be positive at each point; 

(2) The aeroplane must reach V2 before it is 11 m (35 ft) above the take-off surface and must 
continue at a speed as close as practical to, but not less than V2 until it is 122 m (400 ft) 
above the take-off surface; 

(3) At each point along the take-off path, starting at the point at which the aeroplane reaches 
122 m (400 ft) above the take-off surface, the available gradient of climb may not be less 
than ς 

(i) 1·2% for two-engined aeroplanes; 

(ii) 1·5% for three-engined aeroplanes; and 

(iii) 1·7% for four-engined aeroplanes,  

(4) The aeroplane configuration may not be changed, except for gear retraction and 
automatic propeller feathering, and no change in power or thrust that requires action by 
the pilot may be made, until the aeroplane is 122 m (400 ft) above the take-off surface, 
and 

(5) If CS 25.105(a)(2) requires the take-off path to be determined for flight in icing conditions, 
the airborne part of the take-off must be based on the aeroplane drag:  

(i) ²ƛǘƘ ǘƘŜ Ƴƻǎǘ ŎǊƛǘƛŎŀƭ ƻŦ ǘƘŜ ά¢ake-ƻŦŦ LŎŜέ ŀŎŎǊŜǘƛƻƴόǎύ ŘŜŦƛƴŜŘ ƛƴ !ǇǇŜƴŘƛŎŜǎ / 
and O, as applicable, in accordance with CS 25.21(g), from a height of 11 m (35 ft) 
above the take-off surface up to the point where the aeroplane is 122 m (400 ft) 
above the take-off surface; and 

(ii) ²ƛǘƘ ǘƘŜ Ƴƻǎǘ ŎǊƛǘƛŎŀƭ ƻŦ ǘƘŜ άCƛƴŀƭ ¢ŀƪŜ-ƻŦŦ LŎŜέ ŀŎŎǊŜǘƛƻƴόǎύ ŘŜŦƛƴŜŘ ƛƴ !ǇǇŜƴŘƛŎŜǎ 
C and O, as applicable, in accordance with CS 25.21(g), from the point where the 
aeroplane is 122 m (400 ft) above the take-off surface to the end of the take-off 
path. 

 (d) The take-off path must be determined by a continuous demonstrated take-off or by synthesis 
from segments. If the take-off path is determined by the segmental method ς 

(1) The segments must be clearly defined and must relate to the distinct changes in the 
configuration, power or thrust, and speed; 
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(2) The weight of the aeroplane, the configuration, and the power or thrust must be constant 
throughout each segment and must correspond to the most critical condition prevailing 
in the segment; 

(3) ¢ƘŜ ŦƭƛƎƘǘ ǇŀǘƘ Ƴǳǎǘ ōŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ǿƛǘƘƻǳǘ ƎǊƻǳƴŘ ŜŦŦŜŎǘΤ 
and 

(4) The take-off path data must be checked by continuous demonstrated take-offs up to the 
point at which the aeroplane is out of ground effect and its speed is stabilised, to ensure 
that the path is conservative to the continuous path. 

The aeroplane is considered to be out of the ground effect when it reaches a height equal 
to its wing span.  

(e) Not required for CS-25.  

[Amdt 25/3] 
[Amdt 25/16] 

AMC 25.111 Take-off path 
ED Decision 2003/2/RM  

The height references in CS 25.111 should be interpreted as geometrical heights.  

AMC 25.111(b) Take-off path 
ED Decision 2003/2/RM  

1 Rotation speed, VR, is intended to be the speed at which the pilot initiates action to raise the 
nose gear off the ground, during the acceleration to V2; consequently, the take-off path 
determination, in accordance with CS 25.111(a) and (b), should assume that pilot action to raise 
the nose gear off the ground will not be initiated until the speed VR has been reached.  

2 The time between lift-off and the initiation of gear retraction during take-off distance 
demonstrations should not be less than that necessary to establish an indicated positive rate of 
climb plus one second. For the purposes of flight manual expansion, the average demonstrated 
time delay between lift-off and initiation of gear retraction may be assumed; however, this 
value should not be less than 3 seconds.  

CS 25.113 Take-off distance and take-off run 
ED Decision 2010/005/R  

(a) Take-off distance on a dry runway is the greater of ς 

(1) The horizontal distance along the take-off path from the start of the take-off to the point 
at which the aeroplane is 11 m (35 ft) above the take-off surface, determined under 
CS 25.111 for a dry runway; or 

(2) 115% of the horizontal distance along the take-off path, with all engines operating, from 
the start of the take-off to the point at which the aeroplane is 11 m (35 ft) above the take-
off surface, as determined by a procedure consistent with CS 25.111. (See 
AMC 25.113(a)(2), (b)(2) and (c)(2).) 

(b) Take-off distance on a wet runway is the greater of ς 

(1) The take-off distance on a dry runway determined in accordance with sub-paragraph (a) 
of this paragraph; or 
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(2) The horizontal distance along the take-off path from the start of the take-off to the point 
at which the aeroplane is 4,6 m (15 ft) above the take-off surface, achieved in a manner 
consistent with the achievement of V2 before reaching 11 m (35 ft) above the take-off 
surface, determined under CS 25.111 for a wet runway. (See AMC 25.113(a)(2), (b)(2) and 
(c)(2).) 

(c) If the take-off distance does not include a clearway, the take-off run is equal to the take-off 
distance. If the take-off distance includes a clearway ς 

(1) The take-off run on a dry runway is the greater of ς 

(i) The horizontal distance along the take-off path from the start of the takeoff to a 
point equidistant between the point at which VLOF is reached and the point at which 
the aeroplane is 11 m (35 ft) above the take-off surface, as determined under 
CS 25.111 for a dry runway; or 

(ii) 115% of the horizontal distance along the take-off path, with all engines operating, 
from the start of the take-off to a point equidistant between the point at which 
VLOF is reached and the point at which the aeroplane is 11 m (35 ft) above the 
take-off surface, determined by a procedure consistent with CS 25.111. (See 
AMC 25.113(a)(2), (b)(2) and (c)(2).)  

(2) The take-off run on a wet runway is the greater of ς 

(i) The horizontal distance along the take-off path from the start of the takeoff to the 
point at which the aeroplane is 4,6 m (15 ft) above the take-off surface, achieved 
in a manner consistent with the achievement of V2 before reaching 11 m (35 ft) 
above the take-off surface, determined under CS 25.111 for a wet runway; or 

(ii) 115% of the horizontal distance along the take-off path, with all engines operating, 
from the start of the take-off to a point equidistant between the point at which 
VLOF is reached and the point at which the aeroplane is 11 m (35 ft) above the take-
off surface, determined by a procedure consistent with CS 25.111. (See 
AMC 25.113(a)(2).)  

[Amdt 25/9] 

AMC 25.113(a)(2), (b)(2) and (c)(2) Take-off distance and take-off 
run 

ED Decision 2003/2/RM  

In establishment of the take-off distance and take-off run, with all engines operating, in accordance 
with CS 25.113(a), (b) and (c), the flight technique should be such that ς  

a. A speed of not less than V2 is achieved before reaching a height of 11 m (35 ft) above the take-
off surface,  

b. It is consistent with the achievement of a smooth transition to a steady initial climb speed of 
not less than V2 + 19 km/h (10 kt) at a height of 122 m (400 ft) above the take-off surface.  

CS 25.115 Take-off flight path 
ED Decision 2003/2/RM  

(a) The take-off flight path must be considered to begin 11 m (35 ft) above the take-off surface at 
the end of the take-off distance determined in accordance with CS 25.113(a) or (b) as 
appropriate for the runway surface condition. 
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(b) The net take-off flight path data must be determined so that they represent the actual take-off 
flight paths (determined in accordance with CS 25.111 and with sub-paragraph (a) of this 
paragraph) reduced at each point by a gradient of climb equal to ς 

(1) 0·8% for two-engined aeroplanes; 

(2) 0·9% for three-engined aeroplanes; and 

(3) 1·0% for four-engined aeroplanes. 

(c) The prescribed reduction in climb gradient may be applied as an equivalent reduction in 
acceleration along that part of the take-off flight path at which the aeroplane is accelerated in 
level flight. 

CS 25.117 Climb: general 
ED Decision 2003/2/RM  

Compliance with the requirements of CS 25.119 and 25.121 must be shown at each weight, altitude, 
and ambient temperature within the operational limits established for the aeroplane and with the 
most unfavourable centre of gravity for each configuration.  

CS 25.119 Landing climb: all-engines-operating 
ED Decision 2015/008/R  

In the landing configuration, the steady gradient of climb may not be less than 3·2%, with the engines 
at the power or thrust that is available 8 seconds after initiation of movement of the power or thrust 
controls from the minimum flight idle to the go-around power or thrust setting (see AMC 25.119); and 

(a) In non-icing conditions, with a climb speed of VREF determined in accordance with CS 
25.125(b)(2)(i); and 

(b) In icing conditions with the  most critical of the ά[ŀƴŘƛƴƎ LŎŜέ ŀŎŎǊŜǘƛƻƴόǎύ ŘŜŦƛƴŜŘ ƛƴ !ǇǇŜƴŘƛŎŜǎ 
C and O, as applicable, in accordance with CS 25.21(g), and with a climb speed of VREF 

determined in accordance with CS 25.125(b)(2)(i). 

[Amdt 25/3] 
[Amdt 25/16] 

AMC 25.119 Landing climb: all-engines-operating 
ED Decision 2007/010/R  

In establishing the thrust specified in CS 25.119, either ς  

a.  Engine acceleration tests should be conducted using the most critical combination of the 
following parameters:  

i. Altitude;  

ii. Airspeed;  

iii.  Engine bleed;  

iv. Engine power off-take;  

likely to be encountered during an approach to a landing airfield within the altitude range for 
which landing certification is sought; or  

b.  The thrust specified in CS 25.119 should be established as a function of these parameters.  
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[Amdt 25/3] 

CS 25.121 Climb: one-engine-inoperative 
ED Decision 2015/008/R  

(a) Take-off; landing gear extended. (See AMC 25.121(a).) In the critical take-off configuration 
existing along the flight path (between the points at which the aeroplane reaches VLOF and at 
which the landing gear is fully retracted) and in the configuration used in CS 25.111 but without 
ground effect, the steady gradient of climb must be positive for two-engined aeroplanes, and 
not less than 0·3% for three-engined aeroplanes or 0·5% for fourengined aeroplanes, at VLOF and 
with ς 

(1) The critical engine inoperative and the remaining engines at the power or thrust available 
when retraction of the landing gear is begun in accordance with CS 25.111 unless there 
is a more critical power operating condition existing later along the flight path but before 
the point at which the landing gear is fully retracted (see AMC 25.121(a)(1)); and 

(2) The weight equal to the weight existing when retraction of the landing gear is begun 
determined under CS 25.111. 

(b) Take-off; landing gear retracted. In the take-off configuration existing at the point of the flight 
path at which the landing gear is fully retracted, and in the configuration used in CS 25.111 but 
without ground effect,  

(1) the steady gradient of climb may not be less than 2·4% for two-engined aeroplanes, 2·7% 
for three-engined aeroplanes and 3·0% for four-engined aeroplanes, at V2 with ς  

(i) The critical engine inoperative, the remaining engines at the take-off power or 
thrust available at the time the landing gear is fully retracted, determined under 
CS 25.111, unless there is a more critical power operating condition existing later 
along the flight path but before the point where the aeroplane reaches a height of 
122 m (400 ft) above the take-off surface (see AMC 25.121(b)(1)(i)) ; and 

(ii) ¢ƘŜ ǿŜƛƎƘǘ Ŝǉǳŀƭ ǘƻ ǘƘŜ ǿŜƛƎƘǘ ŜȄƛǎǘƛƴƎ ǿƘŜƴ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ƭŀƴŘƛƴƎ ƎŜŀǊ ƛǎ Ŧǳƭƭȅ 
retracted, determined under CS 25.111. 

(2) The requirements of sub-paragraph (b)(1) of this paragraph must be met: 

(i) In non-icing conditions; and 

(ii) In icing conditions with the most critical of the  ά¢ŀƪŜ-ƻŦŦ LŎŜέ ŀŎŎǊŜǘƛƻƴ(s) defined 
in Appendices C and O, as applicable, in accordance with CS 25.21(g), if in the 
configuration used to show compliance with CS 25.121(b) with this ά¢ŀƪŜ-ƻŦŦ LŎŜέ 
accretion: 

(A) The stall speed at maximum take-off weight exceeds that in non-icing 
conditions by more than the greater of 5.6 km/h (3 knots) CAS or 3% of VSR; 
or 

(B) The degradation of the gradient of climb determined in accordance with CS 
25.121(b) is greater than one-half of the applicable actual-to-net take-off 
flight path gradient reduction defined in CS 25.115(b). 

(c) Final take-off. In the en-route configuration at the end of the take-off path determined in 
accordance with CS 25.111: 

(1) the steady gradient of climb may not be less than 1·2% for two-engined aeroplanes, 1·5% 
for three-engined aeroplanes, and 1·7% for four-engined aeroplanes, at VFTO and with ς  
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(i) The critical engine inoperative and the remaining engines at the available 
maximum continuous power or thrust; and 

(ii) The weight equal to the weight existing at the end of the take-off path, determined 
under CS 25.111. 

(2) The requirements of sub-paragraph (c)(1) of this paragraph must be met: 

(i) In non-icing conditions; and 

(ii) In icing conditions with themost critical of the άCƛƴŀƭ ¢ŀƪŜ-ƻŦŦ LŎŜέ ŀŎŎǊŜǘƛƻƴ(s) 
defined in Appendices C and O, as applicable, in accordance with CS 25.21(g), if in 
the configuration used to show compliance with CS 25.121(b) with this ά¢ŀƪŜ-off 
LŎŜέ ŀŎŎǊŜǘƛƻƴΥ  

(A) The stall speed at maximum take-off weight exceeds that in non-icing 
conditions by more than the greater of 5.6 km/h (3 knots) CAS or 3% of VSR; 
or 

(B) The degradation of the gradient of climb determined in accordance with CS 
25.121(b) is greater than one-half of the applicable actual-to-net take-off 
flight path gradient reduction defined in CS 25.115(b).  

(d) Approach. In a configuration corresponding to the normal all-engines-operating procedure in 
which VSR for this configuration does not exceed 110% of the VSR for the related all-engines-
operating landing configuration: 

(1) steady gradient of climb may not be less than 2·1% for two-engined aeroplanes, 2·4% for 
three-engined aeroplanes and 2·7% for four-engined aeroplanes, with ς  

(i) The critical engine inoperative, the remaining engines at the go-around power or 
thrust setting; 

(ii) The maximum landing weight; 

(iii) A climb speed established in connection with normal landing procedures, but not 
more than 1·4 VSR; and 

(iv) Landing gear retracted. 

(2) The requirements of sub-paragraph (d)(1) of this paragraph must be met: 

(i) In non-icing conditions; and 

(ii) In icing conditions with the most critical of the Approach Ice accretion(s) defined 
in Appendices C and O, as applicable, in accordance with CS 25.21(g). The climb 
speed selected for non-icing conditions may be used if the climb speed for icing 
conditions, computed in accordance with sub-paragraph (d)(1)(iii) of this 
paragraph, does not exceed that for non-icing conditions by more than the greater 
of 5.6 km/h (3 knots) CAS or 3%. 

[Amdt 25/3] 
[Amdt 25/16] 

AMC 25.121 Climb: One-engine-inoperative 
ED Decision 2003/2/RM  

1 In showing compliance with CS 25.121 it is accepted that bank angles of up to 2° to 3° toward 
the operating engine(s) may be used.  
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2 The height references in CS 25.121 should be interpreted as geometrical heights.  

AMC 25.121(a) Climb: One-engine-inoperative 
ED Decision 2003/2/RM  

The configuration of the landing gear used in showing compliance with the climb requirements of CS 
25.121(a) Ƴŀȅ ōŜ ǘƘŀǘ Ŧƛƴŀƭƭȅ ŀŎƘƛŜǾŜŘ ŦƻƭƭƻǿƛƴƎ ΨƎŜŀǊ ŘƻǿƴΩ ǎŜƭŜŎǘƛƻƴΦ  

AMC 25.121(a)(1) Climb: One-engine-inoperative 
ED Decision 2003/2/RM  

! ΨǇƻǿŜǊ ƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴΩ ƳƻǊŜ ŎǊƛǘƛŎŀƭ ǘƘŀƴ ǘƘŀǘ ŜȄƛǎǘƛƴƎ ŀǘ ǘƘŜ ǘƛƳŜ ǿƘŜƴ ǊŜǘǊŀŎǘƛƻƴ ƻŦ ǘƘŜ 
landing gear is begun would occur, for example, if water injection were discontinued prior to reaching 
the point at which the landing gear is fully retracted.  

AMC 25.121(b)(1)(i) Climb: One-engine-inoperative 
ED Decision 2007/010/R  

! ΨǇƻǿŜǊ ƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴΩ ƳƻǊŜ ŎǊƛǘƛŎŀƭ ǘƘŀƴ ǘƘŀǘ ŜȄƛǎǘƛƴƎ ŀǘ ǘƘŜ ǘƛƳŜ ǘƘŜ ƭŀƴŘƛƴƎ ƎŜŀǊ ƛǎ Ŧǳƭƭȅ 
retracted would occur, for example, if water injection were discontinued prior to reaching a gross 
height of 122 m (400 ft).  

[Amdt 25/3] 

CS 25.123 En-route flight paths 
ED Decision 2015/008/R  

(a) For the en-route configuration, the flight paths prescribed in sub-paragraphs (b) and (c) of this 
paragraph must be determined at each weight, altitude, and ambient temperature, within the 
operating limits established for the aeroplane. The variation of weight along the flight path, 
accounting for the progressive consumption of fuel and oil by the operating engines, may be 
included in the computation. The flight paths must be determined at a selected speed not less 
than VFTO, with ς 

(1) The most unfavourable centre of gravity; 

(2) The critical engines inoperative; 

(3) The remaining engines at the available maximum continuous power or thrust; and 

(4) The means for controlling the engine-cooling air supply in the position that provides 
adequate cooling in the hot-day condition. 

(b) The one-engine-inoperative net flight path data must represent the actual climb performance 
diminished by a gradient of climb of 1·1% for two-engined aeroplanes, 1·4% for three-engined 
aeroplanes, and 1·6% for four-engined aeroplanes. 

(1) In non-icing conditions; and 

(2) Lƴ ƛŎƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ά9ƴ-route IcŜέ accretion defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), if:  

(i) A speed of 1.18VSR with the most critical of the ά9ƴ-ǊƻǳǘŜ LŎŜ έ ŀŎŎǊŜǘƛƻƴ(s) exceeds 
the en-route speed selected in non-icing conditions by more than the greater of 
5.6 km/h (3 knots) CAS or 3% of VSR, or 
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(ii) The degradation of the gradient of climb is greater than one-half of the applicable 
actual-to-net flight path reduction defined in sub-paragraph (b) of this paragraph. 

(c) For three- or four-engined aeroplanes, the two-engine-inoperative net flight path data must 
represent the actual climb performance diminished by a gradient climb of 0·3% for three-
engined aeroplanes and 0·5% for four-engined aeroplanes. 

[Amdt 25/3] 
[Amdt 25/16] 

AMC 25.123 En-route flight paths 
ED Decision 2003/2/RM  

If, in showing compliance with CS 25.123, any credit is to be taken for the progressive use of fuel by 
the operating engines, the fuel flow rate should be assumed to be 80% of the engine specification flow 
rate at maximum continuous power, unless a more appropriate figure has been substantiated by flight 
tests.  

CS 25.125 Landing 
ED Decision 2015/008/R  

(a) The horizontal distance necessary to land and to come to a complete stop from a point 15 m 
(50 ft) above the landing surface must be determined (for standard temperatures, at each 
weight, altitude and wind within the operational limits established by the applicant for the 
aeroplane): 

(1) In non-icing conditions; and 

(2) In icing conditions with the most critical of the  ά[ŀƴŘƛƴƎ LŎŜέ ŀŎŎǊŜǘƛƻƴ(s) defined in 
Appendices C and O, as applicable, in accordance with CS 25.21(g), if VREF for icing 
conditions exceeds VREF for non-icing conditions by more than 9.3 km/h (5 knots) CAS at 
the maximum landing weight  

(b) In determining the distance in (a): 

(1) The aeroplane must be in the landing configuration. 

(2) A stabilised approach, with a calibrated airspeed of not less than VREF, must be maintained 
down to the 15 m (50 ft) height. 

(i) In non-icing conditions, VREF may not be less than: 

(A) 1.23 VSR0; 

(B) VMCL established under CS25.149(f); and  

(C) A speed that provides the manoeuvring capability specified in CS 25.143(h). 

(ii) In icing conditions, VREF may not be less than:  

(A) The speed determined in sub-paragraph (b)(2)(i) of this paragraph; 

(B) 1.23 VSR0 with the most critical of the "Landing Ice" accretion(s) defined in 
Appendices C and O, as applicable, in accordance with CS 25.21(g), if that 
speed exceeds VREF for non-icing conditions by more than 9.3 km/h (5 knots) 
CAS; and  

http://easa.europa.eu/
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(C) A speed that provides the manoeuvring capability specified in CS 25.143(h) 
with the Ƴƻǎǘ ŎǊƛǘƛŎŀƭ ƻŦ ǘƘŜ ά Landing ice accretion(s) defined in appendices 
C and O, as applicable, in accordance with CS 25.21(g). 

(3) Changes in configuration, power or thrust, and speed, must be made in accordance with 
the established procedures for service operation. (See AMC 25.125(b)(3).) 

(4) The landing must be made without excessive vertical acceleration, tendency to bounce, 
nose over or ground loop. 

(5) The landings may not require exceptional piloting skill or alertness. 

(c) The landing distance must be determined on a level, smooth, dry, hard-surfaced runway. (See 
AMC 25.125(c).) In addition ς 

(1) The pressures on the wheel braking systems may not exceed those specified by the brake 
manufacturer; 

(2) The brakes may not be used so as to cause excessive wear of brakes or tyres (see 
AMC 25.125(c)(2)); and 

(3) Means other than wheel brakes may be used if that means ς  

(i)  Is safe and reliable; 

(ii) Is used so that consistent results can be expected in service; and 

(iii) Is such that exceptional skill is not required to control the aeroplane. 

(d) Reserved.  

(e) Reserved. 

(f) The landing distance data must include correction factors for not more than 50% of the nominal 
wind components along the landing path opposite to the direction of landing, and not less than 
150% of the nominal wind components along the landing path in the direction of landing. 

(g) If any device is used that depends on the operation of any engine, and if the landing distance 
would be noticeably increased when a landing is made with that engine inoperative, the landing 
distance must be determined with that engine inoperative unless the use of compensating 
means will result in a landing distance not more than that with each engine operating. 

[Amdt 25/3] 
[Amdt 25/16] 

AMC 25.125(b)(3) Change of Configuration 
ED Decision 2007/010/R  

No changes in configuration, addition of thrust, or nose depression should be made after reaching 15 
m (50 ft) height.  

[Amdt 25/3] 

AMC 25.125(c) Landing 
ED Decision 2007/010/R  

1 During measured landings, if the brakes can be consistently applied in a manner permitting the 
nose gear to touch down safely, the brakes may be applied with only the main wheels firmly on 
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the ground. Otherwise, the brakes should not be applied until all wheels are firmly on the 
ground.  

2 This is not intended to prevent operation in the normal way of automatic braking systems 
which, for instance, permit brakes to be selected on before touchdown.  

[Amdt 25/3] 

AMC 25.125(c)(2) Landing 
ED Decision 2007/010/R  

To ensure compliance with CS 25.125(c)(2), a series of six measured landings should be conducted on 
the same set of wheel brakes and tyres.  

[Amdt 25/3] 
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CONTROLLABILITY AND MANOEUVRABILITY 

CS 25.143 General 
ED Decision 2015/008/R  

(a) (See AMC 25.143(a).) The aeroplane must be safely controllable and manoeuvrable during ς 

(1) Take-off; 

(2) Climb; 

(3) Level flight; 

(4) Descent; and 

(5) Landing. 

(b) (See AMC 25.143(b).) It must be possible to make a smooth transition from one flight condition 
to any other flight condition without exceptional piloting skill, alertness, or strength, and 
without danger of exceeding the aeroplane limit-load factor under any probable operating 
conditions, including ς 

(1) The sudden failure of the critical engine. (See AMC 25.143(b)(1).) 

(2) For aeroplanes with three or more engines, the sudden failure of the second critical 
engine when the aeroplane is in the en-route, approach, or landing configuration and is 
trimmed with the critical engine inoperative; and 

(3) Configuration changes, including deployment or retraction of deceleration devices. 

(c) The aeroplane must be shown to be safely controllable and manoeuvrable with the most critical 
ice accretion(s) appropriate to the phase of flight as defined in appendices C and O, as 
applicable, in accordance with CS 25.21(g), and with the critical engine inoperative and its 
propeller (if applicable) in the minimum drag position: 

(1) At the minimum V2 for take-off; 

(2) During an approach and go-around; and 

(3) During an approach and landing. 

(d) The following table prescribes, for conventional wheel type controls, the maximum control 
forces permitted during the testing required by sub-paragraphs (a) through (c) of this 
paragraph. (See AMC 25.143(d)): 

Force, in newton (pounds), applied to the 
control wheel or rudder pedals 

Pitch Roll Yaw 

For short term application for pitch and roll 
control ς two hands available for control 

334 (75) 222 (50) ς 

For short term application for pitch and roll 
control ς one hand available for control 

222 (50) 111 (25) ς 

For short term application for yaw control ς ς 667 (150) 

For long term application 44,5 (10) 22 (5) 89 (20) 

 

(e) Approved operating procedures or conventional operating practices must be followed when 
demonstrating compliance with the control force limitations for short term application that are 
prescribed in sub-paragraph (d) of this paragraph. The aeroplane must be in trim, or as near to 
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being in trim as practical, in the immediately preceding steady flight condition. For the take-off 
condition, the aeroplane must be trimmed according to the approved operating procedures. 

(f) When demonstrating compliance with the control force limitations for long term application 
that are prescribed in sub-paragraph (d) of this paragraph, the aeroplane must be in trim, or as 
near to being in trim as practical. 

(g) When manoeuvring at a constant airspeed or Mach number (up to VFC/M FC), the stick forces and 
the gradient of the stick force versus manoeuvring load factor must lie within satisfactory limits. 
¢ƘŜ ǎǘƛŎƪ ŦƻǊŎŜǎ Ƴǳǎǘ ƴƻǘ ōŜ ǎƻ ƎǊŜŀǘ ŀǎ ǘƻ ƳŀƪŜ ŜȄŎŜǎǎƛǾŜ ŘŜƳŀƴŘǎ ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ ǎǘǊŜƴƎǘƘ ǿƘŜƴ 
manoeuvring the aeroplane (see AMC No. 1 to CS 25.143(g)), and must not be so low that the 
aeroplane can easily be overstressed inadvertently. Changes of gradient that occur with 
changes of load factor must not cause undue difficulty in maintaining control of the aeroplane, 
and local gradients must not be so low as to result in a danger of over-controlling. (See AMC No. 
2 to CS 25.143(g)).  

(h) (See AMC 25.143(h)). The manoeuvring capabilities in a constant speed coordinated turn at 
forward centre of gravity, as specified in the following table, must be free of stall warning or 
other characteristics that might interfere with normal manoeuvring. 

CONFIGURATION SPEED  MANOEUVRING BANK ANGLE 
IN A COORDINATED TURN 

THRUST/POWER SETTING 

TAKE-OFF V2 30° ASYMMETRIC WAT-LIMITED (1) 

TAKE-OFF V2 + xx (2)  40° ALL ENGINES OPERATING CLIMB (3) 

EN-ROUTE VFTO 40° ASYMMETRIC WAT-LIMITED (1)  

LANDING VREF 40° SYMMETRIC FOR ς3° FLIGHT PATH 
ANGLE 

 

(1) A combination of weight, altitude and temperature (WAT) such that the thrust or power 
setting produces the minimum climb gradient specified in CS 25.121 for the flight 
condition. 

(2) Airspeed approved for all-engines-operating initial climb. 

(3) That thrust or power setting which, in the event of failure of the critical engine and 
without any crew action to adjust the thrust or power of the remaining engines, would 
result in the thrust or power specified for the take-off condition at V2, or any lesser thrust 
or power setting that is used for all-engines-operating initial climb procedures. 

(i) When demonstrating compliance with CS 25.143 in icing conditions - 

(1) Controllability must be demonstrated with the most critical of the ice accretion(s) for the 
particular phase of flight as defined in Appendices C and O,  as applicable, in accordance 
with CS 25.21(g).   

(2) It must be shown that a push force is required throughout a pushover manoeuvre down 
to a zero g load factor, or the lowest load factor obtainable if limited by elevator power 
or other design characteristic of the flight control system. It must be possible to promptly 
recover from the manoeuvre without exceeding a pull control force of 222 N. (50 lbf); 
and 

(3) Any changes in force that the pilot must apply to the pitch control to maintain speed with 
increasing sideslip angle must be steadily increasing with no force reversals, unless the 
change in control force is gradual and easily controllable by the pilot without using 
exceptional piloting skill, alertness, or strength. 

http://easa.europa.eu/
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(j) For flight in icing conditions before the ice protection system has been activated and is 
performing its intended function, it must be demonstrated in flight with the most critical of the 
ice accretion(s) defined in appendix C, part II(e), and Appendix O, part II(d), as applicable, in 
accordance with CS 25.21(g), that: 

(1) The aeroplane is controllable in a pull-up manoeuvre up to 1.5 g load factor; and  

(2) There is no pitch control force reversal during a pushover manoeuvre down to 0.5 g load 
factor. 

(k) Side stick controllers 

In lieu of the maximum control forces provided in CS 25.143(d) for pitch and roll, and in lieu of 
specific pitch force requirements of CS 25.145(b) and CS 25.175(d), it must be shown that the 
temporary and maximum prolonged force levels for side stick controllers are suitable for all 
expected operating conditions and configurations, whether normal or non-normal. 

It must be shown by flight tests that turbulence does not produce unsuitable pilot-in-the-loop 
control problems when considering precision path control/tasks. 

(l) Electronic flight control systems 

For electronic flight control systems (EFCS) which embody a normal load factor limiting system 
and in the absence of aerodynamic limitation (lift capability at maximum angle of attack), 

(1) The positive limiting load factor must not be less than: 

(i) 2.5 g with the EFCS functioning in its normal mode and with the high-lift devices 
retracted up to VMO/M MO. The positive limiting load factor may be gradually 
reduced down to 2.25 g above VMO/M MO.; 

(ii) 2.0 g with the EFCS functioning in its normal mode and with the high-lift devices 
extended; 

(2) The negative limiting load factor must be equal to or more negative than: 

(i) -1.0 g with the EFCS functioning in its normal mode and with the high-lift devices 
retracted; 

(ii) 0 g with the EFCS functioning in its normal mode and with the high-lift devices 
extended. 

Maximum reachable positive load factor wings level may be limited by flight control system 
characteristics or flight envelope protections (other than load factor limitation), provided that: 

1. the required values are readily achievable in turn, and  

2. wings level pitch up responsiveness is satisfactory. 

Maximum reachable negative load factor may be limited by flight control system characteristics 
or flight envelope protections (other than load factor limitation), provided that: 

3. pitch down responsiveness is satisfactory, and  

4. from level flight, 0 g is readily achievable, or, at least, a trajectory change of 5 degrees per 
second is readily achievable at operational speeds (from VLS to Max speed ς 10 kt. VLS is 
the lowest speed that the crew may fly with auto thrust or auto pilot engaged. Max speed 
ς 10 kt) is intended to cover typical margin from VMO/M MO to cruise speeds and typical 
margin from VFE to standard speed in high-lift configurations. 

http://easa.europa.eu/
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Compliance demonstrations with the above requirements may be performed without ice 
accretion on the airframe. 

[Amdt 25/3] 
[Amdt 25/7] 
[Amdt 25/13] 
[Amdt 25/15] 
[Amdt 25/16] 

AMC 25.143(a) and (b) Controllability and Manoeuvrability 
ED Decision 2003/2/RM  

In showing compliance with the requirements of CS 25.143(a) and (b) account should be taken of 
aeroelastic effects and structural dynamics (including aeroplane response to rough runways and water 
waves) which may influence the aeroplane handling qualities in flight and on the surface. The 
oscillation characteristics of the flightdeck, in likely atmospheric conditions, should be such that there 
is no reduction in ability to control and manoeuvre the aeroplane safely. 

AMC 25.143(b)(1) Control Following Engine Failure 
ED Decision 2003/2/RM  

1  An acceptable means of showing compliance with CS 25.143(b)(1) is to demonstrate that it is 
possible to regain full control of the aeroplane without attaining a dangerous flight condition in 
the event of a sudden and complete failure of the critical engine in the following conditions:  

a.  At each take-off flap setting at the lowest speed recommended for initial steady climb 
with all engines operating after take-off, with ς  

i. All engines, prior to the critical engine becoming inoperative, at maximum take-off 
power or thrust;  

ii. All propeller controls in the take-off position;  

iii. The landing gear retracted;  

iv. The aeroplane in trim in the prescribed initial conditions; and  

b.  With wing-flaps retracted at a speed of 1.23 VSR1 with ς  

i. All engines, prior to the critical engine becoming inoperative, at maximum 
continuous power or thrust;  

ii. All propeller controls in the en-route position;  

iii. The landing gear retracted;  

iv. The aeroplane in trim in the prescribed initial conditions.  

2  The demonstrations should be made with simulated engine failure occurring during straight 
flight with wings level. In order to allow for likely delay in the initiation of recovery action, no 
action to recover the aeroplane should be taken for 2 seconds following engine failure. The 
recovery action should not necessitate movement of the engine, propeller or trimming controls, 
nor require excessive control forces. The aeroplane will be considered to have reached an 
unacceptable attitude if a bank angle of 45° is exceeded during recovery.  

http://easa.europa.eu/
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AMC 25.143(d) Controllability and Manoeuvrability 
ED Decision 2007/010/R  

1 The maximum forces given in the table in CS 25.143(c) for pitch and roll control for short term 
application are applicable to manoeuvres in which the control force is only needed for a short 
period. Where the manoeuvre is such that the pilot will need to use one hand to operate other 
controls (such as the landing flare or go-around, or during changes of configuration or power 
resulting in a change of control force that must be trimmed out) the single-handed maximum 
control forces will be applicable. In other cases (such as take-off rotation, or manoeuvring 
during en-route flight) the two handed maximum forces will apply.  

2 Short term and long term forces should be interpreted as follows:ς  

Short term forces are the initial stabilised control forces that result from maintaining the 
intended flight path during configuration changes and normal transitions from one flight 
condition to another, or from regaining control following a failure. It is assumed that the pilot 
will take immediate action to reduce or eliminate such forces by re-trimming or changing 
configuration or flight conditions, and consequently short term forces are not considered to 
exist for any significant duration. They do not include transient force peaks that may occur 
during the configuration change, change of flight condition or recovery of control following a 
failure. 

Long term forces are those control forces that result from normal or failure conditions that 
cannot readily be trimmed out or eliminated. 

[Amdt 25/3] 

AMC No. 1 to CS 25.143(g) Controllability and Manoeuvrability 
ED Decision 2007/010/R  

An acceptable means of compliance with the requirement that stick forces may not be excessive when 
manoeuvring the aeroplane, is to demonstrate that, in a turn for 0·5g incremental normal acceleration 
(0·3g above 6096 m (20 000 ft)) at speeds up to VFC/M FC, the average stick force gradient does not 
exceed 534 N (120 lbf)/g.  

[Amdt 25/3] 

AMC No. 2 to CS 25.143(g) Controllability and Manoeuvrability 
ED Decision 2007/010/R  

1 The objective of CS 25.143(g) is to ensure that the limit strength of any critical component on 
the aeroplane would not be exceeded in manoeuvring flight. In much of the structure the load 
sustained in manoeuvring flight can be assumed to be directly proportional to the load factor 
applied. However, this may not be the case for some parts of the structure, e.g., the tail and 
rear fuselage. Nevertheless, it is accepted that the aeroplane load factor will be a sufficient 
guide to the possibility of exceeding limit strength on any critical component if a structural 
investigation is undertaken whenever the design positive limit manoeuvring load factor is 
closely approached. If flight testing indicates that the design positive limit manoeuvring load 
factor could be exceeded in steady manoeuvring flight with a 222 N (50 lbf) stick force, the 
aeroplane structure should be evaluated for the anticipated load at a 222 N (50 lbf) stick force. 
The aeroplane will be considered to have been overstressed if limit strength has been exceeded 
in any critical component. For the purposes of this evaluation, limit strength is defined as the 
larger of either the limit design loads envelope increased by the available margins of safety, or 
the ultimate static test strength divided by 1·5.  
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2 Minimum Stick Force to Reach Limit Strength  

2.1 A stick force of at least 222 N (50 lbf) to reach limit strength in steady manoeuvres or 
wind up turns is considered acceptable to demonstrate adequate minimum force at limit 
strength in the absence of deterrent buffeting. If heavy buffeting occurs before the limit 
strength condition is reached, a somewhat lower stick force at limit strength may be 
acceptable. The acceptability of a stick force of less than 222 N (50 lbf) at the limit 
strength condition will depend upon the intensity of the buffet, the adequacy of the 
warning margin (i.e., the load factor increment between the heavy buffet and the limit 
strength condition) and the stick force characteristics. In determining the limit strength 
condition for each critical component, the contribution of buffet loads to the overall 
manoeuvring loads should be taken into account.  

2.2 This minimum stick force applies in the en-route configuration with the aeroplane 
trimmed for straight flight, at all speeds above the minimum speed at which the limit 
strength condition can be achieved without stalling. No minimum stick force is specified 
for other configurations, but the requirements of CS 25.143(g) are applicable in these 
conditions.  

3 Stick Force Characteristics  

3.1 At all points within the buffet onset boundary determined in accordance with 
CS 25.251(e), but not including speeds above VFC/M FC, the stick force should increase 
progressively with increasing load factor. Any reduction in stick force gradient with 
change of load factor should not be so large or abrupt as to impair significantly the ability 
of the pilot to maintain control over the load factor and pitch attitude of the aeroplane.  

3.2 Beyond the buffet onset boundary, hazardous stick force characteristics should not be 
encountered within the permitted manoeuvring envelope as limited by paragraph 3.3. It 
should be possible, by use of the primary longitudinal control alone, to pitch the 
aeroplane rapidly nose down so as to regain the initial trimmed conditions. The stick force 
characteristics demonstrated should comply with the following:  

a. For normal acceleration increments of up to 0·3 g beyond buffet onset, where 
these can be achieved, local reversal of the stick force gradient may be acceptable 
provided that any tendency to pitch up is mild and easily controllable.  

b. For normal acceleration increments of more than 0·3 g beyond buffet onset, where 
these can be achieved, more marked reversals of the stick force gradient may be 
acceptable. It should be possible for any tendency to pitch up to be contained 
within the allowable manoeuvring limits without applying push forces to the 
control column and without making a large and rapid forward movement of the 
control column.  

3.3  In flight tests to satisfy paragraph 3.1 and 3.2 the load factor should be increased until 
either ς 

a. The level of buffet becomes sufficient to provide a strong and effective deterrent 
to further increase of load factor; or  

b. Further increase of load factor requires a stick force in excess of 667 N (150 lbf) (or 
in excess of 445 N (100 lbf) when beyond the buffet onset boundary) or is 
impossible because of the limitations of the control system; or  

c. The positive limit manoeuvring load factor established in compliance with 
CS 25.337(b) is achieved. 
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4  Negative Load Factors  

It is not intended that a detailed flight test assessment of the manoeuvring characteristics under 
negative load factors should necessarily be made throughout the specified range of conditions. 
An assessment of the characteristics in the normal flight envelope involving normal 
accelerations from 1 g to 0 g will normally be sufficient. Stick forces should also be assessed 
during other required flight testing involving negative load factors. Where these assessments 
reveal stick force gradients that are unusually low, or that are subject to significant variation, a 
more detailed assessment, in the most critical of the specified conditions, will be required. This 
may be based on calculations provided these are supported by adequate flight test or wind 
tunnel data.  

[Amdt 25/3] 

AMC 25.143(h) Manoeuvre Capability 
ED Decision 2007/010/R  

1 As an alternative to a detailed quantitative demonstration and analysis of coordinated turn 
capabilities, the levels of manoeuvrability free of stall warning required by CS 25.143(h) can 
normally be assumed where the scheduled operating speeds are not less than ς  

1.08 VSW for V2  

1.16 VSW for V2 + xx, VFTO and VREF  

where VSW is the stall warning speed determined at idle power and at 1g in the same conditions 
of configuration, weight and centre of gravity, all expressed in CAS. Neverthless, a limited 
number of turning flight manoeuvres should be conducted to confirm qualitatively that the 
aeroplane does meet the manoeuvre bank angle objectives (e.g. for an aeroplane with a 
significant Mach effect on the CLκʰ ǊŜƭŀǘƛƻƴǎƘƛǇύ ŀƴŘ ŘƻŜǎ ƴƻǘ ŜȄƘƛōƛǘ ƻǘƘŜǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿƘƛŎƘ 
might interfere with normal manoeuvring.  

2 The effect of thrust or power is normally a function of thrust to weight ratio alone and, 
therefore, it is acceptable for flight test purposes to use the thrust or power setting that is 
consistent with a WAT-limited climb gradient at the test conditions of weight, altitude and 
temperature. However, if the manoeuvre margin to stall warning (or other relevant 
characteristic that might interfere with normal manoeuvring) is reduced with increasing thrust 
or power, the critical conditions of both thrust or power and thrust-to-weight ratio must be 
taken into account when demonstrating the required manoeuvring capabilities.  

[Amdt 25/3] 

CS 25.145 Longitudinal control 
ED Decision 2003/2/RM  

(a) (See AMC 25.145(a).) It must be possible at any point between the trim speed prescribed in 
CS 25.103(b)(6) and stall identification (as defined in CS 25.201(d)), to pitch the nose downward 
so that the acceleration to this selected trim speed is prompt with ς  

(1) The aeroplane trimmed at the trim speed prescribed in CS 25.103(b)(6); 

(2) The landing gear extended; 

(3) The wing-flaps (i) retracted and (ii) extended; and 

(4) Power (i) off and (ii) at maximum continuous power on the engines. 
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(b) With the landing gear extended, no change in trim control, or exertion of more than 222 N (50 
pounds) control force (representative of the maximum short term force that can be applied 
readily by one hand) may be required for the following manoeuvres: 

(1) With power off, wing-flaps retracted, and the aeroplane trimmed at 1·3 VSR1, extend the 
wing-flaps as rapidly as possible while maintaining the airspeed at approximately 30% 
above the reference stall speed existing at each instant throughout the manoeuvre. (See 
AMC 25.145(b)(1), (b)(2) and (b)(3).) 

(2) Repeat sub-paragraph (b)(1) of this paragraph except initially extend the wing-flaps and 
then retract them as rapidly as possible. (See AMC 25.145(b)(2) and AMC 25.145(b)(1), 
(b)(2) and (b)(3).) 

(3) Repeat sub-paragraph (b)(2) of this paragraph except at the go-around power or thrust 
setting. (See AMC 25.145(b)(1), (b)(2) and (b)(3).) 

(4) With power off, wing-flaps retracted and the aeroplane trimmed at 1·3 VSR1, rapidly set 
go-around power or thrust while maintaining the same airspeed. 

(5) Repeat sub-paragraph (b)(4) of this paragraph except with wing-flaps extended. 

(6) With power off, wing-flaps extended and the aeroplane trimmed at 1·3 VSR1 obtain and 
maintain airspeeds between VSW and either 1·6 VSR1, or VFE, whichever is the lower. 

(c) It must be possible, without exceptional piloting skill, to prevent loss of altitude when complete 
retraction of the high lift devices from any position is begun during steady, straight, level flight 
at 1·08 VSR1, for propeller powered aeroplanes or 1·13 VSR1, for turbo-jet powered aeroplanes, 
with ς 

(1) Simultaneous movement of the power or thrust controls to the go-around power or 
thrust setting; 

(2) The landing gear extended; and 

(3) The critical combinations of landing weights and altitudes. 

(d) Revoked 

(e) (See AMC 25.145(e).) If gated high-lift device control positions are provided, sub-paragraph (c) 
of this paragraph applies to retractions of the high-lift devices from any position from the 
maximum landing position to the first gated position, between gated positions, and from the 
last gated position to the fully retracted position. The requirements of sub-paragraph (c) of this 
paragraph also apply to retractions from each approved landing position to the control 
position(s) associated with the high-lift device configuration(s) used to establish the go-around 
procedure(s) from that landing position. In addition, the first gated control position from the 
maximum landing position must correspond with a configuration of the high-lift devices used 
to establish a go-around procedure from a landing configuration. Each gated control position 
must require a separate and distinct motion of the control to pass through the gated position 
and must have features to prevent inadvertent movement of the control through the gated 
position. It must only be possible to make this separate and distinct motion once the control 
has reached the gated position. 

AMC 25.145(a) Longitudinal control - Control near the stall 
ED Decision 2003/2/RM  

1 CS 25.145(a) requires that there be adequate longitudinal control to promptly pitch the 
aeroplane nose down from at or near the stall to return to the original trim speed. The intent is 
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to ensure sufficient pitch control for a prompt recovery if the aeroplane is inadvertently slowed 
to the point of the stall. Although this requirement must be met with power off and at maximum 
continuous power, there is no intention to require stall demonstrations at engine powers above 
that specified in CS 25.201(a)(2). Instead of performing a full stall at maximum continuous 
power, compliance may be assessed by demonstrating sufficient static longitudinal stability and 
nose down control margin when the deceleration is ended at least one second past stall warning 
during a 0.5 m/s2 (one knot per second) deceleration. The static longitudinal stability during the 
manoeuvre and the nose down control power remaining at the end of the manoeuvre must be 
sufficient to assure compliance with the requirement. 

2 The aeroplane should be trimmed at the speed for each configuration as prescribed in 
CS 25.103(b)(6). The aeroplane should then be decelerated at 0.5 m/s2 (1 knot per second) with 
wings level. For tests at idle power, it should be demonstrated that the nose can be pitched 
down from any speed between the trim speed and the stall. Typically, the most critical point is 
at the stall when in stall buffet. The rate of speed increase during the recovery should be 
adequate to promptly return to the trim point. Data from the stall characteristics test can be 
used to evaluate this capability at the stall. For tests at maximum continuous power, the 
manoeuvre need not be continued for more than one second beyond the onset of stall warning. 
However, the static longitudinal stability characteristics during the manoeuvre and the nose 
down control power remaining at the end of the manoeuvre must be sufficient to assure that a 
prompt recovery to the trim speed could be attained if the aeroplane is slowed to the point of 
stall. 

AMC 25.145(b)(2) Longitudinal control 
ED Decision 2003/2/RM  

Where high lift devices are being retracted and where large and rapid changes in maximum lift occur 
as a result of movement of high-lift devices, some reduction in the margin above the stall may be 
accepted. 

AMC 25.145(b)(1), (b)(2) and (b)(3) Longitudinal control 
ED Decision 2003/2/RM  

The presence of gated positions on the flap control does not affect the requirement to demonstrate 
full flap extensions and retractions without changing the trim control. 

AMC 25.145(e) Longitudinal control 
ED Decision 2003/2/RM  

If gates are provided, CS 25.145(e) requires the first gate from the maximum landing position to be 
located at a position corresponding to a go-around configuration. If there are multiple go-around 
configurations, the following criteria should be considered when selecting the location of the gate:  

a. The expected relative frequency of use of the available go-around configurations.  

b. The effects of selecting the incorrect high-lift device control position.  

c. The potential for the pilot to select the incorrect control position, considering the likely 
situations for use of the different go-around positions.  

d. The extent to which the gate(s) aid the pilot in quickly and accurately selecting the correct 
position of the high-lift devices.  
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CS 25.147 Directional and lateral control 
ED Decision 2003/2/RM  

(a) Directional control; general. (See AMC 25.147(a).) It must be possible, with the wings level, to 
yaw into the operative engine and to safely make a reasonably sudden change in heading of up 
to 15° in the direction of the critical inoperative engine. This must be shown at 1·3 VSR1, for 
heading changes up to 15° (except that the heading change at which the rudder pedal force is 
667 N (150 lbf) need not be exceeded), and with ς  

(1) The critical engine inoperative and its propeller in the minimum drag position; 

(2) The power required for level flight at 1.3 VSR1, but not more than maximum continuous 
power; 

(3) The most unfavourable centre of gravity;  

(4) Landing gear retracted; 

(5) Wing-flaps in the approach position; and 

(6) Maximum landing weight. 

(b) Directional control; aeroplanes with four or more engines. Aeroplanes with four or more engines 
must meet the requirements of sub-paragraph (a) of this paragraph except that ς  

(1) The two critical engines must be inoperative with their propellers (if applicable) in the 
minimum drag position; 

(2) Reserved; and 

(3) The wing-flaps must be in the most favourable climb position. 

(c) Lateral control; general. It must be possible to make 20° banked turns, with and against the 
inoperative engine, from steady flight at a speed equal to 1·3 VSR1, with ς  

(1) The critical engine inoperative and its propeller (if applicable) in the minimum drag 
position; 

(2) The remaining engines at maximum continuous power; 

(3) The most unfavourable centre of gravity; 

(4) Landing gear both retracted and extended; 

(5) Wing-flaps in the most favourable climb position; and 

(6) Maximum take-off weight; 

(d) Lateral control; roll capability. With the critical engine inoperative, roll response must allow 
normal manoeuvres. Lateral control must be sufficient, at the speeds likely to be used with one 
engine inoperative, to provide a roll rate necessary for safety without excessive control forces 
or travel. (See AMC 25.147(d).) 

(e) Lateral control; aeroplanes with four or more engines. Aeroplanes with four or more engines 
must be able to make 20° banked turns, with and against the inoperative engines, from steady 
flight at a speed equal to 1·3 VSR1, with maximum continuous power, and with the aeroplane in 
the configuration prescribed by sub-paragraph (b) of this paragraph.  

(f) Lateral control; all engines operating. With the engines operating, roll response must allow 
normal manoeuvres (such as recovery from upsets produced by gusts and the initiation of 
evasive manoeuvres). There must be enough excess lateral control in sideslips (up to sideslip 
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angles that might be required in normal operation), to allow a limited amount of manoeuvring 
and to correct for gusts. Lateral control must be enough at any speed up to VFC/M FC to provide 
a peak roll rate necessary for safety, without excessive control forces or travel. (See 
AMC 25.147(f).)  

AMC 25.147(a) Directional control; general 
ED Decision 2003/2/RM  

The intention of the requirement is that the aircraft can be yawed as prescribed without the need for 
application of bank angle. Small variations of bank angle that are inevitable in a realistic flight test 
demonstration are acceptable. 

AMC 25.147(d) Lateral control: Roll capability 
ED Decision 2003/2/RM  

An acceptable method of demonstrating compliance with CS 25.147(d) is as follows:  

With the aeroplane in trim, all as nearly as possible,in trim, for straight flight at V2, establish a steady 
30° banked turn. It should be demonstrated that the aeroplane can be rolled to a 30° bank angle in 
the other direction in not more than 11 seconds. In this demonstration, the rudder may be used to 
the extent necessary to minimise sideslip. The demonstration should be made in the most adverse 
direction. The manoeuvre may be unchecked. Care should be taken to prevent excessive sideslip and 
bank angle during the recovery. 

Conditions:  Maximum take-off weight.  

Most aft c.g. position.  

Wing-flaps in the most critical take-off position.  

Landing Gear retracted.  

Yaw SAS on, and off, if applicable.  

Operating engine(s) at maximum take-off power.  

The inoperative engine that would be most critical for controllability, with the propeller 
(if applicable) feathered.  

Note: Normal operation of a yaw stability augmentation system (SAS) should be considered in 
accordance with normal operating procedures.  

AMC 25.147(f) Lateral control: All engines operating 
ED Decision 2003/2/RM  

An acceptable method of demonstrating that roll response and peak roll rates are adequate for 
compliance with CS 25.147(f) is as follows:  

It should be possible in the conditions specified below to roll the aeroplane from a steady 30° banked 
turn through an angle of 60° so as to reverse the direction of the turn in not more than 7 seconds. In 
these demonstrations the rudder may be used to the extent necessary to minimise sideslip. The 
demonstrations should be made rolling the aeroplane in either direction, and the manoeuvres may be 
unchecked.  

Conditions:  
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(a) En-route:  Airspeed. All speeds between the minimum value of the scheduled all-engines-
operating climb speed and VMO/M MO. 

Wing-flaps. En-route position(s).  

Air Brakes. All permitted settings from Retracted to Extended.  

Landing Gear. Retracted.  

Power. All engines operating at all powers from flight idle up to maximum 
continuous power.  

Trim. The aeroplane should be in trim from straight flight in these conditions, and 
the trimming controls should not be moved during the manoeuvre.  

(b) Approach:  Airspeed. Either the speed maintained down to the 15 m (50 ft) height in 
compliance with CS 25.125(a)(2), or the target threshold speed determined in 
accordance with CS 25.125(c)(2)(i) as appropriate to the method of landing 
distance determination used. 

Wing-flaps. In each landing position.  

Air Brakes. In the maximum permitted extended setting.  

Landing Gear. Extended.  

Power. All engines operating at the power required to give a gradient of descent 
of 5·0%.  

Trim. The aeroplane should be in trim for straight flight in these conditions, and 
the trimming controls should not be moved during the manoeuvre.  

CS 25.149 Minimum control speed 
ED Decision 2003/2/RM  

(a) In establishing the minimum control speeds required by this paragraph, the method used to 
simulate critical engine failure must represent the most critical mode of powerplant failure with 
respect to controllability expected in service. 

(b) VMC is the calibrated airspeed, at which, when the critical engine is suddenly made inoperative, 
it is possible to maintain control of the aeroplane with that engine still inoperative, and maintain 
straight flight with an angle of bank of not more than 5°. 

(c) VMC may not exceed 1·13 VSR with ς 

(1) Maximum available take-off power or thrust on the engines; 

(2) The most unfavourable centre of gravity;  

(3) The aeroplane trimmed for take-off; 

(4) The maximum sea-level take-off weight (or any lesser weight necessary to show VMC); 

(5) The aeroplane in the most critical take-off configuration existing along the flight path 
after the aeroplane becomes airborne, except with the landing gear retracted; 

(6) The aeroplane airborne and the ground effect negligible; and  

(7) If applicable, the propeller of the inoperative engine ς 

(i) Windmilling; 
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(ii) In the most probable position for the specific design of the propeller control; or 

(iii) Feathered, if the aeroplane has an automatic feathering device acceptable for 
showing compliance with the climb requirements of CS 25.121. 

(d) The rudder forces required to maintain control at VMC may not exceed 667 N (150 lbf) nor may 
it be necessary to reduce power or thrust of the operative engines. During recovery, the 
aeroplane may not assume any dangerous attitude or require exceptional piloting skill, 
alertness, or strength to prevent a heading change of more than 20°. 

(e) VMCG, the minimum control speed on the ground, is the calibrated airspeed during the take-off 
run at which, when the critical engine is suddenly made inoperative, it is possible to maintain 
control of the aeroplane using the rudder control alone (without the use of nose-wheel 
steering), as limited by 667 N of force (150 lbf), and the lateral control to the extent of keeping 
the wings level to enable the take-off to be safely continued using normal piloting skill. In the 
determination of VMCG, assuming that the path of the aeroplane accelerating with all engines 
operating is along the centreline of the runway, its path from the point at which the critical 
engine is made inoperative to the point at which recovery to a direction parallel to the 
centreline is completed, may not deviate more than 9.1 m (30 ft) laterally from the centreline 
at any point. VMCG must be established, with ς 

(1) The aeroplane in each take-off configuration or, at the option of the applicant, in the 
most critical take-off configuration; 

(2) Maximum available take-off power or thrust on the operating engines; 

(3) The most unfavourable centre of gravity;  

(4) The aeroplane trimmed for take-off; and  

(5) The most unfavourable weight in the range of take-off weights. (See AMC 25.149(e).) 

(f) (See AMC 25.149(f)) VMCL, the minimum control speed during approach and landing with all 
engines operating, is the calibrated airspeed at which, when the critical engine is suddenly made 
inoperative, it is possible to maintain control of the aeroplane with that engine still inoperative, 
and maintain straight flight with an angle of bank of not more than 5°. VMCL must be established 
with ς 

(1) The aeroplane in the most critical configuration (or, at the option of the applicant, each 
configuration) for approach and landing with all engines operating; 

(2) The most unfavourable centre of gravity;  

(3) The aeroplane trimmed for approach with all engines operating; 

(4) The most unfavourable weight, or, at the option of the applicant, as a function of weight; 

(5) For propeller aeroplanes, the propeller of the inoperative engine in the position it 
achieves without pilot action, assuming the engine fails while at the power or thrust 
necessary to maintain a 3 degree approach path angle; and 

(6) Go-around power or thrust setting on the operating engine(s). 

(g) (See AMC 25.149(g)) For aeroplanes with three or more engines, VMCL-2, the minimum control 
speed during approach and landing with one critical engine inoperative, is the calibrated 
airspeed at which, when a second critical engine is suddenly made inoperative, it is possible to 
maintain control of the aeroplane with both engines still inoperative, and maintain straight 
flight with an angle of bank of not more than 5°. VMCL-2 must be established with ς 
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(1) The aeroplane in the most critical configuration (or, at the option of the applicant, each 
configuration) for approach and landing with one critical engine inoperative; 

(2) The most unfavourable centre of gravity;  

(3) The aeroplane trimmed for approach with one critical engine inoperative; 

(4) The most unfavourable weight, or, at the option of the applicant, as a function of weight; 

(5) For propeller aeroplanes, the propeller of the more critical engine in the position it 
achieves without pilot action, assuming the engine fails while at the power or thrust 
necessary to maintain a 3 degree approach path angle, and the propeller of the other 
inoperative engine feathered;  

(6) The power or thrust on the operating engine(s) necessary to maintain an approach path 
angle of 3o when one critical engine is inoperative; and  

(7) The power or thrust on the operating engine(s) rapidly changed, immediately after the 
second critical engine is made inoperative, from the power or thrust prescribed in sub-
paragraph (g)(6) of this paragraph to ς 

(i) Minimum power or thrust; and 

(ii) Go-around power or thrust setting. 

(h) In demonstrations of VMCL and VMCL-2 ς 

(1) The rudder force may not exceed 667 N (150 lbf); 

(2) The aeroplane may not exhibit hazardous flight characteristics or require exceptional 
piloting skill, alertness or strength; 

(3) Lateral control must be sufficient to roll the aeroplane, from an initial condition of steady 
straight flight, through an angle of 20° in the direction necessary to initiate a turn away 
from the inoperative engine(s), in not more than 5 seconds (see AMC 25.149(h)(3)); and 

(4) For propeller aeroplanes, hazardous flight characteristics must not be exhibited due to 
any propeller position achieved when the engine fails or during any likely subsequent 
movements of the engine or propeller controls (see AMC 25.149(h)(4)). 

AMC 25.149 Minimum control speeds 
ED Decision 2003/2/RM  

1 The determination of the minimum control speed, VMC, and the variation of VMC with available 
ǘƘǊǳǎǘΣ Ƴŀȅ ōŜ ƳŀŘŜ ǇǊƛƳŀǊƛƭȅ ōȅ ƳŜŀƴǎ ƻŦ ΨǎǘŀǘƛŎΩ ǘŜǎǘƛƴƎΣ ƛƴ ǿƘƛŎƘ ǘƘŜ ǎǇŜŜŘ ƻŦ ǘƘŜ ŀŜǊƻǇƭŀƴŜ 
is slowly reduced, with the thrust asymmetry already established, until the speed is reached at 
which straight flight can no longer be maintaineŘΦ ! ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ΨŘȅƴŀƳƛŎΩ ǘŜǎǘǎΣ ƛƴ ǿƘƛŎƘ 
sudden failure of the critical engine is simulated, should be made in order to check that the VMCs 
determined by the static method are valid.  

2 When minimum control speed data are expanded for the determination of minimum control 
speeds (including VMC, VMCG and VMCL) for all ambient conditions, these speeds should be based 
on the maximum values of thrust which can reasonably be expected from a production engine 
in service.  

The minimum control speeds should not be based on specification thrust, since this thrust 
represents the minimum thrust as guaranteed by the manufacturer, and the resulting speeds 
would be unconservative for most cases.  
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AMC 25.149(e) Minimum control speed 
ED Decision 2003/2/RM  

During determination of VMCG, engine failure recognition should be provided by:  

a. The pilot feeling a distinct change in the directional tracking characteristics of the aeroplane, or  

b. The pilot seeing a directional divergence of the aeroplane with respect to the view outside the 
aeroplane.  

AMC 25.149(f) Minimum control speeds 
ED Decision 2003/2/RM  

1 At the option of the applicant, a one-engine-inoperative landing minimum control speed, VMCL 
(1 out) may be determined in the conditions appropriate to an approach and landing with one 
engine having failed before the start of the approach. In this case, only those configurations 
recommended for use during an approach and landing with one engine inoperative need be 
considered. The propeller of the inoperative engine, if applicable, may be feathered throughout.  

2 The resulting value of VMCL (1 out) may be used in determining the recommended procedures 
and speeds for a one-engine-inoperative approach and landing.  

AMC 25.149(g) Minimum control speeds 
ED Decision 2003/2/RM  

1 At the option of the applicant, a two-engine-inoperative landing minimum control speed, 
VMCL-2 (2 out) may be determined in the conditions appropriate to an approach and landing with 
two engines having failed before the start of the approach. In this case, only those 
configurations recommended for use during an approach and landing with two engines 
inoperative need be considered. The propellers of the inoperative engines, if applicable, may 
be feathered throughout.  

2 The values of VMCL-2 or VMCL-2 (2 out) should be used as guidance in determining the 
recommended procedures and speeds for a two-engines-inoperative approach and landing.  

AMC 25.149(h)(3) Minimum control speeds 
ED Decision 2003/2/RM  

The 20° lateral control demonstration manoeuvre may be flown as a bank-to-bank roll through wings 
level.  

AMC 25.149(h)(4) Minimum control speeds 
ED Decision 2003/2/RM  

Where an autofeather or other drag limiting system is installed and will be operative at approach 
power settings, its operation may be assumed in determining the propeller position achieved when 
the engine fails. Where automatic feathering is not available the effects of subsequent movements of 
the engine and propeller controls should be considered, including fully closing the power lever of the 
failed engine in conjunction with maintaining the go-around power setting on the operating engine(s). 
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TRIM 

CS 25.161 Trim 
ED Decision 2003/2/RM  

(a) General. Each aeroplane must meet the trim requirements of this paragraph after being 
trimmed, and without further pressure upon, or movement of, either the primary controls or 
their corresponding trim controls by the pilot or the automatic pilot.  

(b) Lateral and directional trim. The aeroplane must maintain lateral and directional trim with the 
most adverse lateral displacement of the centre of gravity within the relevant operating 
limitations, during normally expected conditions of operation (including operation at any speed 
from 1·3 VSR1, to VMO/M MO).  

(c) Longitudinal trim. The aeroplane must maintain longitudinal trim during ς  

(1) A climb with maximum continuous power at a speed not more than 1·3 VSR1, with the 
landing gear retracted, and the wing-flaps (i) retracted and (ii) in the take-off position; 

(2) Either a glide with power off at a speed not more than 1·3 VSR1, or an approach within the 
normal range of approach speeds appropriate to the weight and configuration with 
power settings corresponding to a 3° glidepath, whichever is the most severe, with the 
landing gear extended, the wing-flaps retracted and extended, and with the most 
unfavourable combination of centre of gravity position and weight approved for landing; 
and 

(3) Level flight at any speed from 1·3 VSR1, to VMO/M MO, with the landing gear and wing-flaps 
retracted, and from 1·3 VSR1 to VLE with the landing gear extended.  

(d) Longitudinal, directional, and lateral trim. The aeroplane must maintain longitudinal, 
directional, and lateral trim (and for lateral trim, the angle of bank may not exceed 5°) at 
1·3 VSR1, during the climbing flight with ς  

(1) The critical engine inoperative;  

(2) The remaining engines at maximum continuous power; and 

(3) The landing gear and wing-flaps retracted. 

(e) Aeroplanes with four or more engines. Each aeroplane with four or more engines must also 
maintain trim in rectilinear flight with the most unfavourable centre of gravity and at the climb 
speed, configuration, and power required by CS 25.123(a) for the purpose of establishing the 
en-route flight path with two engines inoperative. 
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STABILITY 

CS 25.171 General 
ED Decision 2003/2/RM  

The aeroplane must be longitudinally, directionally and laterally stable in accordance with the 
provisions of CS 25.173 to 25.177. In addition, suitable stability and control feel (static stability) is 
required in any condition normally encountered in service, if flight tests show it is necessary for safe 
operation.  

CS 25.173 Static longitudinal stability 
ED Decision 2003/2/RM  

Under the conditions specified in CS 25.175, the characteristics of the elevator control forces 
(including friction) must be as follows:  

(a) A pull must be required to obtain and maintain speeds below the specified trim speed, and a 
push must be required to obtain and maintain speeds above the specified trim speed. This must 
be shown at any speed that can be obtained except speeds higher than the landing gear or wing 
flap operating limit speeds or VFC/M FC, whichever is appropriate, or lower than the minimum 
speed for steady unstalled flight. 

(b) The airspeed must return to within 10% of the original trim speed for the climb, approach and 
landing conditions specified in CS 25.175(a), (c) and (d), and must return to within 7·5% of the 
original trim speed for the cruising condition specified in CS 25.175(b), when the control force 
is slowly released from any speed within the range specified in sub-paragraph (a) of this 
paragraph.  

(c) The average gradient of the stable slope of the stick force versus speed curve may not be less 
than 4 N (1 pound) for each 11,2 km/h (6 kt). (See AMC 25.173(c).)  

(d) Within the free return speed range specified in sub-paragraph (b) of this paragraph, it is 
permissible for the aeroplane, without control forces, to stabilise on speeds above or below the 
desired trim speeds if exceptional attention on the part of the pilot is not required to return to 
and maintain the desired trim speed and altitude. 

AMC 25.173(c) Static longitudinal stability 
ED Decision 2003/2/RM  

The average gradient is taken over each half of the speed range between 0·85 and 1·15 Vtrim. 

CS 25.175 Demonstration of static longitudinal stability 
ED Decision 2003/2/RM  

Static longitudinal stability must be shown as follows:  

(a) Climb. The stick force curve must have a stable slope at speeds between 85% and 115% of the 
speed at which the aeroplane ς  

(1) Is trimmed with ς  

(i)  Wing-flaps retracted; 

(ii) Landing gear retracted; 
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(iii) Maximum take-off weight; and 

(iv) The maximum power or thrust selected by the applicant as an operating limitation 
for use during climb; and 

(2) Is trimmed at the speed for best rate-of-climb except that the speed need not be less 
than 1·3 VSR1. 

(b) Cruise. Static longitudinal stability must be shown in the cruise condition as follows:  

(1) With the landing gear retracted at high speed, the stick force curve must have a stable 
slope at all speeds within a range which is the greater of 15% of the trim speed plus the 
resulting free return speed range, or 93 km/h (50 kt) plus the resulting free return speed 
range, above and below the trim speed (except that the speed range need not include 
speeds less than 1·3 VSR1 nor speeds greater than VFC/M FC, nor speeds that require a stick 
force of more than 222 N (50 lbf)), with ς 

(i) The wing-flaps retracted; 

(ii) The centre of gravity in the most adverse position (see CS 25.27); 

(iii) The most critical weight between the maximum take-off and maximum landing 
weights; 

(iv) The maximum cruising power selected by the applicant as an operating limitation 
(see CS 25.1521), except that the power need not exceed that required at 
VMO/M MO; and  

(v) The aeroplane trimmed for level flight with the power required in sub-paragraph 
(iv) above. 

(2) With the landing gear retracted at low speed, the stick force curve must have a stable 
slope at all speeds within a range which is the greater of 15% of the trim speed plus the 
resulting free return speed range, or 93 km/h (50 kt) plus the resulting free return speed 
range, above and below the trim speed (except that the speed range need not include 
speeds less than 1·3 VSR1 nor speeds greater than the minimum speed of the applicable 
speed range prescribed in subparagraph (b)(1) of this paragraph, nor speeds that require 
a stick force of more than 222 N (50 lbf)), with ς 

(i) Wing-flaps, centre of gravity position, and weight as specified in sub-paragraph (1) 
of this paragraph; 

(ii) Power required for level flight at a speed equal to 
Ͻ

; and  

(iii) The aeroplane trimmed for level flight with the power required in sub-paragraph 
(ii) above. 

(3) With the landing gear extended, the stick force curve must have a stable slope at all 
speeds within a range which is the greater of 15% of the trim speed plus the resulting 
free return speed range or 93 km/h (50 kt) plus the resulting free return speed range, 
above and below the trim speed (except that the speed range need not include speeds 
less than 1·3 VSR1, nor speeds greater than VLE, nor speeds that require a stick force of 
more than 222 N (50 lbf)), with ς 

(i) Wing-flap, centre of gravity position, and weight as specified in sub-paragraph 
(b)(1) of this paragraph; 
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(ii) The maximum cruising power selected by the applicant as an operating limitation, 
except that the power need not exceed that required for level flight at VLE; and 

(iii) The aeroplane trimmed for level flight with the power required in sub-paragraph 
(ii) above. 

(c) Approach. The stick force curve must have a stable slope at speeds between VSW, and 1·7 VSR1 
with ς  

(1) Wing-flaps in the approach position; 

(2) Landing gear retracted; 

(3) Maximum landing weight; and 

(4) The aeroplane trimmed at 1·3 VSR1, with enough power to maintain level flight at this 
speed. 

(d) Landing. The stick force curve must have a stable slope and the stick force may not exceed 356 
N (80 lbf) at speeds between VSW, and 1·7 VSR0 with ς  

(1) Wing-flaps in the landing position; 

(2) Landing gear extended; 

(3) Maximum landing weight; 

(4) The aeroplane trimmed at 1·3 VSR0 with ς 

(i) Power or thrust off, and 

(ii) Power or thrust for level flight. 

CS 25.177 Static directional and lateral stability 
ED Decision 2011/004/R  

(a) The static directional stability (as shown by the tendency to recover from a skid with the rudder 
free) must be positive for any landing gear and flap position and symmetrical power condition, 
at speeds from 1·13 VSR1, up to VFE, VLE, or VFC/M FC (as appropriate). 

(b) The static lateral stability (as shown by the tendency to raise the low wing in a sideslip with the 
aileron controls free) for any landing gear and wingflap position and symmetric power 
condition, may not be negative at any airspeed (except that speeds higher than VFE need not be 
considered for wingflaps extended configurations nor speeds higher than VLE for landing gear 
extended configurations) in the following airspeed ranges (see AMC 25.177(b)): 

(1) From 1·13 VSR1 to VMO/M MO.. 

(2) From VMO/M MO to VFC/M FC, unless the divergence is ς  

(i) Gradual; 

(ii) Easily recognisable by the pilot; and 

(iii) Easily controllable by the pilot 

(c) In straight, steady, sideslips over the range of sideslip angles appropriate to the operation of 
the aeroplane, the aileron and rudder control movements and forces must be substantially 
proportional to the angle of sideslip in a stable sense. The factor of proportionality must lie 
between limits found necessary for safe operation.  
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The range of sideslip angles evaluated must include those sideslip angles resulting from the 
lesser of:   

(1)  one-half of the available rudder control input; and  

(2)  a rudder control force of 180 pounds. 

This requirement must be met for the configurations and speeds specified in sub-paragraph (a) 
of this paragraph. (See AMC 25.177(c).) 

(d) For sideslip angles greater than those prescribed by sub-paragraph (c) of this paragraph, up to 
the angle at which full rudder control is used or a rudder control force of 801 N (180 lbf) is 
obtained, the rudder control forces may not reverse, and increased rudder deflection must be 
needed for increased angles of sideslip. Compliance with this requirement must be shown using 
straight, steady sideslips, unless full lateral control input is achieved before reaching either full 
rudder control input or a rudder control force of 801 N (180 lbf) ; a straight, steady sideslip need 
not be maintained after achieving full lateral control input. This requirement must be met at all 
approved landing gear and wingflap positions for the range of operating speeds and power 
conditions appropriate to each landing gear and wing-flap position with all engines operating. 
(See AMC 25.177(d).) 

[Amdt 25/11] 

AMC 25.177(c) Steady, Straight Sideslips 
ED Decision 2011/004/R  

1 CS 25.177(c) requires, in steady, straight sideslips throughout the range of sideslip angles 
appropriate to the operation of the aeroplane, that the aileron and rudder control movements 
and forces be proportional to the angle of sideslip. The factor of proportionality must lie 
between limits found necessary for safe operation. The range of sideslip angles evaluated must 
include those sideslip angles resulting from the lesser of: (1) one-half of the available rudder 
control input; and (2) a rudder control force of 180 pounds. CS 25.177(c) states, by cross-
reference to CS 25.177(a), that these steady, straight sideslip criteria must be met for all landing 
gear and flap positions and symmetrical power conditions at speeds from 1.13 VSR1 to VFE, VLE, 
or VFC/M FC, as appropriate for the configuration.  

2 Sideslip Angles Appropriate to the Operation of the Aeroplane  

2.1 Experience has shown that an acceptable method for determining the appropriate 
sideslip angle for the operation of a transport category aeroplane is provided by the 
following equation:  

ß = arc sin (30/V)  

where  

ß = Sideslip angle, and  

V = Airspeed (KCAS)  

Recognising that smaller sideslip angles are appropriate as speed is increased, this 
equation provides sideslip angle as a function of airspeed. The equation is based on the 
theoretical sideslip value for a 56 km/h (30-knot) crosswind, but has been shown to 
conservatively represent (i.e., exceed) the sideslip angles achieved in maximum 
crosswind take-offs and landings and minimum static and dynamic control speed testing 
for a variety of transport category aeroplanes. Experience has also shown that a 
maximum sideslip angle of 15 degrees is generally appropriate for most transport 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART B ς FLIGHT 

STABILITY 

 

Powered by EASA eRules Page 235 of 1189| Jan 2023 
 

category aeroplanes even though the equation may provide a higher sideslip angle. 
However, limiting the maximum sideslip angle to 15 degrees may not be appropriate for 
aeroplanes with low approach speeds or high crosswind capability.  

2.2 A lower sideslip angle than that provided in paragraph 2.1 may be used if it is 
substantiated that the lower value conservatively covers all crosswind conditions, engine 
failure scenarios, and other conditions where sideslip may be experienced within the 
approved operating envelope. Conversely, a higher value should be used for aeroplanes 
where test evidence indicates that a higher value would be appropriate to the operation 
of the aeroplane.  

3 For the purposes of showing compliance with the requirement out to sideslip angles associated 
with one-half of the available rudder control input, there is no need to consider a rudder control 
input beyond that corresponding to full available rudder surface travel or a rudder control force 
of 801 N (180 lbf). Some rudder control system designs may limit the available rudder surface 
deflection such that full deflection for the particular flight condition is reached before the 
rudder control reaches onehalf of its available travel. In such cases, further rudder control input 
would not result in additional rudder surface deflection.  

4 Steady, straight sideslips 

4.1 Steady, straight sideslips should be conducted in each direction to show that the aileron 
and rudder control movements and forces are substantially proportional to the angle of 
sideslip in a stable sense, and that the factor of proportionality is within the limits found 
necessary for safe operation. These tests should be conducted at progressively greater 
sideslip angles up to the sideslip angle appropriate to the operation of the aeroplane (see 
paragraph 2.1) or the sideslip angle associated with one-half of the available rudder 
control input, whichever is greater.  

4.2 When determining the rudder and aileron control forces, the controls should be relaxed 
at each point to find the minimum force needed to maintain the control surface 
deflection. If excessive friction is present, the resulting low forces will indicate the 
aeroplane does not have acceptable stability characteristics.  

4.3 In lieu of conducting each of the separate qualitative tests required by CS 25.177(a) and 
(b), the applicant may use recorded quantitative data showing aileron and rudder control 
force and position versus sideslip (left and right) to the appropriate limits in the steady 
heading sideslips conducted to show compliance with CS 25.177(c). If the control force 
and position versus sideslip indicates positive dihedral effect and positive directional 
stability, compliance with CS 25.177(a) and (b) will have been successfully 
demonstrated."  

[Amdt 25/11] 

AMC 25.177(d) Full Rudder Sideslips 
ED Decision 2003/2/RM  

1.1 At sideslip angles greater than those appropriate for normal operation of the aeroplane, 
up to the sideslip angle at which full rudder control is used or a rudder control force of 
801 N (180 lbf) is obtained, CS 25.177(d) requires that the rudder control forces may not 
reverse and increased rudder deflection must be needed for increased angles of sideslip. 
The goals of this higher-than-normal sideslip angle test are to show that at full rudder, or 
at maximum expected pilot effort: (1) the rudder control force does not reverse, and (2) 
increased rudder deflection must be needed for increased angles of sideslip, thus 
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demonstrating freedom from rudder lock or fin stall, and adequate directional stability 
for manoeuvres involving large rudder inputs.  

1.2 Compliance with this requirement should be shown using straight, steady sideslips. 
However, if full lateral control input is reached before full rudder control travel or a 
rudder control force of 801 N (180 lbf) is reached, the manoeuvre may be continued in a 
non-steady heading (i.e., rolling and yawing) manoeuvre. Care should be taken to prevent 
excessive bank angles that may occur during this manoeuvre.  

1.3 CS 25.177(d) states that the criteria listed in paragraph 1.1 must be met at all approved 
landing gear and flap positions for the range of operating speeds and power conditions 
appropriate to each landing gear and flap position with all engines operating. The range 
of operating speeds and power conditions appropriate to each landing gear and flap 
position with all engines operating should be consistent with the following:  

a. For take-off configurations, speeds from V2+xx (airspeed approved for all-engines-
operating initial climb) to VFE or VLE, as appropriate, and take-off power/thrust;  

b. For flaps up configurations, speeds from 1.23 VSR to VLE or VMO/M MO, as appropriate, 
and power from idle to maximum continuous power/thrust;  

c. For approach configurations, speeds from 1.23 VSR to VFE or VLE, as appropriate, and 
power from idle to go-around power/thrust; and  

d. For landing configurations, speeds from VREF-9.3 km/h (5 knots) to VFE or VLE, as 
appropriate, with power from idle to go-around power/thrust at speeds from VREF 
to VFE/VLE, and idle power at VREF-9.3 km/h (5 knots) (to cover the landing flare).  

2 Full Rudder Sideslips 

2.1 Rudder lock is that condition where the rudder over-balances aerodynamically and either 
deflects fully with no additional pilot input or does not tend to return to neutral when 
the pilot input is released. It is indicated by a reversal in the rudder control force as 
sideslip angle is increased. Full rudder sideslips are conducted to determine the rudder 
control forces and deflections out to sideslip angles associated with full rudder control 
input (or as limited by a rudder control force of 801 N (180 lbf)) to investigate the 
potential for rudder lock and lack of directional stability.  

2.2 To check for positive directional stability and for the absence of rudder lock, conduct 
steady heading sideslips at increasing sideslip angles until obtaining full rudder control 
input or a rudder control force of 801 N (180 lbf). If full lateral control is reached before 
reaching the rudder control limit or 801 (180 lbf) of rudder control force, continue the 
test to the rudder limiting condition in a non-steady heading sideslip manoeuvre.  

3 The control limits approved for the aeroplane should not be exceeded when conducting the 
flight tests required by CS 25.177.  

4 Flight Test Safety Concerns. In planning for and conducting the full rudder sideslips, items 
relevant to flight test safety should be considered, including:  

a. Inadvertent stalls,  

b. Effects of sideslip on stall protection systems,  

c. Actuation of stick pusher, including the effects of sideslip on angle-of-attack sensor vanes,  

d. Heavy buffet,  

e. Exceeding flap loads or other structural limits,  
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f. Extreme bank angles,  

g. Propulsion system behaviour (e.g., propeller stress, fuel and oil supply, and inlet stability),  

h. Minimum altitude for recovery,  

i. Resulting roll rates when aileron limit is exceeded, and  

j. Position errors and effects on electronic or augmented flight control systems, especially 
ǿƘŜƴ ǳǎƛƴƎ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǇǊƻŘǳŎǘƛƻƴ ŀƛǊǎǇŜŜŘ ǎȅǎǘŜƳΦ  

CS 25.181 Dynamic stability 
ED Decision 2003/2/RM  

(a) Any short period oscillation, not including combined lateral-directional oscillations, occurring 
between 1·13 VSR and maximum allowable speed appropriate to the configuration of the 
aeroplane must be heavily damped with the primary controls ς 

(1) Free; and 

(2) In a fixed position. 

(b) Any combined lateral-ŘƛǊŜŎǘƛƻƴŀƭ ƻǎŎƛƭƭŀǘƛƻƴǎ όΨ5ǳǘŎƘ ǊƻƭƭΩύ ƻŎŎǳǊǊƛƴƎ ōŜǘǿŜŜƴ мϊмо ±SR and 
maximum allowable speed appropriate to the configuration of the aeroplane must be positively 
damped with controls free, and must be controllable with normal use of the primary controls 
without requiring exceptional pilot skill. 

AMC 25.181 Dynamic stability 
ED Decision 2003/2/RM  

The requirements of CS 25.181 are applicable at all speeds between the stalling speed and VFE, VLE or 
VFC/M FC, as appropriate. 
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STALLS 

CS 25.201 Stall demonstration 
ED Decision 2003/2/RM  

(a) Stalls must be shown in straight flight and in 30o banked turns with ς  

(1)  Power off; and 

(2) The power necessary to maintain level flight at 1·5 VSR1 (where VSR1 corresponds to the 
reference stall speed at maximum landing weight with flaps in the approach position and 
the landing gear retracted. (See AMC 25.201(a)(2).) 

(b) In each condition required by sub-paragraph (a) of this paragraph, it must be possible to meet 
the applicable requirements of CS 25.203 with ς 

(1) Flaps, landing gear and deceleration devices in any likely combination of positions 
approved for operation; (See AMC 25.201(b)(1).) 

(2) Representative weights within the range for which certification is requested; 

(3) The most adverse centre of gravity for recovery; and 

(4) The aeroplane trimmed for straight flight at the speed prescribed in CS 25.103(b)(6). 

(c) The following procedures must be used to show compliance with CS 25.203: 

(1) Starting at a speed sufficiently above the stalling speed to ensure that a steady rate of 
speed reduction can be established, apply the longitudinal control so that the speed 
reduction does not exceed 0.5 m/s2 (one knot per second) until the aeroplane is stalled. 
(See AMC 25.103(c).)  

(2) In addition, for turning flight stalls, apply the longitudinal control to achieve airspeed 
deceleration rates up to 5,6 km/h (3 kt) per second. (See AMC 25.201(c)(2).) 

(3) As soon as the aeroplane is stalled, recover by normal recovery techniques. 

(d) The aeroplane is considered stalled when the behaviour of the aeroplane gives the pilot a clear 
and distinctive indication of an acceptable nature that the aeroplane is stalled. (See 
AMC 25.201(d).) Acceptable indications of a stall, occurring either individually or in 
combination, are ς 

(1) A nose-down pitch that cannot be readily arrested;  

(2) Buffeting, of a magnitude and severity that is a strong and effective deterrent to further 
speed reduction; or 

(3) The pitch control reaches the aft stop and no further increase in pitch attitude occurs 
when the control is held full aft for a short time before recovery is initiated. (See 
AMC 25.201(d)(3).)  

AMC 25.201(a)(2) Stall demonstration 
ED Decision 2003/2/RM  

The power for all power-on stall demonstrations is that power necessary to maintain level flight at a 
speed of 1·5 VSR1 at maximum landing weight, with flaps in the approach position and landing gear 
retracted, where VSR1 is the reference stall speed in the same conditions (except power). The flap 
position to be used to determine this power setting is that position in which the reference stall speed 
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does not exceed 110% of the reference stall speed with the flaps in the most extended landing 
position. 

AMC 25.201(b)(1) Stall demonstration 
ED Decision 2003/2/RM  

Stall demonstrations for compliance with CS 25.201 should include demonstrations with deceleration 
devices deployed for all flap positions unless limitations against use of the devices with particular flap 
Ǉƻǎƛǘƛƻƴǎ ŀǊŜ ƛƳǇƻǎŜŘΦ Ψ5ŜŎŜƭŜǊŀǘƛƻƴ ŘŜǾƛŎŜǎΩ ƛƴŎƭǳŘŜ ǎǇƻƛƭŜǊǎ ǿƘŜn used as air brakes, and thrust 
reversers when use in flight is permitted. Stall demonstrations with deceleration devices deployed 
should normally be carried out with power off, except where deployment of the deceleration devices 
while power is applied is likely to occur in normal operations (e.g. use of extended air brakes during 
landing approach).  

AMC 25.201(c)(2) Turning Flight Stalls At Higher Deceleration Rates 
ED Decision 2003/2/RM  

The intent of evaluating higher deceleration rates is to demonstrate safe characteristics at higher rates 
of increase of angle of attack than are obtained from the 0.5 m/s2 (1 knot per second) stalls. The 
specified airspeed deceleration rate, and associated angle of attack rate, should be maintained up to 
the point at which the aeroplane stalls.  

AMC 25.201(d) Stall demonstration 
ED Decision 2003/2/RM  

1 The behaviour of the aeroplane includes the behaviour as affected by the normal functioning 
of any systems with which the aeroplane is equipped, including devices intended to alter the 
stalling characteristics of the aeroplane.  

2 Unless the design of the automatic flight control system of the aeroplane protects against such 
an event, the stalling characteristics and adequacy of stall warning, when the aeroplane is 
stalled under the control of the automatic flight control system, should be investigated. (See 
also CS 25.1329(f).)  

AMC 25.201(d)(3) Stall demonstration 
ED Decision 2003/2/RM  

An acceptable interpretation of holding the pitch control on the aft stop for a short time is:  

a. The pitch control reaches the aft stop and is held full aft for 2 seconds or until the pitch attitude 
stops increasing, whichever occurs later.  

b. In the case of turning flight stalls, recovery may be initiated once the pitch control reaches the 
aft stop when accompanied by a rolling motion that is not immediately controllable (provided 
the rolling motion complies with CS 25.203(c)).  

c. For those aeroplanes where stall is defined by full nose up longitudinal control for both forward 
and aft C.G., the time at full aft stick should be not less than was used for stall speed 
determination, except as permitted by paragraph (b) above.  
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CS 25.203 Stall characteristics 
ED Decision 2003/2/RM  

(a) It must be possible to produce and to correct roll and yaw by unreversed use of aileron and 
rudder controls, up to the time the aeroplane is stalled. No abnormal nose-up pitching may 
occur. The longitudinal control force must be positive up to and throughout the stall. In addition, 
it must be possible to promptly prevent stalling and to recover from a stall by normal use of the 
controls. 

(b) For level wing stalls, the roll occurring between the stall and the completion of the recovery 
may not exceed approximately 20°. 

(c) For turning flight stalls, the action of the aeroplane after the stall may not be so violent or 
extreme as to make it difficult, with normal piloting skill, to effect a prompt recovery and to 
regain control of the aeroplane. The maximum bank angle that occurs during the recovery may 
not exceed ς 

(1) Approximately 60° in the original direction of the turn, or 30° in the opposite direction, 
for deceleration rates up to 0.5 m/s2 (1 knot per second); and 

(2) Approximately 90° in the original direction of the turn, or 60° in the opposite direction, 
for deceleration rates in excess of 0.5 m/s2 (1 knot per second). 

AMC 25.203 Stall characteristics 
ED Decision 2003/2/RM  

1 Static Longitudinal Stability during the Approach to the Stall.  During the approach to the stall 
the longitudinal control pull force should increase continuously as speed is reduced from the 
trimmed speed to the onset of stall warning. At lower speeds some reduction in longitudinal 
control pull force will be acceptable provided that it is not sudden or excessive.  

2 Rolling Motions at the Stall  

2.1 Where the stall is indicated by a nose-down pitch, this may be accompanied by a rolling 
motion that is not immediately controllable, provided that the rolling motion complies 
with CS 25.203(b) or (c) as appropriate.  

2.2 In level wing stalls the bank angle may exceed 20° occasionally, provided that lateral 
control is effective during recovery.  

3 Deep Stall Penetration. Where the results of wind tunnel tests reveal a risk of a catastrophic 
phenomenon (e.g. superstall, a condition at angles beyond the stalling incidence from which it 
proves difficult or impossible to recover the aeroplane), studies should be made to show that 
adequate recovery control is available at and sufficiently beyond the stalling incidence to avoid 
such a phenomenon. 

CS 25.207 Stall warning 
ED Decision 2015/008/R  

(a) Stall warning with sufficient margin to prevent inadvertent stalling with the flaps and landing 
gear in any normal position must be clear and distinctive to the pilot in straight and turning 
flight. 

(b) The warning must be furnished either through the inherent aerodynamic qualities of the 
aeroplane or by a device that will give clearly distinguishable indications under expected 
conditions of flight. However, a visual stall warning device that requires the attention of the 
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crew within the cockpit is not acceptable by itself. If a warning device is used, it must provide a 
warning in each of the aeroplane configurations prescribed in sub-paragraph (a) of this 
paragraph at the speed prescribed in sub-paragraphs (c) and (d) of this paragraph. Except for 
the stall warning prescribed in subparagraph (h)(3)(ii) of this paragraph, the stall warning for 
flight in icing conditions must be provided by the same means as the stall warning for flight in 
non-icing conditions. (See AMC 25.207(b).) 

(c) When the speed is reduced at rates not exceeding 0.5 m/s2 (one knot per second), stall warning 
must begin, in each normal configuration, at a speed, VSW, exceeding the speed at which the 
stall is identified in accordance with CS 25.201(d) by not less than 9.3 km/h (five knots) or five 
percent CAS, whichever is greater. Once initiated, stall warning must continue until the angle of 
attack is reduced to approximately that at which stall warning began. (See AMC 25.207(c) and 
(d)). 

(d) In addition to the requirement of subparagraph(c) of this paragraph, when the speed is reduced 
at rates not exceeding 0.5 m/s2 (one knot per second), in straight flight with engines idling and 
at the centre-of-gravity position specified in CS 25.103(b)(5), VSW, in each normal configuration, 
must exceed VSR by not less than 5.6 km/h (three knots) or three percent CAS, whichever is 
greater. (See AMC 25.207(c) and (d)). 

(e) In icing conditions, the stall warning margin in straight and turning flight must be sufficient to 
allow the pilot to prevent stalling (as defined in CS 25.201(d)) when the pilot starts a recovery 
manoeuvre not less than three seconds after the onset of stall warning. When demonstrating 
compliance with this paragraph, the pilot must perform the recovery manoeuvre in the same 
way as for the airplane in non-icing conditions. Compliance with this requirement must be 
demonstrated in flight with the speed reduced at rates not exceeding 0.5 m/sec2 (one knot per 
second), with ς 

(1) The most critical of the take-off ice and final take-off ice accretions defined in Appendices 
C and O, as applicable, in accordance with CS 25.21(g), for each configuration used in the 
take-off phase of flight; 

(2) The most critical of the en route ice accretion(s) defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), for the en route configuration;  

(3) The most critical of the holding ice accretion(s) defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), for the holding configuration(s);  

(4) The most critical of the approach ice accretion(s) defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), for the approach configuration(s); and 

(5) The most critical of the landing ice accretion(s) defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), for the landing and go-around 
configuration(s).  

 (f) The stall warning margin must be sufficient in both non-icing and icing conditions to allow the 
pilot to prevent stalling when the pilot starts a recovery manoeuvre not less than one second 
after the onset of stall warning in slowdown turns with at least 1.5g load factor normal to the 
flight path and airspeed deceleration rates of at least 1 m/sec2 (2 knots per second), When 
demonstrating compliance with this paragraph for icing conditions, the pilot must perform the 
recovery manoeuvre in the same way as for the airplane in non-icing conditions. Compliance 
with this requirement must be demonstrated in flight with ς 

(1) The flaps and landing gear in any normal position; 

(2) The aeroplane trimmed for straight flight at a speed of 1.3 VSR; and 
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(3) The power or thrust necessary to maintain level flight at 1.3 VSR. 

(g) Stall warning must also be provided in each abnormal configuration of the high lift devices that 
is likely to be used in flight following system failures (including all configurations covered by 
Aeroplane Flight Manual procedures). 

(h) The following stall warning margin is required for flight in icing conditions before the ice 
protection system has been activated and is performing its intended function. Compliance must 
be shown using the most critical of the ice accretion(s) defined in Appendix C, part II(e), and 
Appendix O, part II(d), as applicable, in accordance with CS 25.21(g). The stall warning margin 
in straight and turning flight must be sufficient to allow the pilot to prevent stalling without 
encountering any adverse flight characteristics when: 

(1) The speed is reduced at rates not exceeding 0.5 m/sec² (one knot per second);  

(2) The pilot performs the recovery manoeuvre in the same way as for flight in non-icing 
conditions; and  

(3) The recovery manoeuvre is started no earlier than:  

(i)  One second after the onset of stall warning if stall warning is provided by the same 
means as for flight in non-icing conditions; or  

(ii)  Three seconds after the onset of stall warning if stall warning is provided by a 
different means than for flight in non-icing conditions.  

(i)  In showing compliance with subparagraph (h) of this paragraph, if stall warning is provided by 
a different means in icing conditions than for non-icing conditions, compliance with CS 25.203 
must be shown using the accretion defined in appendix C, part II(e). Compliance with this 
requirement must be shown using the demonstration prescribed by CS 25.201, except that the 
deceleration rates of CS 25.201(c)(2) need not be demonstrated. 

[Amdt 25/3] 
[Amdt 25/7] 
[Amdt 25/16] 

AMC 25.207(b) Stall warning 
ED Decision 2003/2/RM  

1 A warning which is clear and distinctive to the pilot is one which cannot be misinterpreted or 
mistaken for any other warning, and which, without being unduly alarming, impresses itself 
upon the pilot and captures his attention regardless of what other tasks and activities are 
occupying his attention and commanding his concentration. Where stall warning is to be 
provided by artificial means, a stick shaker device producing both a tactile and an audible 
warning is an Acceptable Means of Compliance.  

2 Where stall warning is provided by means of a device, compliance with the requirement of 
CS 25.21(e) should be established by ensuring that the device has a high degree of reliability. 
One means of complying with this criterion is to provide dual independent systems.  

AMC 25.207(c) and (d) Stall warning 
ED Decision 2003/2/RM  

1 An acceptable method of demonstrating compliance with CS 25.207(c) is to consider stall 
warning speed margins obtained during stall speed demonstration (CS 25.103) and stall 
demonstration (CS 25.201(a)) (i.e. bank angle, power and centre of gravity conditions).  
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Lƴ ŀŘŘƛǘƛƻƴΣ ƛŦ ǘƘŜ ǎǘŀƭƭ ǿŀǊƴƛƴƎ ƳŀǊƎƛƴ ƛǎ ƳŀƴŀƎŜŘ ōȅ ŀ ǎȅǎǘŜƳ όǘƘǊǳǎǘ ƭŀǿΣ ōŀƴƪ ŀƴƎƭŜ ƭŀǿΣ ΧύΣ 
stall warning speed margin required by CS 25.207(c) should be demonstrated, when the speed 
is reduced at rates not exceeding 0.5 m/s2 (one knot per second), for the most critical conditions 
in terms of stall warning margin, without exceeding 40° bank angle or maximum continuous 
power or thrust during the demonstrations. In the case where the management system 
increases, by design, the stall warning speed margin from the nominal setting (flight idle, wing 
level), no additional demonstration needs to be done.  

2 The stall warning speed margins required by CS 25.207(c) and (d) must be determined at a 
constant load factor (i.e. 1g for 207(d)). An acceptable data reduction method is to calculate 
k = Ҟό/LID/CLSW) where CLID and CLSW are the CL values respectively at the stall identification and 
at the stall warning activation.  

3 If the stall warning required by CS 25.207 is provided by a device (e.g. a stick shaker), the effect 
of production tolerances on the stall warning system should be considered when evaluating the 
stall warning margin required by CS 25.207(c) and (d) and the manoeuvre capabilities required 
by CS 25.143(g).  

a. The stall warning margin required by CS 25.207(c) and (d) should be available with the 
stall warning system set to the most critical setting expected in production. Unless 
another setting would be provide a lesser margin, the stall warning margin required by 
CS 25.207(c) should be evaluated assuming the stall warning system is operating at its 
high angle of attack limit. For aeroplanes equipped with a device that abruptly pushes 
the nose down at a selected angle-of-attack (e.g. a stick pusher), the stall warning margin 
required by CS 25.207(c) may be evaluated with both the stall warning and stall 
identification (e.g. stick pusher) systems at their nominal angle of attack settings unless 
a lesser margin can result from the various system tolerances.  

b. The manoeuvre capabilities required by CS 25.143(g) should be available assuming the 
stall warning system is operating on its nominal setting. In addition, when the stall 
warning system is operating at its low angle of attack limit, the manoeuvre capabilities 
should not be reduced by more than 2 degrees of bank angle from those specified in 
CS 25.143(g).  

c. The stall warning margins and manoeuvre capabilities may be demonstrated by flight 
testing at the settings specified above for the stall warning and, if applicable, stall 
identification systems. Alternatively, compliance may be shown by applying adjustments 
to flight test data obtained at a different system setting. 
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GROUND HANDLING CHARACTERISTICS 

CS 25.231 Longitudinal stability and control 
ED Decision 2003/2/RM  

(a) Aeroplanes may have no uncontrollable tendency to nose over in any reasonably expected 
operating condition or when rebound occurs during landing or take-off. In addition ς 

(1) Wheel brakes must operate smoothly and may not cause any undue tendency to nose 
over; and 

(2) If a tail-wheel landing gear is used, it must be possible, during the take-off ground run on 
concrete, to maintain any attitude up to thrust line level, at 75% of VSR1. 

CS 25.233 Directional stability and control 
ED Decision 2003/2/RM  

(a) There may be no uncontrollable ground-looping tendency in 90° cross winds, up to a wind 
velocity of 37 km/h (20 kt) or 0·2 VSR0, whichever is greater, except that the wind velocity need 
not exceed 46 km/h (25 kt) at any speed at which the aeroplane may be expected to be operated 
on the ground. This may be shown while establishing the 90° cross component of wind velocity 
required by CS 25.237.  

(b) Aeroplanes must be satisfactorily controllable, without exceptional piloting skill or alertness, in 
power-off landings at normal landing speed, without using brakes or engine power to maintain 
a straight path. This may be shown during power-off landings made in conjunction with other 
tests. 

(c) The aeroplane must have adequate directional control during taxying. This may be shown 
during taxying prior to take-offs made in conjunction with other tests. 

CS 25.235 Taxying condition 
ED Decision 2003/2/RM  

The shock absorbing mechanism may not damage the structure of the aeroplane when the aeroplane 
is taxied on the roughest ground that may reasonably be expected in normal operation.  

CS 25.237 Wind velocities 
ED Decision 2015/008/R  

(a) The following applies: 

(1) A 90° cross component of wind velocity, demonstrated to be safe for take-off and landing, 
must be established for dry runways and must be at least 37 km/h (20 kt) or 0·2 VSR0, 
whichever is greater, except that it need not exceed 46 km/h (25 kt). 

(2) The crosswind component for takeoff established without ice accretions is valid in icing 
conditions. 

(3) The landing crosswind component must be established for: 

(i) Non-icing conditions, and 

(ii) Icing conditions with the most critical of the landing ice accretion(s) defined in 
appendices C and O, as applicable, in accordance with CS 25.21(g). 
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[Amdt 25/3] 
[Amdt 25/16] 
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MISCELLANEOUS FLIGHT REQUIREMENTS 

CS 25.251 Vibration and buffeting 
ED Decision 2005/006/R 

(a) The aeroplane must be demonstrated in flight to be free from any vibration and buffeting that 
would prevent continued safe flight in any likely operating condition. 

(b) Each part of the aeroplane must be demonstrated in flight to be free from excessive vibration 
under any appropriate speed and power conditions up to VDF/M DF. The maximum speeds shown 
must be used in establishing the operating limitations of the aeroplane in accordance with 
CS 25.1505. 

(c) Except as provided in sub-paragraph (d) of this paragraph, there may be no buffeting condition, 
in normal flight, including configuration changes during cruise, severe enough to interfere with 
the control of the aeroplane, to cause excessive fatigue to the crew, or to cause structural 
damage. Stall warning buffeting within these limits is allowable. 

(d) There may be no perceptible buffeting condition in the cruise configuration in straight flight at 
any speed up to VMO/M MO, except that the stall warning buffeting is allowable. 

(e) For an aeroplane with MD greater than 0·6 or with a maximum operating altitude greater than 
7620 m (25,000 ft), the positive manoeuvring load factors at which the onset of perceptible 
buffeting occurs must be determined with the aeroplane in the cruise configuration for the 
ranges of airspeed or Mach number, weight, and altitude for which the aeroplane is to be 
certificated. The envelopes of load factor, speed, altitude, and weight must provide a sufficient 
range of speeds and load factors for normal operations. Probable inadvertent excursions 
beyond the boundaries of the buffet onset envelopes may not result in unsafe conditions. (See 
AMC 25.251(e).) 

[Amdt 25/1] 

AMC 25.251(e) Vibration and Buffeting in Cruising Flight 
ED Decision 2003/2/RM  

1 Probable Inadvertent Excursions beyond the Buffet Boundary  

1.1 CS 25.251(e) states that probable inadvertent excursions beyond the buffet onset 
boundary may not result in unsafe conditions.  

1.2 An acceptable means of compliance with this requirement is to demonstrate by means 
of flight tests beyond the buffet onset boundary that hazardous conditions will not be 
encountered within the permitted manoeuvring envelope (as defined by CS 25.337) 
without adequate prior warning being given by severe buffeting or high stick forces.  

1.3 Buffet onset is the lowest level of buffet intensity consistently apparent to the flight crew 
during normal acceleration demonstrations in smooth air conditions.  

1.4 In flight tests beyond the buffet onset boundary to satisfy paragraph 1.2, the load factor 
should be increased until either ς  

a. The level of buffet becomes sufficient to provide an obvious warning to the pilot 
which is a strong deterrent to further application of load factor; or  

b. Further increase of load factor requires a stick force in excess of 445 N (100 lbf), or 
is impossible because of the limitations of the control system; or  

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART B ς FLIGHT 

MISCELLANEOUS FLIGHT 
REQUIREMENTS 

 

Powered by EASA eRules Page 247 of 1189| Jan 2023 
 

c. The positive limit manoeuvring load factor established in compliance with 
CS 25.337(b) is achieved.  

1.5  Within the range of load factors defined in paragraph 1.4 no hazardous conditions (such 
as hazardous involuntary changes of pitch or roll attitude, engine or systems 
malfunctioning which require urgent corrective action by the flight crew, or difficulty in 
reading the instruments or controlling the aeroplane) should be encountered.  

2 Range of Load Factor for Normal Operations  

2.1 CS 25.251(e) requires that the envelopes of load factor, speed, altitude and weight must 
provide a sufficient range of speeds and load factors for normal operations.  

2.2 An acceptable means of compliance with the requirement is to establish the maximum 
altitude at which it is possible to achieve a positive normal acceleration increment of 0·3 g 
without exceeding the buffet onset boundary.  

CS 25.253 High-speed characteristics 
ED Decision 2015/008/R 

(a) Speed increase and recovery characteristics. The following speed increase and recovery 
characteristics must be met:  

(1) Operating conditions and characteristics likely to cause inadvertent speed increases 
(including upsets in pitch and roll) must be simulated with the aeroplane trimmed at any 
likely cruise speed up to VMO/M MO. These conditions and characteristics include gust 
upsets, inadvertent control movements, low stick force gradient in relation to control 
friction, passenger movement, levelling off from climb, and descent from Mach to air 
speed limit altitudes. 

(2) Allowing for pilot reaction time after effective inherent or artificial speed warning occurs, 
it must be shown that the aeroplane can be recovered to a normal attitude and its speed 
reduced to VMO/M MO, without ς 

(i) Exceptional piloting strength or skill; 

(ii) Exceeding VD/M D, VDF/M DF, or the structural limitations; and 

(iii) Buffeting thŀǘ ǿƻǳƭŘ ƛƳǇŀƛǊ ǘƘŜ ǇƛƭƻǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀŘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎ ƻǊ ŎƻƴǘǊƻƭ 
the aeroplane for recovery. 

(3) With the aeroplane trimmed at any speed up to VMO/M MO, there must be no reversal of 
the response to control input about any axis at any speed up to VDF/M DF. Any tendency to 
pitch, roll, or yaw must be mild and readily controllable, using normal piloting techniques. 
When the aeroplane is trimmed at VMO/M MO, the slope of the elevator control force 
versus speed curve need not be stable at speeds greater than VFC/M FC, but there must be 
a push force at all speeds up to VDF/M DF and there must be no sudden or excessive 
reduction of elevator control force as VDF/M DF is reached. 

(4) Adequate roll capability to assure a prompt recovery from a lateral upset condition must 
be available at any speed up to VDF/M DF. (See AMC 25.253(a)(4).) 

(5) Extension of speedbrakes. With the aeroplane trimmed at VMO/M MO, extension of the 
speedbrakes over the available range of movements of the pilots control, at all speeds 
above VMO/M MO, but not so high that VDF/M DF would be exceeded during the manoeuvre, 
must not result in:  
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(i) An excessive positive load factor when the pilot does not take action to counteract 
the effects of extension;  

(ii) .ǳŦŦŜǘƛƴƎ ǘƘŀǘ ǿƻǳƭŘ ƛƳǇŀƛǊ ǘƘŜ ǇƛƭƻǘΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŀŘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎ ƻǊ ŎƻƴǘǊƻƭ 
the aeroplane for recovery; or 

(iii) A nose-down pitching moment, unless it is small. (See AMC 25.253(a)(5).) 

(6) Reserved 

(b) Maximum speed for stability characteristics, VFC/M FC. VFC/M FC is the maximum speed at which 
the requirements of CS 25.143(g), 25.147(f), 25.175(b)(1), 25.177(a) through (c), and 25.181 
must be met with wing-flaps and landing gear retracted. Except as noted in CS 25.253(c), VFC/M FC 
may not be less than a speed midway between VMO/M MO and VDF/M DF, except that, for altitudes 
where Mach Number is the limiting factor, MFC need not exceed the Mach Number at which 
effective speed warning occurs.  

(c)  Maximum speed for stability characteristics in icing conditions. The maximum speed for stability 
characteristics with the most critical of the ice accretions defined in Appendices C and O, as 
applicable, in accordance with CS 25.21(g), at which the requirements of CS 25.143(g), 25.147(f), 
25.175(b)(1), 25.177(a) through (c) and 25.181 must be met, is the lower of: 

(1) 556 km/h (300 knots) CAS, 

(2) VFC, or  

(3) A speed at which it is demonstrated that the airframe will be free of ice accretion due to 
the effects of increased dynamic pressure." 

[Amdt. 25/3] 
[Amdt 25/11] 
[Amdt 25/16] 

AMC 25.253(a)(4) Lateral Control: Roll Capability 
ED Decision 2003/2/RM  

An acceptable method of demonstrating compliance with CS 25.253(a)(4) is as follows:  

1 Establish a steady 20° banked turn at a speed close to VDF/M DF limited to the extent necessary 
to accomplish the following manoeuvre and recovery without exceeding VDF/M DF. Using lateral 
control alone, it should be demonstrated that the aeroplane can be rolled to 20° bank angle in 
the other direction in not more than 8 seconds. The demonstration should be made in the most 
adverse direction. The manoeuvre may be unchecked.  

2 For aeroplanes that exhibit an adverse effect on roll rate when rudder is used, it should also be 
demonstrated that use of rudder in a conventional manner will not result in a roll capability 
significantly below that specified above.  

3 Conditions for 1 and 2: 

Wing-flaps retracted.  

Speedbrakes retracted and extended.  

Landing gear retracted.  

Trim. The aeroplane trimmed for straight flight at VMO/M MO. The trimming controls should not 
be moved during the manoeuvre. 

Power: 
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(i) All engines operating at the power required to maintain level flight at VMO/M MO, except 
that maximum continuous power need not be exceeded; and  

(ii) if the effect of power is significant, with the throttles closed. 

AMC 25.253(a)(5) High Speed Characteristics 
ED Decision 2003/2/RM  

9ȄǘŜƴǎƛƻƴ ƻŦ {ǇŜŜŘōǊŀƪŜǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƎǳƛŘŀƴŎŜ ƛǎ ǇǊƻǾƛŘŜŘ ǘƻ ŎƭŀǊƛŦȅ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ǿƻǊŘǎ άǘƘŜ 
available rangŜ ƻŦ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ ǇƛƭƻǘΩǎ ŎƻƴǘǊƻƭέ ƛƴ CS 25.253(a)(5) and to provide guidance for 
demonstrating compliance with this requirement. Normally, the available range of movements of the 
ǇƛƭƻǘΩǎ ŎƻƴǘǊƻƭ ƛƴŎƭǳŘŜǎ ǘƘŜ Ŧǳƭƭ ǇƘȅǎƛŎŀƭ ǊŀƴƎŜ ƻŦ ƳƻǾŜƳŜƴǘǎ ƻŦ ǘƘŜ ǎǇŜŜŘōǊŀƪŜ ŎƻƴǘǊƻƭ όƛΦŜΦΣ ŦǊƻƳ ǎǘƻǇ 
to stop). Under some cirŎǳƳǎǘŀƴŎŜǎΣ ƘƻǿŜǾŜǊΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǊŀƴƎŜ ƻŦ ǘƘŜ ǇƛƭƻǘΩǎ ŎƻƴǘǊƻƭ Ƴŀȅ ōŜ 
restricted to a lesser range associated with in-flight use of the speedbrakes. A means to limit the 
available range of movement to an in-flight range may be acceptable if it provides an unmistakable 
tactile cue to the pilot when the control reaches the maximum allowable in-flight position, and 
compliance with CS 25.697(b) is shown for positions beyond the in-flight range. Additionally, the 
applicant's recommended procedures and training must be consistent with the intent to limit the in-
flight range of movements of the speedbrake control.  

CS 25.697(b) requires that lift and drag devices intended for ground operation only must have means 
to prevent the inadvertent operation of their controls in flight if that operation could be hazardous. If 
speedbrake operation is limited to an in-flight range, operation beyond the in-flight range of available 
movement of the speedbrake control must be shown to be not hazardous. Two examples of 
acceptable unmistakable tactile cues for limiting the in-flight range are designs incorporating either a 
gate, or incorporating both a detent and a substantial increase in force to move the control beyond 
the detent. It is not an acceptable means of compliance to restrict the use of, or available range of, 
ǘƘŜ ǇƛƭƻǘΩǎ ŎƻƴǘǊƻƭ ǎƻƭŜƭȅ ōȅ ƳŜŀƴǎ ƻŦ ŀƴ ŀŜǊƻǇƭŀƴŜ CƭƛƎƘǘ aŀƴǳŀƭ ƭƛƳƛǘŀǘƛƻƴ ƻǊ ǇǊƻŎŜŘǳǊŀƭ ƳŜŀƴǎΦ  

The effect of extension of speedbrakes may be evaluated during other high speed testing and during 
the development of emergency descent procedures. It may be possible to infer compliance with CS 
25.253(a)(5) by means of this testing. To aid in determining compliance with the qualitative 
requirements of this rule, the following quantitative values may be used as a generally acceptable 
means of compliance. A load factor should be regarded as excessive if it exceeds 2.0. A nose-down 
pitching moment may be regarded as small if it necessitates an incremental control force of less than 
89 N (20 lbf) to maintain 1g flight. These values may not be appropriate for all aeroplanes, and depend 
on the characteristics of the particular aeroplane design in high speed flight. Other means of 
compliance may be acceptable, provided that the Agency finds that compliance has been shown to 
the qualitative requirements specified in CS 25.253(a)(5).  

CS 25.255 Out-of-trim characteristics 
ED Decision 2003/2/RM  

(a) From an initial condition with the aeroplane trimmed at cruise speeds up to VMO/M MO, the 
aeroplane must have satisfactory manoeuvring stability and controllability with the degree of 
out-of-trim in both the aeroplane nose-up and nose-down directions, which results from the 
greater of ς 

(1) A three-second movement of the longitudinal trim system at its normal rate for the 
particular flight condition with no aerodynamic load (or an equivalent degree of trim for 
aeroplanes that do not have a power-operated trim system), except as limited by stops 
in the trim system, including those required by CS 25.655(b) for adjustable stabilisers; or 
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(2) The maximum mistrim that can be sustained by the autopilot while maintaining level 
flight in the high speed cruising condition. 

(b) In the out-of-trim condition specified in sub-paragraph (a) of this paragraph, when the normal 
acceleration is varied from + 1 g to the positive and negative values specified in sub-paragraph 
(c) of this paragraph ς 

(1) The stick force vs. g curve must have a positive slope at any speed up to and including 
VFC/M FC; and 

(2) At speeds between VFC/M FC and VDF/M DF, the direction of the primary longitudinal control 
force may not reverse.  

(c) Except as provided in sub-paragraphs (d) and (e) of this paragraph compliance with the 
provisions of sub-paragraph (a) of this paragraph must be demonstrated in flight over the 
acceleration range ς  

(1) ς1g to 2·5 g; or 

(2) 0 g to 2·0 g, and extrapolating by an acceptable method to ς 1 g and 2·5 g. 

(d) If the procedure set forth in sub-paragraph (c)(2) of this paragraph is used to demonstrate 
compliance and marginal conditions exist during flight test with regard to reversal of primary 
longitudinal control force, flight tests must be accomplished from the normal acceleration at 
which a marginal condition is found to exist to the applicable limit specified in sub-paragraph 
(c)(1) of this paragraph. 

(e) During flight tests required by subparagraph (a) of this paragraph the limit manoeuvring load 
factors prescribed in CS 25.333(b) and 25.337, and the manoeuvring load factors associated 
with probable inadvertent excursions beyond the boundaries of the buffet onset envelopes 
determined under CS 25.251(e), need not be exceeded. In addition, the entry speeds for flight 
test demonstrations at normal acceleration values less than 1 g must be limited to the extent 
necessary to accomplish a recovery without exceeding VDF/M DF. 

(f) In the out-of-trim condition specified in sub-paragraph (a) of this paragraph, it must be possible 
from an overspeed condition at VDF/M DF, to produce at least 1·5 g for recovery by applying not 
more than 556 N (125 lbf) of longitudinal control force using either the primary longitudinal 
control alone or the primary longitudinal control and the longitudinal trim system. If the 
longitudinal trim is used to assist in producing the required load factor, it must be shown at 
VDF/M DF that the longitudinal trim can be actuated in the aeroplane nose-up direction with the 
primary surface loaded to correspond to the least of the following aeroplane nose-up control 
forces: 

(1) The maximum control forces expected in service as specified in CS 25.301 and 25.397. 

(2) The control force required to produce 1·5 g. 

(3) The control force corresponding to buffeting or other phenomena of such intensity that 
it is a strong deterrent to further application of primary longitudinal control force. 

AMC 25.255 Out-of-trim characteristics 
ED Decision 2003/2/RM  

1 Amount of Out-of-trim Required  

1.1 The equivalent degree of trim, specified in CS 25.255(a)(1) for aeroplanes which do not 
have a power-operated longitudinal trim system, has not been specified in quantitative 
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terms, and the particular characteristics of each type of aeroplane must be considered. 
The intent of the requirement is that a reasonable amount of out-of-trim should be 
investigated, such as might occasionally be applied by a pilot.  

1.2 In establishing the maximum mistrim that can be sustained by the autopilot the normal 
operation of the autopilot and associated systems should be taken into consideration. 
Where the autopilot is equipped with an auto-trim function the amount of mistrim which 
can be sustained will generally be small or zero. If there is no auto-trim function, 
consideration should be given to the maximum amount of out-of-trim which can be 
sustained by the elevator servo without causing autopilot disconnect.  

2 Datum Trim Setting  

2.1 For showing compliance with CS 25.255(b)(1) for speeds up to VMO/M MO, the datum trim 
setting should be the trim setting required for trimmed flight at the particular speed at 
which the demonstration is to be made.  

2.2 For showing compliance with CS 25.255(b)(1) for speeds from VMO/M MO to VFC/M FC, and 
for showing compliance with CS 25.255(b)(2) and (f), the datum trim setting should be 
the trim setting required for trimmed flight at VMO/M MO.  

3 Reversal of Primary Longitudinal Control Force at Speeds greater than VFC/M FC  

3.1 CS 25.255(b)(2) requires that the direction of the primary longitudinal control force may 
not reverse when the normal acceleration is varied, for +1 g to the positive and negative 
values specified, at speeds above VFC/M FC. The intent of the requirement is that it is 
permissible that there is a value of g for which the stick force is zero, provided that the 
stick force versus g curve has a positive slope at that point (see Figure 1).  

 
FIGURE 1 

 

3.2  If stick force characteristics are marginally acceptable, it is desirable that there should be 
no reversal of normal control sensing, i.e. an aft movement of the control column should 
produce an aircraft motion in the nose-up direction and a change in aircraft load factor 
in the positive direction, and a forward movement of the control column should change 
the aircraft load factor in the negative direction.  

3.3  It is further intended that reversals of direction of stick force with negative stick-force 
gradients should not be permitted in any mistrim condition within the specified range of 
mistrim. If test results indicate that the curves of stick force versus normal acceleration 
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with the maximum required mistrim have a negative gradient of speeds above VFC/M FC 

then additional tests may be necessary. The additional tests should verify that the curves 
of stick force versus load factor with mistrim less than the maximum required do not 
unacceptably reverse, as illustrated in the upper curve of Figure 2. Control force 
characteristics as shown in Figure 3, may be considered acceptable, provided that the 
control sensing does not reverse (see paragraph 3.2) 

 

 

 

4 Probable Inadvertent Excursions beyond the Boundaries of the Buffet Onset Envelopes. 
CS 25.255(e) states that manoeuvring load factors associated with probable inadvertent 
excursions beyond the boundaries of the buffet onset envelopes determined under 
CS 25.251(e) need not be exceeded. It is intended that test flights need not be continued 
beyond a level of buffet which is sufficiently severe that a pilot would be reluctant to apply any 
further increase in load factor.  

5 Use of the Longitudinal Trim System to Assist Recovery  

5.1 CS 25.255(f) requires the ability to produce at least 1·5 g for recovery from an overspeed 
condition of VDF/M DF, using either the primary longitudinal control alone or the primary 
longitudinal control and the longitudinal trim system. Although the longitudinal trim 
system may be used to assist in producing the required normal acceleration, it is not 
acceptable for recovery to be completely dependent upon the use of this system. It 
should be possible to produce 1·2 g by applying not more than 556 N (125 lbf) of 
longitudinal control force using the primary longitudinal control alone.  

5.2 Recovery capability is generally critical at altitudes where airspeed (VDF) is limiting. If at 
higher altitudes (on the MDF boundary) the manoeuvre capability is limited by buffeting 
of such an intensity that it is a strong deterrent to further increase in normal acceleration, 
some reduction of manoeuvre capability will be acceptable, provided that it does not 
reduce to below 1·3 g. The entry speed for flight test demonstrations of compliance with 
this requirement should be limited to the extent necessary to accomplish a recovery 
without exceeding VDF/M DF, and the normal acceleration should be measured as near to 
VDF/M DF as is practical. 

FIGURE 2  FIGURE 3 
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SUBPART C ς STRUCTURE 

GENERAL 

CS 25.301 Loads 
ED Decision 2005/006/R 

(a) Strength requirements are specified in terms of limit loads (the maximum loads to be expected 
in service) and ultimate loads (limit loads multiplied by prescribed factors of safety). Unless 
otherwise provided, prescribed loads are limit loads. 

(b) Unless otherwise provided the specified air, ground, and water loads must be placed in 
equilibrium with inertia forces, considering each item of mass in the aeroplane. These loads 
must be distributed to conservatively approximate or closely represent actual conditions. (See 
AMC No. 1 to CS 25.301(b).) Methods used to determine load intensities and distribution must 
be validated by flight load measurement unless the methods used for determining those loading 
conditions are shown to be reliable. (See AMC No. 2 to CS 25.301(b).) 

(c) If deflections under load would significantly change the distribution of external or internal loads, 
this redistribution must be taken into account. 

[Amdt 25/1] 

AMC No. 1 to 25.301(b) Loads 
ED Decision 2005/006/R 

The engine and its mounting structure are to be stressed to the loading cases for the aeroplane as a 

whole. 

[Amdt 25/1] 

AMC No. 2 to 25.301(b) Flight Load Validation 
ED Decision 2005/006/R 

1. PURPOSE 

This AMC sets forth an acceptable means, but not the only means, of demonstrating compliance 
with the provisions of CS-25 related to the validation, by flight load measurements, of the 
methods used for determination of flight load intensities and distributions, for large aeroplanes. 

2.  RELATED CERTIFICATIONS SPECIFICATIONS 

CS 25.301(b) ά[ƻŀŘǎέ 

CS 25.459 ά{ǇŜŎƛŀƭ 5ŜǾƛŎŜǎέ 

3.  BACKGROUND 

(a) CS-25 stipulates a number of load conditions, such as flight loads, ground loads, 
pressurisation loads, inertia loads and engine/APU loads. CS 25.301 requires methods 
used to determine load intensities and distributions to be validated by flight load 
measurements unless the methods used for determining those loading conditions are 
shown to be reliable. Although this applies to all load conditions of CS-25, the scope of 
this AMC is limited to flight loads. 
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(b) The sizing of the structure of the aircraft generally involves a number of steps and 
requires detailed knowledge of air loads, mass, stiffness, damping, flight control system 
characteristics, etc. Each of these steps and items may involve its own validation. The 
scope of this AMC however is limited to validation of methods used for determination of 
loads intensities and distributions by flight load measurements. 

(c) .ȅ ǊŜŦŜǊŜƴŎŜ ǘƻ ǾŀƭƛŘŀǘƛƻƴ ƻŦ άƳŜǘƘƻŘǎέΣ CS 25.301(b) and this AMC are intended to 
convey a validation of the complete package of elements involved in the accurate 
representation of loads, including input data and analytical process. The aim is to 
demonstrate that the complete package delivers reliable or conservative calculated loads 
for scenarios relevant to CS-25 flight loads requirements. 

(d) Some measurements may complement (or sometimes even replace) the results from 
theoretical methods and models. Some flight loads development methods such as those 
used to develop buffeting loads have very little theoretical foundation, or are methods 
based directly on flight loads measurements extrapolated to represent limit conditions. 

4. NEED FOR AND EXTENT OF FLIGHT LOAD MEASUREMENTS 

4.1. General 

(a) The need for and extent of the flight load measurements has to be discussed and 
agreed between the Agency and Applicant on a case by case basis. Such an 
assessment should be based on: 

(i) a comparison of the design features of the aeroplane under investigation 
with previously developed (by the Applicant) and approved aeroplanes. New 
or significantly different design features should be identified and assessed. 

(ii) ǘƘŜ !ǇǇƭƛŎŀƴǘΩǎ ǇǊŜǾƛƻǳǎ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǾŀƭƛŘŀǘƛƴƎ ƭƻŀŘ ƛƴǘŜƴǎƛǘƛŜǎ ŀƴŘ 
distributions derived from analytical methods and/or wind tunnel tests. This 
experience should have been accumulated on previously developed (by the 
Applicant) and approved types and models of aeroplanes. The validation 
should have been by a flight load measurement program that was conducted 
by the Applicant and found acceptable to the Agency for showing 
compliance. 

(iii) the sensitivity to parametric variation and continued applicability of the 
analytical methods and/or wind tunnel test data. 

(b) Products requiring a new type certificate will in general require flight-test 
validation of flight loads methods unless the Applicant can demonstrate to the 
Agency that this is unnecessary. 

If the configuration under investigation is a similar configuration and size as a 
previously developed and approved design, the use of analytical methods, such as 
computational fluid dynamics validated on wind tunnel test results and supported 
by previous load validation flight test experience, may be sufficient to determine 
flight loads without further flight test validation. 

(c) Applicants who are making a change to a Type Certificated airplane, but who do 
not have access to the Type certification flight loads substantiation for that 
airplane, will be required to develop flight loads analyses, as necessary, to 
substantiate the change. 

In general, the loads analyses will require validation and may require flight test 
loads measurements, as specified in this AMC. 
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(d) The Applicant is encouraged to submit supporting data or test plans for 
demonstrating the reliability of the flight loads methods early in the certification 
planning process. 

4.2. New or significantly different design features. 

Examples of new or significantly different design features include, but are not limited to: 

- Wing mounted versus fuselage mounted engines; 

- Two versus three or more engines; 

- Low versus high wing; 

- Conventional versus T-tail empennage; 

- First use of significant sweep; 

- Significant expansion of flight envelope; 

- Addition of winglets; 

- Significant modification of control surface configuration; 

- Significant differences in airfoil shape, size (span, area); 

- Significant changes in high lift configurations; 

- Significant changes in power plant installation/configuration; 

- Large change in the size of the aeroplane.  

4.3. Other considerations 

(a)  Notwithstanding the similarity of the aeroplane or previous load validation flight 
test experience of the Applicant, the local loads on the following elements are 
typically unreliably predicted and may require a measurement during flight tests: 

- Loads on high lift devices; 

- Hinge moments on control surfaces; 

- Loads on the empennage due to buffeting; 

- Loads on any unusual device. 

(b)  For non-deterministic loading conditions, such as stall buffet, the applicant should 
compile a sufficient number of applicable flight loads measurements to develop a 
reliable method to predict the appropriate design load. 

5. FLIGHT LOAD MEASUREMENTS 

5.1. Measurements.  

Flight load measurements (for example, through application of strain gauges, pressure 
belts, accelerometers) may include: 

- Pressures / air loads /net shear, bending and torque on primary aerodynamic 
surfaces; 

- Flight mechanics parameters necessary to correlate the analytical model with flight 
test results; 

- High lift devices loads and positions; 
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- Primary control surface hinge moments and positions; 

- Unsymmetric loads on the empennage (due to roll/yaw manoeuvres and 
buffeting); 

- Local strains or response measurements in cases where load calculations or 
measurements are indeterminate or unreliable. 

5.2. Variation of parameters.  

The test points for the flight loads measurements should consider the variation of the 
main parameters affecting the loads under validation. Examples of these parameters 
include: load factor, speeds, altitude, aircraft c.g., weight and inertia, power settings 
(thrust, for wing mounted engines), fuel loading, speed brake settings, flap settings and 
gear conditions (up/down) within the design limits of the aeroplane. The range of 
variation of these parameters must be sufficient to allow the extrapolation to the design 
loads conditions. In general, the flight test conditions need not exceed approximately 
80% of limit load. 

5.3. Conditions. 

In the conduct of flight load measurements, conditions used to obtain flight loads may 
include:  

- Pitch manoeuvres including wind-up turns, pull-ups and push-downs (e.g. for wing 
and horizontal stabiliser manoeuvring loads);  

- Stall entry or buffet onset boundary conditions (e.g. for horizontal stabiliser buffet 
loads);  

- Yaw manoeuvres including rudder inputs and steady sideslips; 

- Roll manoeuvres. 

Some flight load conditions are difficult to validate by flight load measurements, simply 
because the required input (e.g. gust velocity) cannot be accurately controlled or 
generated. Therefore, these type of conditions need not be flight tested. Also, in general, 
failures, malfunctions or adverse conditions are not subject to flight tests for the purpose 
of flight loads validation. 

5.4. Load alleviation.  

When credit has been taken for an active load alleviation function by a particular control 
system, the effectiveness of this function should be demonstrated as far as practicable 
by an appropriate flight test program. 

6.  RESULTS OF FLIGHT LOAD MEASUREMENTS 

6.1. Comparison / Correlation. 

Flight loads are not directly measured, but are determined through correlation with 
measured strains, pressures or accelerations. The load intensities and distributions 
derived from flight testing should be compared with those obtained from analytical 
methods. The uncertainties in both the flight testing measurements and subsequent 
correlation should be carefully considered and compared with the inherent assumptions 
and capabilities of the process used in analytic derivation of flight loads. Since in most 
cases the flight test points are not the limit design load conditions, new analytical load 
cases need to be generated to match the actual flight test data points.  
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6.2. Quality of measurements.  

Factors which can affect the uncertainty of flight loads resulting from calibrated strain 
gauges include the effects of temperature, structural non-linearities, establishment of 
flight/ground zero reference, and large local loads, such as those resulting from the 
propulsion system installation, landing gear, flap tracks or actuators. The static or 
dynamic nature of the loading can also affect both strain gauge and pressure 
measurements. 

6.3. Quality of correlation.  

A given correlation can provide a more or less reliable estimate of the actual loading 
condition depending on the "static" or "flexible dynamic" character of the loading action, 
or on the presence and level of large local loads. The quality of the achieved correlation 
depends also on the skills and experience of the Applicant in the choice of strain gauge 
locations and conduct of the calibration test programme.  

Useful guidance on the calibration and selection of strain gauge installations in aircraft 
structures for flight loads measurements can be found, but not exclusively, in the 
following references:  

1.  Skopinski, T.H., William S. Aiken, Jr., and Wilbur B. Huston, 

ά/ŀƭƛōǊŀǘƛƻƴ ƻŦ {ǘǊŀƛƴ-Gage Installations in Aircraft Structures for Measurement of 
Flight [ƻŀŘǎέΣ b!/! wŜǇƻǊǘ ммтуΣ мфрпΦ 

2. {ƛƎǳǊŘ !Φ bŜƭǎƻƴ LLΣ ά{ǘǊŀƛƴ DŀƎŜ {ŜƭŜŎǘƛƻƴ ƛƴ [ƻŀŘǎ 9ǉǳŀǘƛƻƴǎ ¦ǎƛƴƎ ŀ DŜƴŜǘƛŎ 
!ƭƎƻǊƛǘƘƳέΣ b!{! /ƻƴǘǊŀŎǘƻǊ wŜǇƻǊǘ прфт όb!{!-13445), October 1994. 

6.4. Outcome of comparison / correlation.  

Whatever the degree of correlation obtained, the Applicant is expected to be able to 
justify the elements of the correlation process, including the effects of extrapolation of 
the actual test conditions to the design load conditions. 

If the correlation is poor, and especially if the analysis underpredicts the loads, then the 
Applicant should review and assess all of the components of the analysis, rather than 
applying blanket correction factors. 

For example: 

(a) If the level of discrepancy varies with the Mach number of the condition, then the 
Mach corrections need to be evaluated and amended. 

(b) If conditions with speed brakes extended show poorer correlation than clean wing, 
then the speed brake aerodynamic derivatives and/or spanwise distribution need 
to be evaluated and amended. 

[Amdt 25/1] 

CS 25.302 Interaction of systems and structures 
ED Decision 2005/006/R 

For aeroplanes equipped with systems that affect structural performance, either directly or as a result 
of a failure or malfunction, the influence of these systems and their failure conditions must be taken 
into account when showing compliance with the requirements of Subparts C and D. Appendix K of CS-
25 must be used to evaluate the structural performance of aeroplanes equipped with these systems. 

[Amdt 25/1] 
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CS 25.303 Factor of safety 
ED Decision 2003/2/RM  

Unless otherwise specified, a factor of safety of 1·5 must be applied to the prescribed limit load which 
are considered external loads on the structure. When loading condition is prescribed in terms of 
ultimate loads, a factor of safety need not be applied unless otherwise specified.  

CS 25.305 Strength and deformation 
ED Decision 2005/006/R 

(a) The structure must be able to support limit loads without detrimental permanent deformation. 
At any load up to limit loads, the deformation may not interfere with safe operation. 

(b) The structure must be able to support ultimate loads without failure for at least 3 seconds. 
However, when proof of strength is shown by dynamic tests simulating actual load conditions, 
the 3-second limit does not apply. Static tests conducted to ultimate load must include the 
ultimate deflections and ultimate deformation induced by the loading. When analytical 
methods are used to show compliance with the ultimate load strength requirements, it must 
be shown that ς  

(1) The effects of deformation are not significant;  

(2)  The deformations involved are fully accounted for in the analysis; or  

(3) The methods and assumptions used are sufficient to cover the effects of these 
deformations. 

(c) Where structural flexibility is such that any rate of load application likely to occur in the 
operating conditions might produce transient stresses appreciably higher than those 
corresponding to static loads, the effects of this rate of application must be considered. 

(d) Reserved 

(e) The aeroplane must be designed to withstand any vibration and buffeting that might occur in 
any likely operating condition up to VD/M D, including stall and probable inadvertent excursions 
beyond the boundaries of the buffet onset envelope. This must be shown by analysis, flight 
tests, or other tests found necessary by the Agency. 

(f) Unless shown to be extremely improbable, the aeroplane must be designed to withstand any 
forced structural vibration resulting from any failure, malfunction or adverse condition in the 
flight control system. These loads must be treated in accordance with the requirements of 
CS 25.302. 

[Amdt 25/1] 

CS 25.307 Proof of structure 
ED Decision 2005/006/R 

(a) Compliance with the strength and deformation requirements of this Subpart must be shown for 
each critical loading condition. Structural analysis may be used only if the structure conforms to 
that for which experience has shown this method to be reliable. In other cases, substantiating 
tests must be made to load levels that are sufficient to verify structural behaviour up to loads 
specified in CS 25.305. 

(b) Reserved 

(c) Reserved 
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(d) When static or dynamic tests are used to show compliance with the requirements of 
CS 25.305(b) for flight structures, appropriate material correction factors must be applied to 
the test results, unless the structure, or part thereof, being tested has features such that a 
number of elements contribute to the total strength of the structure and the failure of one 
element results in the redistribution of the load through alternate load paths. 

[Amdt 25/1] 

AMC 25.307 Proof of structure 
ED Decision 2005/006/R  

1. Purpose 

This AMC establishes methods of compliance with CS 25.307, which specifies the requirements 
for Proof of Structure. 

2. Related Certification Specifications 

CS 25.303 άCŀŎǘƻǊ ƻŦ ǎŀŦŜǘȅέ 

CS 25.305 ά{ǘǊŜƴƎǘƘ ŀƴŘ ŘŜŦƻǊƳŀǘƛƻƴέ 

CS 25.651 άtǊƻƻŦ ƻŦ ǎǘǊŜƴƎǘƘέ 

3. Definitions  

3.1. Detail. A structural element of a more complex structural member (e.g. joints, splices, 
stringers, stringer run-outs, or access holes). 

3.2. Sub Component. A major three-dimensional structure which can provide complete 
structural representation of a section of the full structure (e.g., stub-box, section of a 
spar, wing panel, wing rib, body panel, or frames). 

3.3. Component. A major section of the airframe structure (e.g., wing, body, fin, horizontal 
stabiliser) which can be tested as a complete unit to qualify the structure. 

3.4. Full Scale. Dimensions of test article are the same as design; fully representative test 
specimen (not necessarily complete airframe). 

3.5. New Structure. Structure for which behaviour is not adequately predicted by analysis 
supported by previous test evidence. Structure that utilises significantly different 
structural design concepts such as details, geometry, structural arrangements, and load 
paths or materials from previously tested designs. 

3.6. Similar New Structure. Structure that utilises similar or comparable structural design 
concepts such as details, geometry, structural arrangements, and load paths concepts 
and materials to an existing tested design. 

3.7. Derivative/Similar Structure. Structure that uses structural design concepts such as 
details, geometry, structural arrangements, and load paths, stress levels and materials 
that are nearly identical to those on which the analytical methods have been validated. 

3.8. Previous Test Evidence. Testing of the original structure that is sufficient to verify 
structural behaviour in accordance with CS 25.305. 
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4. Introduction  

As required by subparagraph (a) of CS 25.307, the structure must be shown to comply with the 
strength and deformation requirements of Subpart C of CS-25. This means that the structure 
must: 

(a) be able to support limit loads without detrimental permanent deformation, and: 

(b) be able to support ultimate loads without failure. 

This implies the need of a comprehensive assessment of the external loads (addressed by 
CS 25.301), the resulting internal strains and stresses, and the structural allowables. 

CS 25.307 requires compliance for each critical loading condition. Compliance can be shown by 
analysis supported by previous test evidence, analysis supported by new test evidence or by 
test only. As compliance by test only is impractical in most cases, a large portion of the 
substantiating data will be based on analysis. 

There are a number of standard engineering methods and formulas which are known to 
produce acceptable, often conservative results especially for structures where load paths are 
well defined. Those standard methods and formulas, applied with a good understanding of their 
limitations, are considered reliable analyses when showing compliance with CS 25.307. 
Conservative assumptions may be considered in assessing whether or not an analysis may be 
accepted without test substantiation. 

The application of methods such as Finite Element Method or engineering formulas to complex 
structures in modern aircraft is considered reliable only when validated by full scale tests 
(ground and/or flight tests). Experience relevant to the product in the utilisation of such 
methods should be considered. 

5. Classification of structure 

(a) The structure of the product should be classified into one of the following three 
categories: 

- New Structure 

- Similar New Structure 

- Derivative/Similar Structure 

(b)  Justifications should be provided for classifications other than New Structure. Elements 
that should be considered are: 

(i) The accuracy/conservatism of the analytical methods, and 

(ii) Comparison of the structure under investigation with previously tested structure.  

Considerations should include, but are not limited to the following: 

- external loads (bending moment, shear, torque , etc.); 

- internal loads (strains, stresses, etc.); 

- structural design concepts such as details, geometry, structural arrangements, load 
paths; 

- materials; 

- test experience (load levels achieved, lessons learned); 

- deflections; 
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- deformations; 

- extent of extrapolation from test stress levels. 

6. Need and Extent of Testing  

The following factors should be considered in deciding the need for and the extent of testing 
including the load levels to be achieved: 

(a) The classification of the structure (as above); 

(b) The consequence of failure of the structure in terms of the overall integrity of the 
aeroplane; 

(c) The consequence of the failure of interior items of mass and the supporting structure to 
the safety of the occupants. 

Relevant service experience may be included in this evaluation. 

7. Certification Approaches  

The following certification approaches may be selected: 

(a) Analysis, supported by new strength testing of the structure to limit and ultimate load. 
This is typically the case for New Structure. 

Substantiation of the strength and deformation requirements up to limit and ultimate 
loads normally requires testing of sub-components, full scale components or full scale 
tests of assembled components (such as a nearly complete airframe). The entire test 
program should be considered in detail to assure the requirements for strength and 
deformation can be met up to limit load levels as well as ultimate load levels. 

Sufficient limit load test conditions should be performed to verify that the structure 
meets the deformation requirements of CS 25.305(a) and to provide validation of internal 
load distribution and analysis predictions for all critical loading conditions.  

Because ultimate load tests often result in significant permanent deformation, choices 
will have to be made with respect to the load conditions applied. This is usually based on 
the number of test specimens available, the analytical static strength margins of safety 
of the structure and the range of supporting detail or sub-component tests. An envelope 
approach may be taken, where a combination of different load cases is applied, each one 
critical for a different section of the structure. 

These limit and ultimate load tests may be supported by detail and sub-component tests 
that verify the design allowables (tension, shear, compression) of the structure and often 
provide some degree of validation for ultimate strength. 

(b) Analysis validated by previous test evidence and supported with additional limited 
testing. This is typically the case for Similar New Structure. 

The extent of additional limited testing (number of specimens, load levels, etc.) will 
depend upon the degree of change, relative to the elements of paragraphs 5(b)(i) and (ii). 

For example, if the changes to an existing design and analysis necessitate extensive 
changes to an existing test-validated finite element model (e.g. different rib spacing) 
additional testing may be needed. Previous test evidence can be relied upon whenever 
practical. 
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These additional limited tests may be further supported by detail and sub-component 
tests that verify the design allowables (tension, shear, compression) of the structure and 
often provide some degree of validation for ultimate strength. 

(c) Analysis, supported by previous test evidence. This is typically the case for Derivative/ 
Similar Structure. 

Justification should be provided for this approach by demonstrating how the previous 
static test evidence validates the analysis and supports showing compliance for the 
structure under investigation. Elements that need to be considered are those defined in 
paragraphs 5(b)(i) and (ii). 

For example, if the changes to the existing design and test-validated analysis are 
evaluated to assure they are relatively minor and the effects of the changes are well 
understood, the original tests may provide sufficient validation of the analysis and further 
testing may not be necessary. For example, if a weight increase results in higher loads 
along with a corresponding increase in some of the element thickness and fastener sizes, 
and materials and geometry (overall configuration, spacing of structural members, etc.) 
remain generally the same, the revised analysis could be considered reliable based on the 
previous validation. 

(d) Test only. 

Sometimes no reliable analytical method exists, and testing must be used to show 
compliance with the strength and deformation requirements. In other cases it may be 
elected to show compliance solely by tests even if there are acceptable analytical 
methods. In either case, testing by itself can be used to show compliance with the 
strength and deformation requirements of CS-25 Subpart C. In such cases, the test load 
conditions should be selected to assure all critical design loads are encompassed. 

If tests only are used to show compliance with the strength and deformation 
requirements for single load path structure which carries flight loads (including 
pressurisation loads), the test loads must be increased to account for variability in 
material properties, as required by CS 25.307(d). In lieu of a rational analysis, for metallic 
materials, a factor of 1.15 applied to the limit and ultimate flight loads may be used. If 
the structure has multiple load paths, no material correction factor is required. 

8. Interpretation of Data  

The interpretation of the substantiation analysis and test data requires an extensive review of: 

- the representativeness of the loading ; 

- the instrumentation data ; 

- comparisons with analytical methods ; 

- representativeness of the test article(s) ; 

- test set-up (fixture, load introductions) ; 

- load levels and conditions tested ; 

- test results. 

Testing is used to validate analytical methods except when showing compliance by test only. If 
the test results do not correlate with the analysis, the reasons should be identified and 
appropriate action taken. This should be accomplished whether or not a test article fails below 
ultimate load. 
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Should a failure occur below ultimate load, an investigation should be conducted for the 
product to reveal the cause of this failure. This investigation should include a review of the test 
specimen and loads, analytical loads, and the structural analysis. This may lead to adjustment 
in analysis/modelling techniques and/or part redesign and may result in the need for additional 
testing. The need for additional testing to ensure ultimate load capability, depends on the 
degree to which the failure is understood and the analysis can be validated by the test. 

[Amdt 25/1] 
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FLIGHT LOADS 

CS 25.321 General 
ED Decision 2003/2/RM  

(a) Flight load factors represent the ratio of the aerodynamic force component (acting normal to 
the assumed longitudinal axis of the aeroplane) to the weight of the aeroplane. A positive load 
factor is one in which the aerodynamic force acts upward with respect to the aeroplane. 

(b) Considering compressibility effects at each speed, compliance with the flight load requirements 
of this Subpart must be shown ς 

(1) At each critical altitude within the range of altitudes selected by the applicant; 

(2) At each weight from the design minimum weight to the design maximum weight 
appropriate to each particular flight load condition; and 

(3) For each required altitude and weight, for any practicable distribution of disposable load 
within the operating limitations recorded in the Aeroplane Flight Manual. 

(c) Enough points on and within the boundaries of the design envelope must be investigated to 
ensure that the maximum load for each part of the aeroplane structure is obtained. 

(d) The significant forces acting on the aeroplane must be placed in equilibrium in a rational or 
conservative manner. The linear inertia forces must be considered in equilibrium with the thrust 
and all aerodynamic loads, while the angular (pitching) inertia forces must be considered in 
equilibrium with thrust and all aerodynamic moments, including moments due to loads on 
components such as tail surfaces and nacelles. Critical thrust values in the range from zero to 
maximum continuous thrust must be considered. 
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FLIGHT MANOEUVRE AND GUST CONDITIONS 

CS 25.331 Symmetric manoeuvring conditions 
ED Decision 2013/010/R  

(a) Procedure. For the analysis of the manoeuvring flight conditions specified in sub-paragraphs (b) 
and (c) of this paragraph, the following provisions apply:  

(1) Where sudden displacement of a control is specified, the assumed rate of control surface 
displacement may not be less than the rate that could be applied by the pilot through the 
control system. 

(2) In determining elevator angles and chordwise load distribution in the manoeuvring 
conditions of sub-paragraphs (b) and (c) of this paragraph, the effect of corresponding 
pitching velocities must be taken into account. The in-trim and out-of-trim flight 
conditions specified in CS 25.255 must be considered. 

(b) Manoeuvring balanced conditions. Assuming the aeroplane to be in equilibrium with zero 
pitching acceleration, the manoeuvring conditions A through I on the manoeuvring envelope in 
CS 25.333(b) must be investigated.  

(c) Manoeuvring pitching conditions. The following conditions must be investigated:  

(1) Maximum pitch control displacement at VA. The aeroplane is assumed to be flying in 
steady level flight (point A1, CS 25.333(b)) and the cockpit pitch control is suddenly 
moved to obtain extreme nose up pitching acceleration. In defining the tail load, the 
response of the aeroplane must be taken into account. Aeroplane loads which occur 
subsequent to the time when normal acceleration at the c.g. exceeds the positive limit 
manoeuvring load factor (at point A2 in CS 25.333(b)), or the resulting tailplane normal 
load reaches its maximum, whichever occurs first, need not be considered (See AMC 
25.331(c)(1)).  

(2) Checked manoeuvre between VA and VD. Nose up checked pitching manoeuvres must be 
analysed in which the positive limit load factor prescribed in CS 25.337 is achieved. As a 
separate condition, nose down checked pitching manoeuvres must be analysed in which 
a limit load factor of 0 is achieved. In defining the aeroplane loads the cockpit pitch 
control motions described in sub-paragraphs (i), (ii), (iii) and (iv) of this paragraph must 
be used:  

(See AMC 25.331(c)(2)) 

(i) The aeroplane is assumed to be flying in steady level flight at any speed between 
VA and VD and the cockpit pitch control is moved in accordance with the following 
formula: 

ὸ‏ ÓÉÎ‫ὸ Ὢέὶ π‏ ὸ  ὸ  

where:  

ʵм Ґ  the maximum available displacement of the cockpit pitch control in the 
initial direction, as limited by the control system stops, control surface stops, 
or by pilot effort in accordance with CS 25.397(b);  

ʵόǘύ Ґ ǘƘŜ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ ŎƻŎƪǇƛǘ ǇƛǘŎƘ ŎƻƴǘǊƻƭ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘƛƳŜΦ Lƴ ǘƘŜ 
ƛƴƛǘƛŀƭ ŘƛǊŜŎǘƛƻƴ ʵόǘύ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ʵ1Φ Lƴ ǘƘŜ ǊŜǾŜǊǎŜ ŘƛǊŜŎǘƛƻƴΣ ʵόǘύ Ƴŀȅ ōŜ 
truncated at the maximum available displacement of the cockpit pitch 
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control as limited by the control system stops, control surface stops, or by 
pilot effort in accordance with CS 25.397(b);  

tmax Ґ оˉκн˖Τ 

˖ Ґ  the circular frequency (radians/second) of the control deflection taken equal 
to the undamped natural frequency of the short period rigid mode of the 
aeroplane, with active control system effects included where appropriate; 
but not less than:  

‫
“ὠ

ςὠ
  ὶὥὨὭὥὲί ὴὩὶ ίὩὧέὲὨȠ 

where:  

V =  the speed of the aeroplane at entry to the manoeuvre.  

VA =  the design manoeuvring speed prescribed in CS 25.335(c)  

(ii) For nose-up pitching manoeuvres the complete cockpit pitch control displacement 
history may be scaled down in amplitude to the extent just necessary to ensure 
that the positive limit load factor prescribed in CS 25.337 is not exceeded. For nose-
down pitching manoeuvres the complete cockpit control displacement history may 
be scaled down in amplitude to the extent just necessary to ensure that the normal 
acceleration at the c.g. does not go below 0g. 

(iii) In addition, for cases where the aeroplane response to the specified cockpit pitch 
control motion does not achieve the prescribed limit load factors then the 
following cockpit pitch control motion must be used: 

ὸ‏ ÓÉÎ‫ὸ  Ὢέὶ  π‏  ὸ ὸ 
ὸ‏ Ὢέὶ  ὸ   ‏ ὸ ὸ  
ὸ‏ ÓÉÎ‫ὸ‏ ὸ ὸ  Ὢέὶ  ὸ ὸ ὸ  

where:  

t1   = /̄2  ̟ 

t2   = t1 Ҍ ҟǘ  

tmax = t2 Ҍ ˉκ˖Τ  

ҟǘ  Ґ the minimum period of time necessary to allow the prescribed limit load 
factor to be achieved in the initial direction, but it need not exceed five 
seconds (see figure below). 
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(iv) In cases where the cockpit pitch control motion may be affected by inputs from 
systems (for example, by a stick pusher that can operate at high load factor as well 
as at 1g) then the effects of those systems must be taken into account. 

(v) Aeroplane loads that occur beyond the following times need not be considered: 

(A) For the nose-up pitching manoeuvre, the time at which the normal 
acceleration at the c.g. goes below 0g; 

(B) For the nose-down pitching manoeuvre, the time at which the normal 
acceleration at the c.g. goes above the positive limit load factor prescribed 
in CS 25.337;  

(C)  tmax. 

[Amdt 25/13] 

AMC 25.331(c)(1) Maximum pitch control displacement at VA 
ED Decision 2013/010/R 

The physical limitations of the aircraft from the cockpit pitch control device to the control surface 
deflection, such as control stops position, maximum power and displacement rate of the servo 
controls, and control law limiters, may be taken into account. 

[Amdt 25/13] 

AMC 25.331(c)(2) Checked manoeuvre between VA and VD 
ED Decision 2013/010/R 

The physical limitations of the aircraft from the cockpit pitch control device to the control surface 
deflection, such as control stops position, maximum power and displacement rate of the servo 
controls, and control law limiters, may be taken into account. 

For aeroplanes equipped with electronic flight controls, where the motion of the control surfaces does 
not bear a direct relationship to the motion of the cockpit control devices, the circular frequency of 
ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ǘƘŜ ŎƻŎƪǇƛǘ ŎƻƴǘǊƻƭ Ψ˖Ω ǎƘŀƭƭ ōŜ ǾŀǊƛŜŘ ōȅ ŀ ǊŜŀǎƻƴŀōƭŜ ŀƳƻǳƴǘ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ŜŦŦŜŎǘ 
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of the input period and amplitude on the resulting aeroplane loads. This variation is intended to verify 
that there is no large and rapid increase in aeroplane loads. 

[Amdt 25/13] 

CS 25.333 Flight manoeuvring envelope 
ED Decision 2013/010/R 

(a) General. The strength requirements must be met at each combination of airspeed and load 
factor on and within the boundaries of the representative manoeuvring envelope (V-n diagram) 
of sub-paragraph (b) of this paragraph. This envelope must also be used in determining the 
aeroplane structural operating limitations as specified in CS 25.1501. 

(b) Manoeuvring envelope (See AMC 25.333(b)) 

 

[Amdt 25/11] 
[Amdt 25/13] 

AMC 25.333(b) Manoeuvring envelope 
ED Decision 2013/010/R 

For the calculation of structural design speeds, the stalling speeds Vs0 and Vs1 should be taken to be 
the 1-g stalling speeds in the appropriate flap configuration. This structural interpretation of stalling 
speed should be used in connection with the paragraphs CS 25.333(b), CS 25.335, CS 25.335(c)(d)(e), 
CS 25.479(a), and CS 25.481(a)(1). 

[Amdt 25/13] 
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CS 25.335 Design airspeeds 
ED Decision 2013/010/R  

The selected design airspeeds are equivalent airspeeds (EAS). Estimated values of VS0 and VS1 must be 
conservative.  

(a) Design cruising speed, VC. For VC, the following apply:  

(1) The minimum value of VC must be sufficiently greater than VB to provide for inadvertent 
speed increases likely to occur as a result of severe atmospheric turbulence. 

(2) Except as provided in sub-paragraph 25.335(d)(2), VC may not be less than VB + 1·32 Uref 
(with Uref as specified in sub-paragraph 25.341(a)(5)(i). However, VC need not exceed the 
maximum speed in level flight at maximum continuous power for the corresponding 
altitude. 

(3) At altitudes where VD is limited by Mach number, VC may be limited to a selected Mach 
number. (See CS 25.1505.) 

(b) Design dive speed, VD. VD must be selected so that VC/M C is not greater than 0·8 VD/M D, or so 
that the minimum speed margin between VC/M C and VD/M D is the greater of the following 
values:  

(1) (i) For aeroplanes not equipped with a high speed protection function: From an initial 
condition of stabilised flight at VC/M C, the aeroplane is upset, flown for 20 seconds 
along a flight path 7·5° below the initial path, and then pulled up at a load factor of 
1·5 g (0·5 g acceleration increment). The speed increase occurring in this 
manoeuvre may be calculated if reliable or conservative aerodynamic data issued. 
Power as specified in CS 25.175(b)(1)(iv) is assumed until the pullup is initiated, at 
which time power reduction and the use of pilot controlled drag devices may be 
assumed; 

(ii) For aeroplanes equipped with a high speed protection function: In lieu of 
subparagraph (b)(1)(i), the speed increase above VC/M C resulting from the greater 
of the following manoeuvres must be established: 

(A) From an initial condition of stabilised flight at VC/M C, the aeroplane is upset 
so as to take up a new flight path 7.5° below the initial path. Control 
application, up to full authority, is made to try and maintain this new flight 
path. Twenty seconds after achieving the new flight path, manual recovery 
is made at a load factor of 1.5 g (0.5 g acceleration increment), or such 
greater load factor that is automatically applied by the system with the 
ǇƛƭƻǘΩǎ ǇƛǘŎƘ ŎƻƴǘǊƻƭ ƴŜǳǘǊŀƭΦ ¢ƘŜ ǎǇŜŜŘ ƛƴŎǊŜŀǎŜ ƻŎŎǳǊǊƛƴƎ ƛƴ ǘƘƛǎ ƳŀƴƻŜǳǾǊŜ 
may be calculated if reliable or conservative aerodynamic data is used. 
Power as specified in CS 25.175(b)(1)(iv) is assumed until recovery is made, 
at which time power reduction and the use of pilot controlled drag devices 
may be assumed. 

(B) From a speed below VC/M C, with power to maintain stabilised level flight at 
this speed, the aeroplane is upset so as to accelerate through VC/M C at a 
flight path 15° below the initial path (or at the steepest nose down attitude 
that the system will permit with full control authority if less than 15°). Pilot 
controls may be in neutral position after reaching VC/M C and before recovery 
is initiated. Recovery may be initiated 3 seconds after operation of high 
speed, attitude, or other alerting system by application of a load factor of 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

FLIGHT MANOEUVRE AND GUST 
CONDITIONS 

 

Powered by EASA eRules Page 270 of 1189| Jan 2023 
 

1.5 g (0.5 g acceleration increment), or such greater load factor that is 
ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǇǇƭƛŜŘ ōȅ ǘƘŜ ǎȅǎǘŜƳ ǿƛǘƘ ǘƘŜ ǇƛƭƻǘΩǎ ǇƛǘŎƘ ŎƻƴǘǊƻƭ ƴŜǳǘǊŀƭΦ 
Power may be reduced simultaneously. All other means of decelerating the 
aeroplane, the use of which is authorised up to the highest speed reached in 
the manoeuvre, may be used. The interval between successive pilot actions 
must not be less than 1 second (See AMC 25.335(b)(1)(ii)). 

(2) The minimum speed margin must be enough to provide for atmospheric variations (such 
as horizontal gusts, and penetration of jet streams and cold fronts) and for instrument 
errors and airframe production variations. These factors may be considered on a 
probability basis. The margin at altitude where MC is limited by compressibility effects 
must not be less than 0.07M unless a lower margin is determined using a rational analysis 
that includes the effects of any automatic systems. In any case, the margin may not be 
reduced to less than 0.05M. (See AMC 25.335(b)(2)) 

(c) Design manoeuvring speed, VA. For VA, the following apply:  

(1) VA may not be less than VS1 Ҟn where ς  

(i) n is the limit positive manoeuvring load factor at VC; and  

(ii) VS1 is the stalling speed with wing-flaps retracted. 

(2) VA and VS must be evaluated at the design weight and altitude under consideration. 

(3) VA need not be more than VC or the speed at which the positive CNmax curve intersects the 
positive manoeuvre load factor line, whichever is less. 

(d) Design speed for maximum gust intensity, VB. 

(1) VB may not be less than 

ὠ ρ
ὑὟ ὠὥ

τωψύ
 

where ς  

Vsl   = the 1-g stalling speed based on CNAmax with the flaps retracted at the particular 
weight under consideration;  

CNAmax = the maximum aeroplane normal force coefficient;  

Vc   = design cruise speed (knots equivalent airspeed);  

Uref = the reference gust velocity (feet per second equivalent airspeed) from 
CS 25.341(a)(5)(i);  

w   = average wing loading (pounds per square foot) at the particular weight under 
consideration.  

Kg   =  
Ȣ

Ȣ
  

µ    =  
 

 

ˊ    Ґ density of air (slugs/ft3);  

c    = mean geometric chord of the wing (feet); 

g    = acceleration due to gravity (ft/sec2);  

a    = slope of the aeroplane normal force coefficient curve, CNA per radian;  
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(2) At altitudes where Vc is limited by Mach number ς 

(i) VB may be chosen to provide an optimum margin between low and high speed 
buffet boundaries; and, 

(ii) VB need not be greater than VC. 

(e) Design wing-flap speeds, VF. For VF, the following apply:  

(1) The design wing-flap speed for each wing-flap position (established in accordance with 
CS 25.697(a)) must be sufficiently greater than the operating speed recommended for 
the corresponding stage of flight (including balked landings) to allow for probable 
variations in control of airspeed and for transition from one wing-flap position to another. 

(2) If an automatic wing-flap positioning or load limiting device is used, the speeds and 
corresponding wing-flap positions programmed or allowed by the device may be used. 

(3) VF may not be less than ς 

(i) 1·6 VS1 with the wing-flaps in take-off position at maximum take-off weight; 

(ii) 1·8 VS1 with the wing-flaps in approach position at maximum landing weight; and 

(iii) 1·8 VS0 with the wing-flaps in landing position at maximum landing weight. 

(f) Design drag device speeds, VDD. The selected design speed for each drag device must be 
sufficiently greater than the speed recommended for the operation of the device to allow for 
probable variations in speed control. For drag devices intended for use in high speed descents, 
VDD may not be less than VD. When an automatic drag device positioning or load limiting means 
is used, the speeds and corresponding drag device positions programmed or allowed by the 
automatic means must be used for design. 

[Amdt 25/13] 

AMC 25.335(b)(1)(ii) Design Dive Speed - High speed protection 
function 

ED Decision 2013/010/R 

In any failure condition affecting the high speed protection function, the conditions as defined in 
CS 25.335(b)(1)(ii) still remain applicable. 

It implies that a specific value, which may be different from the VD/M D value in normal configuration, 
has to be associated with this failure condition for the definition of loads related to VD/M D as well as 
for the justification to CS 25.629. However, the strength and speed margin required will depend on 
the probability of this failure condition, according to the criteria of CS 25.302. 

Alternatively, the operating speed VMO/M MO may be reduced to a value that maintains a speed margin 
between VMO/M MO and VD/M D that is consistent with showing compliance with CS 25.335(b)(1)(ii) 
without the benefit of the high speed protection system, provided that: 

(a) Any failure of the high speed protection system that would affect the design dive speed 
determination is shown to be Remote; 

(b) Failures of the system must be announced to the pilots, and: 

(c) Aeroplane flight manual instructions should be provided that reduce the maximum operating 
speeds, VMO/M MO. 

[Amdt 25/13] 
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AMC 25.335(b)(2) Design Dive Speed 
ED Decision 2006/005/R  

1. PURPOSE. This AMC sets forth an acceptable means, but not the only means, of demonstrating 
compliance with the provisions of CS-25 related to the minimum speed margin between design 
cruise speed and design dive speed.  

2. RELATED CERTIFICATION SPECIFICATIONS. CS 25.335 "Design airspeeds".  

3. BACKGROUND. CS 25.335(b) requires the design dive speed, VD, of the aeroplane to be 
established so that the design cruise speed is no greater than 0.8 times the design dive speed, 
or that it be based on an upset criterion initiated at the design cruise speed, VC. At altitudes 
where the cruise speed is limited by compressibility effects, CS 25.335(b)(2) requires the margin 
to be not less than 0.05 Mach. Furthermore, at any altitude, the margin must be great enough 
to provide for atmospheric variations (such as horizontal gusts and the penetration of jet 
streams), instrument errors, and production variations. This AMC provides a rational method 
for considering the atmospheric variations.  

4. DESIGN DIVE SPEED MARGIN DUE TO ATMOSPHERIC VARIATIONS.  

a. In the absence of evidence supporting alternative criteria, compliance with 
CS 25.335(b)(2) may be shown by providing a margin between VC/M C and VD/M D sufficient 
to provide for the following atmospheric conditions:  

(1) Encounter with a Horizontal Gust. The effect of encounters with a substantially 
headon gust, assumed to act at the most adverse angle between 30 degrees above 
and 30 degrees below the flight path, should be considered. The gust velocity 
should be 15.2 m/s (50 fps) in equivalent airspeed (EAS) at altitudes up to 6096 m 
(20,000 feet). At altitudes above 6096 m (20,000 feet) the gust velocity may be 
reduced linearly from 15.2 m/s (50 fps) in EAS at 6096 m (20,000 feet) to 7.6 m/s 
(25 fps) in EAS at 15240 m (50,000 feet), above which the gust velocity is 
considered to be constant. The gust velocity should be assumed to build up in not 
more than 2 seconds and last for 30 seconds.  

(2) Entry into Jetstreams or Regions of High Windshear. 

(i) Conditions of horizontal and vertical windshear should be investigated 
taking into account the windshear data of this paragraph which are world-
wide extreme values. 

(ii) Horizontal windshear is the rate of change of horizontal wind speed with 
horizontal distance. Encounters with horizontal windshear change the 
aeroplane apparent head wind in level flight as the aeroplane traverses into 
regions of changing wind speed. The horizontal windshear region is assumed 
to have no significant vertical gradient of wind speed. 

(iii) Vertical windshear is the rate of change of horizontal wind speed with 
altitude. Encounters with windshear change the aeroplane apparent head 
wind as the aeroplane climbs or descends into regions of changing wind 
speed. The vertical windshear region changes slowly so that temporal or 
spatial changes in the vertical windshear gradient are assumed to have no 
significant affect on an aeroplane in level flight. 

(iv) With the aeroplane at VC/M C within normal rates of climb and descent, the 
most extreme condition of windshear that it might encounter, according to 
available meteorological data, can be expressed as follows: 
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(A) Horizontal Windshear. The jet stream is assumed to consist of a linear 
shear of 3.6 KTAS/NM over a distance of 25 NM or of 2.52 KTAS/NM 
over a distance of 50 NM or of 1.8 KTAS/NM over a distance of 100 
NM, whichever is most severe. 

(B) Vertical Windshear. The windshear region is assumed to have the 
most severe of the following characteristics and design values for 
windshear intensity and height band. As shown in Figure 1, the total 
vertical thickness of the windshear region is twice the height band so 
that the windshear intensity specified in Table 1 applies to a vertical 
distance equal to the height band above and below the reference 
altitude. The variation of horizontal wind speed with altitude in the 
windshear region is linear through the height band from zero at the 
edge of the region to a strength at the reference altitude determined 
by the windshear intensity multiplied by the height band. Windshear 
intensity varies linearly between the reference altitudes in Table 1. 

Figure 1 - Windshear Region 

 
Note: The analysis should be conducted by separately descending 

ŦǊƻƳ Ǉƻƛƴǘ ά!έ ŀƴŘ ŎƭƛƳōƛƴƎ ŦǊƻƳ Ǉƻƛƴǘ ά.έ ƛƴǘƻ ƛƴƛǘƛŀƭƭȅ 
increasing headwind. 

Table 1 - Vertical Windshear Intensity Characteristics  
 

Height Band - Ft.   
1000  3000  5000  7000  

Reference  
Altitude - Ft.  

Vertical Windshear 
Units: ft./sec. per foot of height  (KTAS per 1000 feet of height)  

0  0.095 (56.3)  0.05 (29.6)  0.035 (20.7)  0.03 (17.8)  

40,000  0.145 (85.9)  0.075 (44.4)  0.055 (32.6)  0.04 (23.7)  

45,000  0.265 (157.0)  0.135 (80.0)  0.10 (59.2)  0.075 (44.4)  

Above 45,000  0.265 (157.0)  0.135 (80.0)  0.10 (59.2)  0.075 (44.4)  

Windshear intensity varies linearly between specified altitudes.  

 

(v) The entry of the aeroplane into horizontal and vertical windshear should be 
treated as separate cases. Because the penetration of these large scale 
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phenomena is fairly slow, recovery action by the pilot is usually possible. In 
the case of manual flight (i.e., when flight is being controlled by inputs made 
by the pilot), the aeroplane is assumed to maintain constant attitude until at 
least 3 seconds after the operation of the overspeed warning device, at 
which time recovery action may be started by using the primary 
aerodynamic controls and thrust at a normal acceleration of 1.5g, or the 
maximum available, whichever is lower. 

b. At altitudes where speed is limited by Mach number, a speed margin of .07 Mach 
between MC and MD is considered sufficient without further investigation.  

[Amdt 25/2] 

CS 25.337 Limit manoeuvring load factors 
ED Decision 2003/2/RM  

(a) Except where limited by maximum (static) lift coefficients, the aeroplane is assumed to be 
subjected to symmetrical manoeuvres resulting in the limit manoeuvring load factors 
prescribed in this paragraph. Pitching velocities appropriate to the corresponding pull-up and 
steady turn manoeuvres must be taken into account. 

(b) The positive ƭƛƳƛǘ ƳŀƴƻŜǳǾǊƛƴƎ ƭƻŀŘ ŦŀŎǘƻǊ ΨƴΩ ŦƻǊ ŀƴȅ ǎǇŜŜŘ ǳǇ ǘƻ ±D may not be less than  

ςρ
 

 
ŜȄŎŜǇǘ ǘƘŀǘ ΨƴΩ Ƴŀȅ ƴƻǘ ōŜ ƭŜǎǎ ǘƘŀƴ нϊр ŀƴŘ ƴŜŜŘ ƴƻǘ ōŜ ƎǊŜŀǘŜǊ ǘƘŀƴ оϊу ς 

ǿƘŜǊŜ Ψ²Ω ƛǎ ǘƘŜ ŘŜǎƛƎƴ ƳŀȄƛƳǳƳ ǘŀƪŜ-off weight (lb).  

(c) The negative limit manoeuvring load factor ς 

(1) May not be less than ς1·0 at speeds up to VC; and 

(2) Must vary linearly with speed from the value at VC to zero at VD. 

(d) Manoeuvring load factors lower than those specified in this paragraph may be used if the 
aeroplane has design features that make it impossible to exceed these values in flight. 

AMC 25.337 Limit manoeuvring load factors 
ED Decision 2003/2/RM  

The load factor boundary of the manoeuvring envelope is defined by CS 25.337(b) and (c). It is 
ǊŜŎƻƎƴƛǎŜŘ ǘƘŀǘ ŎƻƴǎǘǊŀƛƴǘǎ ǿƘƛŎƘ Ƴŀȅ ƭƛƳƛǘ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ŀōƛƭƛǘȅ ǘƻ ŀǘǘŀƛƴ ǘƘŜ ƳŀƴƻŜǳǾǊƛƴƎ ŜƴǾŜƭƻǇŜ 
load factor boundary may be taken into account in the calculation of manoeuvring loads for each 
unique mass and flight condition, provided that those constraints are adequately substantiated. This 
substantiation should take account of critical combinations of vertical, rolling and yawing manoeuvres 
that may be invoked either statically or dynamically within the manoeuvring envelope.  

Examples of the aforementioned constraints include aircraft CN-max, mechanical and/or aerodynamic 
limitations of the pitch control, and limitations defined within any flight control software.] 

CS 25.341 Gust and turbulence loads 
ED Decision 2012/008/R 

(a) Discrete Gust Design Criteria. The aeroplane is assumed to be subjected to symmetrical vertical 
and lateral gusts in level flight. Limit gust loads must be determined in accordance with the 
following provisions:  
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(1) Loads on each part of the structure must be determined by dynamic analysis. The analysis 
must take into account unsteady aerodynamic characteristics and all significant structural 
degrees of freedom including rigid body motions. 

(2) The shape of the gust must be taken as follows: 

Ὗ ρ ÃÏÓ
 

  ŦƻǊ л Җ ǎ Җ нI 

Ὗ π      for s > 2H 

where ς  

s     = distance penetrated into the gust (metre);  

Uds = the design gust velocity in equivalent airspeed specified in sub-paragraph (a) (4) of 
this paragraph;  

H    = ǘƘŜ Ǝǳǎǘ ƎǊŀŘƛŜƴǘ ǿƘƛŎƘ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ όƳŜǘǊŜύ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ŦƭƛƎƘǘ 
path for the gust to reach its peak velocity.  

(3) A sufficient number of gust gradient distances in the range 9 m (30 feet) to 107 m (350 
feet) must be investigated to find the critical response for each load quantity. 

(4) The design gust velocity must be: 

Ὗ Ὗ  Ὂ
Ὄ

ρπχ
 

where ς 

Uref  = the reference gust velocity in equivalent airspeed defined in sub-paragraph (a)(5) 
of this paragraph;  

Fg   = the flight profile alleviation factor defined in sub-paragraph (a)(6) of this 
paragraph.  

(5) The following reference gust velocities apply: 

(i) At aeroplane speeds between VB and VC: Positive and negative gusts with reference 
gust velocities of 17.07 m/s (56.0 ft/s) EAS must be considered at sea level. The 
reference gust velocity may be reduced linearly from 17.07 m/s (56.0 ft/s) EAS at 
sea level to 13.41 m/s (44.0 ft/s) EAS at 4572 m (15 000 ft). The reference gust 
velocity may be further reduced linearly from 13.41 m/s (44.0 ft/s) EAS at 4572 m 
(15 000 ft) to 6.36 m/s (20.86 ft/sec) EAS at 18288 m (60 000 ft). 

(ii) At the aeroplane design speed VD: The reference gust velocity must be 0·5 times 
the value obtained under CS 25.341(a)(5)(i). 

(6) The flight profile alleviation factor, Fg, must be increased linearly from the sea level value 
to a value of 1.0 at the maximum operating altitude defined in CS 25.1527. At sea level, 
the flight profile alleviation factor is determined by the following equation. 

Ὂ πϽυ Ὂ Ὂ  

where ς 

Ὂ ρ
ὤ

χφςππ
Ƞ     Ὂ ρ

ὤ

ςυπ πππ
Ƞ 

Ὂ ὙὝὥὲ“Ὑ Ƞ 
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Ὑ
ὓὥὼὭάόά ὒὥὲὨὭὲὫ ὡὩὭὫὬὸ

ὓὥὼὭάόά ὝὥὯὩέὪὪ ὡὩὭὫὬὸ
Ƞ 

Ὑ
ὓὥὼὭάόά ὤὩὶέ ὊόὩὰ ὡὩὭὫὬὸ

ὓὥὼὭάόά ὝὥὯὩέὪὪ ὡὩὭὫὬὸ
Ƞ 

Zmo maximum operating altitude (metres (feet)) defined in CS 25.1527.  

(7) When a stability augmentation system is included in the analysis, the effect of any 
significant system non-linearities should be accounted for when deriving limit loads from 
limit gust conditions. 

(b) Continuous Turbulence Design Criteria. The dynamic response of the aeroplane to vertical and 
lateral continuous turbulence must be taken into account. The dynamic analysis must take into 
account unsteady aerodynamic characteristics and all significant structural degrees of freedom 
including rigid body motions. The limit loads must be determined for all critical altitudes, 
weights, and weight distributions as specified in CS 25.321(b), and all critical speeds within the 
ranges indicated in subparagraph (b)(3). 

(1) Except as provided in subparagraphs (b)(4) and (b)(5) of this paragraph, the following 
equation must be used: 

ὖ ὖ  ὟὃӶ 

Where: 

PL   = limit load; 

PL-1g = steady 1-g load for the condition; 

A    = ratio of root-mean-square incremental load for the condition to root-mean-square 
turbulence velocity; and 

Uˋ  =  limit turbulence intensity in true airspeed, specified in subparagraph (b)(3) of this 
paragraph. 

(2) Values of ' must be determined according to the following formula: 

ὃ ȿὌ ȿ    Ὠ  

Where: 

Iόʍύ Ґ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǊŜǎǇƻƴǎŜ ŦǳƴŎǘƛƻƴΣ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŘȅƴŀƳƛŎ ŀƴŀƭȅǎƛǎΣ ǘƘŀǘ ǊŜƭŀǘŜǎ ǘƘŜ 
loads in the aircraft structure to the atmospheric turbulence; and 

ʊIόʍύ Ґ ƴƻǊƳŀƭƛǎŜŘ ǇƻǿŜǊ ǎǇŜŎǘǊal density of atmospheric turbulence given by: 

   
ὒ

“

ρ
ψ
σ
ρȢσσω ὒ 

ρ ρȢσσω ὒ
 

Where: 

ʍ  Ґ reduced frequency, rad/ft; and 

L   = scale of turbulence = 2,500 ft. 

(3) The limit turbulence intensities, Ù, in m/s (ft/s) true airspeed required for compliance 
with this paragraph are: 
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(i) At aeroplane speeds between VB and VC: 

Ὗ Ὗ  & 

Where: 

UˋǊŜŦ is the reference turbulence intensity that varies linearly with altitude from 
27.43 m/s (90 ft/s) (TAS) at sea level to 24.08 m/s (79 ft/s) (TAS) at 7315 m 
(24000 ft) and is then constant at 24.08 m/s (79 ft/s) (TAS) up to the altitude of 
18288 m (60000 ft); and 

Fg is the flight profile alleviation factor defined in subparagraph (a)(6) of this 
paragraph; 

(ii) At speed VD: Ù  is equal to 1/2 the values obtained under subparagraph (3)(i) of 
this paragraph. 

(iii) At speeds between VC and VDΥ ¦ˋ ƛǎ Ŝǉǳŀƭ ǘƻ ŀ ǾŀƭǳŜ ƻōǘŀƛƴŜŘ ōȅ ƭƛƴŜŀǊ 
interpolation. 

(iv) At all speeds both positive and negative incremental loads due to continuous 
turbulence must be considered. 

(4) When an automatic system affecting the dynamic response of the aeroplane is included 
in the analysis, the effects of system non-linearities on loads at the limit load level must 
be taken into account in a realistic or conservative manner. 

(5) If necessary for the assessment of loads on aeroplanes with significant non-linearities, it 
must be assumed that the turbulence field has a root-mean-square velocity equal to 40 
percent of the Ù values specified in subparagraph (3). The value of limit load is that load 
with the same probability of exceedance in the turbulence field as '¦ˋ ƻŦ ǘƘŜ ǎŀƳŜ ƭƻŀŘ 
quantity in a linear approximated model. 

(c) Supplementary gust conditions for wing mounted engines. For aeroplanes equipped with wing 
mounted engines, the engine mounts, pylons, and wing supporting structure must be designed 
for the maximum response at the nacelle centre of gravity derived from the following dynamic 
gust conditions applied to the aeroplane: 

(1) A discrete gust determined in accordance with CS 25.341(a) at each angle normal to the 
flight path, and separately, 

(2) A pair of discrete gusts, one vertical and one lateral. The length of each of these gusts 
must be independently tuned to the maximum response in accordance with CS 25.341(a). 
The penetration of the aeroplane in the combined gust field and the phasing of the 
vertical and lateral component gusts must be established to develop the maximum 
response to the gust pair. In the absence of a more rational analysis, the following 
formula must be used for each of the maximum engine loads in all six degrees of freedom: 

ὖ ὖ πȢψυ ὒ ὒ  

Where: 

PL   = limit load; 

PL-1g = steady 1-g load for the condition; 

LV   = peak incremental response load due to a vertical gust according to CS 25.341(a); 
and 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

FLIGHT MANOEUVRE AND GUST 
CONDITIONS 

 

Powered by EASA eRules Page 278 of 1189| Jan 2023 
 

LL   = peak incremental response load due to a lateral gust according to CS 25.341(a). 

[Amdt 25/1] 
[Amdt 25/12] 

AMC 25.341 Gust and Continuous Turbulence Design Criteria 
(Acceptable Means of Compliance) 

ED Decision 2005/006/R 

1. PURPOSE. This AMC sets forth an acceptable means of compliance with the provisions of CS-25 
dealing with discrete gust and continuous turbulence dynamic loads.   

2. RELATED CERTIFICATION SPECIFICATIONS. The contents of this AMC are considered by the 
Agency in determining compliance with the discrete gust and continuous turbulence criteria 
defined in CS 25.341. Related paragraphs are: 

CS 25.343  Design fuel and oil loads 

CS 25.345  High lift devices 

CS 25.349  Rolling conditions 

CS 25.371  Gyroscopic loads 

CS 25.373  Speed control devices 

CS 25.391  Control surface loads 

CS 25.427  Unsymmetrical loads 

CS 25 445  Auxiliary aerodynamic surfaces 

CS 25.571  Damage-tolerance and fatigue evaluation of structure 

Reference should also be made to the following CS paragraphs: CS 25.301, CS 25.302, CS 25.303, 
CS 25.305, CS 25.321, CS 25.335, CS 25.1517. 

3. OVERVIEW. This AMC addresses both discrete gust and continuous turbulence (or continuous 
gust) requirements of CS-25. It provides some of the acceptable methods of modelling 
aeroplanes, aeroplane components, and configurations, and the validation of those modelling 
methods for the purpose of determining the response of the aeroplane to encounters with 
gusts. 

How the various aeroplane modelling parameters are treated in the dynamic analysis can have 
a large influence on design load levels. The basic elements to be modelled in the analysis are 
the elastic, inertial, aerodynamic and control system characteristics of the complete, coupled 
aeroplane (Figure 1). The degree of sophistication and detail required in the modelling depends 
on the complexity of the aeroplane and its systems. 
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Figure 1 Basic Elements of the Gust Response Analysis 

 

Design loads for encounters with gusts are a combination of the steady level 1-g flight loads, 
and the gust incremental loads including the dynamic response of the aeroplane. The steady 1-
g flight loads can be realistically defined by the basic external parameters such as speed, 
altitude, weight and fuel load. They can be determined using static aeroelastic methods. 

The gust incremental loads result from the interaction of atmospheric turbulence and aeroplane 
rigid body and elastic motions. They may be calculated using linear analysis methods when the 
aeroplane and its flight control systems are reasonably or conservatively approximated by linear 
analysis models. 

Non-linear solution methods are necessary for aeroplane and flight control systems that are not 
reasonably or conservatively represented by linear analysis models. Non-linear features 
generally raise the level of complexity, particularly for the continuous turbulence analysis, 
because they often require that the solutions be carried out in the time domain.   

The modelling parameters discussed in the following paragraphs include: 

- Design conditions and associated steady, level 1-g flight conditions. 

- The discrete and continuous gust models of atmospheric turbulence. 

- Detailed representation of the aeroplane system including structural dynamics, 
aerodynamics, and control system modelling. 

- Solution of the equations of motion and the extraction of response loads. 

- Considerations for non-linear aeroplane systems. 
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- Analytical model validation techniques. 

4. DESIGN CONDITIONS. 

a. General. Analyses should be conducted to determine gust response loads for the 
aeroplane throughout its design envelope, where the design envelope is taken to include, 
for example, all appropriate combinations of aeroplane configuration, weight, centre of 
gravity, payload, fuel load, thrust, speed, and altitude. 

b. Steady Level 1-g Flight Loads.  The total design load is made up of static and dynamic load 
components. In calculating the static component, the aeroplane is assumed to be in 
trimmed steady level flight, either as the initial condition for the discrete gust evaluation 
or as the mean flight condition for the continuous turbulence evaluation. Static 
aeroelastic effects should be taken into account if significant. 

 To ensure that the maximum total load on each part of the aeroplane is obtained, the 
associated steady-state conditions should be chosen in such a way as to reasonably 
envelope the range of possible steady-state conditions that could be achieved in that 
flight condition. Typically, this would include consideration of effects such as speed 
brakes, power settings between zero thrust and the maximum for the flight condition, 
etc. 

c. Dynamic Response Loads.  The incremental loads from the dynamic gust solution are 
superimposed on the associated steady level flight 1-g loads. Load responses in both 
positive and negative senses should be assumed in calculating total gust response loads.  
Generally the effects of speed brakes, flaps, or other drag or high lift devices, while they 
should be included in the steady-state condition, may be neglected in the calculation of 
incremental loads. 

d. Damage Tolerance Conditions. Limit gust loads, treated as ultimate, need to be 
developed for the structural failure conditions considered under CS 25.571(b). Generally, 
for redundant structures, significant changes in stiffness or geometry do not occur for the 
types of damage under consideration. As a result, the limit gust load values obtained for 
the undamaged aircraft may be used and applied to the failed structure. However, when 
structural failures of the types considered under CS 25.571(b) cause significant changes 
in stiffness or geometry, or both, these changes should be taken into account when 
calculating limit gust loads for the damaged structure. 

5. GUST MODEL CONSIDERATIONS. 

a. General. The gust criteria presented in CS 25.341 consist of two models of atmospheric 
turbulence, a discrete model and a continuous turbulence model. It is beyond the scope 
of this AMC to review the historical development of these models and their associated 
parameters. This AMC focuses on the application of those gust criteria to establish design 
limit loads. The discrete gust model is used to represent single discrete extreme 
turbulence events. The continuous turbulence model represents longer duration 
turbulence encounters which excite lightly damped modes. Dynamic loads for both 
atmospheric models must be considered in the structural design of the aeroplane. 

b. Discrete Gust Model 

(1) Atmosphere. The atmosphere is assumed to be one dimensional with the gust 
velocity acting normal (either vertically or laterally) to the direction of aeroplane 
travel. The one-dimensional assumption constrains the instantaneous vertical or 
lateral gust velocities to be the same at all points in planes normal to the direction 
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of aeroplane travel. Design level discrete gusts are assumed to have 1-cosine 
velocity profiles. The maximum velocity for a discrete gust is calculated using a 
reference gust velocity, Uref, a flight profile alleviation factor, Fg, and an expression 
which modifies the maximum velocity as a function of the gust gradient distance, 
H. These parameters are discussed further below. 

(A) Reference Gust Velocity, Uref  - Derived effective gust velocities representing 
gusts occurring once in 70,000 flight hours are the basis for design gust 
velocities. These reference velocities are specified as a function of altitude 
in CS 25.341(a)(5) and are given in terms of feet per second equivalent 
airspeed for a gust gradient distance, H, of 107 m (350 ft). 

(B) Flight Profile Alleviation Factor, Fg - The reference gust velocity, Uref , is a 
measure of turbulence intensity as a function of altitude. In defining the 
value of Uref at each altitude, it is assumed that the aircraft is flown 100% 
of the time at that altitude. The factor Fg is then applied to account for the 
expected service experience in terms of the probability of the aeroplane 
flying at any given altitude within its certification altitude range. Fg is a 
minimum value at sea level, linearly increasing to 1.0 at the certified 
maximum altitude. The expression for Fg is given in CS 25.341(a)(6). 

(C) Gust Gradient Distance, H - The gust gradient distance is that distance over 
which the gust velocity increases to a maximum value. Its value is specified 
as ranging from 9.1 to 107 m (30 to 350 ft). (It should be noted that if 12.5 
ǘƛƳŜǎ ǘƘŜ ƳŜŀƴ ƎŜƻƳŜǘǊƛŎ ŎƘƻǊŘ ƻŦ ǘƘŜ ŀŜǊƻǇƭŀƴŜΩǎ ǿƛƴƎ ŜȄŎŜŜds 350 ft, 
consideration should be given to covering increased maximum gust gradient 
distances.) 

(D) Design Gust Velocity, Uds - Maximum velocities for design gusts are 
proportional to the sixth root of the gust gradient distance, H. The maximum 
gust velocity for a given gust is then defined as: 

Ὗ Ὗ  Ὂ ὌȾσυπȾ  

The maximum design gust velocity envelope, Uds, and example design gust 
velocity profiles are illustrated in Figure 2. 
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Figure-2  Typical (1-cosine) Design Gust Velocity Profiles 

 

(2) Discrete Gust Response. The solution for discrete gust response time histories can 
be achieved by a number of techniques. These include the explicit integration of 
the aeroplane equations of motion in the time domain, and frequency domain 
solutions utilising Fourier transform techniques. These are discussed further in 
Paragraph 7.0 of this AMC. 

Maximum incremental loads, PIi, are identified by the peak values selected from 
time histories arising from a series of separate, 1-cosine shaped gusts having 
gradient distances ranging from 9.1 to 107 m (30 to 350 ft). Input gust profiles 
should cover this gradient distance range in sufficiently small increments to 
determine peak loads and responses. Historically 10 to 20 gradient distances have 
been found to be acceptable. Both positive and negative gust velocities should be 
assumed in calculating total gust response loads. It should be noted that in some 
cases, the peak incremental loads can occur well after the prescribed gust velocity 
has returned to zero.  In such cases, the gust response calculation should be run 
for sufficient additional time to ensure that the critical incremental loads are 
achieved. 

The design limit load, PLi , corresponding to the maximum incremental load, PIi for 
a given load quantity is then defined as: 

ὖ ὖ ὖ 

Where P(1-g)i is the 1-g steady load for the load quantity under consideration. The 
set of time correlated design loads, PLj , corresponding to the peak value of the load 
quantity, PLi, are calculated for the same instant in time using the expression: 

ὖ ὖ ὖ  
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Note that in the case of a non-linear aircraft, maximum positive incremental loads 
may differ from maximum negative incremental loads. 

When calculating stresses which depend on a combination of external loads it may 
be necessary to consider time correlated load sets at time instants other than those 
which result in peaks for individual external load quantities. 

(3) Round-The-Clock Gust. When the effect of combined vertical and lateral gusts on 
aeroplane components is significant, then round-the-clock analysis should be 
conducted on these components and supporting structures. The vertical and 
lateral components of the gust are assumed to have the same gust gradient 
distance, H and to start at the same time. Components that should be considered 
include horizontal tail surfaces having appreciable dihedral or anhedral (i.e., 
greater than 10º), or components supported by other lifting surfaces, for example 
T-tails, outboard fins and winglets. Whilst the round-the-clock load assessment 
may be limited to just the components under consideration, the loads themselves 
should be calculated from a whole aeroplane dynamic analysis.  

The round-the-clock gust model assumes that discrete gusts may act at any angle 
normal to the flight path of the aeroplane. Lateral and vertical gust components 
are correlated since the round-the-clock gust is a single discrete event. For a linear 
aeroplane system, the loads due to a gust applied from a direction intermediate to 
the vertical and lateral directions - the round-the-clock gust loads - can be obtained 
using a linear combination of the load time histories induced from pure vertical 
and pure lateral gusts. The resultant incremental design value for a particular load 
of interest is obtained by determining the round-the-clock gust angle and gust 
length giving the largest (tuned) response value for that load. The design limit load 
is then obtained using the expression for PL given above in paragraph 5(b)(2). 

(4) Supplementary Gust Conditions for Wing Mounted Engines. 

(A) Atmosphere - For aircraft equipped with wing mounted engines, CS 
25.341(c) requires that engine mounts, pylons and wing supporting 
structure be designed to meet a round-the-clock discrete gust requirement 
and a multi-axis discrete gust requirement.  

The model of the atmosphere and the method for calculating response loads 
for the round-the-clock gust requirement is the same as that described in 
Paragraph 5(b)(3) of this AMC.  

For the multi-axis gust requirement, the model of the atmosphere consists 
of two independent discrete gust components, one vertical and one lateral, 
having amplitudes such that the overall probability of the combined gust pair 
is the same as that of a single discrete gust as defined by CS 25.341(a) as 
described in Paragraph 5(b)(1) of this AMC. To achieve this equal-probability 
condition, in addition to the reductions in gust amplitudes that would be 
applicable if the input were a multi-axis Gaussian process, a further factor of 
0.85 is incorporated into the gust amplitudes to account for non-Gaussian 
properties of severe discrete gusts. This factor was derived from severe gust 
data obtained by a research aircraft specially instrumented to measure 
vertical and lateral gust components. This information is contained in Stirling 
Dynamics Laboratories Report No SDL ς571-TR-2 dated May 1999. 
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(B)  Multi-Axis Gust Response - For a particular aircraft flight condition, the 
calculation of a specific response load requires that the amplitudes, and the 
time phasing, of the two gust components be chosen, subject to the 
condition on overall probability specified in (A) above, such that the resulting 
combined load is maximised. For loads calculated using a linear aircraft 
model, the response load may be based upon the separately tuned vertical 
and lateral discrete gust responses for that load, each calculated as 
described in Paragraph 5(b)(2) of this AMC. In general, the vertical and 
lateral tuned gust lengths and the times to maximum response (measured 
from the onset of each gust) will not be the same. 

Denote the independently tuned vertical and lateral incremental responses 
for a particular aircraft flight condition and load quantity i by LVi and LLi, 
respectively. The associated multi-axis gust input is obtained by multiplying 
the amplitudes of the independently-tuned vertical and lateral discrete 
gusts, obtained as described in the previous paragraph, by 0.85*LViκҞ 
(LVi

2+LLi
2) and 0.85*LLiκҞ (LVi

2+LLi
2) respectively. The time-phasing of the two 

scaled gust components is such that their associated peak loads occur at the 
same instant. 

The combined incremental response load is given by: 

ὖ πȢψυЍὒ ὒ   

and the design limit load, PLi, corresponding to the maximum incremental 
load, PIi, for the given load quantity is then given by: 

ὖ ὖ ὖ 

where P(1-g)i is the 1-g steady load for the load quantity under consideration. 

The incremental, time correlated loads corresponding to the specific flight 
condition under consideration are obtained from the independently-tuned 
vertical and lateral gust inputs for load quantity i.  The vertical and lateral 
gust amplitudes are factored by 0.85*LViκҞ (LVi

2+LLi
2) and 0.85*LLiκҞ(LVi

2+LLi
2) 

respectively. Loads LVj and LLj resulting from these reduced vertical and 
lateral gust inputs, at the time when the amplitude of load quantity i is at a 
maximum value, are added to yield the multi-axis incremental time-
correlated value PIj for load quantity j. 

The set of time correlated design loads, PLj , corresponding to the peak value 
of the load quantity, PLi, are obtained using the expression: 

ὖ ὖ ὖ  

Note that with significant non-linearities, maximum positive incremental 
loads may differ from maximum negative incremental loads. 

c. Continuous Turbulence Model. 

(1) Atmosphere. The atmosphere for the determination of continuous gust responses 
is assumed to be one dimensional with the gust velocity acting normal (either 
vertically or laterally) to the direction of aeroplane travel. The one-dimensional 
assumption constrains the instantaneous vertical or lateral gust velocities to be the 
same at all points in planes normal to the direction of aeroplane travel.  
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The random atmosphere is assumed to have a Gaussian distribution of gust velocity 
intensities and a Von Kármán power spectral density with a scale of turbulence, L, 
equal to 2500 feet. The expression for the Von Kármán spectrum for unit, root-
mean-square (RMS) gust intensity, ʊI(ʍ), is given below. In this expression ʍ = ̟ /V, 
where ̟  is the circular frequency in radians per second, and V is the aeroplane 
velocity in feet per second true airspeed. 

  
ὒ

ʌ

ρ
ψ
σ
 ρȢσσω ὒ

ρ ρȢσσω ὒ
 

The Von Kármán power spectrum for unit RMS gust intensity is illustrated in 
Figure 3. 

 
Figure-о  ¢ƘŜ ±ƻƴ YłǊƳłƴ tƻǿŜǊ {ǇŜŎǘǊŀƭ 5Ŝƴǎƛǘȅ CǳƴŎǘƛƻƴΣ ʊIόʍύ 

 

The design gust velocity, Ù, applied in the analysis is given by the product of the 
reference gust velocity, Ùref , and the profile alleviation factor, Fg, as follows: 

Ὗ Ὗ  Ὂ 

where values for Ùref , are specified in CS 25.341(b)(3) in meters per second (feet 
per second) true airspeed and Fg is defined in CS 25.341(a)(6). The value of Fg is 
based on aeroplane design parameters and is a minimum value at sea level, linearly 
increasing to 1.0 at the certified maximum design altitude. It is identical to that 
used in the discrete gust analysis. 

As for the discrete gust analysis, the reference continuous turbulence gust 
intensity, Ù ref, defines the design value of the associated gust field at each 
altitude.  In defining the value of Ùref at each altitude, it is assumed that the 
aeroplane is flown 100% of the time at that altitude. The factor Fg is then applied 
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to account for the probability of the aeroplane flying at any given altitude during 
its service lifetime. 

It should be noted that the reference gust velocity is comprised of two 
components, a root-mean-square (RMS) gust intensity and a peak to RMS ratio. 
The separation of these components is not defined and is not required for the 
linear aeroplane analysis. Guidance is provided in Paragraph 8.d. of this AMC for 
generating a RMS gust intensity for a non-linear simulation. 

(2) Continuous Turbulence Response. For linear aeroplane systems, the solution for 
the response to continuous turbulence may be performed entirely in the frequency 
domain, using the RMS response. is defined in CS 25.341(b)(2) and is repeated here 
in modified notation for load quantity i, where:  

ὃ ȿὬ ȿ    Ὠ   

or 

ὃӶ    ὬὭ ὬᶻὭ Ὠ   

In the above expression ʊIόʍύ is the input Von Kármán power spectrum of the 
turbulence and is defined in Paragraph 5.c.(1) of this AMC, hi(iʍ) is the transfer 
function relating the output load quantity, i, to a unit, harmonically oscillating, one-
dimensional gust field, and the asterisk superscript denotes the complex 
conjugate. When evaluating 'i, the integration should be continued until a 
converged value is achieved since, realistically, the integration to infinity may be 
impractical. The design limit load, PLi, is then defined as: 

ὖ ὖ ὖ  

ὖ Ὗ  ὃ 

where Ù is defined in Paragraph 5.c.(1) of this AMC, and P(1-g)i is the 1-g steady 
state value for the load quantity, i, under consideration. As indicated by the 
formula, both positive and negative load responses should be considered when 
calculating limit loads. 

Correlated (or equiprobable) loads can be developed using cross-correlation 
ŎƻŜŦŦƛŎƛŜƴǘǎΣ ˊij, computed as follows: 

”
᷿    ὶὩὥὰὬὭ Ὤᶻ Ὥ Ὠ 

! !
 

ǿƘŜǊŜΣ ΨǊŜŀƭώΦΦΦϐΩ ŘŜƴƻǘŜǎ ǘƘŜ ǊŜŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄ ŦǳƴŎǘƛƻƴ contained within 
the brackets. In this equation, the lowercase subscripts, i and j, denote the 
responses being correlated. A set of design loads, PLj, correlated to the design limit 
load PLi, are then calculated as follows: 

0 ὖ Ὗ ” ὃ 
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The correlated load sets calculated in the foregoing manner provide balanced load 
distributions corresponding to the maximum value of the response for each 
external load quantity, i, calculated.  

When calculating stresses, the foregoing load distributions may not yield critical 
design values because critical stress values may depend on a combination of 
external loads. In these cases, a more general application of the correlation 
coefficient method is required. For example, when the value of stress depends on 
two externally applied loads, such as torsion and shear, the equiprobable 
relationship between the two parameters forms an ellipse as illustrated in Figure 4. 

 
Figure-4  Equal Probability Design Ellipse 

In this figure, the points of tangency, T, correspond to the expressions for 
correlated load pairs given by the foregoing expressions. A practical additional set 
of equiprobable load pairs that should be considered to establish critical design 
stresses are given by the points of tangency to the ellipse by lines AB, CD, EF and 
GH. These additional load pairs are given by the following expressions (where i =  
torsion and j  = shear): 

For tangents to lines AB and EF 

0 ὖ Ⱦ ὃὟ ρ  ” Ⱦς
ϳ

 

and 

0 ὖ Ⱦ ὃὟ ρ  ” Ⱦς
ϳ

 

For tangents to lines CD and GH 

0 ὖ  ὃὟ ρ  ” Ⱦς
ϳ
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and 

0 ὖ  ὃὟ ρ  ” Ⱦς
ϳ

 

All correlated or equiprobable loads developed using correlation coefficients will 
provide balanced load distributions.  

A more comprehensive approach for calculating critical design stresses that 
depend on a combination of external load quantities is to evaluate directly the 
transfer function for the stress quantity of interest from which can be calculated 
the gust response function, the value for RMS response, ', and the design stress 
values P(1-g) ± U  ̀'. 

6. AEROPLANE MODELLING CONSIDERATIONS 

a. General. The procedures presented in this paragraph generally apply for aeroplanes 
having aerodynamic and structural properties and flight control systems that may be 
reasonably or conservatively approximated using linear analysis methods for calculating 
limit load. Additional guidance material is presented in Paragraph 8 of this AMC for 
aeroplanes having properties and/or systems not reasonably or conservatively 
approximated by linear analysis methods.  

b. Structural Dynamic Model. The model should include both rigid body and flexible 
aeroplane degrees of freedom. If a modal approach is used, the structural dynamic model 
should include a sufficient number of flexible aeroplane modes to ensure both 
convergence of the modal superposition procedure and that responses from high 
frequency excitations are properly represented. 

Most forms of structural modelling can be classified into two main categories: (1) the so-
ŎŀƭƭŜŘ άǎǘƛŎƪ ƳƻŘŜƭέ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ōŜŀƳǎ ǿƛǘƘ ƭǳƳǇŜŘ ƳŀǎǎŜǎ ŘƛǎǘǊƛōǳǘŜd along their 
lengths, and (2) finite element models in which all major structural components (frames, 
ribs, stringers, skins) are represented with mass properties defined at grid points. 
Regardless of the approach taken for the structural modelling, a minimum acceptable 
level of sophistication, consistent with configuration complexity, is necessary to 
represent satisfactorily the critical modes of deformation of the primary structure and 
control surfaces. Results from the models should be compared to test data as outlined in 
Paragraph 9.b. of this AMC in order to validate the accuracy of the model. 

c. Structural Damping.  Structural dynamic models may include damping properties in 
addition to representations of mass and stiffness distributions. In the absence of better 
information it will normally be acceptable to assume 0.03 (i.e. 1.5% equivalent critical 
viscous damping) for all flexible modes. Structural damping may be increased over the 
0.03 value to be consistent with the high structural response levels caused by extreme 
gust intensity, provided justification is given. 

d. Gust and Motion Response Aerodynamic Modelling. Aerodynamic forces included in the 
analysis are produced by both the gust velocity directly, and by the aeroplane response. 

Aerodynamic modelling for dynamic gust response analyses requires the use of unsteady 
two-dimensional or three-dimensional panel theory methods for incompressible or 
compressible flow. The choice of the appropriate technique depends on the complexity 
of the aerodynamic configuration, the dynamic motion of the surfaces under 
investigation and the flight speed envelope of the aeroplane. Generally, three-
dimensional panel methods achieve better modelling of the aerodynamic interference 
between lifting surfaces. The model should have a sufficient number of aerodynamic 
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degrees of freedom to properly represent the steady and unsteady aerodynamic 
distributions under consideration. 

The build-up of unsteady aerodynamic forces should be represented. In two-dimensional 
unsteady analysis this may be achieved in either the frequency domain or the time 
domain through the application of oscillatory or indicial lift functions, respectively. Where 
three-dimensional panel aerodynamic theories are to be applied in the time domain (e.g. 
for non-ƭƛƴŜŀǊ Ǝǳǎǘ ǎƻƭǳǘƛƻƴǎύΣ ŀƴ ŀǇǇǊƻŀŎƘ ǎǳŎƘ ŀǎ ǘƘŜ ΨǊŀǘƛƻƴŀƭ ŦǳƴŎǘƛƻƴ ŀǇǇǊƻȄƛƳŀǘƛƻƴΩ 
method may be employed to transform frequency domain aerodynamics into the time 
domain. 

Oscillatory lift functions due to gust velocity or aeroplane response depend on the 
reduced frequency parameter, k. The maximum reduced frequency used in the 
generation of the unsteady aerodynamics should include the highest frequency of gust 
excitation and the highest structural frequency under consideration. Time lags 
representing the effect of the gradual penetration of the gust field by the aeroplane 
should also be accounted for in the build-up of lift due to gust velocity. 

The aerodynamic modelling should be supported by tests or previous experience as 
indicated in Paragraph 9.d. of this AMC. Primary lifting and control surface distributed 
aerodynamic data are commonly adjusted by weighting factors in the dynamic gust 
response analyses. The weighting factors for steady flow (k = 0) may be obtained by 
comparing wind tunnel test results with theoretical data. The correction of the 
aerodynamic forces should also ensure that the rigid body motion of the aeroplane is 
accurately represented in order to provide satisfactory short period and Dutch roll 
frequencies and damping ratios. Corrections to primary surface aerodynamic loading due 
to control surface deflection should be considered.  Special attention should also be given 
to control surface hinge moments and to fuselage and nacelle aerodynamics because 
viscous and other effects may require more extensive adjustments to the theoretical 
coefficients. Aerodynamic gust forces should reflect weighting factor adjustments 
performed on the steady or unsteady motion response aerodynamics. 

e. Gyroscopic Loads. As specified in CS 25.371, the structure supporting the engines and the 
auxiliary power units should be designed for the gyroscopic loads induced by both 
discrete gusts and continuous turbulence. The gyroscopic loads for turbopropellers and 
turbofans may be calculated as an integral part of the solution process by including the 
gyroscopic terms in the equations of motion or the gyroscopic loads can be superimposed 
after the solution of the equations of motion. Propeller and fan gyroscopic coupling 
forces (due to rotational direction) between symmetric and antisymmetric modes need 
not be taken into account if the coupling forces are shown to be negligible. 

The gyroscopic loads used in this analysis should be determined with the engine or 
auxiliary power units at maximum continuous rpm. The mass polar moment of inertia 
used in calculating gyroscopic inertia terms should include the mass polar moments of 
inertia of all significant rotating parts taking into account their respective rotational 
gearing ratios and directions of rotation. 

f. Control Systems. Gust analyses of the basic configuration should include simulation of 
any control system for which interaction may exist with the rigid body response, 
structural dynamic response or external loads. If possible, these control systems should 
ōŜ ǳƴŎƻǳǇƭŜŘ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳǎ ǿƘƛŎƘ ŀŦŦŜŎǘ άǎȅƳƳŜǘǊƛŎ ŦƭƛƎƘǘέ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
ǾŜǊǘƛŎŀƭ Ǝǳǎǘ ŀƴŀƭȅǎƛǎ ŀƴŘ ǘƘƻǎŜ ǿƘƛŎƘ ŀŦŦŜŎǘ άŀƴǘƛǎȅƳƳŜǘǊƛŎ ŦƭƛƎƘǘέ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
lateral gust analysis. 
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The control systems considered should include all relevant modes of operation. Failure 
conditions should also be analysed for any control system which influences the design 
loads in accordance with CS 25.302 and Appendix K. 

The control systems included in the gust analysis may be assumed to be linear if the 
impact of the non-linearity is negligible, or if it can be shown by analysis on a similar 
aeroplane/control system that a linear control law representation is conservative. If the 
control system is significantly non-linear, and a conservative linear approximation to the 
control system cannot be developed, then the effect of the control system on the 
aeroplane responses should be evaluated in accordance with Paragraph 8. of this AMC.  

g. Stability. Solutions of the equations of motion for either discrete gusts or continuous 
turbulence require the dynamic model be stable. This applies for all modes, except 
possibly for very low frequency modes which do not affect load responses, such as the 
phugoid mode. (Note that the short period and Dutch roll modes do affect load 
responses). A stability check should be performed for the dynamic model using 
conventional stability criteria appropriate for the linear or non-linear system in question, 
and adjustments should be made to the dynamic model, as required, to achieve 
appropriate frequency and damping characteristics. 

 If control system models are to be included in the gust analysis it is advisable to check 
that the following characteristics are acceptable and are representative of the aeroplane: 

- static margin of the unaugmented aeroplane 

- dynamic stability of the unaugmented aeroplane 

- the static aeroelastic effectiveness of all control surfaces utilised by any feed-back 
control system 

- gain and phase margins of any feedback control system coupled with the aeroplane 
rigid body and flexible modes 

- the aeroelastic flutter and divergence margins of the unaugmented aeroplane, and 
also for any feedback control system coupled with the aeroplane. 

7. DYNAMIC LOADS 

a. General. This paragraph describes methods for formulating and solving the aeroplane 
equations of motion and extracting dynamic loads from the aeroplane response. The 
aeroplane equations of motion are solved in either physical or modal co-ordinates and 
include all terms important in the loads calculation including stiffness, damping, mass, 
and aerodynamic forces due to both aeroplane motions and gust excitation. Generally 
the aircraft equations are solved in modal co-ordinates. For the purposes of describing 
the solution of these equations in the remainder of this AMC, modal co-ordinates will be 
assumed. A sufficient number of modal co-ordinates should be included to ensure that 
the loads extracted provide converged values. 

b.  Solution of the Equations of Motion. Solution of the equations of motion can be achieved 
through a number of techniques. For the continuous turbulence analysis, the equations 
of motion are generally solved in the frequency domain. Transfer functions which relate 
the output response quantity to an input harmonically oscillating gust field are generated 
and these transfer functions are used (in Paragraph 5.c. of this AMC) to generate the RMS 
value of the output response quantity. 
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There are two primary approaches used to generate the output time histories for the 
discrete gust analysis; (1) by explicit integration of the aeroplane equations of motion in 
the time domain, and (2) by frequency domain solutions which can utilise Fourier 
transform techniques.  

c. Extraction of Loads and Responses.  The output quantities that may be extracted from a 
gust response analysis include displacements, velocities and accelerations at structural 
locations; load quantities such as shears, bending moments and torques on structural 
components; and stresses and shear flows in structural components. The calculation of 
the physical responses is given by a modal superposition of the displacements, velocities 
and accelerations of the rigid and elastic modes of vibration of the aeroplane structure. 
The number of modes carried in the summation should be sufficient to ensure converged 
results.  

A variety of methods may be used to obtain physical structural loads from a solution of 
the modal equations of motion governing gust response. These include the Mode 
Displacement method, the Mode Acceleration method, and the Force Summation 
method. All three methods are capable of providing a balanced set of aeroplane loads. If 
an infinite number of modes can be considered in the analysis, the three will lead to 
essentially identical results.  

The Mode Displacement method is the simplest. In this method, total dynamic loads are 
calculated from the structural deformations produced by the gust using modal 
superposition. Specifically, the contribution of a given mode is equal to the product of 
the load associated with the normalised deformed shape of that mode and the value of 
the displacement response given by the associated modal co-ordinate. For converged 
results, the Mode Displacement method may need a significantly larger number of modal 
co-ordinates than the other two methods.   

In the Mode Acceleration method, the dynamic load response is composed of a static 
part and a dynamic part. The static part is determined by conventional static analysis 
(including rigid body άƛƴŜǊǘƛŀ ǊŜƭƛŜŦέύΣ ǿƛǘƘ ǘƘŜ ŜȄǘŜǊƴŀƭƭȅ ŀǇǇƭƛŜŘ Ǝǳǎǘ ƭƻŀŘǎ ǘǊŜŀǘŜŘ ŀǎ 
static loads. The dynamic part is computed by the superposition of appropriate modal 
quantities, and is a function of the number of modes carried in the solution. The 
quantities to be superimposed involve both motion response forces and acceleration 
responses (thus giving this method its name). Since the static part is determined 
completely and independently of the number of normal modes carried, adequate 
accuracy may be achieved with fewer modes than would be needed in the Mode 
Displacement method. 

The Force Summation method is the most laborious and the most intuitive. In this 
method, physical displacements, velocities and accelerations are first computed by 
superposition of the modal responses. These are then used to determine the physical 
inertia forces and other motion dependent forces. Finally, these forces are added to the 
externally applied forces to give the total dynamic loads acting on the structure. 

If balanced aeroplane load distributions are needed from the discrete gust analysis, they 
may be determined using time correlated solution results.  Similarly, as explained in 
Paragraph 5.c of this AMC, if balanced aeroplane load distributions are needed from the 
continuous turbulence analysis, they may be determined from equiprobable solution 
results obtained using cross-correlation coefficients. 
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8. NONLINEAR CONSIDERATIONS 

a. General. Any structural, aerodynamic or automatic control system characteristic which 
may cause aeroplane response to discrete gusts or continuous turbulence to become 
non-linear with respect to intensity or shape should be represented realistically or 
conservatively in the calculation of loads. While many minor non-linearities are amenable 
to a conservative linear solution, the effect of major non-linearities cannot usually be 
quantified without explicit calculation. 

The effect of non-linearities should be investigated above limit conditions to assure that 
the system presents no anomaly compared to behaviour below limit conditions, in 
accordance with CS K25.2(b)(2).  

b. Structural and Aerodynamic Non-linearity. A linear elastic structural model, and a linear 
(unstalled) aerodynamic model are normally recommended as conservative and 
acceptable for the unaugmented aeroplane elements of a loads calculation. Aerodynamic 
models may be refined to take account of minor non-linear variation of aerodynamic 
distributions, due to local separation etc., through simple linear piecewise solution. Local 
or complete stall of a lifting surface would constitute a major non-linearity and should 
not be represented without account being taken of the influence of rate of change of 
incidence, i.e., the so-ŎŀƭƭŜŘ ΨŘȅƴŀƳƛŎ ǎǘŀƭƭΩ ƛƴ ǿƘƛŎƘ ǘƘŜ ǊŀƴƎŜ ƻŦ ƭƛƴŜŀǊ ƛƴŎǊŜƳŜƴǘŀƭ 
aerodynamics may extend significantly beyond the static stall incidence. 

c. Automatic Control System Non-linearity. Automatic flight control systems, autopilots, 
stability control systems and load alleviation systems often constitute the primary source 
of non-linear response. For example,  

- non-proportional feedback gains 

- rate and amplitude limiters 

- changes in the control laws, or control law switching 

- hysteresis 

- use of one-sided aerodynamic controls such as spoilers 

- hinge moment performance and saturation of aerodynamic control actuators 

The resulting influences on response will be aeroplane design dependent, and the 
manner in which they are to be considered will normally have to be assessed for each 
design.  

Minor influences such as occasional clipping of response due to rate or amplitude 
limitations, where it is symmetric about the stabilised 1-g condition, can often be 
represented through quasi-linear modelling techniques such as describing functions or 
use of a linear equivalent gain.  

Major, and unsymmetrical influences such as application of spoilers for load alleviation, 
normally require explicit simulation, and therefore adoption of an appropriate solution 
based in the time domain.  

The influence of non-linearities on one load quantity often runs contrary to the influence 
on other load quantities. For example, an aileron used for load alleviation may 
simultaneously relieve wing bending moment whilst increasing wing torsion. Since it may 
not be possible to represent such features conservatively with a single aeroplane model, 
it may be conservatively acceptable to consider loads computed for two (possibly linear) 
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representations which bound the realistic condition. Another example of this approach 
would be separate representation of continuous turbulence response for the two control 
law states to cover a situation where the aeroplane may occasionally switch from one 
state to another. 

d. Non-linear Solution Methodology.  Where explicit simulation of non-linearities is 
required, the loads response may be calculated through time domain integration of the 
equations of motion.  

For the tuned discrete gust conditions of CS 25.341(a), limit loads should be identified by 
peak values in the non-linear time domain simulation response of the aeroplane model 
excited by the discrete gust model described in Paragraph 5.b. of this AMC. 

For time domain solution of the continuous turbulence conditions of CS 25.341(b), a 
variety of approaches may be taken for the specification of the turbulence input time 
history and the mechanism for identifying limit loads from the resulting responses.  

It will normally be necessary to justify that the selected approach provides an equivalent 
level of safety as a conventional linear analysis and is appropriate to handle the types of 
non-linearity on the aircraft. This should include verification that the approach provides 
adequate statistical significance in the loads results.  

A methodology based upon stochastic simulation has been found to be acceptable for 
load alleviation and flight control system non-linearities. In this simulation, the input is a 
long, Gaussian, pseudo-random turbulence stream conforming to a Von Kármán 
spectrum with a root-mean-square (RMS) amplitude of 0.4 times Ù (defined in Paragraph 
5.c (1) of this AMC). The value of limit load is that load with the same probability of 
exceedance as ' U  ̀ of the same load quantity in a linear model. This is illustrated 
graphically in Figure 5. When using an analysis of this type, exceedance curves should be 
constructed using incremental load values up to, or just beyond the limit load value. 

 
Figure-5  Establishing Limit Load for a Non-linear Aeroplane 
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The non-linear simulation may also be performed in the frequency domain if the 
frequency domain method is shown to produce conservative results. Frequency domain 
methods include, but are not limited to, Matched Filter Theory and Equivalent 
Linearisation. 

9. ANALYTICAL MODEL VALIDATION 

a. General. The intent of analytical model validation is to establish that the analytical model 
is adequate for the prediction of gust response loads. The following paragraphs discuss 
acceptable but not the only methods of validating the analytical model. In general, it is 
not intended that specific testing be required to validate the dynamic gust loads model.  

b. Structural Dynamic Model Validation. The methods and test data used to validate the 
flutter analysis models presented in AMC 25.629 should also be applied to validate the 
gust analysis models. These procedures are addressed in AMC 25.629. 

c. Damping Model Validation. In the absence of better information it will normally be 
acceptable to assume 0.03 (i.e. 1.5% equivalent critical viscous damping) for all flexible 
modes. Structural damping may be increased over the 0.03 value to be consistent with 
the high structural response levels caused by extreme gust intensity, provided 
justification is given. 

d. Aerodynamic Model Validation. Aerodynamic modelling parameters fall into two 
categories:  

(i) steady or quasi-steady aerodynamics governing static aeroelastic and flight 
dynamic airload distributions  

(ii) unsteady aerodynamics which interact with the flexible modes of the aeroplane. 

Flight stability aerodynamic distributions and derivatives may be validated by wind tunnel 
tests, detailed aerodynamic modelling methods (such as CFD) or flight test data. If 
detailed analysis or testing reveals that flight dynamic characteristics of the aeroplane 
differ significantly from those to which the gust response model have been matched, then 
the implications on gust loads should be investigated.  

The analytical and experimental methods presented in AMC 25.629 for flutter analyses 
provide acceptable means for establishing reliable unsteady aerodynamic characteristics 
both for motion response and gust excitation aerodynamic force distributions. The 
aeroelastic implications on aeroplane flight dynamic stability should also be assessed. 

e. Control System Validation. If the aeroplane mathematical model used for gust analysis 
contains a representation of any feedback control system, then this segment of the model 
should be validated. The level of validation that should be performed depends on the 
complexity of the system and the particular aeroplane response parameter being 
controlled. Systems which control elastic modes of the aeroplane may require more 
validation than those which control the aeroplane rigid body response. Validation of 
elements of the control system (sensors, actuators, anti-aliasing filters, control laws, etc.) 
which have a minimal effect on the output load and response quantities under 
consideration can be neglected. 

It will normally be more convenient to substantiate elements of the control system 
independently, i.e. open loop, before undertaking the validation of the closed loop 
system. 
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(1) System Rig or Aeroplane Ground Testing. Response of the system to artificial 
stimuli can be measured to verify the following: 

- The transfer functions of the sensors and any pre-control system anti-
aliasing or other filtering. 

- The sampling delays of acquiring data into the control system. 

- The behaviour of the control law itself. 

- Any control system output delay and filter transfer function. 

- The transfer functions of the actuators, and any features of actuation system 
performance characteristics that may influence the actuator response to the 
maximum demands that might arise in turbulence; e.g. maximum rate of 
deployment, actuator hinge moment capability, etc. 

If this testing is performed, it is recommended that following any adaptation of the 
model to reflect this information, the complete feedback path be validated (open 
loop) against measurements taken from the rig or ground tests. 

(2) Flight Testing. The functionality and performance of any feedback control system 
can also be validated by direct comparison of the analytical model and 
measurement for input stimuli. If this testing is performed, input stimuli should be 
selected such that they exercise the features of the control system and the 
interaction with the aeroplane that are significant in the use of the mathematical 
model for gust load analysis. These might include: 

- Aeroplane response to pitching and yawing manoeuvre demands. 

- Control system and aeroplane response to sudden artificially introduced 
demands such as pulses and steps. 

- Gain and phase margins determined using data acquired within the flutter 
test program. These gain and phase margins can be generated by passing 
known signals through the open loop system during flight test. 

[Amdt 25/1] 

CS 25.343 Design fuel and oil loads 
ED Decision 2005/006/R 

(a) The disposable load combinations must include each fuel and oil load in the range from zero 
fuel and oil to the selected maximum fuel and oil load. A structural reserve fuel condition, not 
exceeding 45 minutes of fuel under operating conditions in CS 25.1001(f), may be selected. 

(b) If a structural reserve fuel condition is selected, it must be used as the minimum fuel weight 
condition for showing compliance with the flight load requirements as prescribed in this 
Subpart. In addition ς 

(1) The structure must be designed for a condition of zero fuel and oil in the wing at limit 
loads corresponding to ς 

(i) A manoeuvring load factor of +2·25; and  

(ii) The gust and turbulence conditions of CS 25.341, but assuming 85% of the gust 
velocities prescribed in CS 25.341(a)(4) and 85% of the turbulence intensities 
prescribed in CS 25.341(b)(3). 
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(2) Fatigue evaluation of the structure must account for any increase in operating stresses 
resulting from the design condition of sub-paragraph (b)(1) of this paragraph; and 

(3) The flutter, deformation, and vibration requirements must also be met with zero fuel. 

[Amdt 25/1] 

CS 25.345 High lift devices 
ED Decision 2005/006/R 

(a) If wing-flaps are to be used during take-off, approach, or landing, at the design flap speeds 
established for these stages of flight under CS 25.335(e) and with the wing-flaps in the 
corresponding positions, the aeroplane is assumed to be subjected to symmetrical manoeuvres 
and gusts. The resulting limit loads must correspond to the conditions determined as follows: 

(1) Manoeuvring to a positive limit load factor of 2·0; and 

(2) Positive and negative gusts of 7.62 m/sec (25 ft/sec) EAS acting normal to the flight path 
in level flight. Gust loads resulting on each part of the structure must be determined by 
rational analysis. The analysis must take into account the unsteady aerodynamic 
characteristics and rigid body motions of the aircraft. (See AMC 25.345(a).) The shape of 
the gust must be as described in CS 25.341(a)(2) except that ς 

Uds  = 7.62 m/sec (25 ft/sec) EAS;  

H    = 12.5 c; and  

c     = mean geometric chord of the wing (metres (feet)).  

(b) The aeroplane must be designed for the conditions prescribed in sub-paragraph (a) of this 
paragraph except that the aeroplane load factor need not exceed 1·0, taking into account, as 
separate conditions, the effects of ς 

(1) Propeller slipstream corresponding to maximum continuous power at the design flap 
speeds VF, and with take-off power at not less than 1·4 times the stalling speed for the 
particular flap position and associated maximum weight; and 

(2) A head-on gust of 7.62m/sec (25 fps) velocity (EAS). 

(c) If flaps or other high lift devices are to be used in en-route conditions, and with flaps in the 
appropriate position at speeds up to the flap design speed chosen for these conditions, the 
aeroplane is assumed to be subjected to symmetrical manoeuvres and gusts within the range 
determined by ς 

(1) Manoeuvring to a positive limit load factor as prescribed in CS 25.337(b) ; and 

(2) The vertical gust and turbulence conditions prescribed in CS 25.341. (See AMC 25.345(c).) 

(d) The aeroplane must be designed for a manoeuvring load factor of 1.5 g at the maximum take-
off weight with the wing-flaps and similar high lift devices in the landing configurations. 

[Amdt 25/1] 

AMC 25.345(a) High lift devices (Gust conditions)  
ED Decision 2003/2/RM  

Compliance with CS 25.345(a) may be demonstrated by an analysis in which the solution of the vertical 
response equations is made by assuming the aircraft to be rigid. If desired, the analysis may take 
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account of the effects of structural flexibility on a quasi-flexible basis (i.e. using aerodynamic 
derivatives and load distributions corresponding to the distorted structure under maximum gust load).  

AMC 25.345(c) High lift devices (Procedure flight condition) 
ED Decision 2003/2/RM  

1  En-route conditions are flight segments other than take-off, approach and landing. As applied 
to the use of high lift devices the following flight phases are to be included in en-route 
conditions:  

1. holding in designated areas outside the terminal area of the airport, and  

2. flight with flaps extended from top of descent. 

The following flight phases are not to be included in en-route conditions: 

3. portion of the flight corresponding to standard arrival routes preceding the interception of 
the final approach path, and  

4. holding at relatively low altitude close to the airport. 

2 To apply CS 25.341(a) gust conditions to CS 25.345(c), the speeds VFC and VFD should be 
determined for the flap positions selected in en-route conditions.  

These procedures should ensure proper speed margins for flap retraction in the case of severe 
turbulence when the aeroplane is in a low speed en-route holding configuration.  

3 The manoeuvre of CS 25.345(c)(1) is to be considered as a balanced condition. (See CS 25.331(b) 
for definition.) 

CS 25.349 Rolling conditions 
ED Decision 2013/010/R  

The aeroplane must be designed for loads resulting from the rolling conditions specified in sub-
paragraphs (a) and (b) of this paragraph. Unbalanced aerodynamic moments about the centre of 
gravity must be reacted in a rational or conservative manner, considering the principal masses 
furnishing the reacting inertia forces.  

(a) Manoeuvring.  The following conditions, speeds, aileron deflections and cockpit roll control 
motions (except as the deflections and the motions may be limited by pilot effort) must be 
considered in combination with an aeroplane load factor of zero and of two-thirds of the 
positive manoeuvring factor used in design. For aeroplanes equipped with electronic flight 
controls, where the motion of the control surfaces does not bear a direct relationship to the 
motion of the cockpit control devices, these conditions must be considered in combination with 
an aeroplane load factor ranging from zero to two thirds of the positive manoeuvring factor 
used in design. In determining the required or resulting aileron deflections, the torsional 
flexibility of the wing must be considered in accordance with CS 25.301(b):  

(1) Conditions corresponding to steady rolling velocities must be investigated. In addition, 
conditions corresponding to maximum angular acceleration must be investigated for 
aeroplanes with engines or other weight concentrations outboard of the fuselage, and 
for aeroplanes equipped with electronic flight controls, where the motion of the control 
surfaces does not bear a direct relationship to the motion of the cockpit control devices. 
For the angular acceleration conditions, zero rolling velocity may be assumed in the 
absence of a rational time history investigation of the manoeuvre. 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

FLIGHT MANOEUVRE AND GUST 
CONDITIONS 

 

Powered by EASA eRules Page 298 of 1189| Jan 2023 
 

(2) At VA, a sudden deflection of the aileron to the stop is assumed. 

(3) At VC, the aileron deflection must be that required to produce a rate of roll not less than 
that obtained in sub-paragraph (a)(2) of this paragraph. 

(4) At VD, the aileron deflection must be that required to produce a rate of roll not less than 
one-third of that in sub-paragraph (a)(2) of this paragraph. 

(5) For aeroplanes equipped with electronic flight controls, where the motion of the control 
surfaces does not bear a direct relationship to the motion of the cockpit control devices, 
in lieu of subparagraphs (a)(2), (a)(3), and (a)(4), the following apply: 

(i) At VA, movement of the cockpit roll control up to the limit is assumed. The position 
of the cockpit roll control must be maintained until a steady roll rate is achieved 
and then it must be returned suddenly to the neutral position. 

(ii) At VC, the cockpit roll control must be moved suddenly and maintained so as to 
achieve a roll rate not less than that obtained in subparagraph (a)(5)(i) of this 
paragraph. The return of cockpit control to neutral is initiated suddenly when 
steady roll rate is reached. 

(iii) At VD, the cockpit roll control must be moved suddenly and maintained so as to 
achieve a roll rate not less than one third of that obtained in subparagraph (a)(5)(i) 
of this paragraph. 

 The conditions specified in this subparagraph must be investigated without any corrective 
yaw control action (pilot or system induced) to maximise sideslip, and, as a separate 
condition, with corrective yaw control action (pilot or system induced) to reduce sideslip 
as far as possible. The first condition (without any corrective yaw control action) may be 
considered as a failure condition under CS 25.302. 

(See AMC 25.349(a))  

(b) Unsymmetrical gusts. The aeroplane is assumed to be subjected to unsymmetrical vertical gusts 
in level flight. The resulting limit loads must be determined from either the wing maximum 
airload derived directly from CS 25.341(a), or the wing maximum airload derived indirectly from 
the vertical load factor calculated from CS 25.341(a). It must be assumed that 100 percent of 
the wing airload acts on one side of the aeroplane and 80 percent of the wing airload acts on 
the other side. 

[Amdt 25/13] 

AMC 25.349(a) Rolling conditions 
ED Decision 2013/010/R 

The physical limitations of the aircraft from the cockpit roll control device to the control surface 
deflection, such as control stops position, maximum power and displacement rate of the servo 
controls, and control law limiters, may be taken into account. 

[Amdt 25/13] 
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CS 25.351 Yaw manoeuvre conditions 
ED Decision 2013/010/R  

The aeroplane must be designed for loads resulting from the yaw manoeuvre conditions specified in 
subparagraphs (a) through (d) of this paragraph at speeds from VMC to VD. Unbalanced aerodynamic 
moments about the centre of gravity must be reacted in a rational or conservative manner considering 
the aeroplane inertia forces. In computing the tail loads the yawing velocity may be assumed to be 
zero.  

(a) With the aeroplane in unaccelerated flight at zero yaw, it is assumed that the cockpit rudder 
control is suddenly displaced to achieve the resulting rudder deflection, as limited by: 

(1) the control system or control surface stops; or 

(2) a limit pilot force of 1335 N (300 lbf) from VMC to VA and 890 N (200 lbf) from VC/M C to 
VD/M D, with a linear variation between VA and VC/M C. 

(b) With the cockpit rudder control deflected so as always to maintain the maximum rudder 
deflection available within the limitations specified in subparagraph (a) of this paragraph, it is 
assumed that the aeroplane yaws to the overswing sideslip angle. 

(c) With the aeroplane yawed to the static equilibrium sideslip angle, it is assumed that the cockpit 
rudder control is held so as to achieve the maximum rudder deflection available within the 
limitations specified in sub-paragraph (a) of this paragraph. 

(d) With the aeroplane yawed to the static equilibrium sideslip angle of sub-paragraph (c) of this 
paragraph, it is assumed that the cockpit rudder control is suddenly returned to neutral. 

[Amdt 25/13] 

AMC 25.351 Yaw manoeuvre conditions 
ED Decision 2013/010/R 

The physical limitations of the aircraft from the cockpit yaw control device to the control surface 
deflection, such as control stops position, maximum power and displacement rate of the servo 
controls, and control law limiters, may be taken into account. 

[Amdt 25/13] 

  

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

SUPPLEMENTARY CONDITIONS 

 

Powered by EASA eRules Page 300 of 1189| Jan 2023 
 

SUPPLEMENTARY CONDITIONS 

CS 25.361 Engine and auxiliary power unit torque 
ED Decision 2009/017/R  

(a) For engine installations: 

(1) Each engine mount, pylon and adjacent supporting airframe structures must be designed 
for the effects of ς 

(i) A limit engine torque corresponding to take-off power/thrust and, if applicable, 
corresponding propeller speed, acting simultaneously with 75% of the limit loads 
from flight condition A of CS 25.333(b); 

(ii) A limit engine torque corresponding to the maximum continuous power/thrust 
and, if applicable, corresponding propeller speed acting simultaneously with the 
limit loads from flight condition A of CS 25.333(b); and 

(iii) For turbo-propeller installations only, in addition to the conditions specified in 
subparagraphs (a)(1)(i) and (ii), a limit engine torque corresponding to take-off 
power and propeller speed, multiplied by a factor accounting for propeller control 
system malfunction, including quick feathering, acting simultaneously with 1 g 
level flight loads. In the absence of a rational analysis, a factor of 1·6 must be used. 

(2) The limit engine torque to be considered under sub-paragraph (1) must be obtained by: 

(i)  for turbo-propeller installations, multiplying mean engine torque for the specified 
power/thrust and speed  by a factor of 1·25. 

(ii)  for other turbine engines, the limit engine torque must be equal to the maximum 
accelerating torque for the case considered. 

(3)   The engine mounts, pylons, and adjacent supporting airframe structure must be designed 
to withstand 1g level flight loads acting simultaneously with the limit engine torque loads 
imposed by each of the following conditions to be considered separately: 

(i)   sudden maximum engine deceleration due to a malfunction or abnormal 
condition; and 

(ii)   the maximum acceleration of the engine.  

(b)   For auxiliary power unit installations: 

The power unit mounts and adjacent supporting airframe structure must be designed to 
withstand 1g level flight loads acting simultaneously with the limit torque loads imposed by the 
following conditions to be considered separately: 

(1)   sudden maximum auxiliary power unit deceleration due to malfunction or abnormal 
condition or structural failure; and 

(2)   the maximum acceleration of the auxiliary power unit. 

[Amdt 25/8] 
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AMC 25.361 Engine and auxiliary power unit torque  
ED Decision 2009/017/R 

CS 25.361(a)(1) is applicable to all engine installations, including turbo-fans, turbo-jets and turbo-
propellers, except CS 25.361(a)(1)(iii) which applies only to turbo-propeller installations. 

CS 25.361(a)(2)(i) - άaŜŀƴ ŜƴƎƛƴŜ ǘƻǊǉǳŜέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǘƻǊǉǳŜΣ ŦƻǊ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ŎƻƴŘƛǘƛƻƴΣ 
with any dynamic oscillations removed. 

CS 25.361(a)(3)(i) - Examples are; high power compressor surges, blade tip rub during manoeuvres, 
small and medium bird encounters, or combinations of these events. 

CS 25.361(a)(3)(ii) and (b)(2) - !ǎ ŀƴ ŜȄŀƳǇƭŜΣ ǘƘŜ ǘŜǊƳ άƳŀȄƛƳǳƳ ŀŎŎŜƭŜǊŀǘƛƻƴέ ƛǎ ǘŀƪŜƴ ǘƻ ōŜ ǘƘŀǘ 
torque seen by the engine mounts under a runaway of the fuel metering unit up to its maximum flow 
stop.  

[Amdt 25/8] 

CS 25.362 Engine failure loads  
ED Decision 2009/017/R 

(a)   For engine mounts, pylons and adjacent supporting airframe structure, an ultimate loading 
condition must be considered that combines 1g flight loads with the most critical transient 
dynamic loads and vibrations, as determined by dynamic analysis, resulting from failure of a 
blade, shaft, bearing or bearing support, or bird strike event. Any permanent deformation from 
these ultimate load conditions should not prevent continued safe flight and landing. 

(b)   The ultimate loads developed from the conditions specified in paragraph (a) are to be: 

(1)   multiplied by a factor of 1.0 when applied to engine mounts and pylons; and  

(2)   multiplied by a factor of 1.25 when applied to adjacent supporting airframe structure. 

[Amdt 25/8] 

AMC 25.362 Engine Failure Loads  
ED Decision 2009/017/R 

1. PURPOSE.  This AMC describes an acceptable means for showing compliance with the 
requirements of CS 25.362 ά9ƴƎƛƴŜ ŦŀƛƭǳǊŜ ƭƻŀŘǎέΦ ¢ƘŜǎŜ ƳŜŀƴǎ ŀǊŜ ƛƴǘŜƴŘŜŘ ǘƻ ǇǊƻǾƛŘŜ 
guidance to supplement the engineering and operational judgement that must form the basis 
of any compliance findings relative to the design of engine mounts, pylons and adjacent 
supporting airframe structure, for loads developed from the engine failure conditions described 
in CS 25.362. 

2. RELATED CS PARAGRAPHS.      

a. CS-25: 

/{ нрΦосм  ά9ƴƎƛƴŜ ŀƴŘ ŀǳȄƛƭƛŀǊȅ ǇƻǿŜǊ ǳƴƛǘ ǘƻǊǉǳŜέ 

/{ нрΦфлм  άtƻǿŜǊǇƭŀƴǘ ƛƴǎǘŀƭƭŀǘƛƻƴέ 

b. CS-E: 

CS-9 рнл  ά{ǘǊŜƴƎǘƘέ 

CS-9 улл  ά.ƛǊŘ ǎǘǊƛƪŜ ŀƴŘ ƛƴƎŜǎǘƛƻƴέ 

CS-9 умл  ά/ƻƳǇǊŜǎǎƻǊ ŀƴŘ ǘǳǊōƛƴŜ ōƭŀŘŜ ŦŀƛƭǳǊŜέ 
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CS-9 урл  ά/ƻƳǇǊŜǎǎƻǊΣ Cŀƴ ŀƴŘ ¢ǳǊōƛƴŜ {ƘŀŦǘǎέ 

3. DEFINITIONS.  Some new terms have been defined for the transient engine failure conditions in 
order to present criteria in a precise and consistent manner in the following pages. In addition, 
some terms are employed from other fields and may not necessarily be in general use. For the 
purposes of this AMC, the following definitions should be used. 

a. Adjacent supporting airframe structure:  Those parts of the primary airframe that are 
directly affected by loads arising within the engine. 

b. Ground Vibration Test: Ground resonance tests of the aeroplane normally conducted for 
compliance with CS 25.629Σ ά!ŜǊƻŜƭŀǎǘƛŎ ǎǘŀōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎΦέ 

c. Transient failure loads: Those loads occurring from the time of the engine structural 
failure, up to the time at which the engine stops rotating or achieves a steady windmilling 
rotational speed.  

d. Windmilling engine rotational speed: The speed at which the rotating shaft systems of an 
unpowered engine will rotate due to the flow of air into the engine as a result of the 
forward motion of the aeroplane.  

4. BACKGROUND. 

a. Requirements.  CS 25.362 όά9ƴƎƛƴŜ ŦŀƛƭǳǊŜ ƭƻŀŘǎέύ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ǘƘŜ ŜƴƎƛƴŜ ƳƻǳƴǘǎΣ 
pylons, and adjacent supporting airframe structure be designed to withstand 1g flight 
loads combined with the transient dynamic loads resulting from each engine structural 
failure condition. The aim being to ensure that the aeroplane is capable of continued safe 
flight and landing after sudden engine stoppage or engine structural failure, including 
ensuing damage to other parts of the engine. 

b. Engine failure loads.  Turbine engines have experienced failure conditions that have 
resulted in sudden engine deceleration and, in some cases, seizures. These failure 
conditions are usually caused by internal structural failures or ingestion of foreign 
objects, such as birds or ice. Whatever the source, these conditions may produce 
significant structural loads on the engine, engine mounts, pylon, and adjacent supporting 
airframe structure. With the development of larger high-bypass ratio turbine engines, it 
became apparent that engine seizure torque loads alone did not adequately define the 
full loading imposed on the engine mounts, pylons, and adjacent supporting airframe 
structure. The progression to high-bypass ratio turbine engines of larger diameter and 
fewer blades with larger chords has increased the magnitude of the transient loads that 
can be produced during and following engine failures. Consequently, it is considered 
necessary that the applicant performs a dynamic analysis to ensure that representative 
loads are determined during and immediately following an engine failure event.  

A dynamic model of the aircraft and engine configuration should be sufficiently detailed 
to characterise the transient loads for the engine mounts, pylons, and adjacent 
supporting airframe structure during the failure event and subsequent run down. 

c. Engine structural failure conditions.  Of all the applicable engine structural failure 
conditions, design and test experience have shown that the loss of a fan blade is likely to 
produce the most severe loads on the engine and airframe. Therefore, CS 25.362 requires 
that the transient dynamic loads from these blade failure conditions be considered when 
evaluating structural integrity of the engine mounts, pylons and adjacent supporting 
airframe structure. However, service history shows examples of other severe engine 
structural failures where the engine thrust-producing capability was lost, and the engine 
experienced extensive internal damage. For each specific engine design, the applicant 
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should consider whether these types of failures are applicable, and if they present a more 
critical load condition than blade loss. In accordance with CS-E 520(c)(2), other structural 
failure conditions that should be considered in this respect are: 

- failure of a shaft, or  

- failure or loss of any bearing/bearing support, or 

- a bird ingestion. 

5. EVALUATION OF TRANSIENT FAILURE CONDITIONS 

a. EǾŀƭǳŀǘƛƻƴΦ  ¢ƘŜ ŀǇǇƭƛŎŀƴǘΩǎ ŜǾŀƭǳŀǘƛƻƴ ǎƘƻǳƭŘ ǎƘƻǿ ǘƘŀǘΣ ŦǊƻƳ ǘƘŜ ƳƻƳŜƴǘ ƻŦ ŜƴƎƛƴŜ 
structural failure and during spool-down to the time of windmilling engine rotational 
speed, the engine-induced loads and vibrations will not cause failure of the engine 
mounts, pylon, and adjacent supporting airframe structure. (Note: The effects of 
continued rotation (windmilling) are described in AMC 25-24). 

Major engine structural failure events are considered as ultimate load conditions, since 
they occur at a sufficiently infrequent rate. For design of the engine mounts and pylon, 
the ultimate loads may be taken without any additional multiplying factors. At the same 
time, protection of the basic airframe is assured by using a multiplying factor of 1.25 on 
those ultimate loads for the design of the adjacent supporting airframe structure.  

b. Blade loss condition. The loads on the engine mounts, pylon, and adjacent supporting 
airframe structure should be determined by dynamic analysis. The analysis should take 
into account all significant structural degrees of freedom. The transient engine loads 
should be determined for the blade failure condition and rotor speed approved per CS-E, 
and over the full range of blade release angles to allow determination of the critical loads 
for all affected components.  

The loads to be applied to the pylon and airframe are normally determined by the 
applicant based on the integrated model, which includes the validated engine model 
supplied by the engine manufacturer. 

The calculation of transient dynamic loads should consider: 

- the effects of the engine mounting station on the aeroplane (i.e., right side, left 
side, inboard position, etc.); and 

- the most critical aeroplane mass distribution (i.e., fuel loading for wing-mounted 
engines and payload distribution for fuselage-mounted engines).  

For calculation of the combined ultimate airframe loads, the 1g component should be 
associated with typical flight conditions.  

c. Other failure conditions. As identified in paragraph 4(c) above, if any other engine 
structural failure conditions, applicable to the specific engine design, could result in 
higher loads being developed than the blade loss condition, they should be evaluated by 
dynamic analysis to a similar standard and using similar considerations to those described 
in paragraph 5.b., above.  

6. ANALYSIS METHODOLOGY.   

a. Objective of the methodology. The objective of the analysis methodology is to develop 
acceptable analytical tools for conducting investigations of dynamic engine structural 
failure events. The goal of the analysis is to produce loads and accelerations suitable for 
evaluations of structural integrity. However, where required for compliance with 
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CS 25.901 όάtƻǿŜǊǇƭŀƴǘ ƛƴǎǘŀƭƭŀǘƛƻƴέύΣ ƭƻŀŘǎ ŀƴŘ ŀŎŎŜƭŜǊŀǘƛƻƴǎ Ƴŀȅ ŀƭǎƻ ƴŜŜŘ ǘƻ ōŜ 
produced for evaluating the continued function of aircraft systems, including those 
related to the engine installation that are essential for immediate flight safety (for 
example, fire bottles and fuel shut off valves).  

b. Scope of the analysis. The analysis of the aircraft and engine configuration should be 
sufficiently detailed to determine the transient and steady-state loads for the engine 
mounts, pylon, and adjacent supporting airframe structure during the engine failure 
event and subsequent run-down. 

7. MATHEMATICAL MODELLING AND VALIDATION 

a. Components of the integrated dynamics model. The applicant should calculate airframe 
dynamic responses with an integrated model of the engine, engine mounts, pylon, and 
adjacent supporting airframe structure. The model should provide representative 
connections at the engine-to-pylon interfaces, as well as all interfaces between 
components (e.g., inlet-to-engine and engine-to-thrust reverser). The integrated dynamic 
model used for engine structural failure analyses should be representative of the 
aeroplane to the highest frequency needed to accurately represent the transient 
response. The integrated dynamic model consists of the following components that must 
be validated:  

- Airframe structural model. 

- Propulsion structural model (including the engine model representing the engine 
type-design). 

b. Airframe Structural Model and Validation 

(1) An analytical model of the airframe is necessary in order to calculate the airframe 
responses due to the transient forces produced by the engine failure event. The 
airframe manufacturers currently use reduced lumped mass finite element 
analytical models of the airframe for certification of aeroelastic stability (flutter) 
and dynamic loads. A typical model consists of relatively few lumped masses 
connected by weightless beams. A full aeroplane model is not usually necessary for 
the engine failure analysis, and it is normally not necessary to consider the whole 
aircraft response, the effects of automatic flight control systems, or unsteady 
aerodynamics.  

(2) A lumped mass beam model of the airframe, similar to that normally used for 
flutter analysis, is acceptable for frequency response analyses due to engine 
structural failure conditions. However, additional detail may be needed to ensure 
adequate fidelity for the engine structural failure frequency range. In particular, 
the engine structural failure analysis requires calculating the response of the 
airframe at higher frequencies than are usually needed to obtain accurate results 
for the other loads analyses, such as dynamic gust and landing impact. The 
applicant should use finite element models as necessary.  As far as possible, the 
ground vibration tests normally conducted for compliance with CS 25.629 
όά!ŜǊƻŜƭŀǎǘƛŎ ǎǘŀōƛƭƛǘȅ ǊŜǉǳƛǊŜƳŜƴǘǎέύ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ŀƴŀƭȅǘƛŎŀƭ 
model.  

(3) Structural dynamic models include damping properties, as well as representations 
of mass and stiffness distributions. In the absence of better information, it will 
normally be acceptable to assume a value of 0.03 (i.e., 1.5% equivalent critical 
viscous damping) for all flexible modes. Structural damping may be increased over 
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the 0.03 value to be consistent with the high structural response levels caused by 
extreme failure loads, provided it is justified. 

c. Propulsion Structural Model and Validation 

For propulsion structural model and validation, see AMC 25-24. 

[Amdt 25/8] 

CS 25.363 Side load on engine and auxiliary power unit mounts 
ED Decision 2003/2/RM  

(a) Each engine and auxiliary power unit mount and its supporting structure must be designed for 
a limit load factor in a lateral direction, for the side load on the engine and auxiliary power unit 
mount, at least equal to the maximum load factor obtained in the yawing conditions but not 
less than ς 

(1) 1·33; or 

(2) One-third of the limit load factor for flight condition A as prescribed in CS 25.333(b). 

(b) The side load prescribed in sub-paragraph (a) of this paragraph may be assumed to be 
independent of other flight conditions. 

CS 25.365 Pressurised compartment loads 
ED Decision 2003/2/RM  

For aeroplanes with one or more pressurised compartments the following apply:  

(a) The aeroplane structure must be strong enough to withstand the flight loads combined with 
pressure differential loads from zero up to the maximum relief valve setting. 

(b) The external pressure distribution in flight, and stress concentrations and fatigue effects must 
be accounted for. 

(c) If landings may be made with the compartment pressurised, landing loads must be combined 
with pressure differential loads from zero up to the maximum allowed during landing. 

(d) The aeroplane structure must be strong enough to withstand the pressure differential loads 
corresponding to the maximum relief valve setting multiplied by a factor of 1·33, omitting other 
loads. 

(e) Any structure, component or part, inside or outside a pressurised compartment, the failure of 
which could interfere with continued safe flight and landing, must be designed to withstand the 
effects of a sudden release of pressure through an opening in any compartment at any 
operating altitude resulting from each of the following conditions: 

(1) The penetration of the compartment by a portion of an engine following an engine 
disintegration. 

(2) Any opening in any pressurised compartment up to the size Ho in square feet; however, 
small compartments may be combined with an adjacent pressurised compartment and 
both considered as a single compartment for openings that cannot reasonably be 
expected to be confined to the small compartment. The size Ho must be computed by 
the following formula: 

Ὄ ὖὃ 

where,  
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Ho  = maximum opening in square feet, need not exceed 20 square feet.  

P    =  Ȣπςτ  

As  = maximum cross sectional area of the pressurised shell normal to the longitudinal 
axis, in square feet; and  

(3) The maximum opening caused by aeroplane or equipment failures not shown to be 
extremely improbable. (See AMC 25.365(e).) 

(f) In complying with sub-paragraph (e) of this paragraph, the fail-safe features of the design may 
be considered in determining the probability of failure or penetration and probable size of 
openings, provided that possible improper operation of closure devices and inadvertent door 
openings are also considered. Furthermore, the resulting differential pressure loads must be 
combined in a rational and conservative manner with 1 g level flight loads and any loads arising 
from emergency depressurisation conditions. These loads may be considered as ultimate 
conditions; however, any deformation associated with these conditions must not interfere with 
continued safe flight and landing. The pressure relief provided by the intercompartment venting 
may also be considered. 

(g) Bulkheads, floors, and partitions in pressurised compartments for occupants must be designed 
to withstand conditions specified in sub-paragraph (e) of this paragraph. In addition, reasonable 
design precautions must be taken to minimise the probability of parts becoming detached and 
injuring occupants while in their seats. 

AMC 25.365(e) Pressurised compartment loads 
ED Decision 2003/2/RM  

The computed opening size from 25.365(e)(2) should be considered only as a mathematical means of 
developing ultimate pressure design loads to prevent secondary structural failures. No consideration 
need be given to the actual shape of the opening, nor to its exact location on the pressure barrier in 
the compartment. The damage and loss of strength at the opening location should not be considered.  

A hazard assessment should determine which structures should be required to withstand the resulting 
differential pressure loads. The assessment of the secondary consequences of failures of these 
structures should address those events that have a reasonable probability of interfering with safe 
flight and landing, for example failures of structures supporting critical systems. For this assessment 
the risk of impact on the main structure from non critical structures, such as fairings, detached from 
the aircraft due to decompression need not be considered.  

CS 25.367 Unsymmetrical loads due to engine failure 
ED Decision 2003/2/RM  

(a) The aeroplane must be designed for the unsymmetrical loads resulting from the failure of the 
critical engine. Turbo-propeller aeroplanes must be designed for the following conditions in 
combination with a single malfunction of the propeller drag limiting system, considering the 
probable pilot corrective action on the flight controls: 

(1) At speeds between VMC and VD, the loads resulting from power failure because of fuel 
flow interruption are considered to be limit loads. 

(2) At speeds between VMC and VC, the loads resulting from the disconnection of the engine 
compressor from the turbine or from loss of the turbine blades are considered to be 
ultimate loads. 

http://easa.europa.eu/


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

SUPPLEMENTARY CONDITIONS 

 

Powered by EASA eRules Page 307 of 1189| Jan 2023 
 

(3) The time history of the thrust decay and drag build-up occurring as a result of the 
prescribed engine failures must be substantiated by test or other data applicable to the 
particular engine-propeller combination. 

(4) The timing and magnitude of the probable pilot corrective action must be conservatively 
estimated, considering the characteristics of the particular engine-propeller-aeroplane 
combination. 

(b) Pilot corrective action may be assumed to be initiated at the time maximum yawing velocity is 
reached, but not earlier than two seconds after the engine failure. The magnitude of the 
corrective action may be based on the control forces specified in CS 25.397(b) except that lower 
forces may be assumed where it is shown by analysis or test that these forces can control the 
yaw and roll resulting from the prescribed engine failure conditions.  

CS 25.371 Gyroscopic loads 
ED Decision 2005/006/R 

The structure supporting any engine or auxiliary power unit must be designed for the loads, including 
gyroscopic loads, arising from the conditions specified in CS 25.331, CS 25.341, CS 25.349, CS 25.351, 
CS 25.473, CS 25.479, and CS 25.481, with the engine or auxiliary power unit at the maximum rpm 
appropriate to the condition. For the purposes of compliance with this paragraph, the pitch 
manoeuvre in CS 25.331(c)(1) must be carried out until the positive limit manoeuvring load factor 
(point A2 in CS 25.333(b)) is reached. 

[Amdt 25/1] 

CS 25.373 Speed control devices 
ED Decision 2005/006/R 

If speed control devices (such as spoilers and drag flaps) are installed for use in en-route conditions: 

(a) The aeroplane must be designed for the symmetrical manoeuvres and gusts prescribed in 
CS 25.333, CS 25.337, the yawing manoeuvres in CS 25.351, and the vertical and lateral gust and 
turbulence conditions prescribed in CS 25.341(a) and (b) at each setting and the maximum 
speed associated with that setting; and 

(b) If the device has automatic operating or load limiting features, the aeroplane must be designed 
for the manoeuvre and gust conditions prescribed in sub-paragraph (a) of this paragraph, at the 
speeds and corresponding device positions that the mechanism allows. 

[Amdt 25/1] 
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CONTROL SURFACE AND SYSTEM LOADS 

CS 25.391 Control surface loads: general 
ED Decision 2005/006/R 

The control surfaces must be designed for the limit loads resulting from the flight conditions in 
CS 25.331, CS 25.341(a) and (b), CS 25.349 and CS 25.351, considering the requirements for: 

(a) Loads parallel to hinge line, in CS 25.393;  

(b) Pilot effort effects, in CS 25.397; 

(c) Trim tab effects, in CS 25.407; 

(d) Unsymmetrical loads, in CS 25.427; and 

(e) Auxiliary aerodynamic surfaces, in CS 25.445. 

[Amdt 25/1] 

CS 25.393 Loads parallel to hinge line 
ED Decision 2003/2/RM  

(a) Control surfaces and supporting hinge brackets must be designed for inertia loads acting parallel 
to the hinge line. (See AMC 25.393(a).) 

(b) In the absence of more rational data, the inertia loads may be assumed to be equal to KW, 
where ς 

(1) K = 24 for vertical surfaces; 

(2) K = 12 for horizontal surfaces; and 

(3) W = weight of the movable surfaces. 

AMC 25.393(a) Loads parallel to hinge line 
ED Decision 2003/2/RM  

The loads parallel to the hinge line on primary control surfaces and other movable surfaces, such as 
tabs, spoilers, speedbrakes, flaps, slats and all-moving tailplanes, should take account of axial play 
between the surface and its supporting structure in complying with CS 25.393(a). For the rational 
analysis, the critical airframe acceleration time history in the direction of the hinge line from all flight 
and ground design conditions (except the emergency landing conditions of CS 25.561) should be 
considered. The play assumed in the control surface supporting structure, should include the 
maximum tolerable nominal play and the effects of wear.  

CS 25.395 Control system 
ED Decision 2003/2/RM  

(a) Longitudinal, lateral, directional and drag control systems and their supporting structures must 
be designed for loads corresponding to 125% of the computed hinge moments of the movable 
control surface in the conditions prescribed in CS 25.391.  

(b) The system limit loads of paragraph (a) need not exceed the loads that can be produced by the 
pilot (or pilots) and by automatic or power devices operating the controls. 
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(c) The loads must not be less than those resulting from application of the minimum forces 
prescribed in CS 25.397(c).  

CS 25.397 Control system loads 
ED Decision 2013/010/R  

(a) General. The maximum and minimum pilot forces, specified in sub-paragraph (c) of this 
paragraph, are assumed to act at the appropriate control grips or pads (in a manner simulating 
flight conditions) and to be reacted at the attachment of the control system to the control 
surface horn.  

(b) Pilot effort effects. In the control surface flight loading condition, the air loads on movable 
surfaces and the corresponding deflections need not exceed those that would result in flight 
from the application of any pilot force within the ranges specified in sub-paragraph (c) of this 
paragraph. Two-thirds of the maximum values specified for the aileron and elevator may be 
used if control surface hinge moments are based on reliable data. In applying this criterion, the 
effects of servo mechanisms, tabs, and automatic pilot systems, must be considered. 

(c) Limit pilot forces and torques. The limit pilot forces and torques are as follows:  

Control  Maximum forces or torques  Minimum forces or torques  

Aileron:  
Stick  
Wheel*  

 
445 N (100 lbf)  
356 DNm (80 D in.lb)**  

 
178 N (40 lbf)  
178 DNm (40 D in.lbf)  

Elevator:  
Stick  
Wheel (symmetrical)  
²ƘŜŜƭ όǳƴǎȅƳƳŜǘǊƛŎŀƭύϞ 

 
1112 N (250 lbf)  
1335N(300 lbf)  

 
445 N (100 lbf) 
445 N(100 lbf)  
445 N (100 lbf) 

Rudder  1335 N (300 lbf)  578 N 130 lbf  

*The critical parts of the aileron control system must be designed for a single tangential force with a limit 
value equal to 1·25 times the couple force determined from these criteria.  

**D = wheel diameter in m (inches)  

Ϟ¢ƘŜ ǳƴǎȅƳƳŜǘǊƛŎŀƭ ŦƻǊŎŜǎ Ƴǳǎǘ ōŜ ŀǇǇƭƛŜŘ ŀǘ ƻƴŜ ƻŦ ǘƘŜ ƴƻǊƳŀƭ ƘŀƴŘƎǊƛǇ Ǉƻƛƴǘǎ ƻƴ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǘƘŜ 
control wheel. 

(d) For aeroplanes equipped with side stick controls, designed for forces to be applied by one wrist 
and not by the arms, the limit pilot forces are as follows: 

(1) For all components between and including the handle and its control stops: 

PITCH ROLL 

Nose up 890 N (200 lbf) Nose left 445 N (100lbf) 

Nose down 890 N (200 lbf) Nose right 445 N (100 lbf) 

 

(2) For all other components of the side stick control assembly, but excluding the internal 
components of the electrical sensor assemblies, to avoid damage as a result of an in-flight 
jam: 

PITCH ROLL 

Nose up 556 N (125 lbf) Nose left 222 N (50 lbf) 

Nose down 556 N (125 lbf) Nose right 222 N (50 lbf) 

[Amdt 25/13] 
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CS 25.399 Dual control system 
ED Decision 2006/005/R  

(a) Each dual control system must be designed for the pilots operating in opposition, using 
individual pilot forces not less than ς 

(1) 0·75 times those obtained under CS 25.395; or  

(2) The minimum forces specified in CS 25.397(c). 

(b) The control system must be designed for pilot forces applied in the same direction, using 
individual pilot forces not less than 0·75 times those obtained under CS 25.395. 

[Amdt 25/2] 

CS 25.405 Secondary control system 
ED Decision 2007/010/R  

Secondary controls, such as wheel brake, spoiler, and tab controls, must be designed for the maximum 
forces that a pilot is likely to apply to those controls. The following values may be used:  

PILOT CONTROL FORCE LIMITS (SECONDARY CONTROLS). 

Control  Limit pilot forces  

Miscellaneous:  
*Crank, wheel, or lever.  

ςυȢτ Ὑ

χφȢς
ὼ ςςς ὔ υπ ὰὦὪȟ 

but not less than 222 N (50 lbf) nor more than 667 N (150 lbf) (R = radius in 
mm).  
(Applicable to any angle within 20o of plane of control). 

Twist  15 Nm (133 in.lbf)  

Push-pull  To be chosen by applicant.  

*Limited to flap, tab, stabiliser, spoiler, and landing gear operation controls.  
[Amdt. 25/3] 

CS 25.407 Trim tab effects 
ED Decision 2003/2/RM  

The effects of trim tabs on the control surface design conditions must be accounted for only where 
the surface loads are limited by maximum pilot effort. In these cases, the tabs are considered to be 
deflected in the direction that would assist the pilot, and the deflections are ς  

(a) For elevator trim tabs, those required to trim the aeroplane at any point within the positive 
portion of the pertinent flight envelope in CS 25.333(b), except as limited by the stops; and  

(b) For aileron and rudder trim tabs, those required to trim the aeroplane in the critical 
unsymmetrical power and loading conditions, with appropriate allowance for rigging 
tolerances. 

CS 25.409 Tabs 
ED Decision 2003/2/RM  

(a) Trim tabs. Trim tabs must be designed to withstand loads arising from all likely combinations of 
tab setting, primary control position, and aeroplane speed (obtainable without exceeding the 
flight load conditions prescribed for the aeroplane as a whole), when the effect of the tab is 
opposed by pilot effort forces up to those specified in CS 25.397(b).  
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(b) Balancing tabs. Balancing tabs must be designed for deflections consistent with the primary 
control surface loading conditions.  

(c) Servo tabs. Servo tabs must be designed for deflections consistent with the primary control 
surface loading conditions obtainable within the pilot manoeuvring effort, considering possible 
opposition from the trim tabs.  

CS 25.415 Ground gust conditions 
ED Decision 2003/2/RM  

(a) The flight control systems and surfaces must be designed for the limit loads generated when 
the aircraft is subjected to a horizontal 33.44 m/sec (65 knots) ground gust from any direction, 
while taxying with the controls locked and unlocked and while parked with the controls locked. 

(b) The control system and surface loads due to ground gust may be assumed to be static loads and 
the hinge moments H, in Newton metres (foot pounds), must be computed from the formula: 

Ὄ ὑ ρȾς”ὠὧὛ 

where:  

K   = hinge moment factor for ground gusts derived in subparagraph (c) of this paragraph  

ó  = density of air at sea level = 1.225 (kg/m3) (0.0023769 (slugs/ft3) = 0.0023769 (lb-sec2/ ft 4))  

V   = 33.44 m/sec (65 knots = 109.71 fps) relative to the aircraft  

S   = area of the control surface aft of the hinge line (m2) (ft2) 

c   = mean aerodynamic chord of the control surface aft of the hinge line (m) (ft)  

(c) The hinge moment factor K for ground gusts must be taken from the following table: 

Surface  K  Position of controls  

(a) Aileron 0.75 Control column locked or lashed in mid-position. 

(b) Aileron *±0.50 Ailerons at full throw.  

(c) Elevator *±0.75 Elevator full down. 

(d) Elevator *±0.75 Elevator full up. 

(e) Rudder 0.75 Rudder in neutral. 

(f) Rudder 0.75  Rudder at full throw.  

* A positive value of K indicates a moment tending to depress the surface, while a negative value of K 
indicates a moment tending to raise the surface. 

(d) The computed hinge moment of subparagraph (b) must be used to determine the limit loads 
due to ground gust conditions for the control surface. A 1.25 factor on the computed hinge 
moments must be used in calculating limit control system loads. 

(e) Where control system flexibility is such that the rate of load application in the ground gust 
conditions might produce transient stresses appreciably higher than those corresponding to 
static loads, in the absence of a rational analysis an additional factor of 1.60 must be applied to 
the control system loads of subparagraph (d) to obtain limit loads. If a rational analysis is used, 
the additional factor must not be less than 1.20. 

(f) For the condition of the control locks engaged, the control surfaces, the control system locks 
and the parts of the control systems (if any) between the surfaces and the locks must be 
designed to the respective resultant limit loads. Where control locks are not provided then the 
control surfaces, the control system stops nearest the surfaces and the parts of the control 
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systems (if any) between the surfaces and the stops must be designed to the resultant limit 
loads. If the control system design is such as to allow any part of the control system to impact 
with the stops due to flexibility, then the resultant impact loads must be taken into account in 
deriving the limit loads due to ground gust. 

(g) For the condition of taxying with the control locks disengaged, the following apply: 

(1) The control surfaces, the control system stops nearest the surfaces and the parts of the 
control systems (if any) between the surfaces and the stops must be designed to the 
resultant limit loads. 

(2) The parts of the control systems between the stops nearest the surfaces and the cockpit 
controls must be designed to the resultant limit loads, except that the parts of the control 
system where loads are eventually reacted by the pilot need not exceed: 

(i) The loads corresponding to the maximum pilot loads in CS 25.397(c) for each pilot 
alone; or 

(ii) 0.75 times these maximum loads for each pilot when the pilot forces are applied 
in the same direction 

AMC 25.415 Ground gust conditions 
ED Decision 2006/005/R 

1. PURPOSE. This AMC sets forth acceptable methods of compliance with the provisions of CS-25 
dealing with the certification requirements for ground gust conditions. Guidance information is 
provided for showing compliance with CS 25.415, relating to structural design of the control 
surfaces and systems while taxying with control locks engaged and disengaged and when 
parked with control locks engaged. Other methods of compliance with the requirements may 
be acceptable.  

2. RELATED CERTIFICATION SPECIFICATIONS. 

CS 25.415 άDǊƻǳƴŘ Dǳǎǘ /ƻƴŘƛǘƛƻƴǎέΦ  

CS 25.519 άWŀŎƪƛƴƎ ŀƴŘ ¢ƛŜ-Řƻǿƴ tǊƻǾƛǎƛƻƴǎέ  

3. BACKGROUND.  

a. The requirement to consider the effects of ground gusts has been applied to 
large/transport aeroplanes since 1950. The purpose of the requirement was to protect 
the flight control system from excessive peak ground wind loads while the aeroplane is 
parked or while taxying downwind. For developing the original regulation, the control 
surface load distribution was considered to be triangular with the peak at the trailing 
edge representing reversed flow over the control surface. This assumption, along with 
assumptions about the wind approach angle and typical control surface geometries were 
developed into a table of hinge moment factors and set forth in the regulation. These 
hinge moment factors have been carried forward to the existing table in CS 25.415. The 
maximum design wind speed was originally set at 96 km/h (88 feet per second (52 knots)) 
under the presumption that higher speeds were predictable storm conditions and the 
aircraft owner could take additional precautions beyond engaging the standard gust 
locks.  

b. The conditions of CS 25.519 require consideration of the aeroplane in a moored or jacked 
condition in wind speeds up to 120 km/h (65 knots). In order to be consistent in the 
treatment of ground winds, the wind speeds prescribed by CS 25.415, concerning ground 
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gust conditions on control surfaces, was increased to 120 km/h (65 knots) at Change 15 
of JAR-25.  

c. There have been several incidents and accidents caused by hidden damage that had 
previously occurred in ground gust conditions. Although many of these events were for 
aeroplanes that had used the lower wind speeds from the earlier rules, analysis indicates 
that the most significant contributor to the damage was the dynamic load effect. The 
dynamic effects were most significant for control system designs in which the gust locks 
were designed to engage the control system at locations far from the control surface 
horn. Based on these events additional factors are defined for use in those portions of 
the system and surface that could be affected by dynamic effects.  

d. The flight control system and surface loads prescribed by CS 25.415 are limit loads based 
on a peak wind speed of 120 km/h (65 knots) EAS. In operation, the peak wind speed 
would most often be caused by an incremental fluctuation in velocity imposed on top of 
a less rapidly changing mean wind speed. Therefore, an appropriate peak wind speed 
limitation should be reflected in the applicable documents, when there is a potential risk 
of structural damage. 

4.  COMPLIANCE.  

a. The ground gust requirements take into account the conditions of the aeroplane parked 
with controls locked, and taxying with controls either locked or unlocked. In either of the 
locked conditions the control surface loads are assumed to be reacted at the control 
system locks. In the unlocked condition the pilot is assumed to be at the controls and the 
controls are assumed to be powered, if applicable. In the latter condition, the control 
surface loads are assumed to be reacted, if necessary, at the cockpit controls by the 
pilot(s) up to the limits of the maximum pilot forces and torques given in CS 25.397(c).  

b. Where loads are eventually reacted at the cockpit controls, the loads in those parts of the 
control system between the control system stops nearest the control surfaces and the 
cockpit controls need not exceed those that would result from the application of the 
specified maximum pilot effort effects. However, higher loads can be reacted by the 
control system stops. Those parts of the control system from the control surfaces to the 
control system stops nearest the surfaces should be designed to the resultant limit loads 
including dynamic effects, if applicable, and regardless of pilot effort limitations. 
Similarly, pilot effort limitations would not apply to parts of control systems where the 
loads are not eventually reacted at the cockpit controls, for example an aileron control 
system where the right hand side aileron loads are reacted by the left hand side aileron, 
without participation by the pilot(s).  

c. In either the taxying condition (controls locked or unlocked) or the parked condition 
(controls locked), if the control system flexibility is such that the rate of load application 
in the ground gust conditions might produce transient stresses appreciably higher than 
those corresponding to static loads, the effects of this rate of application are required to 
be considered. Manually powered control systems and control systems where the gust 
lock is located remotely from the control surface are examples of designs that might fall 
in this category. In such cases the control system loads are required by CS 25.415(e) to 
be increased by an additional factor over the standard factor of 1.25. 

[Amdt 25/2] 
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CS 25.427 Unsymmetrical loads 
ED Decision 2005/006/R 

(a) In designing the aeroplane for lateral gust, yaw manoeuvre and roll manoeuvre conditions, 
account must be taken of unsymmetrical loads on the empennage arising from effects such as 
slipstream and aerodynamic interference with the wing, vertical fin and other aerodynamic 
surfaces. 

(b) The horizontal tail must be assumed to be subjected to unsymmetrical loading conditions 
determined as follows: 

(1) 100% of the maximum loading from the symmetrical manoeuvre conditions of CS 25.331 
and the vertical gust conditions of CS 25.341(a) acting separately on the surface on one 
side of the plane of symmetry; and  

(2) 80% of these loadings acting on the other side. 

(c) For empennage arrangements where the horizontal tail surfaces have dihedral angles greater 
than plus or minus 10 degrees, or are supported by the vertical tail surfaces, the surfaces and 
the supporting structure must be designed for gust velocities specified in CS 25.341(a) acting in 
any orientation at right angles to the flight path. 

(d) Unsymmetrical loading on the empennage arising from buffet conditions of CS 25.305(e) must 
be taken into account. 

[Amdt 25/1] 

CS 25.445 Outboard fins 
ED Decision 2003/2/RM  

(a) When significant, the aerodynamic influence between auxiliary aerodynamic surfaces, such as 
outboard fins and winglets, and their supporting aerodynamic surfaces must be taken into 
account for all loading conditions including pitch, roll and yaw manoeuvres, and gusts as 
specified in CS 25.341(a) acting at any orientation at right angles to the flight path. 

(b) To provide for unsymmetrical loading when outboard fins extend above and below the 
horizontal surface, the critical vertical surface loading (load per unit area) determined under     
CS 25.391 must also be applied as follows: 

(1) 100% to the area of the vertical surfaces above (or below) the horizontal surface. 

(2) 80% to the area below (or above) the horizontal surface. 

CS 25.457 Wing-flaps 
ED Decision 2003/2/RM  

Wing flaps, their operating mechanisms, and their supporting structures must be designed for critical 
loads occurring in the conditions prescribed in CS 25.345, accounting for the loads occurring during 
transition from one wing-flap position and airspeed to another.  

CS 25.459 Special devices 
ED Decision 2003/2/RM  

The loading for special devices using aero-dynamic surfaces (such as slots, slats and spoilers) must be 
determined from test data.  

http://easa.europa.eu/
https://dxweb.easa.europa.eu/dx4/Topics/Cloned-d8547a02-ec18-4b4e-ac30-c8febe2af159.docx


 

Easy Access Rules for Large Aeroplanes      (CS-25) 
(Amendment 16) 

SUBPART C ς STRUCTURE 

GROUND LOADS 

 

Powered by EASA eRules Page 315 of 1189| Jan 2023 
 

GROUND LOADS 

CS 25.471 General 
ED Decision 2003/2/RM  

(a) Loads and equilibrium. For limit ground loads ς  

(1) Limit ground loads obtained under this Subpart are considered to be external forces 
applied to the aeroplane structure; and 

(2) In each specified ground load condition, the external loads must be placed in equilibrium 
with the linear and angular inertia loads in a rational or conservative manner. 

(b) Critical centres of gravity. The critical centres of gravity within the range for which certification 
is requested must be selected so that the maximum design loads are obtained in each landing 
gear element. Fore and aft, vertical, and lateral aeroplane centres of gravity must be considered. 
Lateral displacements of the centre of gravity from the aeroplane centreline which would result 
in main gear loads not greater than 103% of the critical design load for symmetrical loading 
conditions may be selected without considering the effects of these lateral centre of gravity 
displacements on the loading of the main gear elements, or on the aeroplane structure 
provided ς 

(1) The lateral displacement of the centre of gravity results from random passenger or cargo 
disposition within the fuselage or from random unsymmetrical fuel loading or fuel usage; 
and 

(2) Appropriate loading instructions for random disposable loads are included under the 
provisions of CS 25.1583(c)(1) to ensure that the lateral displacement of the centre of 
gravity is maintained within these limits. 

(c) Landing gear dimension data. Figure 1 of Appendix A contains the basic landing gear dimension 
data. 

CS 25.473 Landing load conditions and assumptions 
ED Decision 2003/2/RM  

(a)For the landing conditions specified in CS 25.479 to 25.485, the aeroplane is assumed to contact 
the ground: 

(1)In the attitudes defined in CS 25.479 and CS 25.481. 

(2) With a limit descent velocity of 3·05 m/sec (10 fps) at the design landing weight (the 
maximum weight for landing conditions at maximum descent velocity); and 

(3) With a limit descent velocity of 1·83 m/sec (6 fps) at the design take-off weight (the 
maximum weight for landing conditions at a reduced descent velocity). 

(4) The prescribed descent velocities may be modified if it is shown that the aeroplane has 
design features that make it impossible to develop these velocities. 

(b) Aeroplane lift, not exceeding aeroplane weight, may be assumed, unless the presence of 
systems or procedures significantly affects the lift. 

(c) The method of analysis of aeroplane and landing gear loads must take into account at least the 
following elements: 

(1) Landing gear dynamic characteristics. 
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(2) Spin-up and spring back. 

(3) Rigid body response. 

(4) Structural dynamic response of the airframe, if significant. 

(d) The landing gear dynamic characteristics must be validated by tests as defined in CS 25.723(a). 

(e) The coefficient of friction between the tyres and the ground may be established by considering 
the effects of skidding velocity and tyre pressure. However, this coefficient of friction need not 
be more than 0·8. 

CS 25.477 Landing gear arrangement 
ED Decision 2003/2/RM  

CS 25.479 to 25.485 apply to aeroplanes with conventional arrangements of main and nose gears, or 
main and tail gears, when normal operating techniques are used.  

CS 25.479 Level landing conditions 
ED Decision 2003/2/RM  

(a) In the level attitude, the aeroplane is assumed to contact the ground at forward velocity 
components, ranging from VL1 to 1·25 VL2 parallel to the ground under the conditions prescribed 
in CS 25.473 with: 

(1) VL1 equal to VS0(TAS) at the appropriate landing weight and in standard sea-level 
conditions; and  

(2) VL2, equal to VS0(TAS) at the appropriate landing weight and altitudes in a hot day 
temperature of 22.8°C (41°F) above standard. 

(3) The effects of increased contact speed must be investigated if approval of downwind 
landings exceeding 19 km/h (10 knots) is requested. 

(b) For the level landing attitude for aeroplanes with tail wheels, the conditions specified in this 
paragraph must be investigated with the aeroplane horizontal reference line horizontal in 
accordance with Figure 2 of Appendix A of CS-25. 

(c) For the level landing attitude for aeroplanes with nose wheels, shown in Figure 2 of Appendix A 
of CS-25, the conditions specified in this paragraph must be investigated assuming the following 
attitudes: 

(1) An attitude in which the main wheels are assumed to contact the ground with the nose 
wheel just clear of the ground; and 

(2) If reasonably attainable at the specified descent and forward velocities an attitude in 
which the nose and main wheels are assumed to contact the ground simultaneously. 

(d) In addition to the loading conditions prescribed in sub-paragraph (a) of this paragraph, but with 
maximum vertical ground reactions calculated from paragraph (a), the following apply: 

(1) The landing gear and directly affected structure must be designed for the maximum 
vertical ground reaction combined with an aft acting drag component of not less than 
25% of this maximum vertical ground reaction. 

(2) The most severe combination of loads that are likely to arise during a lateral drift landing 
must be taken into account. In absence of a more rational analysis of this condition, the 
following must be investigated: 
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(i) A vertical load equal to 75% of the maximum ground reaction of CS 25.473(a)(2) 
must be considered in combination with a drag and side load of 40% and 25%, 
respectively, of that vertical load. 

(ii) The shock absorber and tyre deflections must be assumed to be 75% of the 
deflection corresponding to the maximum ground reaction of CS 25.473(a)(2). This 
load case need not be considered in combination with flat tyres.  

(3) The combination of vertical and drag components is considered to be acting at the wheel 
axle centreline. 

CS 25.481 Tail-down landing conditions 
ED Decision 2003/2/RM  

(a) In the tail-down attitude, the aeroplane is assumed to contact the ground at forward velocity 
components, ranging from VL1 to VL2, parallel to the ground under the conditions prescribed in 
CS 25.473 with: 

(1) VL1 equal to VS0 (TAS) at the appropriate landing weight and in standard sealevel 
conditions; and  

(2) VL2 equal to VS0 (TAS) at the appropriate landing weight and altitudes in a hot-day 
temperature of 22.8°C (41°F) above standard.  

The combination of vertical and drag components is considered to be acting at the main wheel 
axle centreline.  

(b) For the tail-down landing condition for aeroplanes with tail wheels, the main and tail wheels 
are assumed to contact the ground simultaneously, in accordance with Figure 3 of Appendix A. 
Ground reaction conditions on the tail wheel are assumed to act ς 

(1) Vertically; and 

(2) Up and aft through the axle at 45° to the ground line. 

(c) For the tail-down landing condition for aeroplanes with nose wheels, the aeroplane is assumed 
to be at an attitude corresponding to either the stalling angle or the maximum angle allowing 
clearance with the ground by each part of the aeroplane other than the main wheels, in 
accordance with Figure 3 of Appendix A, whichever is less. 

CS 25.483 One-gear landing conditions 
ED Decision 2003/2/RM  

For the one-gear landing conditions, the aeroplane is assumed to be in the level attitude and to contact 
the ground on one main landing gear, in accordance with Figure 4 of Appendix A of CS-25. In this 
attitude ς  

(a) The ground reactions must be the same as those obtained on that side under CS 25.479(d)(1), 
and  

(b) Each unbalanced external load must be reacted by aeroplane inertia in a rational or 
conservative manner. 

CS 25.485 Side load conditions 
ED Decision 2003/2/RM  

In addition to CS 25.479(d)(2) the following conditions must be considered:  
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(a) For the side load condition, the aeroplane is assumed to be in the level attitude with only the 
main wheels contacting the ground, in accordance with Figure 5 of Appendix A.  

(b) Side loads of 0·8 of the vertical reaction (on one side) acting inward and 0·6 of the vertical 
reaction (on the other side) acting outward must be combined with one-half of the maximum 
vertical ground reactions obtained in the level landing conditions. These loads are assumed to 
be applied at the ground contact point and to be resisted by the inertia of the aeroplane. The 
drag loads may be assumed to be zero. 

CS 25.487 Rebound landing condition 
ED Decision 2003/2/RM  

(a) The landing gear and its supporting structure must be investigated for the loads occurring 
during rebound of the aeroplane from the landing surface. 

(b) With the landing gear fully extended and not in contact with the ground, a load factor of 20·0 
must act on the unsprung weights of the landing gear. This load factor must act in the direction 
of motion of the unsprung weights as they reach their limiting positions in extending with 
relation to the sprung parts of the landing gear. 

CS 25.489 Ground handling conditions 
ED Decision 2003/2/RM  

Unless otherwise prescribed, the landing gear and aeroplane structure must be investigated for the 
conditions in CS 25.491 to 25.509 with the aeroplane at the design ramp weight (the maximum weight 
for ground handling conditions). No wing lift may be considered. The shock absorbers and tyres may 
be assumed to be in their static position.  

CS 25.491 Taxi, takeoff and landing roll 
ED Decision 2003/2/RM  

Within the range of appropriate ground speeds and approved weights, the aeroplane structure and 
landing gear are assumed to be subjected to loads not less than those obtained when the aircraft is 
operating over the roughest ground that may reasonably be expected in normal operation. (See 
AMC 25.491.) 

AMC 25.491 Taxy, take-off and landing roll 
ED Decision 2003/2/RM  

1. PURPOSE. This AMC sets forth acceptable methods of compliance with the provisions of CS-25 
dealing with the certification requirements for taxy, take-off and landing roll design loads. 
Guidance information is provided for showing compliance with CS 25.491, relating to structural 
design for aeroplane operation on paved runways and taxy-ways normally used in commercial 
operations. Other methods of compliance with the requirements may be acceptable.  

2. RELATED CERTIFICATION SPECIFICATIONS. The contents of this AMC are considered by the 
Agency in determining compliance with CS 25.491. Related paragraphs are CS 25.305(c) and 
CS 25.235.  

3. BACKGROUND.  

a. All paved runways and taxy-ways have an inherent degree of surface unevenness, or 
roughness. This is the result of the normal tolerances of engineering standards required 
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for construction, as well as the result of events such as uneven settlement and frost 
heave. In addition, repair of surfaces on an active runway or taxy-way can result in 
temporary ramped surfaces. Many countries have developed criteria for runway surface 
roughness. The Inter-national Civil Aviation Organisation (ICAO) standards are published 
in ICAO Annex 14.  

b. In the late 1940's, as aeroplanes became larger, more flexible, and operated at higher 
ground speeds, consideration of dynamic loads during taxy, landing rollout, and take-off 
became important in aeroplane design. CS 25.235, CS 25.491 and CS 25.305(c) apply.  

c. Several approaches had been taken by different manufacturers in complying with the 
noted regulations. If dynamic effects due to rigid body modes or airframe flexibility during 
taxy were not considered critical, some manufacturers used a simplified static analysis 
where a static inertia force was applied to the aeroplane using a load factor of 2.0 for 
single axle gears or 1.7 for multiple axle gears. The lower 1.7 factor was justified based 
on an assumption that there was a load alleviating effect resulting from rotation of the 
beam, on which the forward and aft axles are attached, about the central pivot point on 
the strut. The static load factor approach was believed to encompass any dynamic effects 
and it had the benefit of a relatively simple analysis.  

d. As computers became more powerful and dynamic analysis methods became more 
sophisticated, it was found that dynamic effects sometimes resulted in loads greater than 
those which were predicted by the static criterion. Some manufacturers performed 
calculations using a series of harmonic bumps to represent a runway surface, tuning the 
bumps to excite various portions of the structure at a given speed. U.S. Military Standard 
8862 defines amplitude and wavelengths of 1-cosine bumps intended to excite low speed 
plunge, pitch and wing first bending modes.  

e. Some manufacturers used actual runway profile data to calculate loads. The runway 
profiles of the San Francisco Runway 28R or Anchorage Runway 24, which were known 
to cause high loads on aeroplanes and were the subject of pilot complaints until 
resurfaced, have been used in a series of bi-directional constant speed analytical runs to 
determine loads. In some cases, accelerated runs have been used, starting from several 
points along the runway. The profiles of those runways are described in NASA Reports 
CR-119 and TN D-5703. Such deterministic dynamic analyses have in general proved to 
be satisfactory.  

f. Some manufacturers have used a statistical power spectral density (PSD) approach, 
especially to calculate fatigue loads. Extensive PSD runway roughness data exist for 
numerous world runways. The PSD approach is not considered practical for calculation of 
limit loads.  

g. Because the various methods described above produce different results, the guidance 
information given in paragraphs 4, 5, and 6 of this AMC should be used when 
demonstrating compliance with CS 25.491.  

4. RUNWAY PROFILE CONDITION.  

a. Consideration of airframe flexibility and landing gear dynamic characteristics is necessary 
in most cases. A deterministic dynamic analysis, based on the San Francisco Runway 28R 
(before it was resurfaced), described in Table 1 of this AMC, is an acceptable method for 
compliance. As an alternative means of compliance, the San Francisco Runway 28R 
(before it was resurfaced) may be used with the severe bump from 1530 to 1538 feet 
modified per Table 2. The modifications to the bump reflect the maximum slope change 
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permitted in ICAO Annex 14 for temporary ramps used to transition asphalt overlays to 
existing pavement. The points affected by this modification are outlined in Table 1.  

b. Aeroplane design loads should be developed for the most critical conditions arising from 
taxy, take-off, and landing run. The aeroplane analysis model should include significant 
aeroplane rigid body and flexible modes, and the appropriate landing gear and tyre 
characteristics. Unless the aeroplane has design features that would result in significant 
asymmetric loads, only the symmetric cases need be investigated.  

c. Aeroplane steady aerodynamic effects should normally be included. However, they may 
be ignored if their deletion is shown to produce conservative loads. Unsteady 
aerodynamic effects on dynamic response may be neglected.  

d. Conditions should be run at the maximum take-off weight and the maximum landing 
weight with critical combinations of wing fuel, payload, and extremes of centre of gravity 
(c.g.) range. For aeroplanes with trimable stabilisers, the stabiliser should be set at the 
appropriate setting for take-off cases and at the recommended final approach setting for 
landing cases. The elevator should be assumed faired relative to the stabiliser throughout 
the take-off or landing run, unless other normal procedures are specified in the flight 
manual.  

e. A series of constant speed runs should be made in both directions from 37 km/h (20 
knots) up to the maximum ground speeds expected in normal operation (VR defined at 
maximum altitude and temperature for take-off conditions, 1.25 VL2 for landing 
conditions). Sufficiently small speed increments should be evaluated to assure that 
maximum loads are achieved. Constant speed runs should be made because using 
accelerated runs may not define the speed/roughness points which could produce peak 
dynamic loads. For maximum take-off weight cases, the analysis should account for 
normal take-off flap and control settings and consider both zero and maximum thrust. 
For maximum landing weight cases, the analysis should account for normal flap and 
spoiler positions following landing, and steady pitching moments equivalent to those 
produced by braking with a coefficient of friction of 0.3 with and without reverse thrust. 
The effects of automatic braking systems that reduce braking in the presence of reverse 
thrust may be taken into account.  

5.  DISCRETE LOAD CONDITION. One of the following discrete limit load conditions should be 
evaluated:  

a. With all landing gears in contact with the ground, the condition of a vertical load equal to 
1.7 times the static ground reaction should be investigated under the most adverse 
aeroplane loading distribution at maximum take-off weight, with and without thrust from 
the engines;  

b. As an alternative to paragraph 5.a. above, it would be acceptable to undertake dynamic 
analyses under the same conditions considered in paragraph 4 of this AMC considering 
the aircraft response to each of the following pairs of identical and contiguous 1-cosine 
upwards bumps on an otherwise smooth runway:  

(i) Bump wavelengths equal to the mean longitudinal distance between nose and 
main landing gears, or between the main and tail landing gears, as appropriate; 
and separately: 

(ii) Bump wavelengths equal to twice this distance. 

The bump height in each case should be defined as:  
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Ὄ ὃ ὄЍὒ 

Where:  

H = the bump height  

L = the bump wavelength  

A = 1.2, B = 0.023 if H and L are expressed in inches  

A = 30.5, B = 0.116 if H and L are expressed in millimetres  

6. COMBINED LOAD CONDITION. A condition of combined vertical, side and drag loads should be 
investigated for the main landing gear. In the absence of a more rational analysis a vertical load 
equal to 90% of the ground reaction from paragraph 5 above should be combined with a drag 
load of 20% of the vertical load and a side load of 20% of the vertical load. Side loads acting 
either direction should be considered.  

7. TYRE CONDITIONS. The calculation of maximum gear loads in accordance with paragraphs 4, 5, 
and 6, may be performed using fully inflated tyres. For multiple wheel units, the maximum gear 
loads should be distributed between the wheels in accordance with the criteria of CS 25.511.  

[Amdt 25/2] 
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ED Decision 2003/2/RM  

TABLE 1  

SAN FRANCISCO RUNWAY 28R  

ONE TRACK  
LENGTH: 3880 FEET  
NUMBER OF POINTS: 1941  
POINT SPACING: 2 FEET  
ELEVATIONS: FEET  
REFERENCE SOURCE: REPORT TO NASA (EFFECTS OF RUNWAY UNEVENNESS ON THE DYNAMIC RESPONSE OF SUPERSONIC TRANSPORTS), JULY 1964, U. OF CALIF. 
BERKELEY. 
RUNWAY ELEVATION POINTS IN FEET (READ ROW WISE):  

Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

0.00 10.30 2.00 10.31 4.00 10.30 6.00 10.30 8.00 10.31 10.00 10.32 12.00 10.33 14.00 10.34 

16.00 10.35 18.00 10.36 20.00 10.36 22.00 10.37 24.00 10.37 26.00 10.37 28.00 10.38 30.00 10.39 

32.00 10.40 34.00 10.40 36.00 10.41 38.00 10.41 40.00 10.42 42.00 10.43 44.00 10.43 46.00 10.44 

48.00 10.44 50.00 10.44 52.00 10.44 54.00 10.44 56.00 10.45 58.00 10.46 60.00 10.47 62.00 10.47 

64.00 10.48 66.00 10.49 68.00 10.49 70.00 10.50 72.00 10.50 74.00 10.50 76.00 10.50 78.00 10.50 

80.00 10.50 82.00 10.49 84.00 10.49 86.00 10.49 88.00 10.49 90.00 10.50 92.00 10.50 94.00 10.51 

96.00 10.51 98.00 10.52 100.00 10.52 102.00 10.52 104.00 10.53 106.00 10.53 108.00 10.54 110.00 10.54 

112.00 10.55 114.00 10.55 116.00 10.55 118.00 10.55 120.00 10.54 122.00 10.55 124.00 10.55 126.00 10.56 

128.00 10.57 130.00 10.57 132.00 10.57 134.00 10.57 136.00 10.57 138.00 10.58 140.00 10.57 142.00 10.57 

144.00 10.58 146.00 10.57 148.00 10.56 150.00 10.56 152.00 10.56 154.00 10.56 156.00 10.56 158.00 10.56 

160.00 10.56 162.00 10.56 164.00 10.55 166.00 10.55 168.00 10.55 170.00 10.56 172.00 10.57 174.00 10.57 

176.00 10.57 178.00 10.57 180.00 10.56 182.00 10.55 184.00 10.55 186.00 10.55 188.00 10.55 190.00 10.55 

192.00 10.56 194.00 10.56 196.00 10.56 198.00 10.56 200.00 10.55 202.00 10.54 204.00 10.53 206.00 10.52 

208.00 10.52 210.00 10.52 212.00 10.52 214.00 10.52 216.00 10.52 218.00 10.53 220.00 10.52 222.00 10.52 

224.00 10.51 226.00 10.52 228.00 10.52 230.00 10.51 232.00 10.52 234.00 10.52 236.00 10.53 238.00 10.53 

240.00 10.53 242.00 10.53 244.00 10.53 246.00 10.53 248.00 10.53 250.00 10.53 252.00 10.53 254.00 10.52 

256.00 10.53 258.00 10.54 260.00 10.54 262.00 10.54 264.00 10.54 266.00 10.54 268.00 10.54 270.00 10.55 

272.00 10.55 274.00 10.54 276.00 10.55 278.00 10.55 280.00 10.56 282.00 10.57 284.00 10.58 286.00 10.59 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

288.00 10.60 290.00 10.61 292.00 10.62 294.00 10.63 296.00 10.65 298.00 10.66 300.00 10.66 302.00 10.67 

304.00 10.66 306.00 10.67 308.00 10.67 310.00 10.67 312.00 10.67 314.00 10.67 316.00 10.66 318.00 10.66 

320.00 10.65 322.00 10.65 324.00 10.65 326.00 10.65 328.00 10.66 330.00 10.67 332.00 10.67 334.00 10.67 

336.00 10.68 338.00 10.68 340.00 10.68 342.00 10.69 344.00 10.69 346.00 10.69 348.00 10.70 350.00 10.71 

352.00 10.71 354.00 10.72 356.00 10.72 358.00 10.71 360.00 10.72 362.00 10.72 364.00 10.72 366.00 10.71 

368.00 10.72 370.00 10.72 372.00 10.73 374.00 10.73 376.00 10.74 378.00 10.75 380.00 10.75 382.00 10.78 

384.00 10.77 386.00 10.78 388.00 10.79 390.00 10.80 392.00 10.81 394.00 10.81 396.00 10.82 398.00 10.83 

400.00 10.84 402.00 10.85 404.00 10.86 406.00 10.86 408.00 10.86 410.00 10.86 412.00 10.85 414.00 10.86 

416.00 10.86 418.00 10.87 420.00 10.87 422.00 10.87 424.00 10.87 426.00 10.87 428.00 10.86 430.00 10.85 

432.00 10.84 434.00 10.84 436.00 10.83 438.00 10.83 440.00 10.84 442.00 10.85 444.00 10.86 446.00 10.87 

448.00 10.87 450.00 10.88 452.00 10.89 454.00 10.90 456.00 10.92 458.00 10.93 460.00 10.94 462.00 10.95 

464.00 10.95 466.00 10.95 468.00 10.95 470.00 10.95 472.00 10.95 474.00 10.96 476.00 10.97 478.00 10.98 

480.00 10.98 482.00 10.99 484.00 10.99 486.00 10.99 488.00 11.00 490.00 11.01 492.00 11.01 494.00 11.01 

496.00 11.01 498.00 10.98 500.00 10.96 502.00 10.95 504.00 10.95 506.00 10.95 508.00 10.96 510.00 10.97 

512.00 10.97 514.00 10.98 516.00 10.97 518.00 10.97 520.00 10.98 522.00 10.99 524.00 11.00 526.00 11.01 

528.00 11.03 530.00 11.03 532.00 11.03 534.00 11.03 536.00 11.03 538.00 11.03 540.00 11.03 542.00 11.03 

544.00 11.02 546.00 11.02 548.00 11.03 550.00 11.04 552.00 11.05 554.00 11.05 556.00 11.04 558.00 11.06 

560.00 11.07 562.00 11.07 564.00 11.08 566.00 11.08 568.00 11.09 570.00 11.10 572.00 11.12 574.00 11.13 

576.00 11.14 578.00 11.14 580.00 11.15 582.00 11.16 584.00 11.17 586.00 11.17 588.00 11.17 590.00 11.17 

592.00 11.17 594.00 11.18 596.00 11.18 598.00 11.18 600.00 11.17 602.00 11.17 604.00 11.17 606.00 11.17 

608.00 11.19 610.00 11.17 612.00 11.18 614.00 11.18 616.00 11.18 618.00 11.19 620.00 11.19 622.00 11.19 

624.00 11.20 626.00 11.21 628.00 11.21 630.00 11.21 632.00 11.20 634.00 11.20 636.00 11.20 638.00 11.19 

640.00 11.18 642.00 11.18 644.00 11.17 646.00 11.16 648.00 11.15 650.00 11.14 652.00 11.14 654.00 11.14 

656.00 11.12 658.00 11.11 660.00 11.09 662.00 11.09 664.00 11.09 666.00 11.09 668.00 11.09 670.00 11.09 

672.00 11.09 674.00 11.09 676.00 11.09 678.00 11.09 680.00 11.09 682.00 11.09 684.00 11.09 686.00 11.08 

688.00 11.08 690.00 11.08 692.00 11.08 694.00 11.07 696.00 11.06 698.00 11.05 700.00 11.04 702.00 11.03 

704.00 11.02 706.00 11.01 708.00 11.00 710.00 10.99 712.00 10.99 714.00 10.98 716.00 10.99 718.00 10.98 

720.00 10.98 722.00 10.98 724.00 10.98 726.00 10.98 728.00 10.98 730.00 10.99 732.00 10.99 734.00 11.00 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

736.00 11.00 738.00 11.00 740.00 11.00 742.00 11.00 744.00 11.01 746.00 11.02 748.00 11.02 750.00 11.02 

752.00 11.02 754.00 11.02 756.00 11.02 758.00 11.01 760.00 11.01 762.00 11.00 764.00 11.00 766.00 11.00 

768.00 11.00 770.00 11.00 772.00 11.00 774.00 10.99 776.00 10.99 778.00 10.98 780.00 10.99 782.00 10.99 

784.00 11.00 786.00 11.01 788.00 11.01 790.00 11.01 792.00 11.03 794.00 11.04 796.00 11.03 798.00 11.05 

800.00 11.06 802.00 11.07 804.00 11.06 806.00 11.07 808.00 11.08 810.00 11.08 812.00 11.08 814.00 11.09 

816.00 11.09 818.00 11.08 820.00 11.08 822.00 11.08 824.00 11.08 826.00 11.08 828.00 11.08 830.00 11.07 

832.00 11.08 834.00 11.08 836.00 11.08 838.00 11.08 840.00 11.09 842.00 11.08 844.00 11.08 846.00 11.07 

848.00 11.07 850.00 11.06 852.00 11.05 854.00 11.05 856.00 11.04 858.00 11.05 860.00 11.04 862.00 11.04 

864.00 11.04 866.00 11.04 868.00 11.04 870.00 11.04 872.00 11.04 874.00 11.03 876.00 11.03 878.00 11.03 

880.00 11.03 882.00 11.02 884.00 11.02 886.00 11.02 888.00 11.02 890.00 11.02 892.00 11.02 894.00 11.03 

896.00 11.03 898.00 11.04 900.00 11.05 902.00 11.05 904.00 11.06 906.00 11.06 908.00 11.06 910.00 11.07 

912.00 11.07 914.00 11.07 916.00 11.07 918.00 11.07 920.00 11.08 922.00 11.08 924.00 11.07 926.00 11.07 

928.00 11.07 930.00 11.06 932.00 11.06 934.00 11.06 936.00 11.06 938.00 11.06 940.00 11.07 942.00 11.07 

944.00 11.08 946.00 11.08 948.00 11.09 950.00 11.09 952.00 11.09 954.00 11.09 956.00 11.10 958.00 11.09 

960.00 11.09 962.00 11.09 964.00 11.09 966.00 11.08 968.00 11.08 970.00 11.07 972.00 11.07 974.00 11.06 

976.00 11.07 978.00 11.09 980.00 11.10 982.00 11.10 984.00 11.11 986.00 11.11 988.00 11.12 990.00 11.12 

992.00 11.12 994.00 11.11 996.00 11.11 998.00 11.11 1000.00 11.11 1002.00 11.11 1004.00 11.10 1006.00 11.11 

1008.00 11.11 1010.00 11.12 1012.00 11.12 1014.00 11.12 1016.00 11.11 1018.00 11.11 1020.00 11.12 1022.00 11.11 

1024.00 11.11 1026.00 11.11 1028.00 11.10 1030.00 11.10 1032.00 11.12 1034.00 11.13 1036.00 11.15 1038.00 11.16 

1040.00 11.17 1042.00 11.18 1044.00 11.18 1046.00 11.19 1048.00 11.19 1050.00 11.20 1052.00 11.22 1054.00 11.22 

1056.00 11.23 1058.00 11.23 1060.00 11.23 1062.00 11.24 1064.00 11.25 1066.00 11.25 1068.00 11.26 1070.00 11.24 

1072.00 11.27 1074.00 11.28 1076.00 11.28 1078.00 11.30 1080.00 11.31 1082.00 11.32 1084.00 11.33 1086.00 11.34 

1088.00 11.34 1090.00 11.34 1092.00 11.34 1094.00 11.33 1096.00 11.32 1098.00 11.32 1100.00 11.31 1102.00 11.32 

1104.00 11.32 1106.00 11.31 1108.00 11.31 1110.00 11.31 1112.00 11.32 1114.00 11.31 1116.00 11.32 1118.00 11.33 

1120.00 11.34 1122.00 11.35 1124.00 11.35 1126.00 11.36 1128.00 11.36 1130.00 11.36 1132.00 11.37 1134.00 11.37 

1136.00 11.37 1138.00 11.37 1140.00 11.38 1142.00 11.38 1144.00 11.38 1146.00 11.38 1148.00 11.38 1150.00 11.38 

1152.00 11.38 1154.00 11.38 1156.00 11.38 1158.00 11.37 1160.00 11.37 1162.00 11.37 1164.00 11.37 1166.00 11.38 

1168.00 11.38 1170.00 11.39 1172.00 11.38 1174.00 11.38 1176.00 11.39 1178.00 11.40 1180.00 11.41 1182.00 11.41 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

1184.00 11.42 1186.00 11.43 1188.00 11.44 1190.00 11.44 1192.00 11.45 1194.00 11.46 1196.00 11.46 1198.00 11.46 

1200.00 11.46 1202.00 11.47 1204.00 11.48 1206.00 11.48 1208.00 11.48 1210.00 11.49 1212.00 11.50 1214.00 11.50 

1216.00 11.50 1218.00 11.50 1220.00 11.50 1222.00 11.50 1224.00 11.49 1226.00 11.49 1228.00 11.49 1230.00 11.48 

1232.00 11.47 1234.00 11.46 1236.00 11.46 1238.00 11.48 1240.00 11.46 1242.00 11.47 1244.00 11.47 1246.00 11.47 

1248.00 11.47 1250.00 11.46 1252.00 11.45 1254.00 11.45 1256.00 11.45 1258.00 11.46 1260.00 11.46 1262.00 11.46 

1264.00 11.45 1266.00 11.45 1268.00 11.45 1270.00 11.45 1272.00 11.45 1274.00 11.46 1276.00 11.46 1278.00 11.46 

1280.00 11.48 1282.00 11.47 1284.00 11.47 1286.00 11.48 1288.00 11.48 1290.00 11.48 1292.00 11.48 1294.00 11.49 

1296.00 11.49 1298.00 11.50 1300.00 11.51 1302.00 11.52 1304.00 11.52 1306.00 11.52 1308.00 11.52 1310.00 11.52 

1312.00 11.52 1314.00 11.52 1316.00 11.53 1318.00 11.52 1320.00 11.52 1322.00 11.52 1324.00 11.53 1326.00 11.53 

1328.00 11.53 1330.00 11.53 1332.00 11.53 1334.00 11.53 1336.00 11.54 1338.00 11.53 1340.00 11.52 1342.00 11.52 

1344.00 11.51 1346.00 11.53 1348.00 11.52 1350.00 11.54 1352.00 11.53 1354.00 11.54 1356.00 11.53 1358.00 11.54 

1360.00 11.53 1362.00 11.54 1364.00 11.55 1366.00 11.54 1368.00 11.54 1370.00 11.54 1372.00 11.54 1374.00 11.53 

1376.00 11.52 1378.00 11.51 1380.00 11.50 1382.00 11.49 1384.00 11.49 1386.00 11.49 1388.00 11.49 1390.00 11.49 

1392.00 11.48 1394.00 11.47 1396.00 11.47 1398.00 11.47 1400.00 11.46 1402.00 11.47 1404.00 11.47 1406.00 11.48 

1408.00 11.47 1410.00 11.46 1412.00 11.46 1414.00 11.46 1416.00 11.46 1418.00 11.46 1420.00 11.47 1422.00 11.47 

1424.00 11.47 1426.00 11.46 1428.00 11.46 1430.00 11.44 1432.00 11.43 1434.00 11.41 1436.00 11.40 1438.00 11.39 

1440.00 11.38 1442.00 11.37 1444.00 11.36 1446.00 11.36 1448.00 11.35 1450.00 11.35 1452.00 11.35 1454.00 11.35 

1456.00 11.35 1458.00 11.34 1460.00 11.34 1462.00 11.33 1464.00 11.32 1466.00 11.32 1468.00 11.32 1470.00 11.31 

1472.00 11.31 1474.00 11.30 1476.00 11.29 1478.00 11.29 1480.00 11.28 1482.00 11.28 1484.00 11.28 1486.00 11.28 

1488.00 11.28 1490.00 11.27 1492.00 11.27 1494.00 11.27 1496.00 11.26 1498.00 11.26 1500.00 11.25 1502.00 11.25 

1504.00 11.24 1506.00 11.23 1508.00 11.22 1510.00 11.21 1512.00 11.19 1514.00 11.18 1516.00 11.17 1518.00 11.17 

1520.00 11.15 1522.00 11.13 1524.00 11.12 1526.00 11.10 1528.00 11.10 1530.00 11.18 1532.00 11.17 1534.00 11.14 

1536.00 11.14 1538.00 11.12 1540.00 11.00 1542.00 10.97 1544.00 10.95 1546.00 10.94 1548.00 10.92 1550.00 10.91 

1552.00 10.92 1554.00 10.92 1556.00 10.91 1558.00 10.93 1560.00 10.93 1562.00 10.93 1564.00 10.93 1566.00 10.93 

1568.00 10.93 1570.00 10.93 1572.00 10.93 1574.00 10.93 1576.00 10.93 1578.00 10.93 1580.00 10.94 1582.00 10.94 

1584.00 10.94 1586.00 10.94 1588.00 10.95 1590.00 10.94 1592.00 10.93 1594.00 10.94 1596.00 10.94 1598.00 10.93 

1600.00 10.92 1602.00 10.92 1604.00 10.92 1606.00 10.91 1608.00 10.91 1610.00 10.91 1612.00 10.91 1614.00 10.90 

1616.00 10.89 1618.00 10.88 1620.00 10.87* 1622.00 10.89 1624.00 10.88 1626.00 10.88 1628.00 10.88 1630.00 10.87 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

1632.00 10.86 1634.00 10.85 1636.00 10.86 1638.00 10.86 1640.00 10.85 1642.00 10.85 1644.00 10.85 1646.00 10.84 

1648.00 10.84 1650.00 10.84 1652.00 10.83 1654.00 10.83 1656.00 10.82 1658.00 10.82 1660.00 10.81 1662.00 10.81 

1664.00 10.80 1666.00 10.79 1668.00 10.79 1670.00 10.79 1672.00 10.79 1674.00 10.79 1676.00 10.79 1678.00 10.80 

1680.00 10.80 1682.00 10.81 1684.00 10.82 1686.00 10.82 1688.00 10.83 1690.00 10.84 1692.00 10.85 1694.00 10.85 

1696.00 10.85 1698.00 10.87 1700.00 10.87 1702.00 10.88 1704.00 10.87 1706.00 10.88 1708.00 10.87 1710.00 10.87 

1712.00 10.87 1714.00 10.87 1716.00 10.86 1718.00 10.85 1720.00 10.84 1722.00 10.84 1724.00 10.84 1726.00 10.84 

1728.00 10.84 1730.00 10.83 1732.00 10.82 1734.00 10.82 1736.00 10.82 1738.00 10.82 1740.00 10.82 1742.00 10.82 

1744.00 10.83 1746.00 10.82 1748.00 10.83 1750.00 10.82 1752.00 10.82 1754.00 10.82 1756.00 10.82 1758.00 10.81 

1760.00 10.81 1762.00 10.81 1764.00 10.81 1766.00 10.82 1768.00 10.82 1770.00 10.82 1772.00 10.83 1774.00 10.83 

1776.00 10.83 1778.00 10.84 1780.00 10.84 1782.00 10.85 1784.00 10.86 1786.00 10.86 1788.00 10.86 1790.00 10.88 

1792.00 10.87 1794.00 10.86 1796.00 10.86 1798.00 10.86 1800.00 10.87 1802.00 10.87 1804.00 10.86 1806.00 10.85 

1808.00 10.85 1810.00 10.89 1812.00 10.91 1814.00 10.91 1816.00 10.92 1818.00 10.92 1820.00 10.93 1822.00 10.93 

1824.00 10.93 1826.00 10.94 1828.00 10.94 1830.00 10.95 1832.00 10.94 1834.00 10.93 1836.00 10.93 1838.00 10.92 

1840.00 10.93 1842.00 10.91 1844.00 10.91 1846.00 10.90 1848.00 10.90 1850.00 10.90 1852.00 10.91 1854.00 10.91 

1856.00 10.89 1858.00 10.90 1860.00 10.91 1862.00 10.91 1864.00 10.91 1866.00 10.92 1868.00 10.93 1870.00 10.94 

1872.00 10.94 1874.00 10.94 1876.00 10.94 1878.00 10.94 1880.00 10.95 1882.00 10.93 1884.00 10.93 1886.00 10.93 

1888.00 10.93 1890.00 10.92 1892.00 10.93 1894.00 10.93 1896.00 10.93 1898.00 10.93 1900.00 10.91 1902.00 10.90 

1904.00 10.91 1906.00 10.91 1908.00 10.91 1910.00 10.91 1912.00 10.91 1914.00 10.91 1916.00 10.91 1918.00 10.90 

1920.00 10.90 1922.00 10.89 1924.00 10.90 1926.00 10.90 1928.00 10.90 1930.00 10.91 1932.00 10.90 1934.00 10.91 

1936.00 10.89 1938.00 10.89 1940.00 10.89 1942.00 10.89 1944.00 10.89 1946.00 10.88 1948.00 10.88 1950.00 10.87 

1952.00 10.87 1954.00 10.87 1956.00 10.86 1958.00 10.88 1960.00 10.87 1962.00 10.86 1964.00 10.87 1966.00 10.87 

1968.00 10.86 1970.00 10.85 1972.00 10.85 1974.00 10.85 1976.00 10.86 1978.00 10.85 1980.00 10.86 1982.00 10.86 

1984.00 10.86 1986.00 10.87 1988.00 10.87 1990.00 10.87 1992.00 10.87 1994.00 10.87 1996.00 10.88 1998.00 10.87 

2000.00 10.88 2002.00 10.87 2004.00 10.88 2006.00 10.88 2008.00 10.88 2010.00 10.88 2012.00 10.88 2014.00 10.89 

2016.00 10.90 2018.00 10.89 2020.00 10.89 2022.00 10.89 2024.00 10.89 2026.00 10.90 2028.00 10.89 2030.00 10.89 

2032.00 10.88 2034.00 10.87 2036.00 10.88 2038.00 10.87 2040.00 10.87 2042.00 10.87 2044.00 10.87 2046.00 10.88 

2048.00 10.88 2050.00 10.88 2052.00 10.88 2054.00 10.88 2056.00 10.88 2058.00 10.89 2060.00 10.89 2062.00 10.89 

2064.00 10.89 2066.00 10.89 2068.00 10.89 2070.00 10.89 2072.00 10.88 2074.00 10.88 2076.00 10.89 2078.00 10.88 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

2080.00 10.89 2082.00 10.88 2084.00 10.88 2086.00 10.88 2088.00 10.88 2090.00 10.88 2092.00 10.87 2094.00 10.87 

2096.00 10.87 2098.00 10.87 2100.00 10.87 2102.00 10.88 2104.00 10.88 2106.00 10.88 2108.00 10.89 2110.00 10.89 

2112.00 10.90 2114.00 10.91 2116.00 10.92 2118.00 10.92 2120.00 10.93 2122.00 10.92 2124.00 10.92 2126.00 10.92 

2128.00 10.92 2130.00 10.92 2132.00 10.92 2134.00 10.92 2136.00 10.93 2138.00 10.93 2140.00 10.93 2142.00 10.93 

2144.00 10.93 2146.00 10.94 2148.00 10.93 2150.00 10.93 2152.00 10.93 2154.00 10.93 2156.00 10.93 2158.00 10.92 

2160.00 10.92 2162.00 10.91 2164.00 10.90 2166.00 10.92 2168.00 10.91 2170.00 10.91 2172.00 10.90 2174.00 10.90 

2176.00 10.90 2178.00 10.88 2180.00 10.88 2182.00 10.86 2184.00 10.85 2186.00 10.85 2188.00 10.84 2190.00 10.84 

2192.00 10.84 2194.00 10.84 2196.00 10.85 2198.00 10.85 2200.00 10.85 2202.00 10.85 2204.00 10.85 2206.00 10.85 

2208.00 10.86 2210.00 10.86 2212.00 10.86 2214.00 10.87 2216.00 10.88 2218.00 10.88 2220.00 10.89 2222.00 10.90 

2224.00 10.91 2226.00 10.91 2228.00 10.92 2230.00 10.92 2232.00 10.93 2234.00 10.94 2236.00 10.94 2238.00 10.95 

2240.00 10.96 2242.00 10.96 2244.00 10.97 2246.00 10.99 2248.00 10.99 2250.00 10.99 2252.00 10.99 2254.00 11.00 

2256.00 11.00 2258.00 11.00 2260.00 11.01 2262.00 11.01 2264.00 11.02 2266.00 11.02 2268.00 11.02 2270.00 11.04 

2272.00 11.05 2274.00 11.05 2276.00 11.06 2278.00 11.06 2280.00 11.05 2282.00 11.04 2284.00 11.03 2286.00 11.03 

2288.00 11.02 2290.00 11.03 2292.00 11.03 2294.00 11.04 2296.00 11.05 2298.00 11.06 2300.00 11.07 2302.00 11.09 

2304.00 11.10 2306.00 11.10 2308.00 11.11 2310.00 11.12 2312.00 11.14 2314.00 11.14 2316.00 11.15 2318.00 11.16 

2320.00 11.16 2322.00 11.16 2324.00 11.15 2326.00 11.15 2328.00 11.16 2330.00 11.15 2332.00 11.14 2334.00 11.14 

2336.00 11.14 2338.00 11.14 2340.00 11.14 2342.00 11.14 2344.00 11.15 2346.00 11.15 2348.00 11.15 2350.00 11.15 

2352.00 11.15 2354.00 11.15 2356.00 11.16 2358.00 11.16 2360.00 11.15 2362.00 11.15 2364.00 11.16 2366.00 11.16 

2368.00 11.16 2370.00 11.16 2372.00 11.16 2374.00 11.16 2376.00 11.16 2378.00 11.16 2380.00 11.17 2382.00 11.17 

2384.00 11.17 2386.00 11.17 2388.00 11.17 2390.00 11.17 2392.00 11.17 2394.00 11.16 2396.00 11.15 2398.00 11.15 

2400.00 11.14 2402.00 11.14 2404.00 11.14 2406.00 11.13 2408.00 11.12 2410.00 11.12 2412.00 11.12 2414.00 11.12 

2416.00 11.12 2418.00 11.12 2420.00 11.13 2422.00 11.13 2424.00 11.14 2426.00 11.15 2428.00 11.16 2430.00 11.17 

2432.00 11.18 2434.00 11.19 2436.00 11.20 2438.00 11.20 2440.00 11.22 2442.00 11.23 2444.00 11.24 2446.00 11.24 

2448.00 11.25 2450.00 11.26 2452.00 11.27 2454.00 11.28 2456.00 11.28 2458.00 11.29 2460.00 11.30 2462.00 11.30 

2464.00 11.30 2466.00 11.31 2468.00 11.30 2470.00 11.31 2472.00 11.31 2474.00 11.31 2476.00 11.31 2478.00 11.30 

2480.00 11.30 2482.00 11.30 2484.00 11.29 2486.00 11.29 2488.00 11.29 2490.00 11.29 2492.00 11.29 2494.00 11.29 

2496.00 11.29 2498.00 11.29 2500.00 11.29 2502.00 11.30 2504.00 11.30 2506.00 11.31 2508.00 11.31 2510.00 11.32 

2512.00 11.32 2514.00 11.33 2516.00 11.33 2518.00 11.34 2520.00 11.35 2522.00 11.35 2524.00 11.35 2526.00 11.35 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

2528.00 11.35 2530.00 11.35 2532.00 11.36 2534.00 11.36 2536.00 11.35 2538.00 11.35 2540.00 11.35 2542.00 11.35 

2544.00 11.35 2546.00 11.35 2548.00 11.34 2550.00 11.34 2552.00 11.34 2554.00 11.34 2556.00 11.35 2558.00 11.35 

2560.00 11.35 2562.00 11.34 2564.00 11.33 2566.00 11.33 2568.00 11.33 2570.00 11.33 2572.00 11.33 2574.00 11.33 

2576.00 11.33 2578.00 11.32 2580.00 11.33 2582.00 11.33 2584.00 11.33 2586.00 11.33 2588.00 11.33 2590.00 11.34 

2592.00 11.34 2594.00 11.34 2596.00 11.35 2598.00 11.35 2600.00 11.35 2602.00 11.35 2604.00 11.35 2606.00 11.35 

2608.00 11.35 2610.00 11.35 2612.00 11.36 2614.00 11.36 2616.00 11.36 2618.00 11.35 2620.00 11.35 2622.00 11.35 

2624.00 11.35 2626.00 11.35 2628.00 11.35 2630.00 11.36 2632.00 11.36 2634.00 11.36 2636.00 11.36 2638.00 11.36 

2640.00 11.37 2642.00 11.38 2644.00 11.38 2646.00 11.39 2648.00 11.39 2650.00 11.40 2652.00 11.41 2654.00 11.42 

2656.00 11.42 2658.00 11.43 2660.00 11.43 2662.00 11.42 2664.00 11.42 2666.00 11.43 2668.00 11.43 2670.00 11.43 

2672.00 11.43 2674.00 11.43 2676.00 11.43 2678.00 11.44 2680.00 11.44 2682.00 11.45 2684.00 11.46 2686.00 11.46 

2688.00 11.47 2690.00 11.48 2692.00 11.48 2694.00 11.49 2696.00 11.49 2698.00 11.50 2700.00 11.50 2702.00 11.51 

2704.00 11.52 2706.00 11.52 2708.00 11.52 2710.00 11.52 2712.00 11.52 2714.00 11.52 2716.00 11.52 2718.00 11.52 

2720.00 11.52 2722.00 11.52 2724.00 11.51 2726.00 11.51 2728.00 11.51 2730.00 11.50 2732.00 11.50 2734.00 11.50 

2736.00 11.50 2738.00 11.51 2740.00 11.51 2742.00 11.51 2744.00 11.52 2746.00 11.52 2748.00 11.52 2750.00 11.52 

2752.00 11.53 2754.00 11.53 2756.00 11.53 2758.00 11.52 2760.00 11.52 2762.00 11.52 2764.00 11.52 2766.00 11.52 

2768.00 11.52 2770.00 11.53 2772.00 11.53 2774.00 11.53 2776.00 11.54 2778.00 11.53 2780.00 11.53 2782.00 11.54 

2784.00 11.54 2786.00 11.54 2788.00 11.54 2790.00 11.53 2792.00 11.53 2794.00 11.53 2796.00 11.53 2798.00 11.54 

2800.00 11.54 2802.00 11.54 2804.00 11.55 2806.00 11.55 2808.00 11.55 2810.00 11.56 2812.00 11.55 2814.00 11.55 

2816.00 11.55 2818.00 11.55 2820.00 11.54 2822.00 11.53 2824.00 11.53 2826.00 11.53 2828.00 11.51 2830.00 11.52 

2832.00 11.52 2834.00 11.53 2836.00 11.53 2838.00 11.54 2840.00 11.55 2842.00 11.56 2844.00 11.56 2846.00 11.57 

2848.00 11.57 2850.00 11.57 2852.00 11.58 2854.00 11.58 2856.00 11.58 2858.00 11.58 2860.00 11.58 2862.00 11.58 

2864.00 11.59 2866.00 11.59 2868.00 11.59 2870.00 11.59 2872.00 11.58 2874.00 11.57 2876.00 11.57 2878.00 11.58 

2880.00 11.57 2882.00 11.57 2884.00 11.57 2886.00 11.58 2888.00 11.58 2890.00 11.59 2892.00 11.60 2894.00 11.62 

2896.00 11.61 2898.00 11.61 2900.00 11.61 2902.00 11.61 2904.00 11.61 2906.00 11.62 2908.00 11.63 2910.00 11.64 

2912.00 11.65 2914.00 11.66 2916.00 11.67 2918.00 11.67 2920.00 11.67 2922.00 11.68 2924.00 11.70 2926.00 11.72 

2928.00 11.73 2930.00 11.74 2932.00 11.76 2934.00 11.77 2936.00 11.78 2938.00 11.80 2940.00 11.82 2942.00 11.82 

2944.00 11.82 2946.00 11.83 2948.00 11.82 2950.00 11.82 2952.00 11.83 2954.00 11.84 2956.00 11.83 2958.00 11.83 

2960.00 11.83 2962.00 11.83 2964.00 11.83 2966.00 11.83 2968.00 11.84 2970.00 11.85 2972.00 11.86 2974.00 11.87 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

2976.00 11.88 2978.00 11.88 2980.00 11.89 2982.00 11.90 2984.00 11.90 2986.00 11.90 2988.00 11.90 2990.00 11.90 

2992.00 11.90 2994.00 11.91 2996.00 11.91 2998.00 11.90 3000.00 11.91 3002.00 11.91 3004.00 11.91 3006.00 11.91 

3008.00 11.90 3010.00 11.91 3012.00 11.91 3014.00 11.92 3016.00 11.92 3018.00 11.92 3020.00 11.92 3022.00 11.92 

3024.00 11.92 3026.00 11.92 3028.00 11.91 3030.00 11.91 3032.00 11.92 3034.00 11.91 3036.00 11.91 3038.00 11.91 

3040.00 11.91 3042.00 11.90 3044.00 11.90 3046.00 11.90 3048.00 11.90 3050.00 11.90 3052.00 11.90 3054.00 11.90 

3056.00 11.90 3058.00 11.90 3060.00 11.90 3062.00 11.91 3064.00 11.92 3066.00 11.92 3068.00 11.92 3070.00 11.93 

3072.00 11.93 3074.00 11.93 3076.00 11.93 3078.00 11.94 3080.00 11.94 3082.00 11.95 3084.00 11.95 3086.00 11.95 

3088.00 11.96 3090.00 11.96 3092.00 11.96 3094.00 11.96 3096.00 11.96 3098.00 11.96 3100.00 11.95 3102.00 11.94 

3104.00 11.93 3106.00 11.92 3108.00 11.92 3110.00 11.92 3112.00 11.92 3114.00 11.92 3116.00 11.92 3118.00 11.92 

3120.00 11.92 3122.00 11.92 3124.00 11.92 3126.00 11.92 3128.00 11.91 3130.00 11.90 3132.00 11.90 3134.00 11.90 

3136.00 11.90 3138.00 11.90 3140.00 11.90 3142.00 11.90 3144.00 11.90 3146.00 11.90 3148.00 11.90 3150.00 11.90 

3152.00 11.90 3154.00 11.90 3156.00 11.90 3158.00 11.90 3160.00 11.90 3162.00 11.89 3164.00 11.88 3166.00 11.88 

3168.00 11.87 3170.00 11.87 3172.00 11.86 3174.00 11.86 3176.00 11.85 3178.00 11.85 3180.00 11.84 3182.00 11.84 

3184.00 11.84 3186.00 11.84 3188.00 11.84 3190.00 11.85 3192.00 11.87 3194.00 11.89 3196.00 11.89 3198.00 11.90 

3200.00 11.89 3202.00 11.92 3204.00 11.95 3206.00 11.95 3208.00 11.95 3210.00 11.94 3212.00 11.94 3214.00 11.93 

3216.00 11.92 3218.00 11.92 3220.00 11.91 3222.00 11.90 3224.00 11.90 3226.00 11.89 3228.00 11.88 3230.00 11.87 

3232.00 11.86 3234.00 11.85 3236.00 11.84 3238.00 11.84 3240.00 11.84 3242.00 11.83 3244.00 11.82 3246.00 11.82 

3248.00 11.81 3250.00 11.83 3252.00 11.83 3254.00 11.83 3256.00 11.84 3258.00 11.84 3260.00 11.84 3262.00 11.84 

3264.00 11.82 3266.00 11.83 3268.00 11.82 3270.00 11.83 3272.00 11.83 3274.00 11.84 3276.00 11.84 3278.00 11.84 

3280.00 11.85 3282.00 11.84 3284.00 11.84 3286.00 11.84 3288.00 11.85 3290.00 11.85 3292.00 11.85 3294.00 11.86 

3296.00 11.86 3298.00 11.84 3300.00 11.84 3302.00 11.84 3304.00 11.84 3306.00 11.84 3308.00 11.84 3310.00 11.84 

3312.00 11.84 3314.00 11.84 3316.00 11.84 3318.00 11.84 3320.00 11.84 3322.00 11.83 3324.00 11.83 3326.00 11.83 

3328.00 11.82 3330.00 11.83 3332.00 11.83 3334.00 11.83 3336.00 11.82 3338.00 11.82 3340.00 11.83 3342.00 11.82 

3344.00 11.83 3346.00 11.83 3348.00 11.84 3350.00 11.84 3352.00 11.83 3354.00 11.83 3356.00 11.83 3358.00 11.83 

3360.00 11.83 3362.00 11.84 3364.00 11.84 3366.00 11.84 3368.00 11.85 3370.00 11.85 3372.00 11.85 3374.00 11.85 

3376.00 11.84 3378.00 11.84 3380.00 11.85 3382.00 11.85 3384.00 11.86 3386.00 11.86 3388.00 11.87 3390.00 11.87 

3392.00 11.87 3394.00 11.87 3396.00 11.87 3398.00 11.86 3400.00 11.87 3402.00 11.87 3404.00 11.88 3406.00 11.89 

3408.00 11.89 3410.00 11.89 3412.00 11.91 3414.00 11.91 3416.00 11.92 3418.00 11.93 3420.00 11.95 3422.00 11.95 
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Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. Dist. Elev. 

3424.00 11.96 3426.00 11.96 3428.00 11.96 3430.00 11.96 3432.00 11.95 3434.00 11.96 3436.00 11.96 3438.00 11.96 

3440.00 11.96 3442.00 11.95 3444.00 11.95 3446.00 11.94 3448.00 11.96 3450.00 11.98 3452.00 11.99 3454.00 12.01 

3456.00 12.03 3458.00 12.04 3460.00 12.05 3462.00 12.05 3464.00 12.05 3466.00 12.05 3468.00 12.05 3470.00 12.05 

3472.00 12.04 3474.00 12.06 3476.00 12.06 3478.00 12.07 3480.00 12.07 3482.00 12.07 3484.00 12.07 3486.00 12.06 

3488.00 12.07 3490.00 12.07 3492.00 12.08 3494.00 12.08 3496.00 12.08 3498.00 12.09 3500.00 12.09 3502.00 12.08 

3504.00 12.08 3506.00 12.08 3508.00 12.08 3510.00 12.08 3512.00 12.09 3514.00 12.10 3516.00 12.10 3518.00 12.10 

3520.00 12.10 3522.00 12.10 3524.00 12.11 3526.00 12.11 3528.00 12.12 3530.00 12.13 3532.00 12.13 3534.00 12.13 

3536.00 12.13 3538.00 12.14 3540.00 12.14 3542.00 12.13 3544.00 12.13 3546.00 12.13 3548.00 12.11 3550.00 12.10 

3552.00 12.07 3554.00 12.06 3556.00 12.07 3558.00 12.08 3560.00 12.09 3562.00 12.10 3564.00 12.11 3566.00 12.11 

3568.00 12.12 3570.00 12.06 3572.00 12.01 3574.00 12.03 3576.00 12.04 3578.00 12.05 3580.00 12.05 3582.00 12.06 

3584.00 12.06 3586.00 12.05 3588.00 12.04 3590.00 12.03 3592.00 12.02 3594.00 12.02 3596.00 12.02 3598.00 12.02 

3600.00 12.01 3602.00 11.99 3604.00 11.98 3606.00 11.94 3608.00 11.94 3610.00 11.93 3612.00 11.93 3614.00 11.92 

3616.00 11.91 3618.00 11.90 3620.00 11.90 3622.00 11.90 3624.00 11.90 3626.00 11.90 3628.00 11.91 3630.00 11.90 

3632.00 11.88 3634.00 11.87 3636.00 11.87 3638.00 11.86 3640.00 11.86 3642.00 11.85 3644.00 11.86 3646.00 11.86 

3648.00 11.85 3650.00 11.85 3652.00 11.85 3654.00 11.86 3656.00 11.86 3658.00 11.87 3660.00 11.86 3662.00 11.86 

3664.00 11.85 3666.00 11.84 3668.00 11.85 3670.00 11.85 3672.00 11.87 3674.00 11.89 3676.00 11.88 3678.00 11.88 

3680.00 11.88 3682.00 11.89 3684.00 11.90 3686.00 11.91 3688.00 11.91 3690.00 11.91 3692.00 11.91 3694.00 11.92 

3696.00 11.92 3698.00 11.93 3700.00 11.94 3702.00 11.94 3704.00 11.95 3706.00 11.95 3708.00 11.95 3710.00 11.95 

3712.00 11.95 3714.00 11.96 3716.00 11.95 3718.00 11.95 3720.00 11.96 3722.00 11.97 3724.00 11.98 3726.00 11.98 

3728.00 11.99 3730.00 12.00 3732.00 12.00 3734.00 11.99 3736.00 11.99 3738.00 11.99 3740.00 12.00 3742.00 12.00 

3744.00 12.01 3746.00 12.02 3748.00 12.02 3750.00 12.03 3752.00 12.04 3754.00 12.05 3756.00 12.06 3758.00 12.06 

3760.00 12.06 3762.00 12.06 3764.00 12.06 3766.00 12.06 3768.00 12.06 3770.00 12.06 3772.00 12.07 3774.00 12.08 

3776.00 12.09 3778.00 12.10 3780.00 12.09 3782.00 12.12 3784.00 12.13 3786.00 12.14 3788.00 12.13 3790.00 12.14 

3792.00 12.14 3794.00 12.14 3796.00 12.15 3798.00 12.15 3800.00 12.16 3802.00 12.16 3804.00 12.17 3806.00 12.17 

3808.00 12.17 3810.00 12.15 3812.00 12.14 3814.00 12.13 3816.00 12.12 3818.00 12.11 3820.00 12.10 3822.00 12.09 

3824.00 12.09 3826.00 12.09 3828.00 12.08 3830.00 12.07 3832.00 12.07 3834.00 12.06 3836.00 12.05 3838.00 12.03 

3840.00 12.03 3842.00 12.02 3844.00 12.01 3846.00 12.02 3848.00 12.01 3850.00 12.01 3852.00 12.01 3854.00 12.01 

3856.00 12.02 3858.00 12.02 3860.00 12.01 3862.00 12.00 3864.00 12.00 3866.      
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*The National Aeronautics and Space Administration (NASA) Report CR-119 identifies an elevation of 10.97 feet at 1620 feet. This is considered a typographical error and 
has been corrected in Table 1. The elevation is 10.87 feet. 
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TABLE 2  

SF28R SEVERE BUMP MODIFICATIONS PER ICAO ANNEX 14, SPECIFICATION 9.4.15  

Distance  Original Elevation (ft)  Modified Elevation (ft)  

1530  11.18  11.10  

1532  11.17  11.11  

1534  11.14  11.11  

1536  11.14  11.07  

1538  11.12  11.04  
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CS 25.493 Braked roll conditions 
ED Decision 2003/2/RM  

(a) An aeroplane with a tail wheel is assumed to be in the level attitude with the load on the main 
wheels, in accordance with Figure 6 of Appendix A. The limit vertical load factor is 1·2 at the 
design landing weight, and 1·0 at the design ramp weight. A drag reaction equal to the vertical 
reaction multiplied by a coefficient of friction of 0·8, must be combined with the vertical ground 
reaction and applied at the ground contact point. 

(b) For an aeroplane with a nose wheel, the limit vertical load factor is 1·2 at the design landing 
weight, and 1·0 at the design ramp weight. A drag reaction equal to the vertical reaction, 
multiplied by a coefficient of friction of 0·8, must be combined with the vertical reaction and 
applied at the ground contact point of each wheel with brakes. The following two attitudes, in 
accordance with Figure 6 of Appendix A, must be considered: 

(1) The level attitude with the wheels contacting the ground and the loads distributed 
between the main and nose gear. Zero pitching acceleration is assumed. 

(2) The level attitude with only the main gear contacting the ground and with the pitching 
moment resisted by angular acceleration. 

(c) A drag reaction lower than that prescribed in this paragraph may be used if it is substantiated 
that an effective drag force of 0·8 times the vertical reaction cannot be attained under any likely 
loading condition. 

(d) An aeroplane equipped with a nose gear must be designed to withstand the loads arising from 
the dynamic pitching motion of the aeroplane due to sudden application of maximum braking 
force. The aeroplane is considered to be at design takeoff weight with the nose and main gears 
in contact with the ground, and with a steady state vertical load factor of 1·0. The steady state 
nose gear reaction must be combined with the maximum incremental nose gear vertical 
reaction caused by sudden application of maximum braking force as described in sub-
paragraphs (b) and (c) of this paragraph. 

(e) In the absence of a more rational analysis, the nose gear vertical reaction prescribed in 
subparagraph (d) of this paragraph must be calculated in accordance with the following 
formula: 

ὠ
ὡ

ὃ ὄ
ὄ

Ὢ‘ὃὉ

ὃ ὄ ‘Ὁ
 

Where:  

VN  =  Nose gear vertical reaction  

WT =  Design take-off weight  

A    =  Horizontal distance between the c.g. of the aeroplane and the nose wheel.  

B    = Horizontal distance between the c.g. of the aeroplane and the line joining the centres of 
the main wheels.  

E    = Vertical height of the c.g. of the aeroplane above the ground in the 1·0 g static condition.  

µ    = Coefficient of friction of 0·8.  

f     = Dynamic response factor; 2·0 is to be used unless a lower factor is substantiated.  
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In the absence of other information, the dynamic response factor f may be defined by the 
equation.  

Ὢ ρ Ὡὼὴ
“ʊ

ρ ʊ
 

²ƘŜǊŜΥ ˅ ƛǎ ǘƘŜ ŎǊƛǘƛŎŀƭ ŘŀƳǇƛƴƎ Ǌŀǘƛƻ ƻŦ ǘƘŜ ǊƛƎƛŘ ōƻŘȅ ǇƛǘŎƘƛƴƎ ƳƻŘŜ ŀōƻǳǘ ǘƘŜ Ƴŀƛƴ ƭŀƴŘƛƴƎ 
gear effective ground contact point. 

CS 25.495 Turning 
ED Decision 2003/2/RM  

In the static position, in accordance with Figure 7 of Appendix A, the aeroplane is assumed to execute 
a steady turn by nose gear steering, or by application of sufficient differential power, so that the limit 
load factors applied at the centre of gravity are 1·0 vertically and 0·5 laterally. The side ground reaction 
of each wheel must be 0·5 of the vertical reaction. 

CS 25.497 Tail-wheel yawing 
ED Decision 2003/2/RM  

(a) A vertical ground reaction equal to the static load on the tail wheel, in combination with a side 
component of equal magnitude, is assumed. 

(b) If there is a swivel, the tail wheel is assumed to be swivelled 90° to the aeroplane longitudinal 
axis with the resultant load passing through the axle. 

(c) If there is a lock, steering device, or shimmy damper the tail wheel is also assumed to be in the 
trailing position with the side load acting at the ground contact point. 

CS 25.499 Nose-wheel yaw and steering 
ED Decision 2003/2/RM  

(a) A vertical load factor of 1·0 at the aeroplane centre of gravity, and a side component at the nose 
wheel ground contact equal to 0·8 of the vertical ground reaction at that point are assumed. 

(b) With the aeroplane assumed to be in static equilibrium with the loads resulting from the use of 
brakes on one side of the main landing gear, the nose gear, its attaching structure, and the 
fuselage structure forward of the centre of gravity must be designed for the following loads: 

(1) A vertical load factor at the centre of gravity of 1·0. 

(2) A forward acting load at the aeroplane centre of gravity of 0·8 times the vertical load on 
one main gear. 

(3) Side and vertical loads at the ground contact point on the nose gear that are required for 
static equilibrium. 

(4) A side load factor at the aeroplane centre of gravity of zero. 

(c) If the loads prescribed in sub-paragraph (b) of this paragraph result in a nose gear side load 
higher than 0·8 times the vertical nose gear load, the design nose gear side load may be limited 
to 0·8 times the vertical load, with unbalanced yawing moments assumed to be resisted by 
aeroplane inertia forces. 

(d) For other than the nose gear, its attaching structure, and the forward fuselage structure the 
loading conditions are those prescribed in sub-paragraph (b) of this paragraph, except that ς 
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(1) A lower drag reaction may be used if an effective drag force of 0·8 times the vertical 
reaction cannot be reached under any likely loading condition; and 

(2) The forward acting load at the centre of gravity need not exceed the maximum drag 
reaction on one main gear, determined in accordance with CS 25.493(b). 

(e) With the aeroplane at design ramp weight, and the nose gear in any steerable position, the 
combined application of full normal steering torque and vertical force equal to 1·33 times the 
maximum static reaction on the nose gear must be considered in designing the nose gear, its 
attaching structure and the forward fuselage structure. 

CS 25.503 Pivoting 
ED Decision 2003/2/RM  

(a) The aeroplane is assumed to pivot about one side of the main gear with the brakes on that side 
locked. The limit vertical load factor must be 1·0 and the coefficient of friction 0·8. 

(b) The aeroplane is assumed to be in static equilibrium, with the loads being applied at the ground 
contact points, in accordance with Figure 8 of Appendix A.  

CS 25.507 Reversed braking 
ED Decision 2003/2/RM  

(a) The aeroplane must be in a three point static ground attitude. Horizontal reactions parallel to 
the ground and directed forward must be applied at the ground contact point of each wheel 
with brakes. The limit loads must be equal to 0·55 times the vertical load at each wheel or to 
the load developed by 1·2 times the nominal maximum static brake torque, whichever is less. 

(b) For aeroplanes with nose wheels, the pitching moment must be balanced by rotational inertia. 

(c) For aeroplanes with tail wheels, the resultant of the ground reactions must pass through the 
centre of gravity of the aeroplane. 

CS 25.509 Towing Loads 
ED Decision 2013/010/R  

(a) The towing loads specified in sub-paragraph (d) of this paragraph must be considered 
separately. These loads must be applied at the towing fittings and must act parallel to the 
ground. In addition ς 

(1) A vertical load factor equal to 1·0 must be considered acting at the centre of gravity; 

(2) The shock struts and tyres must be in their static positions; and 

(3) With WT as the design ramp weight, the towing load, FTOW is ς 

(i) 0.3 WT for WT less than 30 000 pounds;  

(ii)    
 for WT between 30 000 and 100 000 pounds; and  

(iii) 0·15 WT for WT over 100 000 pounds. 

(b) For towing points not on the landing gear but near the plane of symmetry of the aeroplane, the 
drag and side tow load components specified for the auxiliary gear apply. For towing points 
located outboard of the main gear, the drag and side tow load components specified for the 
main gear apply. Where the specified angle of swivel cannot be reached, the maximum 
obtainable angle must be used. 
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(c) The towing loads specified in sub-paragraph (d) of this paragraph must be reacted as follows: 

(1) The side component of the towing load at the main gear must be reacted by a side force 
at the static ground line of the wheel to which the load is applied. 

(2) The towing loads at the auxiliary gear and the drag components of the towing loads at 
the main gear must be reacted as follows: 

(i) A reaction with a maximum value equal to the vertical reaction must be applied at 
the axle of the wheel to which the load is applied. Enough aeroplane inertia to 
achieve equilibrium must be applied. 

(ii) The loads must be reacted by aeroplane inertia. 

(d) The prescribed towing loads are as specified in the following Table: 

Tow Point  Position  
Load 

Magnitude  No.  Direction  

Main gear   
0·75 FTOW per 
main gear unit  

1  
2  
3  
4  

Forward, parallel to drag axis  
Forward, at 30° to drag axis  
Aft, parallel to drag axis  
Aft, at 30° to drag axis  

Auxiliary gear  

Swivelled forward  

1·0 FTOW 

5 
6 

Forward 
Aft 

Swivelled aft  
7 
8 

Forward 
Aft 

Swivelled 45° from 
forward  

0·5 FTOW 

9 
10 

Forward, in plane of wheel 
Aft, in plane of wheel 

Swivelled 45° from aft 
11 
12 

Forward, in plane of wheel 
Aft, in plane of wheel 

[Amdt 25/13] 

AMC 25.509 Towbarless towing 
ED Decision 2013/010/R 

(a) General  

Towbarless towing vehicles are generally considered as ground equipment and are as such not 
subject to direct approval by the (aircraft) certifying agencies. However, these vehicles should 
be qualified in accordance with the applicable SAE ARP documents. It should be ensured that 
the nose landing gear and supporting structure is not being overloaded (by static and dynamic 
(including fatigue) loads) during towbarless towing operations with these vehicles. This should 
be ensured by the aircraft manufacturer, either by specific investigations as described in 
subparagraphs (b) and (c) below, or alternatively, by publishing aircraft load limitations in a 
towbarless towing vehicle assessment document, to allow towbarless towing vehicle 
manufacturers to demonstrate their vehicles will not overload the aircraft.  

(b) Limit static load cases  

For the limit static load cases, the investigation may be conducted by rational analysis supported 
by test evidence. The investigation should take into account the influence on the towing loads 
of the tractive force of the towing vehicle including consideration of its weight and pavement 
roughness.  

Furthermore, the investigation should include, but may not be limited to, the following 
towbarless towing operation scenarios:  
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(1) Pushback towing: Moving a fully loaded aircraft (up to Maximum Ramp Weight (MRW)) 
from the parking position to the taxiway. Movement includes: pushback with turn, a stop, 
and short tow forward to align aircraft and nose wheels. Engines may or may not be 
operating. Aeroplane movement is similar to a conventional pushback operation with a 
towbar.  

(2)  Maintenance towing: The movement of an aeroplane for maintenance/remote parking 
purposes (e.g. from the gate to a maintenance hangar). Aircraft is typically unloaded with 
minimal fuel load.  

(3)  Dispatch (operational) towing: Towing a revenue aircraft (loaded with passengers, fuel, 
and cargo up to Maximum Ramp Weight (MRW) from the terminal gate/remote parking 
area to a location near the active runway. The movement may cover several kilometres 
with speeds according to SAE ARP 5283 technical standards, with several starts, stops, 
and turns. It replaces typical taxiing operations prior to take-off.  

Operations that are explicitly prohibited need not to be addressed.  

(c)  Fatigue evaluation  

Fatigue evaluation of the impact of towbarless towing on the airframe should be conducted 
under the provision of CS 25.571 and CS 25.1529.  

Specifically, the contribution of the towbarless towing operational loads to the fatigue load 
spectra for the nose landing gear and its support structure needs to be evaluated. The impact 
of the towbarless towing on the certified life limits of the landing gear and supporting structure 
needs to be determined.  

The fatigue spectra used in the evaluation should consist of typical service loads encountered 
during towbarless towing operations, which cover the loading scenarios noted above for static 
considerations. Furthermore, the spectra should be based on measured statistical data derived 
from simulated service operation or from applicable industry studies.  

(d)  Other considerations  

Specific combinations of towbarless towing vehicle(s) and aircraft that have been assessed as 
described above and have been found to be acceptable, along with any applicable towing 
instructions and/or limitations should be specified in the Instructions for Continued 
Airworthiness as described in Appendix H, paragraph H25.3(a)(4) and in the Aeroplane Flight 
Manual as specified in AMC 25.745(d).  

!ƛǊŎǊŀŦǘ ōǊŀƪƛƴƎΣ ǿƘƛƭŜ ǘƘŜ ŀƛǊŎǊŀŦǘ ƛǎ ǳƴŘŜǊ ǘƻǿΣ Ƴŀȅ ǊŜǎǳƭǘ ƛƴ ƭƻŀŘǎ ŜȄŎŜŜŘƛƴƎ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ 
design load and may result in structural damage and/or nose gear collapse. For these reasons, 
the aircraft manufacturer should ensure that the appropriate information is provided in the 
Aeroplane Maintenance Manual and in the Aeroplane Flight Manual to preclude aircraft braking 
during normal towbarless towing. Appropriate information should also be provided in the 
Instructions for Continued Airworthiness to inspect the affected structure should aircraft 
braking occur, for example in an emergency situation. 

[Amdt 25/13] 
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CS 25.511 Ground load: unsymmetrical loads on multiple-wheel 
units 

ED Decision 2003/2/RM  

(a) General. Multiple-wheel landing gear units are assumed to be subjected to the limit ground 
loads prescribed in this Subpart under sub-paragraphs (b) through (f) of this paragraph. In 
addition ς  

(1) A tandem strut gear arrangement is a multiple-wheel unit; and 

(2) In determining the total load on a gear unit with respect to the provisions of sub-
paragraphs (b) through (f) of this paragraph, the transverse shift in the load centroid, due 
to unsymmetrical load distribution on the wheels, may be neglected. 

(b) Distribution of limit loads to wheels; tyres inflated. The distribution of the limit loads among the 
wheels of the landing gear must be established for each landing, taxying, and ground handling 
condition, taking into account the effects of the following factors:  

(1) The number of wheels and their physical arrangements. For truck type landing gear units, 
the effects of any see-saw motion of the truck during the landing impact must be 
considered in determining the maximum design loads for the fore and aft wheel pairs. 

(2) Any differentials in tyre diameters resulting from a combination of manufacturing 
tolerances, tyre growth, and tyre wear. A maximum tyre-diameter differential equal to 
two-thirds of the most unfavourable combination of diameter variations that is obtained 
when taking into account manufacturing tolerances, tyre growth and tyre wear, may be 
assumed. 

(3) Any unequal tyre inflation pressure, assuming the maximum variation to be ±5% of the 
nominal tyre inflation pressure. 

(4) A runway crown of zero and a runway crown having a convex upward shape that may be 
approximated by a slope of 1·5% with the horizontal. Runway crown effects must be 
considered with the nose gear unit on either slope of the crown. 

(5) The aeroplane attitude. 

(6) Any structural deflections. 

(c) Deflated tyres. The effect of deflated tyres on the structure must be considered with respect to 
the loading conditions specified in sub-paragraphs (d) through (f) of this paragraph, taking into 
account the physical arrangement of the gear components. In addition ς  

(1) The deflation of any one tyre for each multiple wheel landing gear unit, and the deflation 
of any two critical tyres for each landing gear unit using four or more wheels per unit, 
must be considered; and 

(2) The ground reactions must be applied to the wheels with inflated tyres except that, for 
multiple-wheel gear units with more than one shock strut, a rational distribution of the 
ground reactions between the deflated and inflated tyres, accounting for the differences 
in shock strut extensions resulting from a deflated tyre, may be used. 

(d) Landing conditions. For one and for two deflated tyres, the applied load to each gear unit is 
assumed to be 60% and 50%, respectively, of the limit load applied to each gear for each of the 
prescribed landing conditions. However, for the drift landing condition of CS 25.485, 100% of 
the vertical load must be applied.  

(e) Taxying and ground handling conditions. For one and for two deflated tyres ς  
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(1) The applied side or drag load factor, or both factors, at the centre of gravity must be the 
most critical value up to 50% and 40%, respectively, of the limit side or drag load factors, 
or both factors, corresponding to the most severe condition resulting from consideration 
of the prescribed taxying and ground handling conditions. 

(2) For the braked roll conditions of CS 25.493(a) and (b)(2), the drag loads on each inflated 
tyre may not be less than those at each tyre for the symmetrical load distribution with no 
deflated tyres; 

(3) The vertical load factor at the centre of gravity must be 60% and 50% respectively, of the 
factor with no deflated tyres, except that it may not be less than 1 g; and 

(4) Pivoting need not be considered. 

(f) Towing conditions. For one and for two deflated tyres, the towing load, FTOW, must be 60% and 
50% respectively, of the load prescribed. 

CS 25.519 Jacking and tie-down provisions 
ED Decision 2003/2/RM  

(a) General. The aeroplane must be designed to withstand the limit load conditions resulting from 
the static ground load conditions of sub-paragraph (b) of this paragraph and, if applicable, sub-
paragraph (c) of this paragraph at the most critical combinations of aeroplane weight and centre 
of gravity. The maximum allowable load at each jack pad must be specified.  

(b) Jacking. The aeroplane must have provisions for jacking and must withstand the following limit 
loads when the aeroplane is supported on jacks:  

(1) For jacking by the landing gear at the maximum ramp weight of the aeroplane, the 
aeroplane structure must be designed for a vertical load of 1·33 times the vertical static 
reaction at each jacking point acting singly and in combination with a horizontal load of 
0·33 times the vertical static reaction applied in any direction. 

(2) For jacking by other aeroplane structure at maximum approved jacking weight: 

(i) The aeroplane structure must be designed for a vertical load of 1·33 times the 
vertical reaction at each jacking point acting singly and in combination with a 
horizontal load of 0·33 times the vertical static reaction applied in any direction. 

(ii) The jacking pads and local structure must be designed for a vertical load of 2·0 
times the vertical static reaction at each jacking point, acting singly and in 
combination with a horizontal load of 0·33 times the vertical static reaction applied 
in any direction. 

(c) Tie-down. If tie-down points are provided, the main tie-down points and local structure must 
withstand the limit loads resulting from a 120 km/h (65-knot) horizontal wind from any 
direction.  
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EMERGENCY LANDING CONDITIONS 

CS 25.561 General 
ED Decision 2003/2/RM  

(a) The aeroplane, although it may be damaged in emergency landing conditions on land or water, 
must be designed as prescribed in this paragraph to protect each occupant under those 
conditions. 

(b) The structure must be designed to give each occupant every reasonable chance of escaping 
serious injury in a minor crash landing when ς 

(1) Proper use is made of seats, belts, and all other safety design provisions; 

(2) The wheels are retracted (where applicable); and 

(3) The occupant experiences the following ultimate inertia forces acting separately relative 
to the surrounding structure: 

(i) Upward, 3·0g 

(ii) Forward, 9·0g 

(iii) Sideward, 3·0g on the airframe and 4·0g on the seats and their attachments 

(iv) Downward, 6·0g 

(v) Rearward, 1·5g (See AMC 25.561(b)(3).) 

(c) For equipment, cargo in the passenger compartments and any other large masses, the following 
apply: 

(1) These items must be positioned so that if they break loose they will be unlikely to: 

(i) Cause direct injury to occupants;  

(ii) Penetrate fuel tanks or lines or cause fire or explosion hazard by damage to 
adjacent systems; or 

(iii) Nullify any of the escape facilities provided for use after an emergency landing. 

(2) When such positioning is not practical (e.g. fuselage mounted engines or auxiliary power 
units) each such item of mass must be restrained under all loads up to those specified in 
sub-paragraph (b)(3) of this paragraph. The local attachments for these items should be 
designed to withstand 1·33 times the specified loads if these items are subject to severe 
wear and tear through frequent removal (e.g. quick change interior items). 

(d) Seats and items of mass (and their supporting structure) must not deform under any loads up 
to those specified in sub-paragraph (b)(3) of this paragraph in any manner that would impede 
subsequent rapid evacuation of occupants. (See AMC 25.561(d).)  

AMC 25.561 General 
ED Decision 2003/2/RM  

In complying with the provisions of CS 25.561(b) & (c), the loads arising from the restraint of seats and 
items of equipment etc. should be taken into the structure to a point where the stresses can be 
dissipated (e.g. for items attached to the fuselage floor, the load paths from the attachments through 
to the fuselage primary structure should be taken into account).  
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AMC 25.561(b)(3) Commercial Accommodation Equipment 
ED Decision 2011/004/R 

Commercial accommodation equipment complying only with FAR 25.561 pre-Amendment 25-91 need 
additional substantiation by analysis, tests or combination thereof to cover the 1·33 factor for their 
attachments as specified in CS 25.561(c).  

[Amdt 25/11] 

AMC 25.561(d) General 
ED Decision 2003/2/RM  

For the local attachments of seats and items of mass it should be shown by analysis and/or tests that 
under the specified load conditions, the intended retaining function in each direction is still available.  

CS 25.562 Emergency landing dynamic conditions 
ED Decision 2014/026/R  

(a) The seat and restraint system in the aeroplane must be designed as prescribed in this paragraph 
to protect each occupant during an emergency landing condition when ς 

(1) Proper use is made of seats, safety belts, and shoulder harnesses provided for in the 
design; and 

(2) The occupant is exposed to loads resulting from the conditions prescribed in this 
paragraph. 

(b) With the exception of flight deck crew seats, each seat type design approved for occupancy 
must successfully complete dynamic tests or be demonstrated by rational analysis based on 
dynamic tests of a similar type seat, in accordance with each of the following emergency landing 
conditions. The tests must be conducted with an occupant simulated by a 77kg (170 lb) 
anthropomorphic, test dummy sitting in the normal upright position: 

(1) ! ŎƘŀƴƎŜ ƛƴ ŘƻǿƴǿŀǊŘ ǾŜǊǘƛŎŀƭ ǾŜƭƻŎƛǘȅΣ όҟǾύ ƻŦ ƴƻǘ ƭŜǎǎ ǘƘŀƴ млϊт Ƴ/s, (35 ft/s) with the 
ŀŜǊƻǇƭŀƴŜΩǎ ƭƻƴƎƛǘǳŘƛƴŀƭ ŀȄƛǎ ŎŀƴǘŜŘ ŘƻǿƴǿŀǊŘ ол ŘŜƎǊŜŜǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ 
plane and with the wings level. Peak floor deceleration must occur in not more than 0·08 
seconds after impact and must reach a minimum of 14 g. 

(2) ! ŎƘŀƴƎŜ ƛƴ ŦƻǊǿŀǊŘ ƭƻƴƎƛǘǳŘƛƴŀƭ ǾŜƭƻŎƛǘȅ όҟǾύ ƻŦ ƴƻǘ ƭŜǎǎ ǘƘŀƴ моϊп ƳκǎΣ όпп Ŧǘκǎύ ǿƛǘƘ ǘƘŜ 
ŀŜǊƻǇƭŀƴŜΩǎ ƭƻƴƎƛǘǳŘƛƴŀƭ ŀȄƛǎ ƘƻǊƛȊƻƴǘŀƭ ŀƴŘ ȅŀǿŜŘ мл ŘŜƎǊŜŜǎ ŜƛǘƘŜǊ ǊƛƎƘǘ ƻǊ ƭŜŦǘΣ 
whichever would cause the greatest likelihood of the upper torso restraint system (where 
ƛƴǎǘŀƭƭŜŘύ ƳƻǾƛƴƎ ƻŦŦ ǘƘŜ ƻŎŎǳǇŀƴǘΩǎ ǎƘƻǳƭŘŜǊΣ ŀƴŘ ǿƛǘƘ ǘƘŜ ǿƛƴƎǎ ƭŜǾŜƭΦ tŜŀƪ ŦƭƻƻǊ 
deceleration must occur in not more than 0·09 seconds after impact and must reach a 
minimum of 16 g. Where floor rails or floor fittings are used to attach the seating devices 
to the test fixture, the rails or fittings must be misaligned with respect to the adjacent set 
of rails or fittings by at least 10 degrees vertically (i.e. out of parallel) with one rolled 10 
degrees. 

(c) The following performance measures must not be exceeded during the dynamic tests 
conducted in accordance with sub-paragraph (b) of this paragraph: 

(1) Where upper torso straps are used tension loads in individual straps must not exceed 
794 kg. (1750lb) If dual straps are used for restraining the upper torso, the total strap 
tension loads must not exceed 907kg (2000 lb)). 
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(2) The maximum compressive load measured between the pelvis and the lumbar column of 
the anthropomorphic dummy must not exceed 680 kg. (1500lb) 

(3) The upper torso ǊŜǎǘǊŀƛƴǘ ǎǘǊŀǇǎ όǿƘŜǊŜ ƛƴǎǘŀƭƭŜŘύ Ƴǳǎǘ ǊŜƳŀƛƴ ƻƴ ǘƘŜ ƻŎŎǳǇŀƴǘΩǎ 
shoulder during the impact. 

(4) ¢ƘŜ ƭŀǇ ǎŀŦŜǘȅ ōŜƭǘ Ƴǳǎǘ ǊŜƳŀƛƴ ƻƴ ǘƘŜ ƻŎŎǳǇŀƴǘΩǎ ǇŜƭǾƛǎ ŘǳǊƛƴƎ ǘƘŜ ƛƳǇŀŎǘΦ 

(5) Each occupant must be protected from serious head injury under the conditions 
prescribed in sub-paragraph (b) of this paragraph. Where head contact with seats or 
other structure can occur, protection must be provided so that the head impact does not 
exceed a Head Injury Criterion (HIC) of 1000 units. The level of HIC is defined by the 
equation ς 

ὌὍὅ ὸ ὸ
ρ

ὸ ὸ
ὥὸὨὸ

Ȣ

 

Where ς  

t1 is the initial integration time,  

t2 is the final integration time, and  

a(t) is the total acceleration vs. time curve for the head strike, and where  

(t) is in seconds, and (a) is in units of gravity (g). 

(6) Where leg injuries may result from contact with seats or other structure, protection must 
be provided to prevent axially compressive loads exceeding 1021 kg (2250 lb) in each 
femur. 

(7) The seat must remain attached at all points of attachment, although the structure may 
have yielded. 

(8) Seats must not yield under the tests specified in sub-paragraphs (b)(1) and (b)(2) of this 
paragraph to the extent they would impede rapid evacuation of the aeroplane occupants. 

[Amdt 25/15] 

CS 25.563 Structural ditching provisions 
ED Decision 2003/2/RM  

Structural strength considerations of ditching provisions must be in accordance with CS 25.801(e). 
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FATIGUE EVALUATION 

CS 25.571 Damage-tolerance and fatigue evaluation of structure 
ED Decision 2003/2/RM  

(a) General. An evaluation of the strength, detail design, and fabrication must show that 
catastrophic failure due to fatigue, corrosion, or accidental damage, will be avoided throughout 
the operational life of the aeroplane. This evaluation must be conducted in accordance with the 
provisions of sub-paragraphs (b) and (e) of this paragraph, except as specified in sub-paragraph 
(c) of this paragraph, for each part of the structure which could contribute to a catastrophic 
failure (such as wing, empennage, control surfaces and their systems, the fuselage, engine 
mounting, landing gear, and their related primary attachments). (See AMC 25.571(a), (b) and 
(e).) For turbine engine powered aeroplanes, those parts which could contribute to a 
catastrophic failure must also be evaluated under sub-paragraph (d) of this paragraph. In 
addition, the following apply:  

(1) Each evaluation required by this paragraph must include ς 

(i) The typical loading spectra, temperatures, and humidities expected in service; 

(ii) The identification of principal structural elements and detail design points, the 
failure of which could cause catastrophic failure of the aeroplane; and 

(iii) An analysis, supported by test evidence, of the principal structural elements and 
detail design points identified in sub-paragraph (a)(1)(ii) of this paragraph. 

(2) The service history of aeroplanes of similar structural design, taking due account of 
differences in operating conditions and procedures, may be used in the evaluations 
required by this paragraph. 

(3) Based on the evaluations required by this paragraph, inspections or other procedures 
must be established as necessary to prevent catastrophic failure, and must be included 
in the Airworthiness Limitations Section of the Instructions for Continued Airworthiness 
required by CS 25.1529. 

(b) Damage-tolerance (fail-safe) evaluation. The evaluation must include a determination of the 
probable locations and modes of damage due to fatigue, corrosion, or accidental damage. The 
determination must be by analysis supported by test evidence and (if available) service 
experience. Damage at multiple sites due to prior fatigue exposure must be included where the 
design is such that this type of damage can be expected to occur. The evaluation must 
incorporate repeated load and static analyses supported by test evidence. The extent of 
damage for residual strength evaluation at any time within the operational life must be 
consistent with the initial detectability and subsequent growth under repeated loads. The 
residual strength evaluation must show that the remaining structure is able to withstand loads 
(considered as static ultimate loads) corresponding to the following conditions:  

(1) The limit symmetrical manoeuvring conditions specified in CS 25.337 up to VC and in 
CS 25.345. 

(2) The limit gust conditions specified in CS 25.341 at the specified speeds up to VC and in 
CS 25.345. 

(3) The limit rolling conditions specified in CS 25.349 and the limit unsymmetrical conditions 
specified in CS 25.367 and CS 25.427(a) through (c), at speeds up to VC.  
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(4) The limit yaw manoeuvring conditions specified in CS 25.351 at the specified speeds up 
to VC. 

(5) For pressurised cabins, the following conditions: 

(i) The normal operating differential pressure combined with the expected external 
aerodynamic pressures applied simultaneously with the flight loading conditions 
specified in sub-paragraphs (b)(1) to (b)(4) of this paragraph if they have a 
significant effect. 

(ii) The maximum value of normal operating differential pressure (including the 
expected external aerodynamic pressures during 1 g level flight) multiplied by a 
factor of 1·15 omitting other loads. 

(6) For landing gear and directly-affected airframe structure, the limit ground loading 
conditions specified in CS 25.473, CS 25.491 and CS 25.493. 

If significant changes in structural stiffness or geometry, or both, follow from a structural 
failure, or partial failure, the effect on damage tolerance must be further investigated. 
(See AMC 25.571(b) and (e).) The residual strength requirements of this sub-paragraph 
(b) apply, where the critical damage is not readily detectable. On the other hand, in the 
case of damage which is readily detectable within a short period, smaller loads than those 
of sub-paragraphs (b)(1) to (b)(6) inclusive may be used by agreement with the Authority. 
A probability approach may be used in these latter assessments, substantiating that 
catastrophic failure is extremely improbable. (See AMC 25.571(a), (b) and (e) paragraph 
2.1.2.) 

(c) Fatigue (safe-life) evaluation. Compliance with the damage-tolerance requirements of sub-
paragraph (b) of this paragraph is not required if the applicant establishes that their application 
for particular structure is impractical. This structure must be shown by analysis, supported by 
test evidence, to be able to withstand the repeated loads of variable magnitude expected during 
its service life without detectable cracks. Appropriate safe-life scatter factors must be applied.  

(d) Sonic fatigue strength. It must be shown by analysis, supported by test evidence, or by the 
service history of aeroplanes of similar structural design and sonic excitation environment, 
that ς 

(1) Sonic fatigue cracks are not probable in any part of the flight structure subject to sonic 
excitation; or 

(2) Catastrophic failure caused by sonic cracks is not probable assuming that the loads 
prescribed in sub-paragraph (b) of this paragraph are applied to all areas affected by 
those cracks. 

(e) Damage-tolerance (discrete source) evaluation. The aeroplane must be capable of successfully 
completing a flight during which likely structural damage occurs as a result of ς 

(1) Bird impact as specified in CS 25.631;  

(2) Reserved 

(3) Reserved 

(4) Sudden decompression of compartments as specified in CS 25.365(e) and (f). 

The damaged structure must be able to withstand the static loads (considered as ultimate loads) 
which are reasonably expected to occur at the time of the occurrence and during the 
completion of the flight. Dynamic effects on these static loads need not be considered. 
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Corrective action to be taken by the pilot following the incident, such as limiting manoeuvres, 
avoiding turbulence, and reducing speed, may be considered. If significant changes in structural 
stiffness or geometry, or both, follow from a structural failure or partial failure, the effect on 
damage tolerance must be further investigated. (See AMC 25.571(a), (b) and (e), paragraph 
2.7.2 and AMC 25.571(b) and (e).) 

AMC 25.571(a), (b) and (e) Damage tolerance and fatigue 
evaluation of structure 

ED Decision 2006/005/R  

1 Introduction 

1.1 The contents of this AMC are considered by the Agency in determining compliance with 
the damage-tolerance and fatigue requirements of CS 25.571.  

1.1.1 Although a uniform approach to the evaluation required by CS 25.571 is desirable, 
it is recognised that in such a complex field new design features and methods of 
fabrication, new approaches to the evaluation, and new configurations could 
necessitate variations and deviations from the procedures described in this AMC.  

1.1.2 Damage-tolerance design is required, unless it entails such complications that an 
effective damage-tolerant structure cannot be achieved within the limitations of 
geometry, inspectability, or good design practice. Under these circumstances, a 
design that complies with the fatigue evaluation (safe-life) requirements is used. 
Typical examples of structure that might not be conducive to damage-tolerance 
design are landing gear, engine mounts, and their attachments.  

1.1.3 Experience with the application of methods of fatigue evaluation indicate that a 
test background should exist in order to achieve the design objective. Even under 
the damage-ǘƻƭŜǊŀƴŎŜ ƳŜǘƘƻŘ ŘƛǎŎǳǎǎŜŘ ƛƴ ǇŀǊŀƎǊŀǇƘ нΣ Ψ5ŀƳŀƎŜ-tolerance (fail-
ǎŀŦŜύ ŜǾŀƭǳŀǘƛƻƴΩΣ ƛǘ ƛǎ ǘƘŜ ƎŜƴŜǊŀƭ ǇǊŀŎǘƛŎŜ ǿƛǘƘƛƴ ƛƴŘǳǎǘǊȅ ǘƻ ŎƻƴŘǳŎǘ ŘŀƳŀƎŜ-
tolerance tests for design information and guidance purposes. Damage location 
and growth data should also be considered in establishing a recommended 
inspection programme.  

1.1.4 Assessing the fatigue characteristics of certain structural elements, such as major 
fittings, joints, typical skin units, and splices, to ensure that the anticipated service 
life can reasonably be attained, is needed for structure to be evaluated under 
CS 25.571(c).  

1.2 Typical Loading Spectra Expected in Service. The loading spectrum should be based on 
measured statistical data of the type derived from government and industry load history 
studies and, where insufficient data are available, on a conservative estimate of the 
anticipated use of the aeroplane. The principal loads that should be considered in 
establishing a loading spectrum are flight loads (gust and manoeuvre), ground loads 
(taxiing, landing impact, turning, engine runup, braking, and towing) and pressurisation 
loads. The development of the loading spectrum includes the definition of the expected 
flight plan which involves climb, cruise, descent, flight times, operational speeds and 
altitudes, and the approximate time to be spent in each of the operating regimes. 
Operations for crew training, and other pertinent factors, such as the dynamic stress 
characteristics of any flexible structure excited by turbulence, should also be considered. 
For pressurised cabins, the loading spectrum should include the repeated application of 
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the normal operating differential pressure, and the superimposed effects of flight loads 
and external aerodynamic pressures.  

1.3 Components to be Evaluated. In assessing the possibility of serious fatigue failures, the 
design should be examined to determine probable points of failure in service. In this 
examination, consideration should be given, as necessary, to the results of stress 
analyses, static tests, fatigue tests, strain gauge surveys, tests of similar structural 
configurations, and service experience. Service experience has shown that special 
attention should be focused on the design details of important discontinuities, main 
attachment fittings, tension joints, splices, and cutouts such as windows, doors and other 
openings. Locations prone to accidental damage (such as that due to impact with ground 
servicing equipment near aeroplane doors) or to corrosion should also be considered.  

1.4 Analyses and Tests. Unless it is determined from the foregoing examination that the 
normal operating stresses in specific regions of the structure are of such a low order that 
serious damage growth is extremely improbable, repeated load analyses or tests should 
be conducted on structure representative of components or sub-components of the 
wing, control surfaces, empennage, fuselage, landing gear, and their related primary 
attachments. Test specimens should include structure representative of attachment 
fittings, major joints, changes in section, cutouts, and discontinuities. Any method used 
in the analyses should be supported, as necessary, by test or service experience. 
Generally it will be required to substantiate the primary structure against the provisions 
of CS 25.571(b) and (c) by representative testing. The nature and extent of tests on 
complete structures or on portions of the primary structure will depend upon applicable 
previous design and structural tests, and service experience with similar structures. The 
scope of the analyses and supporting test programmes should be agreed with the Agency.  

1.5 Repeated Load Testing. In the event of any repeated load testing necessary to support 
the damage tolerance or safe-life objectives of CS 25.571(b) and (c) respectively not being 
concluded at the issuance of type certificate, at least one year of safe operation should 
be substantiated at the time of certification. In order not to invalidate the certificate of 
airworthiness the fatigue substantiation should stay sufficiently ahead of the service 
exposure of the lead aeroplane.  

2 Damage-tolerance (Fail-safe) Evaluation 

2.1 General. The damage-tolerance evaluation of structure is intended to ensure that should 
serious fatigue, corrosion, or accidental damage occur within the operational life of the 
aeroplane, the remaining structure can withstand reasonable loads without failure or 
excessive structural deformation until the damage is detected. Included are the 
considerations historically associated with fail-safe design. The evaluation should 
encompass establishing the components which are to be designed as damage-tolerant, 
defining the loading conditions and extent of damage, conducting sufficient 
representative tests and/or analyses to substantiate the design objectives (such as life to 
crack-initiation, crack propagation rate and residual strength) have been achieved and 
establishing data for inspection programmes to ensure detection of damage. 
Interpretation of the test results should take into account the scatter in crack propagation 
rates as well as in lives to crack-initiation. Test results should be corrected to allow for 
variations between the specimen and the aeroplane component thickness and sizes. This 
evaluation applies to either single or multiple load path structure.  

2.1.1 Design features which should be considered in attaining a damage-tolerant 
structure include the following:  
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a. Multiple load path construction and the use of crack stoppers to control the 
rate of crack growth, and to provide adequate residual static strength;  

b. Materials and stress levels that, after initiation of cracks, provide a 
controlled slow rate of crack propagation combined with high residual 
strength. For single load path discrete items, such as control surface hinges, 
wing spar joints or stabiliser pivot fittings the failure of which could be 
catastrophic, it should be clearly demonstrated that cracks starting from 
material flaws, manufacturing errors or accidental damage (including 
corrosion) have been properly accounted for in the crack propagation 
estimate and inspection method;  

c. Arrangement of design details to ensure a sufficiently high probability that a 
failure in any critical structural element will be detected before the strength 
has been reduced below the level necessary to withstand the loading 
conditions specified in CS 25.571(b) so as to allow replacement or repair of 
the failed elements; and  

d. Provisions to limit the probability of concurrent multiple damage, 
particularly after long service, which could conceivably contribute to a 
common fracture path. The achievement of this would be facilitated by 
ensuring sufficient life to crack-initiation. Examples of such multiple damage 
are ς  

i. A number of small cracks which might coalesce to form a single long 
crack;  

ii. Failures, or partial failures, in adjacent areas, due to the redistribution 
of loading following a failure of a single element; and  

iii. Simultaneous failure, or partial failure, of multiple load path discrete 
elements, working at similar stress levels.  

In practice it may not be possible to guard against the effects of 
multiple damage and fail-safe substantiation may be valid only up to 
a particular life which would preclude multiple damage.  

e.  The aeroplane may function safely with an element missing. This feature 
would be admitted only, provided its separation will not prevent continued 
safe flight and landing and the probability of occurrence is acceptably low.  

2.1.2  In the case of damage which is readily detectable within a short period (50 flights, 
say) for which CS 25.571(b) allows smaller loads to be used, this relates to damage 
which is large enough to be detected by obvious visual indications during walk 
around, or by indirect means such as cabin pressure loss, cabin noise, or fuel 
leakage. In such instances, and in the absence of a probability approach the 
residual load levels except for the trailing edge flaps may be reduced to not less 
than the following:  

a. The maximum normal operating differential pressure (including the 
expected external aerodynamic pressures under 1g level flight) multiplied by 
a factor of 1·10 omitting other loads.  

b. 85% of the limit flight manoeuvre and ground conditions of CS 25.571(b)(1) 
to (6) inclusive, excluding (5)(ii) and separately 75% of the limit gust 
velocities (vertical or lateral) as specified at speeds up to VC in 
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CS 25.571(b)(2) and (b)(5)(i). On the other hand if the probability approach 
is used the residual load levels may not in any case be lower than the values 
given in paragraph 2.7.2 of this AMC for one flight exposure. In the case 
where fatigue damage is arrested at a readily detectable size following rapid 
crack growth or a sudden load path failure under the application of high 
loads, the structure must be able to withstand the loads defined in 
CS 25.571(b)(1) to (6) inclusive up to that size of damage. For the subsequent 
growth of that damage, lower loads as stated above may be used. 

2.2  Identification of Principal Structural Elements. Principal structural elements are those 
which contribute significantly to carrying flight, ground, and pressurisation loads, and 
whose failure could result in catastrophic failure of the aeroplane. Typical examples of 
such elements are as follows:  

2.2.1  Wing and empennage 

a. Control surfaces, slats, flaps and their attachment hinges and fittings;  

b. Integrally stiffened plates;  

c. Primary fittings;  

d. Principal splices;  

e. Skin or reinforcement around cutouts or discontinuities;  

f. Skin-stringer combinations;  

g. Spar caps; and  

h. Spar webs.  

2.2.2 Fuselage 

a. Circumferential frames and adjacent skin;  

b. Door frames;  

c. Pilot window posts;  

d. Pressure bulkheads;  

e. Skin and any single frame or stiffener element around a cutout;  

f. Skin or skin splices, or both, under circumferential loads;  

g. Skin or skin splices, or both, under fore-and-aft loads;  

h. Skin around a cutout;  

i. Skin and stiffener combinations under fore-and-aft loads; and  

j. Window frames.  

2.3  Extent of Damage. Each particular design should be assessed to establish appropriate 
damage criteria in relation to inspectability and damage-extension characteristics. In any 
damage determination, including those involving multiple cracks, it is possible to 
establish the extent of damage in terms of detectability with the inspection techniques 
to be used, the associated initially detectable crack size, the residual strength capabilities 
of the structure, and the likely damage-extension rate considering the expected stress 
redistribution under the repeated loads expected in service and with the expected 
inspection frequency. Thus, an obvious partial failure could be considered to be the 
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extent of the damage or residual strength assessment, provided a positive determination 
is made that the fatigue cracks will be detectable by the available inspection techniques 
at a sufficiently early stage of the crack development. In a pressurised fuselage, an 
obvious partial failure might be detectable through the inability of the cabin to maintain 
operating pressure or controlled decompression after occurrence of the damage. The 
following are typical examples of partial failures which should be considered in the 
evaluation:  

2.3.1 Detectable skin cracks emanating from the edge of structural openings or cutouts;  

2.3.2 A detectable circumferential or longitudinal skin crack in the basic fuselage 
structure;  

2.3.3 Complete severence of interior frame elements or stiffeners in addition to a 
detectable crack in the adjacent skin;  

2.3.4 A detectable failure of one element where dual construction is utilised in 
components such as spar caps, window posts, window or door frames, and skin 
structure;  

2.3.5 The presence of a detectable fatigue failure in at least the tension portion of the 
spar web or similar element; and  

2.3.6 The detectable failure of a primary attachment, including a control surface hinge 
and fitting.  

2.4 Inaccessible Areas. Every reasonable effort should be made to ensure inspectability of all 
structural parts, and to qualify them under the damage-tolerance provisions. In those 
cases where inaccessible and uninspectable blind areas exist, and suitable damage 
tolerance cannot practically be provided to allow for extension of damage into detectable 
areas, the structure should be shown to comply with the fatigue (safe-life) requirements 
in order to ensure its continued airworthiness. In this respect particular attention should 
be given to the effects of corrosion.  

2.5 Testing of Principal Structural Elements. The nature and extent of tests on complete 
structures or on portions of the primary structure will depend upon applicable previous 
design, construction, tests, and service experience, in connection with similar structures. 
Simulated cracks should be as representative as possible of actual fatigue damage. Where 
it is not practical to produce actual fatigue cracks, damage can be simulated by cuts made 
with a fine saw, sharp blade, guillotine, or other suitable means. In those cases where 
bolt failure, or its equivalent, is to be simulated as part of a possible damage configuration 
in joints or fittings, bolts can be removed to provide that part of the simulation, if this 
condition would be representative of an actual failure under typical load. Where 
accelerated crack propagation tests are made, the possibility of creep cracking under real 
time pressure conditions should be recognised especially as the crack approaches its 
critical length. 

2.6 Identification of Locations to be Evaluated. The locations of damage to structure for 
damagetolerances evaluation should be identified as follows:  

2.6.1  Determination of General Damage Locations. The location and modes of damage 
can be determined by analysis or by fatigue tests on complete structures or 
subcomponents. However, tests might be necessary when the basis for analytical 
prediction is not reliable, such as for complex components. If less than the 
complete structure is tested, care should be taken to ensure that the internal loads 
and boundary conditions are valid. Any tests should be continued sufficiently 
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beyond the expected service life to ensure that, as far as practicable, the likely 
locations and extent of crack initiation are discovered.  

a. If a determination is made by analysis, factors such as the following should 
be taken into account:  

i. Strain data on undamaged structure to establish points of high stress 
concentration as well as the magnitude of the concentration;  

ii. Locations where permanent deformation occurred in static tests;  

iii. Locations of potential fatigue damage identified by fatigue analysis; 
and  

iv. Design details which service experience of similarly designed 
components indicate are prone to fatigue or other damage.  

b.  In addition, the areas of probable damage from sources such as corrosion, 
disbonding, accidental damage or manufacturing defects should be 
determined from a review of the design and past service experience.  

2.6.2  Selection of Critical Damage Areas. The process of actually locating where damage 
should be simulated in principal structural elements identified in paragraph 2.2 of 
this AMC should take into account factors such as the following:  

a. Review analysis to locate areas of maximum stress and low margin of safety;  

b. Selecting locations in an element where the stresses in adjacent elements 
would be the maximum with the damage present;  

c. Selecting partial fracture locations in an element where high stress 
concentrations are present in the residual structure; and  

d. Selecting locations where detection would be difficult.  

2.7  Damage-tolerance Analysis and Tests. It should be determined by analysis, supported by 
test evidence, that the structure with the extent of damage established for residual 
strength evaluation can withstand the specified design limit loads (considered as ultimate 
loads), and that the damage growth rate under the repeated loads expected in service 
(between the time at which the damage becomes initially detectable and the time at 
which the extent of damage reaches the value for residual strength evaluation) provides 
a practical basis for development of the inspection programme and procedures described 
in paragraph 2.8 of this AMC. The repeated loads should be as defined in the loading, 
temperature, and humidity spectra. The loading conditions should take into account the 
effects of structural flexibility and rate of loading where they are significant.  

2.7.1  The damage-tolerance characteristics can be shown analytically by reliable or 
conservative methods such as the following:  

a. By demonstrating quantitative relationships with structure already verified 
as damage tolerant;  

b. By demonstrating that the damage would be detected before it reaches the 
value for residual strength evaluation; or  

c. By demonstrating that the repeated loads and limit load stresses do not 
exceed those of previously verified designs of similar configuration, 
materials and inspectability.  
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2.7.2  The maximum extent of immediately obvious damage from discrete sources should 
be determined and the remaining structure shown to have static strength for the 
maximum load (considered as ultimate load) expected during the completion of 
the flight. In the absence of a rational analysis the following ultimate loading 
conditions should be covered:  

a.  At the time of the incident:  

i. The maximum normal operating differential pressure (including the 
expected external aerodynamic pressures during 1 g level flight) 
multiplied by a factor 1·1 combined with 1 g flight loads.  

ii. The aeroplane, assumed to be in 1g level flight should be shown to be 
able to survive the overswing condition due to engine thrust 
asymmetry and pilot corrective action taking into account any damage 
to the flight controls which it is presumed the aeroplane has survived.  

b.  Following the incident: 70% limit flight manoeuvre loads and, separately, 
40% of the limit gust velocity (vertical or lateral) as specified at VC up to the 
maximum likely operational speed following failure, each combined with the 
maximum appropriate cabin differential pressure (including the expected 
external aerodynamic pressures). Further, any loss in structural stiffness 
which might arise should be shown to result in no dangerous reduction in 
freedom from flutter up to speed VC/M C.  

2.8  Inspection. Detection of damage before it becomes dangerous is the ultimate control in 
ensuring the damage-tolerance characteristics of the structure. Therefore, the applicant 
should provide sufficient guidance information to assist operators in establishing the 
frequency, extent, and methods of inspection of the critical structure, and this kind of 
information must, under CS 25.571(a)(3), be included in the maintenance manual 
required by CS 25.1529. Due to the inherent complex interactions of the many 
parameters affecting damage tolerance, such as operating practices, environmental 
effects, load sequence on crack growth, and variations in inspection methods, related 
operational experience should be taken into account in establishing inspection 
procedures. It is extremely important to ensure by regular inspection the detection of 
damage in areas vulnerable to corrosion or accidental damage. However for crack 
initiation arising from fatigue alone, the frequency and extent of the inspections may be 
reduced during the period up to the demonstrated crack-free life of the part of the 
structure, including appropriate scatter factors (see paragraph 3.2). Comparative analysis 
can be used to guide the changes from successful past practice when necessary. 
Therefore, maintenance and inspection requirements should recognise the dependence 
on experience and should be specified in a document that provides for revision as a result 
of operational experience, such as the one containing the Manufacturers Recommended 
Structural Inspection Programme.  

3 Fatigue (Safe-Life) Evaluation 

3.1 Reserved  

3.2 Fatigue (Safe life) evaluation  

3.2.1  General. The evaluation of structure under the following fatigue (safe-life) strength 
evaluation methods is intended to ensure that catastrophic fatigue failure, as a 
result of the repeated loads of variable magnitude expected in service, will be 
avoided throughoǳǘ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ƭƛŦŜΦ ¦ƴŘŜǊ ǘƘŜǎŜ ƳŜǘƘƻŘǎ ǘƘŜ 
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fatigue life of the structure should be determined. The evaluation should include 
the following:  

a. Estimating, or measuring the expected loading spectra for the structure;  

b. Conducting a structural analysis including consideration of the stress 
concentration effects;  

c. Performing fatigue testing of structure which cannot be related to a test 
background to establish response to the typical loading spectrum expected 
in service;  

d. Determining reliable replacement times by interpreting the loading history, 
variable load analyses, fatigue test data, service experience, and fatigue 
analysis;  

e. Evaluating the possibility of fatigue initiation from sources such as corrosion, 
stress corrosion, disbonding, accidental damage and manufacturing defects 
based on a review of the design, quality control and past service experience; 
and  

f. Providing necessary maintenance programmes and replacement times to 
the operators. The maintenance programme should be included in 
Instructions for Continued Airworthiness in accordance with CS 25.1529.  

3.2.2  Scatter Factor for Safe-Life Determination. In the interpretation of fatigue analyses 
and test data, the effect of variability should, under CS 25.571(c), be accounted for 
by an appropriate scatter factor. In this process it is appropriate that the applicant 
justify the scatter factor chosen for any safe-life part. The following guidance is 
provided (see Figure 1):  

a. The base scatter factors applicable to test results are: BSF1 = 3.0, and BSF2 = 
(see paragraph 3.2.2(e) of this AMC). If the applicant can meet the 
requirements of 3.2.2(c) of this AMC he may use BSF1 or, at his option, BSF2.  

b. The base scatter factor, BSF1, is associated with test results of one 
representative test specimen.  

c. Justification for use of BSF1. BSF1 may only be used if the following criteria 
are met:  

i.  Understanding of load paths and failure modes. Service and test 
experience of similar in-service components that were designed using 
similar design criteria and methods should demonstrate that the load 
paths and potential failure modes of the components are well 
understood.]  

[ii.  Control of design, material, and manufacturing process quality. The 
applicant should demonstrate that his quality system (e.g. design, 
process control, and material standards) ensures the scatter in fatigue 
properties is controlled, and that the design of the fatigue critical 
areas of the part account for the material scatter.  

iii.  Representativeness of the test specimen.  

A. The test article should be full scale (component or sub-
component) and represent that portion of the production 
aircraft requiring test. All differences between the test article 
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and production article should be accounted for either by 
analysis supported by test evidence or by testing itself.  

B. Construction details, such as bracket attachments, clips, etc., 
should be accounted for, even though the items themselves 
may be non-load bearing.  

C. Points of load application and reaction should accurately reflect 
those of the aircraft, ensure correct behaviour of the test 
article, and guard against uncharacteristic failures.  

D. Systems used to protect the structure against environmental 
degradation can have a negative effect on fatigue life and 
therefore should be included as part of the test article.  

d.  Adjustments to base scatter factor BSF1. Having satisfied the criteria of 
paragraph 3.2.2(c), justifying the use of BSF1, the base value of 3.0 should be 
adjusted to account for the following considerations, as necessary, where 
not wholly taken into account by design analysis. As a result of the 
adjustments, the final scatter factor may be less than, equal to, or greater 
than 3.0.  

i. Material fatigue scatter. Material properties should be investigated 
up to a 99% probability of survival and a 95% level of confidence.  

ii. Spectrum severity. Test load spectrum should be derived based on a 
spectrum sensitive analysis accounting for variations in both 
utilisation (i.e. aircraft weight, cg etc.) and occurrences / size of loads. 
The test loads spectrum applied to the structure should be 
demonstrated to be conservative when compared to the usage 
expected in service.  

iii. Number of representative test specimens. Well established statistical 
methods should be used that associate the number of items tested 
with the distribution chosen, to obtain an adjustment to the base 
scatter factor.  

e.  If the applicant cannot satisfy the intent of all of paragraph 3.2.2(c) of this 
AMC, BSF2 should be used.  

i. The applicant should propose scatter factor BSF2 based on careful 
consideration of the following issues: the required level of safety, the 
number of representative test specimens, how representative the test 
is, expected fatigue scatter, type of repeated load test, the accuracy 
of the test loads spectrum, spectrum severity, and the expected 
service environmental conditions.  

ii. In no case should the value of BSF2 be less than 3.0.  

f.  Resolution of test loadings to actual loadings. The applicant may use a 
number of different approaches to reduce both the number of load cycles 
and number of test set-ups required. Due to the modifications to the flight-
by-flight loading sequence, the applicant should propose either analytical or 
empirical approaches to quantify an adjustment to the number of test cycles 
which represents the difference between the test spectrum and assumed 
flight-by-flight spectrum. In addition, an adjustment to the number of test 
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cycles may be justified by raising or lowering the test load levels as long as 
ŀǇǇǊƻǇǊƛŀǘŜ Řŀǘŀ ǎǳǇǇƻǊǘ ǘƘŜ ŀǇǇƭƛŎŀƴǘΩǎ ǇƻǎƛǘƛƻƴΦ hǘƘŜǊ ŜŦŦŜŎǘǎ ǘƻ ōŜ 
considered are different failure locations, different response to fretting 
conditions, temperature effects, etc. The analytical approach should use 
well established methods or be supported by test evidence. 
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Figure 1 
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