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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 aintAGS#e

eRulesproject is to make thenaccessiblen an efficient and reliable way to stakeholders.

EASA eRulesill be a comprehensive, single system for the drafting, sharing and storing of ru
will be the single source for all aviation safety rules applicable to European airspace users. It w
easy (online) access to all rules and regulations akasehew and innovative applications such
rulemaking process automation, stakeholder consultation, crefsrencing, and comparison wit
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To achieve these ambitious objectives, tBASA eRulgsroject is structuredn tenmodules to cover
all aviation rules and innovative functionalities.

TheEASA eRulesystem is developed and implemented in close cooperation with Member State
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aviation industry to ensure that all its capabilities are relevant and effective.
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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 eat®yread publication. It has been prepared by putting together

the certification specificationsvith the related acceptable mens 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 follotlis: certification specifications (CS) dodlowed
by the related acceptable means of compliand&IC)paragraph(s).

All elerrents (i.e. CS andMQ are colourcoded and can be identified according to the illustration
below. The EASA Executive Director (EBtision through which theooint or paragraph was
introduced or last amended is indicated below the paragraph titie(gglics

Certification specification

ED decision

ED decision

The format of this document has been adjusted to makesérfriendly and for reference purposes.
Any commentshouldbe sent toerules@easa.europa.eu
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INCORPORATED AMENDMENTS

CS/AMJEDDECISIONS

ED Decision 2003/2/RM CS25/ Initial issue 17/10/2003
ED Decision 2005/006/R CS25/ Amendment 1 12/12/2005
ED Decisn 2006/005/R CS25/ Amendment 2 2/10/2006
ED Decision 2007/010/R CS25/ Amendment 3 19/9/2007
ED Decision 2007/020/R CS25/ Amendment 4 27/12/2007
ED Decisn 2008/006/R CS25/ Amendment 5 5/9/2008
ED Decision 2009/010/R CS25/ Amendment 6 6/7/2009
ED Decision 2009/013/R CS25/ Amendment 7 21/10/2009
ED Decisn 2009/017/R Cs25/ Amendment 8 18/12/2009
ED Decision 2010/005/R CS25/ Amendment 9 12/8/2010
ED Decision 2010/013/R CS25/ Amendment 10 23/12/2010
ED Deaion 2011/004/R CS25/ Amendment 11 4/7/2011
ED Decision 2012/008/R CS25/ Amendment 12 13/7/2012
ED Decision 2013/010/R CS25/ Amendment 13 14/6/2013
ED Decision 2013/033/R CS25/ Amendment 14 20/12/2013
ED Deaion 2014/026/R CS25/ Amendment 15 23/7/2014
ED Decision 2015/008/R CS25/ Amendment 16 13/3/2015

Note: To access the officiarsions pleaseclick onthe hypetinks provided above.
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Preamble

PREAMBLE

ED Decision 2015/008/R

CS25 Amendment 16

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

SubpartB

CS 25.21(g)

AMC 25.21(g)
C25.105(a)(2)
CS 25.111(c)(5)
CS 25.119(b)
C25.121

CS 25.123(b)(2)
CS 25.125

CS 25143

CS 25.207

CS 25.237(a)(3)(ii)
CS 25.253(c)
SubpartD

AMC 25.629

CS 25.773

AMC 25.773
AMC 25.773(b)(1)(ii)
AMC 25.773(b)(4)
AMC 25.773(c)
SubpartE

CS 25.903(a)(3)
CS 25.929(a)
AMC 25.929(a)
CS 25.1093

AMC 25.1093(b)
SubpartF

CS 25.1323(i)

AMC25.1323(i)and 25.1325(b)

CS 25.1324
AMC 25.1324
C25.1325(b)
CS 25.1326
AMC 25.1326
AMC N°1to CS 25.1329
CS 25.1403
AMC 25.1403
AMC 25.1419
CS 25.1420
AMC25.1420
SubpartG

Amended NPA 201403)
Amended NPA 201222)
Amended NPA 201103)
Amended NPA 201103)
Amended NPA 201403)
Amended NPA 201403)
Amended NPA 2011403)
Amended NPA 2011403)
Amended NPA 201403)
Amended NPA2011-03)
Amended NPA 2011403)
Amended NPA 201103)

Amended NPA 201222)

Amended NPA 201103 & NPA 20122)
Amended NPA 201222)

Created NPA 201222)

Created NPA 201222)

Created NPA 201222)

Amended NPA 201403)
Amended NPA 201103)
Amended NPA 201222)
Amended NPA 201103 & NPA 20122)

Amended NPA 201222)

Deleted NPA 201103)

Deleted NPA 20122)

Created NPA 201103 & NPA 20122)
Created NPA 201222)

Amended NPA 201103)

Amended NPA 201103 & NPA 20122)
Created NPA 201222)

Amended NPA 201222)

Amended NPA 201103)

Created NPA 201222)

Amended NPA 201222)

Created NPA 201103)

Created NPA 201222)
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CS 25.1521(c)
CS 25.1533(c)
Subpart J

CS 2531093
AMC 25J1093(b)
Appendix C

Part Il

Appendix O
Appendix P

Amended NPA 201103)
Amended NPA 201103)

Amended NPA 201103)
Amended NPA 201222)

Amended NPA 201103)

Created NPA 201103)
Created NPA 201103)

ED Decision 2014/026/R

CS25 Amendment 15

The following is a list of paragrapaected by this amendment:

SubpartB

CS 25.143
Subpart C
CS 25.562(b)
Subpart D
CS 25.801(a)
CS 25.841
Subpart E
AMC 25.1041
AMC 25.1043
Sulpart F
AMC 25.1447(c)(3)

Corrected (Editorial)

Corrected (Editorial)

Amended NPA 20146)
Corrected (Editorial)

Deleted NPA 20146)
Created NPA 201496)

Amended NPA 20146)

ED Decision 2013/033/R

CS25 Amendment 14

The following is a list of paragraphs affected by this amesrtm

Subpart D
CS 25.729(f)
AMC 25.729
CS 25.734
AMC 5.734
CS 25.735(])
AMC 25.735
CS 25.809(g)
Subpart E
CS 25.963(e)
AMC 25.963(e)
SQubpart F
AMC 25.1309

Deleted NPA 20132)
Amended NPA 2013)2)
Created NPA 2013)2)
Created NPA 2013)2)
Created NPA 2013)2)

Amended NPA 2013)2)
Corrected (Editorial)

Amended NPA 2013)2)
Amended NPA 2013)2)

Corrected (Editorial)
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Preamble

CS25 Amendment 13

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

SubpartA

AMC 2513
Subpart B

AMC 25.21(g)
AMC 25.101(qg)
CS 25.143(k)

CS 25.143())
Sibpart C

CS 25.331(c)
AMC 25.331(c)(1)
AMC 25.331(c)(2)
CS 25.333(b)
AMC 25.333(b)
CS 25.335(b)(1)
AMC 25.335(b)(1)(ii)
CS 25.349(a)
AMC 25.349(a)
CS 25.351

AMC 25.351

CS 25.397(d)
CS25.509

AMC 25.509
Subpart D

CS 25.745(d)
AMC 25.745(d)
CS 25.777(i)

CS 25.785(b)

CS 25.810(a)(1)(iv)
CS 25.855(c)
Subpart E

CS 25.951(c)

CS 25.1193(e)(3)
AMC 25.1193(e)
Subpart F

CS 25.1447(c)(3)
AMC 25.1447(c)(3)
Subpart G

CS 25.1501

CS 25.1593
AMC25.1593
Subpart J

CS 25J1193(e)(3)
Appendix Q

Amended NPA 201409)

Amended NPA 211-09)
Created NPA 201409)
Created NPA 201409)
Created NPA 201409)

Amended NPA 201409)
Created NPA 201409)
Created NPA 201409)
Amended NPA 201409)
Created NPA 201409)
Amended NPA 201409)
Created NPA 201409)
Amended NPA 201409)
Created NPA 201409)
Amended NPA 201409)
Created NPA 201409)
Created NPA 201409)
Amended NPA 201409)
Created NPA 201409)

Amended NPA 201409)
Created NPA 201409)
Created NPA 201109)
Amended NPA 201109)
Amended NPA 201409)
Amended NPA 201409)

Corrected (editorial)

Amended NPA 201409)
Created NPA 201409)

Amended NPA 201109)
Created NPA 201409)

Amended NPA 201417)
Created NPA 201117)
Created NPA 201117)

Amended NPA 201409)
Created NPA 201409)

ED Decision 2013/010/R
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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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(Amendment 16)

Preamble

AMC to Appendix Q

Created NPA 201409)

CS25 Amendment 12

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

Sulpart A

AMC 2511

Subpart C

CS 25.341(a)(4)
Subpart D

AMC 25.703

AMC 25.729

AMC 25.735

CS 25.785

AMC 25.803

CS 25.807
AMC25.807 and 25.813
AMC 25.807

AMC 25.807(d)

CS 25.809

AMC 25.809

AMC 25.809(a)(3)
CS 25.810

CS 25.812

CS 25.813

AMC 25.813

CS 25.851

AMC 25.851(a)
AMC 25.851(a)(1)
AMC 25.851(a)(2)
AMC 25.851(b)
AMC 25.851(c)

CS 25.853(f)

CS 25.855
AMCCS 25.855 and 25.857
Subpart E

CS 25.951(c)

AMC 25.1195(b)
CS 25.1197

AMC 25.1197
SubpartF

CS 25.1305(a)(2)
AMC 25.1305(a)(2)
AMC 25.1309
AMC 25.1309, Appendix 2

Amended and correcte

Corrected (editorial)

Amended (editorial)
Amended (editorial)
Amended (editorial)
Amended NPA 2016aL1)
Amended (editorial)
Amended NPA 2014a11)
Amended NPA 200-11)
Deleted NPA 2016a11)
Amended NPA 2016aL1)
Amended NPA 2014a1L1)
Created NPA 201611)
Created NPA 2016a11)
Amended NPA 2016aL1)
Amended NPA 2014a1L1)
Amended NPA 2014a1L1)
Created NPA 2016a11)
Amended NPA 201414)
Amended NPA 201414)
Amended NPA 201114)
Amended NPA 201114)
Amended NPA 201414)
Created NPA 201114)
Amended NPA 2016a11)
Amended NPA 2016a11)
Amended NPA 201414)

Corrected (editorial)

Amended NPA 201114)
Amended NPA 201114)
Created NPA 201114)

Amended NPA 201113)
Created NPA 201113)

Amended (editorial)
Amended (editorial)

ED Decision 2012/008/R

d (editorial)
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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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(Amendment 16)

AMC 25.1322

AMC 25.1329

AMC 25.1435

CS 25.1445

CS 25.1447(c)(4)

Subpart G

AMC 25.1581, Appendix 1
Appendix F

Part Il

Corrected (editorial)
Amended (editorial)
Amended (editorial)
Corrected (editorial)

Amended NPA 2016a11)

Amended (editorial)

Amended NPA 201114)

ED Decision 2011/004/R

CS25 Amendment 11

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

SubpartA

Cs 25.1

AMC 2511
SubpartB

CS 25.177(c)

AMC 25.177(c)
Subpart C

CS 25.333
AMC25.561(b)(3)
Subpart D

AMC 25.783

CS 25.785()(3)
AMC 25.785(d)
AMC 25.791

AMC 25.803

AMC 25.807

AMC 25.807(d)
AMC 25.812

AMC 25.815

AMC 25.853
AMCCS 25.855 and 25.857
Subpart E

AMC 25.1125(a)(3)
SubpartF
AMC25.1302

AMC 25.1309

CS 25.1322

AMC 25.1322
AMC No.1 to CS 25.1329
CS 25.1459(d)(3)

Amended (editorial)

Amended NPA 200912)

Corrected (editorial)
Corrected (editorial)

Corrected (editorial)
Corrected (editorial)

Corrected (editorial)
Corrected (editorial)
Corrected (editorial)
Amended (editorial)
Amended (editorial)
Amended(editorial)

Corrected (editorial)
Amended (editorial)
Amended (editorial)
Amended (editorial)
Amended (editorial)

Deleted

Corrected (editorial)
Amended (editorial)
Amended NPA 200912
Amended NPA 200912)

Amended (editorial)
Corrected (editorial)
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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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(Amendment 16)

Preamble

CS25 Amendment 10

The following is a list gfaragraphs affected by this amendment:

SubpartG
CS 25.835

New (NPA 20081)

CS25 Amendment 9

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

SubpartB

CS 25.113
SubpartD

CS 25.603

AMC No. 1 to 25.603
AMC No. 2 to 25.603
CS 25.795

AMC 25.795(a)(1)
AMC 25.795(a)(2)
AMC 25.795(b)(1)
AMC 25.795(b)(2)
AMC 25.795(b)(3)
AMC 25.795(c)(1)
AMC 25.795(c)(2)
AMC 25.795(c)(3)
CS 25.813

AMC 25.813(c)
SubpartE

CS 25.981

AMC 25.98(a)
SubpartH

AMC 25.1711
SubpartJ

CS 253951

Corrected (editorial)

Amended NPA 20096)
Deleted NPA 200906)
Deleted NPA 2009)6)
Amended NPA 2009)7)
Amended NPA 20097)
Amended NPA 20097)
New (NPA 2009)7)
New (NPA 2009)7)
New (NPA 20097)
New (NPA 2009D7)
New (NPA 2009)7)
New (NPA 2009)7)
Amended NPA 2008)4)
Amended NPA 2008)4)

Amended (definition added)
Corrected (editorial)

Corrected (editorial)

Corrected (editorial)

CS25 Amendment 8

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

SubpartB
AMC 2524
SubpartC
CS 25.361
AMC 25.361
CS 25.362
AMC 25.362

Created NPA 200715)

Amended KNPA 200715)
Created NPA 200715)
Created NPA 200715)
Created NPA 200715)

ED Decision 2010/013/R

ED Decision 2010/005/R

ED Decision 2009/017/R
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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
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(Amendment 16)

Preamble

Subpart D
AMC 25.703
AMC 25.735
AMC 25.783
CS 25.851
CS 25.855
CS 2857
AMC 25.857
SubpartE

CS 25.901
AMC 25.981
SubpartF
AMC 25.1309
Appendix F
Partl ¢ paragraph (a)
Part Il
Appendix H
H25.5

Corrected (editorial)
Corrected (editorial)
Corrected (editorial)

Amended(NPA 2008L0)
Amended NPA 2008L0)
Amended NPA 2008L0)
Amended NPA 200810)

Amended NPA 200715)

Corrected (editorial)

Corrected (editorial)

Amended NPA 2008L0)

Corrected (editorial)

Corrected (editorial)

CS25 Amendment 7

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

SubpartB

CS 25.143

CS 25.207
SubpartF

CS 25.1419
Appendix C

Part Il paragraph (e)

Amended NPA 20098)
Amended NPA 20098)

Amended NPA 209-08)

Amended NPA 20098)

CS25 Amendment 6

The following is a list of paragrapaected by this amendment:

SubpartB

CS 25.21
AMC 25.21(g)
SubpartD
AMC 25.629
AMC25.783
CS 25.807(63)
AMC 25.807
CS 25.856
AMC 25.856)
AMC 25.856)

Amended NPA 2008)5)

Corrected

Corrected (editorial)
Corrected (editorial)
Corrected (editorial)
Corrected (editorial)

Created NPA 20081L3)
Created NPA 20081L3)
Created NPA 20081L3)

ED Decision 2009/013/R

ED Decision 2009/010/R
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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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(Amendment 16)

Preamble

Qubpart E

CS 25.981(b)
AMC 25.981(b)
CS 25.981(c)
AMC 25.981(c)
SubpartF

CS 25.1309
Appendix F
Part |

Part VI

Part VII
AppendixM
Appendix N
AMC to Appendix N

Amended NPA 2008L9)
Created NPA 20081L9)
Deleted NPA 200819)
Deleted NPA 200819)

Corrected (editorial)

Amended NPA 2008L3)
Created NPA 20081L3)
Created NPA 20081L3)
Created NPA 200819)
Created NPA 200819)
Created NPA 200819)

CS25 Amendment 5

The following is a list of paragrapafected by this amendment:

SubpartD

CS 25.611

CS 25.807

CS 25.812

CS 25.855

CS 25.869
SubpartE

AMC 25.951(d)
CS 25.991

CS 25.1203
Subpart F

CS 25.1301
AMC 25.1301(a)(2)
AMC 25.1301(b)
CS 25.1309

CS 25.1353

CS 25.1357
AMC 25.1357(f)
CS 25.1411
SubpartH

AMC 25 Subpart H
CS 25.1701
AMC 25.1701
C25.1703
AMC 25.1703
CS 25.1705

CsS 8.1707

Amended NPA 200701)

Corrected
Corrected
Amended NPA 200701)
Amended NPA 200701)

Deleted (Correction)
Corrected

Amended NPA 200701)

Amended NPA 200701)
Created NPA 200701)

ED Decision 2008/006/R

Replaced by AMC 25.1301(a)(®PA 200701)

Amended NPA 200701)
Amended NPA 200701)
Amended NPA 200701)
Created NPA 200701)

Corrected

Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
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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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(Amendment 16)

Preamble

AMC 25.1707
CS 25.1709
AMC25.1709
CS 25.1711
AMC 25.1711
C25.1713
AMC 25.1713
CS 25.1715
AMC25.1715
CS 25.1717
AMC 25.1717
CS 25.1719
AMC 25.1719
C25.1721
AMC 25.1721
CS 25.1723
AMC 25.1723
CS 25.1725
CS 8.17Z
CS 25.1729
CS 25.1731
Subpart J

CS 253991
Appendix H
H25.1

H25.4

AMC to Apendix H, H25.4(a)(3)

H25.5
AMC to Appendix H, H25.5

Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)
Created NPA 200701)

Corrected

Amended NPA 200701)
Amended NPA 200701)
Created NPA 200701)
Created (NPA 200701)
Created NPA 200701)

CS25 Amendment 4

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

SubpartD
CS 25.729
AMC 25.729
CS 25.773
AMC 25.773
AMC 25.773(b)(1)(ii)
CS 25.783
AMC 25.783
CS 25.807
CS 25.809
CS 2810
CS 25.820

Amended NPA 02/200%
Created KPA 022006)
Amended NPA 02/200%
Created NPA 02/200%
Deleted NPA 02/200%
Amended NPA 02/200%
Created NPA 02/200%
Amended NPA 02/200%
Amended NPA 02/200%
Amended NPA 02/200%
Created NPA02/2006)

ED Decision 2007/020/R
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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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(Amendment 16)

CS 25.851

AMC 25.851(b)

Subpart F

AMC 25.1309 (4)

CS 25.1329

AMC 25.1329

AMC No. 1 to CS 25.1329
AMC No. 2 to CS 25.1329
CS 25.1335

CS 25.1439

AMC 25.1439(b)(5)

CS 25.1453

AMC 25.1453

Appendix F

Part Il paragraph (f)4

Amended NPA 02/200%
Created INPA 02/200%

Corrected

Replaced entirelyNPA 18/200%

Replaced by AMC Nos 1 and 2 to CS 25.1329
Created NPA 18/200%

Created NPA 18/200%

Deleted NPA 18/200%

Amended NPA 02/200%

Deleted NPA 02/200%

Amended NPA 02/200%

Deleted NPA 02/200%

Corrected NPA 18/200%

ED Decision 2007/010/R

CS25 Amendment 3

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

Subpart B

CS 25.21

AMC 25.21(g)

CS 25.103(b)(3)
CS 25.105(a)

CS 25.107(c)(3)
CS 25.107

CS 25.111

CS 25.119

AMC 25.119(a)
CS 25.121

AMC 5.121(b)(1)
CS 25.123

AMC 25.125(a)(3)
AMC 25.125(b)
AMC 25.125(b)(2)
CS 25.125

CS 25.143

AMC 25.143(c)
AMC No.1 to 25.143(f)
AMC No.2 to 25.143(f)

AMC 25.143(g)
CS 25.207(b)
CS 25.237(a)
CS 25.253

Amenced (NPA 16/200%

Created NPA 16/200%

Amended NPA 16/200%

Amended NPA 16/200%

Amended NPA 16/200%

Amended NPA 16/200%

Amended NPA 16/200%

Amended NPA 16/200%

Amended and redesignated as AMC 25.1NPA 16/200%

Amended NPA 16/200%
Redesignated as AMC 25.121{h{i) (NPA 16/200%

Amended NPA 16/200%

Realesignated as AMC 25.125(b)(RPA 16/200%
Redesignated as AMZ5.125(c) NPA 16/200%

Amended and redesignated as AMC 25.125(dY2 16/200%
Amended(NPA 16/200%

Amended(NPA 16/200%
Amended and redesignated as AMC 25.143{iA 16/200%

Redesignated as AMC No.1 to 25.143¢PA 16/200%

Amended and redesignatieas AMC No.2 to 25.143(®KA
16/2004)

Amended and redesignated as AMC 25.143{MA 16/200%
Amended NPA 16/200%
Amended NPA 16/200%
Amended NPA 16/200%
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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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(Amendment 16)

Subpart C

CS 25.405(b)
Subpart D

CS 25.721

CS 25.773(b)(1)(ii)
CS 25.811(g)

CS 25.812

AMC 25.812(b)(1)
AMC 25.812(b)(2)
AMC 25.812(e)(2)
CS 25.855(c)

CS 25.857(d)

CS 25.858
Subpart E

CS 25.901(b)(2)(ii)
CS 25.905

CS 25.907

CS 25.941(c)

CS 25.963

AMC 5.963(d)
AMC 25.963(e)
AMC 25.963(g)
CS 25.994
Subpart F

CS 25.1302

AMC 25.1302
AMC 25.1329
AMC 25.1360(a)
AMC 25.1360(b)
CS 25.1419
Subpart J

CS 253994
Appendices
Appendix C

Part | paragraph (c)
Part Il

Formula corrected

Amended NPA 21/200%
Amended(NPA 16/200%
Amended NPA 04/200%
Amended NPA 04/200%
Created IWPA 04/200%
Created PA 04/200%
Created INPA 04/200%
Amended NPA 04/200%
Deleted NPA 04/200%
Amended NPA 04/200%

Corrected

Corrected

Corrected

Amended NPA 16/200%
Amended NPA 21/200%
ReplacedPA 21/200%
Created NPA 21/200%
Revoked IPA 21/200%
Amended NPA 21/200%

Created NPA 15/200%

Created NPA 15/200%
Crossreferences amended\(PA 16/200%

Title corrected
Title corrected

Amended NPA 16/200%

Amended NPA 21/205)

Introduction of Part | TitleNPA 16/200%

Created NPA 16/200%
Created NPA 16/200%

ED Deision 2006/005/R

CS25 Amendment 2

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

Subpart A
AMC 2511
AMC 2513
AMC 2519
Subpart B

Amended
Title corrected
Amended
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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
Subpart C

AMC 25335(b)(2)
CS25.399

AMC 25.415
AMC 25.491
AMC 25.571a),(b) and (e)
Subpart D

AMC 25.703
AMC 25.723

CS 25.735
AMC25.735

CS 25.745
AMC25.785(d)
SubpartF

CS 25.1301(c)
AMC 25.1309
AMC 25.1322
CS 25.1365(a)
CS 25.1423
C25.1435(b)(2)
AMC 25.1435
AMC 25.1587
Subpart G

AMC 25.1581 Appx 1
AMC 25.158(Kk)
CS 25.1591
AMC25.1591
Appendices
AppendixF, Part Il
AppendixJ

Amended

Amended
Amended
Title corrected
Title corrected
Amended

Amended
Title corrected
Amended
Amended
Amended
Amended

Amended
Amended
Amended
Amended
Amended
Amended
Amended
Amended

Amended

Amended(NPA 14/200%
Replace entirelyNPA 14/204)
Created(NPA 14/200%

Amended
Amended

ED Decision 2005/006/R

CS25 Amendment 1

Thefollowing is a list of paragraphs affected by this amendment:

Subpart B

CS 25.251 (a) and (b)
Subpart C

CS 25.301(b)

AMC 25.301(b)

AMC No.2 to CS 25.301(b)
CS 25.302
CS 25.305
CS 25.307

Amended(NPA 11/200%

Amended KNPA 02/200%
Amended(sub-paragraph(b) deleted and renumbeed as AMC
No 1 to CS 25.301(k)PA 02/200%

Created NPA 02/200%

Created NPA 11/200%

Amended by adding suparagraphs (e) and ()NPA 11/200%)
Amended NPA 11/200%
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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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(Amendment 16)

AMC 25.307

CS 25.341

AMC 25.341

CS 25.343(b)(1)(ii)
CS 25.345(c)(2)
CS 25.371
C25.373 (a)

CS 25.391

CS 25.427
Subpart D

CS 25.613

AMC 25.613

CS 25.621
AMC25.621

AMC 25.621(c)
AMC 25.621(c)(1)
CS 25.629

AMC 25.629
Subpart E

CS 25.901(c)
AMC 25.901(c)
CS 25.933 (a)(1)
AMC 25.933 (a)(1)
CS 25.981

AMC 25.981(a)
AMC 25.981(c)
CS 25.1141 ()
CS 25.1189

AMC 25.1189
Subpart F

CS 25.1436(b)(7)
Subpart G

CS 25.1517

CS 25.1522

CS 25.1583(b)(1)
Subpart J

Subpart J

Existing AMC to subpart J
AMC 25J901(c)(2)
AMC25J901(c)(4)
AMC 253943
AMC 25J955(a)(2)(iii)
AMC 253991
AMC 2531041
AMC25J1093(b)
CS 2531189

ReplacedPA 11/200%
Amended NPA 11/200%
Amended NPA 11/200%
Amended NPA 11/200%
Amended NPA 11/200%
Amended NPA 11/200%
Amended NPA 11/200%

Amended NPA 11/200%
Amended by adding suparagraph (d)NPA 11/200%

Amended NPA 11/200%
Created NPA 11/200%
ReplacedIPA 08/200%
Created NPA 08/200%
Created NPA 08/200%
Created NPA 08/200%
Amended NPA 11/200%
Created NPA 11/200%

Amended NPA 13/200%
Created NPA 13/200%
Amended NPA 13/200%
Created NPA 13/200%
ReplacedIPA 10/200%
Created KNPA 10/200%
Created NPA 10/200%
Amended NPA 13/200%
Amended NPA 13/200%
Created NPA 13/200%

Amended to refer to Appendix KIPA 11/200%

Amended NPA 11/200%
Deleted NPA 10/200%
Amended by removing reference to CS 25.152RA 10/200%

Replaced entirelyNPA 10/200%
Deleted entirely NPA 10/200%
Created NPA 10/200%

Created NPA 10/200%

Created NPA 10/200%

Created NPA 10/200%

Created NPA 10/200%

Created NPA 10/200%

Created NPA 10/200%
Amended by adding reference to AMC 25.11824A 13/200%
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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
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
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-08-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-08-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-08-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-08-2004
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-13-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-13-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-13-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-13-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-10-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-10-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-10-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-13-2004
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-13-2004
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ED Decision 2011/004/R

(@) These Certification Specifications are applicable to turbine powered Large Aeroplanes.
[Amdt 25/11]
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OMO a1l I NRé [/ 2y GNRTf
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CHAPTERBACKGROUND

1. What is the purpose of this AMC?

This AMC provides an acceptable means of compliance for demonstrating compliance with
certain certification specifications of @S, as well as general guidance for the design,
installation, integration, and approval of electronic flight deck displays, poovents, 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 arespla

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 ptese
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 ancbmponent characteristics,

- Safety and criticality aspects,

- Functional characteristics,

- Display information characteristics,

- Guidance to manage display information,

- Flight crew interface and interactivity, and

- Airworthiness approval (means afmpliance) 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 displaysincluding single function and muftiinction displays.

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

S5AaL & FdzyOiArAz2ya y20 AYyGSyRSR T2NJ dzaS oeé& (KS
Display aspects of Class Il Electronic Flight Bag (installed equipment).

Controls associated with the electronic displays covered in this AGe Toatrols 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 | and ClagsHlectronic Flight Bags.

Electromechanical instruments.

l dZRAG2NE GRAALI F@aé O0F2NJ SEI YLIX S I dzNI f  F f SNI ¢
Flight controls, throttles, and other (hard) controls not directly associated with therelgictdisplays.

In addition to this AMC, nevAMC 25.1302published in G5 Amendment 3, provides
acceptable means of compliance with certification specifications associated with the design of
flight crew interfaes such as displays, indications, and contildC 25.132provides 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 dngnancentred 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-tepel view of flight deck displays. Conflicts
between this AMC and other advisory material will be resoleeda caseby-case basis in
agreement with the Agency.

5. Definitions of Terms Used in this AMC

a C2NJ 0KS LlzN1}2aSa 2F GKAA !a/3X | GRAALI L& &c
and software components but the entire set of avionic deviogslemented 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 wouldppdiGable 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. C2NJ G§KS LlzN1}2asSa 2F (GKAa !a/3x aF2NBasSSIoftsS
which the dsplay or the display system is assumed to operate, given its intended
function. This includes operating in normal, reormal, and emergency conditions.

C. Definitions of technical terms used in this AMC can be fourgbipendix 3of this AMC.
The acronyms used throughout this document are includesigpendix 4of 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 &isttronic
displays were developed, they were direct replacements for the conventional
electromechanical components. The initial release of AMGlR%established an
acceptable means of compliance for the approval of cathode ray tube (CRT) based
electronicdisplay systems used for guidance, control, or decisiaking by the flight
crews of large aeroplanes. This initial release was appropriate for CRTs, but additional
specifications were needed to update AMCG2bto address new technologies.

b. The FAArd 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 @S 25.1301(aCS 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]

CHAPTERELECTRONIC DISPLAY SYSTEM OVERVIEW
11. Genera
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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. Clggmtevides 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 displaystem.

a. Design Philosophy.

The applicant should establish, document, and follow a design philosophy for the display
system that supports the intended function€% 25.1301 The documented design
philosophy maype 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 informatiopresentationc ¥ 2 NJ SEI YLX S A& | &
flight deck philosophy used or is some other approach used?

(2) Colour philosophy on the electronic displagsthe meaning and intended
interpretation of different colourg; for example, does magenta alwaypresent
a constraint?

(3) Information management philosophyfor 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) Interactvity philosophy- for example, when and why is pilot confirmation of
actions requested? When is feedback provided?

(5) Redundancy management philosopfijor example, how are single and multiple
display failures accommodated? How are power supply and Hdatafailures
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 noonrmal operations, includg
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 Inteded Function in the Certification Programme

The certification programme should identify the appropriate-25S certification
specifications. An important part of the certification programme will be the system
description(s) and all intended functions, mding attitude, altitude, airspeed, engine
parameters, horizontal situation display, etc. To demonstrate compliance @gh

25.1301(a) an applicant must show that the design is appropriate for its intended
function.¢ KS | LILJX AOFyiQa RSAONALIIAZY 2F AYyGSYyRSR
and detailed for the Agency to be able to evaluate that the system is appropriate to its
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intended function. CS 25.1302nd associad AMC provide additional information on

intended function). General and/or ambiguous intended function descriptions are not

I OOSLIilFotS o6F2N) SEFYLX ST || FdzyOliAzy RS&ONT
displays may be intended to be used for situatmwareness, 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 glays 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 miatenance displays) should not interfere with the flying duties of the flight
crew.

12-15.  [RESERVED]

16.

CHAPTERBLECTRONIC DISPLAY HARDWARE
Display Hardware Characteristics

The following paragraphs provide general guidance and a means of comlerelectronic
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 SociefyAutomotive Engineers) documents:

- For electronic displays{ ! 9 ! SN2 &aLJ} OS {GFyRIFINRA& 6!'{0 yno
{GFYRIFENR FT2NJ ! AND2NYS adzZ GALHZNLIZEAS 9f SO0 NP

- Forheadupdisplay ' 9 ! {ynppX daAyAYdzy t SNFRaNI yOS .
' L) S5A&ALELFE 61! 50¢0

- For liquid crystal displays (LCRSJAE Aerospace Recommended Practice (ARP) 4256A,
G¢58aiA3dy hoaSOlA@PSa FT2NJ[AljdZAR / Neadlf 5A3&LJ

NOTE 1: For LCDs, the quantitative criterion in SAE ARP #25&8draph 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 timternal 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 determinedhat 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 aceptable 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 d®&Bments should be considered. If
there is a conflict between the guidance in an SAE document and AMQ, Z6llow the
guidance in AMC 251.

a. Visual Display Characteristics

The visual display characteristics of a flight deck display are dire&tyllio 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 Chapgef 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 understandéb 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
ilumination under all foreseeable nditions 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
YSYoSNna SesSaz | yR
- Night and/or dark environment.

(@) For low ambient conditions, the display should be dimmable to levels
Ffft26Ay3a F2N GKS FfAIKG ONB6Qa | RFLII
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 sundaa quartering rearward sun shining
directly on the display.

1. Some manual adjustment should be retained to provide for normal
and norrnormal operating differences so that the luminance variation
is not distracting and does not interfere with the flighi& 6 Q& F 6 A £ A
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 controlshould 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 with 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

(@ ¢KS RAA&LIX & Qshoud2bg (siNficiénti to MdsuieA 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, chaexst lines, and their associated
backgrounds should be sufficient to preclude confusion or ambiguity of any
necessary information.

(5 Chromaticity

(@) The display chromaticity differences, in conjunction with luminance
differences, should be sufficient tallow 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, reector 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 4f@4dditional 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 ad is not misleading, distracting, or confusing.

(6) Grey Scale

(@) 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 viewaagditions.

(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 confusirmg.

(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
foreseeableconditions, 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 interpretations Thovered in more detalil
in SAE ARP 4256A, SAE AS 8034A, and 8055.

(11) [RESERVED]

(12) Flight Deck Viewing Envelope. The size of the viewing envelope should provide
GAaAOATAGE 2F (GKS FfAIKG RSO|l RweallL) I &a
motion, and support crosBight deck viewing if necessary; for example, when it is
NBIljdzA NER GKIFG GKS OFLIWIFAY 0SS |oftS G2 OAC
information.

b. Installation

(1) Flight deck display equipment and installatiossgyns 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 tuad, electromagnetic
interference, and vibration).

(2) European Organisation for Civil Aviation Electronics (EUROCAEY ED
Environmental Conditions and Test Procedures for Airborne Equipment, at the
latest revision, provides information that may be udedan 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 crewder all foreseeable conditions
relative to the operating and lighting environment$ 25.1321(a)CS 25.773

(@)(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 crewdsS 25.773 (a)(R)under all foreseeable
conditions.

(6) If the display system design is dependent on citight deck viewing for its use,
the installation should take into account the wimg 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 withweald external data
(for example, HUD symls)| 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 positiing 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) Theinstalled 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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17.¢ 20.

(10

(1D

(12)

The display system must not be adsely susceptible to electromagnetic
interference from other aeroplane system€$§ 25.1431under all foreseeable
conditions.

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

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

Power Bus Transient. EUROCAE docuntepi4, 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 Objectirekiduid Crystal Displays for Part 25
(Transport) Aircraft, provides additional information for power transient recovery
(specifically for the display unit).

(1)

(@)

3)

(4)

()

(6)

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

The electronic attitude display should not be unusable or unstable for more than
one second after electrical bus transients due to engine failure. Onljagifspn

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 takeoff will simultaneously create a roll acceleration, new pitch attitude
requirements, and an electrical transient. Attitude information is paramount; if
there is an enime 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 switchinthe 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 recognés the failure. Other engine failure conditions may be
more critical (such as stillle stalls) which cannot be reasonably evaluated during
flight test. Analysis should identify these failure modes and show that the
preceding criteria are met.

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

The display response to a short term power interrupt (<200 milliseconds) should
be such that the intended function of the displayniot adversely affected.

Following inflight 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 aero@ain attitude,
altitude, airspeed, and direction.

The large electrical loads required to restart some engine types should not affect
Y2NB GKIFy 2yS LIAf20Qa RAALI & RdzZNAy 3

[RESERVED]
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CHAPTER 8AFETY ASPECTS OF ECRNDTI®ISPLAY SYSTEMS

21. General. This chapter provides additional guidance and interpretative material for applying
C325.1309and CS 25.1333(lid the approval of displayystems. 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 thetegration, 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
includeal OF dzaSa GKIFIG O2dZ R FFFSOG (KIGE2FIROOG A 2 Y C
defines the basic safety specifications for the airworthiness approval of aeroplane systems

a. Identification of Failure Conditits. One of the initial steps in establishing compliance
with CS 25.130% identifying the failure conditions that are associated with a display or
a display system. The following paragraphs provide material that beayseful 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 dedication, 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,-Naterated
System, etc.), desigphilosophy, and implementation of the system. Types of
failure conditions include:

- Loss of function (system or display).

- Failure of display controlg loss of function or malfunction such that
controls perform in an inappropriate manner, including ereous 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
laadzyYSR G2 06S O2NNBOG o0F2N) SEF YLIX
(2) When a fight 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 follwing the failure of primary displays:

(@) 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 informationdaused 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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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

sakty 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 theS 25.1308afety assessment process, the Agency

gAff ySSR (G2 I3INBS 6A0GK GKS LI AOIyilQa
conditions in order for the assessment to be considered valid.

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

- 9FFSOGa 2y GKS FtA3IKG ONBsQa loAfAdGe
attitude, speed, accelerations, and flight path, potentially resulting in:

- Controlled flight into terrain,

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

- Inadequate performance capability for phase of flight, including:
- Loss of obstacle clearance capability, and
- Exceeding takeff or landirg field length.
- Exceeding the flight envelope,
- Exceeding the structural integrity of the aeroplane, and
- Causing or contributing to pilot induced oscillations.
- 9FFSOGa 2y GKS FfAIKG ONBoQa loAfAdGe
- Those effects resulton in shutting down a nofailed engine in
response to the failure of a different engine, and
- Undetected, significant thrust loss.
- 9FFSOGa 2y GKS FfAaKG ONBsQa YIFylaASYS

- 9FFSO0Ga 2y GKS FtA3aKG CaNilByddrape wi® NJF 2 NI |
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.

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. Mitigation of Failure Conditions

(1)

(2)

3)

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 iplex¥ 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 aexoplafter
a loss of primary attitude display on one side.

- ¢CKS FfAIKG ONBgQa FoAftAGeE (G2 GdNYy 27FF
at night).

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

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 failureconditions, should also be identified and assured.

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 evaluatsd each of the identified display
system failure conditions and an analysis of the exposure to common mode/cause
or cascade failures in accordance wiiMC 25.1309 Additionally, the safety
assessment should justifand 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 sewy 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 wildepend 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 disp}ing 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 anmtegrated 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 hardwar 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 componenisgluding 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. ié¢n 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 fronKtS RA &LJ I @ 2NJ LJX I OSY S
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 erroneougparameter 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 cdenghe 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 precludecatastrophic 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)

(8)

(9)

(10

For safetycritical display parameters, there should be aans to verify the
correctness of sensor input data. Range, staleness, and validity checks should be
used where possible.

The latency period induced by the display system, particularly for alerts, should not
be excessive and should take into accoung ttriticality of the alert and the
required crew response time to minimise propagatiof the failure condition.

For those systems that integrate windowing architecture into the display system,

a means should be provided to control the information shhaw 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 beldped

to the software assurance level at least as high as the highest integrity function of
lye 6AYR26d C2NJ) SEFYLX ST || 6AYR26 YI VI
AYTF2NXIEGA2Y RAALI F @SR A YAMC 30815 SokwaR2 6 A &
Considerations forAirborne Systems and Equipment CertificajioSAE ARP
4754A/EUROCAE #DPA, Guidelines for development of civil aircraft and systems,
provides a recommended practice for system development assurance.

System Safety Assessment Guidelines.The comgéttef 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. THetysaassessment
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 requir€® I25.1309

and indirectly by other specifications, includi@f 25.901CS 25.903and CS
25.1333

The following tables provide examples of failure conditions and associated safety

objectives common to numerous display systems that are alreadifiedrtThese 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 conditiBor 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 idplays, 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 Extremely Improbable
combined with a standby faite (loss of attitude or incorrect attitude)

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 reductsafety
margins to warrant a hazardous classification.

(2 /I 2yaraisSyad sgAGK GKS a[2aa 2F Fff GGAGdzZRS RA
since the flight crew may not be able to identify the correct display. Consideration willdre giv

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-tdke

2 Airspeed. The following table lists examples of safety objectives for airspedaddrela
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, Extremely Improbable
coupled with loss of stall warning or loss of ogpeed warning

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

Display of misleading airspeed information on one primary display = Extremely Improbable
combined with a standby failure (loss of airspeed or incorrect airspe¢

Notes

(1) Sysem 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) Consistentwiththex[ 2aa 2F Fff |ANBRLSSR RAALI F&X AyOf dz
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 priman Extremdy Improbable
displays

Display of misleading barometric altitude information on the standby Remote

display (primary barometric altitude still available)

Display of misleading barometric altitude information on one primary Extremely Improbable
display combined with a standby faiifloss of altitude or incorrect

altitude)

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 redicteafiety
margins to warrant a hazardous classification.

2 /2yaraicsSyd eAGK GKS a[2aa 2F tf oFNRYSGNRO |
objective since the flight crew may not be able to separate out the correct display.
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Consideratiorshould 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

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

(bb) The safety objectives listecelow 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 Remote- Extremely Remote?2)
displays

Display of misleading heading information on one primary display Remoteq Extremely Remote?2)
combined witha standby failure (loss of heading or incorrect heading

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 thavailability of an independent, nestabilised heading required S 25.1303
@)(3).

5 Navigation and Communication (Excluding Heading, Airspeed, and Clock Data). The following
table lists examples ofafety 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 w Extremely Improbable
a total loss of communication functions

Display of misleading navigation information simultaneously to both Remoteq Extremely Remote
pilots

Lossof all communication functions Remote
Note

(1) a!ftté YSIya f2aa 2 Fexdudirghedding aidpecd afdibok FaaNDery (0 A 2 y
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 afety 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 fligipath 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 ofmisleading flight crew procedures Remoteg Extremely Improbable
Loss of the standby displays Remote
Notes
(1) The safety objective may be more stringent depending on the use and grhtse of flight
(2) Applicable to the display part of the systamly.
(3) See als®AMC 25.1322
(4) To be evaluated depending on the particular progezs and associated situations.
7 Engine. Table 9, below, lists examples of generally accepted safety objectieegifa related

failure conditionsAppendix 2f this AMC provides additional guidance for powerplant displays.

(ag

(bb)

(c9

(dd)

¢KS GSNY GNBIldZANBR Sy3aiAyS AYyRAOIFIGAZ2YyA&aE
setting paeameter (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).

Theinformation 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.

Where the indications serve as the primary means of assuringjnu®d safe engine
operation, the hazard classification may be more severe. For example, under the table

NE ¥

SYGNE 6[2838 2F 2yS 2N Y2NB NBldANBR Sy3aays
KETFNR Ot AaATFAOIGAZ2Y 62 dzf R aldifg wolld &hange2 &/ |

G2 G9EGNBYSte LYLINROIOE Soé

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 tamost 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 Exampl&afety 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 fora Remote

single engine

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

Notes

(1) The worst anticipated outcomes associated with this class of failure may often be driven by
consideration of the simultaneousss of all required engine indications. In any case, those
outcomes will typically include both a high speed taieabort and loss of the backup means
to assure safe engine operations. High speed aborts have typically been classified as
G KI T I NRtBedagehcy 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 conslidere
adzZFFAOASyGte fINHS NBRdAzOGA2y Ay GKS alrFsSdie Yl
| Sy0S GKS G9EGNBYSte wSy2iS¢ RS&aA3Iy 3IdaA RSt AYS

(2) If the power setting parameter is indicating higher than actual during-t#kethis can lad
directly to a catastrophe, either due to a high speed runway overrun or impacting an obstacle
after takeoff. This classification has been debated and sustained by the Agency numerous times
Ay GKS LI ado |1 Sy0S GKS a9B@NBYSte& LYLINROIOE S¢

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 alternativeamseof 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

Falure Condition Safety Objective
Total loss of capability to use the display system as a control Depends on system being controlle

Undetected erroneous input from the display system as a control Depends on system being controlle
22 30. [RESERVED]

CHAPTERBLECTRONIC DISPLAY INFORMATION ELEMENTS AND FEATURES

31. Display Information Elements and Features. This chapter mewididance 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 displayea. 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. Ganeral

(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 witfhé minimum practicable
deviation from his normal position and line of vision when he is looking

forward along the flight pathGS 25.1321(R)

Powered by EASA eRules Page640f 1189 Jan 202!


http://easa.europa.eu/

BAEASA

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTAGENER/
(Amendment 16) GENERAL AN

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 contragtio.

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 lightihng 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 condition8$ 25.1321(&)

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 statidf 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 guidancmformation, 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 crligght 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. Onepossible cause of vibration is sustained engine imbalance.
AMC 2524, Sustained Engine Imbalance, provides readability guidance for
that condition.

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

Readability of Display Information: The llluminating Engineering Society
classifies three main parameters that affect readability: hemice, 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, contrdlabeur, 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 sante éigck should be
consistent. Acronyms and labels should be wused 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, andtdo no
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 standa abbreviations and airport identifiers.

(@) 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 CS25.1321(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 lmbis 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 choiceof 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, 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 lightingnditions.

(2) LabelsLabels 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 displayotofiB
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 Wobe 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.

(@) Text and icons should be shown to be distinct and meaningful for the
function(s) they label. Standard or nambiguous symbols, abbreviations,
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(b)

(©)

(d)

(e)

and nomenclature should be used; for example, in order to be distinct from
barometric altitude, any displayed altitude that is geometrically derived
aK2dzf R 0SS tl10StftSR aD{][ ®¢

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.

The following are guidelines and recommendations for labels:

- Data fields should be uniquely identified either with the unit of
YSIFadaNBYSyid 2N I RSAaONARLIGAGS t106S
instruments have been found to be acceptable without units of
measurenent.

- 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
GwShdzNy ¢ O2yGNRBE 2y YdzE GALX S LJ 3
the label should be caistent across all occurrences.

w»
Qax

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 upght orientation or align with an
associated symbol such as a runway or airway.

- On multifunction 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 displagethe label should be removed
unless another means of showing availability of that function is used.
For example, greying out an inactive menu button.

When using icons instead of text labels, only brief exposure to the icon
should be needed in orddor 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

@)

Electronic display symbol appearance and dynamics should be designed to
enhance flight crew comphension 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.

Powered by EASA eRules Page670f 1189 Jan 202!


http://easa.europa.eu/

BAEASA

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTAGENER/
(Amendment 16) GENERAL AM

(b)

(©)

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 ordisplay 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
FARa YR GNIFFAO0 aK2dzZ R y20 0SS YA:
characteristics (including position, size, envelope, and orientation).

Within the fight 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.

It is recommended that standardised symbols be used. The sgnibdihe
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 AerditallSymbols, (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, tapesdagraphical 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 adétations in
the flight deck.

Be identifiable and readily distinguishable.

Follow the guidance for viewability presented in paragraphs 3la, 31b,
31c(1), and 31c(2) of this chapter.

Numeric Readouts. Numeric readouts include displays that emulaaimgt
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 ignificant 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
sud that the apparent motion does not match the actual trend.
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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 pareters. A scale,
dial, or tape may be needed to accomplish the intended flight crew
task.

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.

Scale resolution shoulde 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 cl@e enough to the scale to ensure proper association, yet
not detract from the interpretation of the graphic or the readout.

Delimiters, such as tick marks, should allow rapid interpretation
without adding unnecessary clutter. Markings and labels shbeld
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 sufficientcaracy 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, movingpsjaand 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.

Tothe extent it is practical and necessary, the graphic orientation and

GKS FfA3IKG ONBgsQa FNIYS 2F NBFSNB
example, left indications should be on the left side of the graphic and

higher altitudes should be shown above lower alti¢s.

LT GKSNB IINB Ydzf AL S RSLIAOGAZYyasx
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 andsti 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-Bimensional effects, such as raised buttons or
the aeroplane flight path in a perspective view, shouid@e that the
symbol elements used to achieve these effects will not be incorrectly
interpreted.

(5) ColourCoding

@)

(b)

(©)

(d)

(e)

If colour is used for coding at least one other distinctive coding parameter
should be used (for example, size, shape, location,.élojmal 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
dimensionghan 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.

To ensure correct information trarsf 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 25.1322is 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 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.

If colour is used for coding it is csidered 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 semation. Colour combinations that are
similar in luminance should be avoided (for example, Navy blue on black or
yellow on white).

Other graphic depictions such as terrain maps and synthetic vision
presentations may use more than six colours and oslur 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.

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 kectronic display systems with colour displays. (Note:
Some of these colours may be mandatory undef&)S

Table 11 Recommended Colours for Certain Features

Feature
Warnings Red

Flight envelope and system limits, exceedances Red or Yellow/Amber as appropriate (see abo
Cautions, nomormal sources Yellow/Amber

Scales, dials, tapes, and associated information eleme¢ White

Earth Tan/Brown

Sky Blue/Cyan

Engaged Mod&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 colougreen for tape elements (for example airspeed and altitude) has also been
found acceptable if the colour green does not adversely affect flight crew alerting.

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

Table 12 Recommended Colour Sets for Certain Display Features

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 colouyellow 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
O2yadAitdziS aFtRe (2&LIZ NSNS DEF Y NS

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

(h)  When background colour is usd€for example, grey), it should not impair
the use of the overlaid information elements. Labels, disjppased controls,
menus, symbols, and graphics should all remain identifiable and
distinguishable. The use of background colour should conform to teeabv
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 &cess time. Transparency is a means of seeing a
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background information element through a foreground oge¢he use of
transparency should be minimised because it may increase pilot
interpretation time or errors.

(1) Requiring the flight crew to discrimiteabetween 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).

)] Any foreseeable chae 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 paragras 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 updaates 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 shoutdbsistent 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 conveatio
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 ofafa 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, thebsy should
either slide from view, change visual characteristics, or beesédfent 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 niep 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, legibkntifiable, 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 andollision 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 windovikat 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 recoveik

(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 aeroplargymbol 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 om 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 obsge other information (for example, pepp
menus or windows), the resultant loss of information should not cause a
KETEFNR Ay | O0O2NRIyOS 6AGK (KS 206a0dz2NB|

(2) Time Sharing.The following guidelines apply:

- Guidance on Futime vs. Partime Displays (see paragraph 36¢(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 depandn how easily it
can be retrieved in normal, nemormal, 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.

- Geneally, 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 sdpdraisually 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 presentan
reversionary or compacted display modes following a display failure should still be
uncluttered and still allow acceptable information access time.

(4) Clutter and DeClutter

(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 interprettion 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 ‘tdutier
the display. For example, an attitude indicator naaomatically declutter
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. Annuncidions 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. ReferenC& 25.1322nd the
associated AMC for information regarding specific annunciations and indications
such as warning, caution, and advisory level alerts.

(& Annunciations and indications should be operationally relevantliamited
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 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 sthibbk consistently located in a specific
area of the electronic display. Annunciations that may require immediate flight
ONBg | ol NBySaa akKz2dzZ R 0SS t20FGSR Ay (KS
view.

(3) Managing Messages and Prompts
(@) The followirg 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 attenrgjetting 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 excessiv&eureduces 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 thapproximately 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 amtlude 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 imagsisould 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 accomplisks@t tthe
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;Cimensional type pepective
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 dth 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 accturacy
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 obscB8r 2 NJ aA3dyAFAOFIyife KAYRSNI O
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 coinciderto avoid interpretation error or
significantly increase interpretation time.

32.¢35. [RESERVED]

CHAPTER 6 ORGANISING ELECTRONIC DISPLAY INFORMATION ELEMENTS
36. Organising Information Elements

a. General. This chapter provides guidance for inigg 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 inclgggdance 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 onelisplay 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, labelsymbols, 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 ofniaficon

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 messagesymbol 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
consistent location under normal conditions:

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

- Powerplant information (see paragraph 36b(4) in this chapter and
Appendix2 of this AMC).

- Flight crew alertg; 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 veital 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 ia 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 masplays (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
Ydzt GALX S LI FOSa oF2NJ SEFYLXS | awSiddaNyé
management function), the control or indication should be located consistently for
all occurrences.

(3) Arrangement Basic T Information

(@) CS 25.1321(bjp y Of dzZRSa &LISOAFAOFIGA2ya F2N (K
certain information required b S 25.1303(b)

(b) The follownhg paragraphs provide guidance for the Basic T arrangement. This
guidance applies to single and multiple display surfaces.
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The Basic T information should be displayed continuously, directly in
front of each flight crew member under normal (that is, digplay
system failure) conditions.CS 25.1321(b)equires that flight
instruments required byCS 25.1303must be grouped on the
instrument panel and centred as nearly as pieable about the
vertical plane of the pilot's forward vision.

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 indicatioh the Basic T
information elements in front of a pilot. For example, heading
information may appear on baakp displays, HUDs, and moving map
displays. The primary airspeed, altitude, and direction indications are
the respective display indications closdst the primary attitude
indication.

The primary attitude indication should be centred about the plane of

0KS FfAIKG ONBgsQa F2NBINR QGrAaizyo
DEP at the flight crew station. If located on the main instrument panel,

the primary attitude indication must be in the top centre positid®S
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 addiional information.

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 vegl 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.

The instrument that most effectively indicates airspeed must be
adjacent to and directly to the left of the primary attitude indication
(CS 25.1321(l) The centre of the airspeed indication should be
aligned with thecentre 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.

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

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(l)The centref 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 positionof 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
barometiic 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 taittfie
indication CS 25.1321(h) 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 @entr
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 indioat

11 If applicants seek approval of alternative instrument arrangements by
equivalent safety under Part 21A.21(c)2, the Agency will normally
require wellfounded research, or relevant service experience from
military, foreign, or other sources to subd yi ALl GS GKS
proposed compensating factors.

(4) Arrangement Powerplant Information

@)

(b)

Required engine indications necessary to set and monitor engine thrust or
L2 6SN) aK2dzZ R 0S O2y(Aydz2dzateée RAA&LX
view, unless the applicant can demonstrate that this is not necessary (see
the guidance in paragraph 36¢(3) of this chapter and Appendix 2 of this
AMC). The automatically selected display of powerplant information should
not suppress other information that cgiires flight crew awareness.

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 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) Arrangemat - Other Information (For Example, Glideslope and Melthction
Displays)

@)

(b)

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 electrord horizontal situation indicator and an electronic
attitude direction indicator, the information should appear in the same
relative location on each indicator.

When the glideslope pointer is being driven by a RNAV (area navigation)
system with VNAV értical navigation) or ILS (instrument landing system)
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(c) Navigation, weather, and vertical situation display informationis often
displayed on multfunction displays. Thigformation 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 pattme, but the displayed information should leasily
recoverable to the flight crew when needed. For guidance on-tiaue
displays see paragraph 36¢(3) of this chapter.

(d) Other information should not be located where the primary flight
information or required powerplant information is normally pented. 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 manaayial
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 omeove 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 agjsging
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 araction.

- 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 aa overwriting (see ARINC Specification 661).

(2) Menu

(@) A menu is a displayed list of items from which the flight crew can choose.
Menus include drogown and scrolling menus, line select keys on a multi
function display, and flight management systenenu 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
anyparticular 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 indite the current position within the menu and
menu hierarchy.

(c) The number of sunenus should be designed to assure timely access to the
desired option without overeliance on memorisation of the menu
structure. The presentation of items on the menu sl 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
O2yaraidSyid sA0GK GKS FNBIljdzZSyOes AYLRNI
task.

(e) Whena menu is displayed it shouldtrabscure required information.

(3) Fuliime vs. Partime Display of Information.Some aeroplane parameters or
status indications are required to be displayed by the specifications (for example,
powerplant inbrmation required byCS 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 equévd to a fulltime
display should be demonstrated.

(@) When determining if information on a display can be garte, 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 selddby 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 (foxample,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 clutten the
display.

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

(b)  Popup Display of Information

1 Certain types of informatiorsuch 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 ptinbe display of
required aeroplane parameters, (see paragraph 36b(3) of this
chapter)) or uwder specific conditions. One method commonly
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Automatic popups 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 fomat. Popup window locations should not obscure required
information.

2 Consider the following criteria for displaying automatic pgp
information:

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

- Popup information should appropriately attract the flight
ONBgsQa FGUSyluAz2y saptiant S YAYAYAAAY

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

- If an automatic popup condition is activated and the system is
in the wrong cofiguration 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 aiges for the display of the
information. This guidance differs from the pdirne display of
information required by G835 because the required
information should be displayed regardless of the
configuration.

- If a popup(s) or simultaneous multiple peyps 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 pepps should not cause a
misleading presentation.

- If more than one automatic pepp occurssimultaneously on
one display area, for example a terrain and TCASupophen
the system should prioritise the peyp events based on their
criticality. Popup display orientation should be in tracip or
headingup.

- 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 pgp
or otherwise indicate that its display is required.

d. Managing Diglay 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 6display 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 dthis, nonfailure 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, vigih 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 specificatioss apply in
failure conditions. Alternative display locations used in smonmal conditions
should be evaluated by the Agency to determine if the alternative locations meet
the criteria for acceptability.

(@) Moving display formats to different displayclations 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 positionel 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.

(¢) 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 inform#on 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) Itisacceptable to have manual or automatic switching capability (automatic
switching is preferred) in case of system failure; however, the ARAC
recommendation for revising 8§ 25.1333(b) requires that the equipment,
systems, and installations must be designedhat sufficient information is
I @ AfFofS G2 |aadnNB O2yGNRf 2F GKS | €
and attitude by one of the pilots without additional flight crew action, after
any single failure or combination of failures that is not assessethet
extremely improbable.

() 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
adjacentdisplay 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 whetethet
OFLXiFAY FTYR FANBRG 2FFAOSNDR&E RAALIX L
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 phasespanual 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 reconfiguratn 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

philosoply.
e. Methods of Reconfiguration
(1) Compacted Format

(@) The term "compacted format," as used in this AMC, refers to a reversionary
display mode where selected display components of a rdidgplay
configuration are combined in a single display fornmtprovide higher
LINK2NAGE AYTF2NXIGA2Yy F2fif26Ay3 | RAALIM
be automatically selected in case of a primary display failure, or it may be
manually (automatic selection preferred) selected by the flight crew. Except
fortraA Yy Ay 3 LJzN1}2aSas GKS aO2YLI OGSR ¥F¥2N
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 miaim 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 readolits 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

(@) Automatic switching of sensodata 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
acceftable.

(b)  Independent attitude, direction, and air data sources are required for the
OFLIFAY YR FANRIG 2FFAOSNNa RAaALX @&
CS25.1333. If sources can be switched such that thptain 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 avdile 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 (globahavigation 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
asingle sensor or loss of independence.

37.¢40. [RESERVED]

CHAPTERELECTRONIC 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 amoungdifndancy 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 thehligleck.

a. Multi-function Control Labels. Muiffunction 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 whatitethy G KS RA&LIX & A& dal OGAQDE
positioning, as well as what function will be performed if the item is selected using
the selector buttons and/or changed using the mdilinction control.

6. Determine quickly and accurately the function detcontrol 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 negontrol features (for example, a cursor control device (CCD)).

(1) a1l I NR¢ /2y(iNRT 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 experiene to set values (for example, setting an aftview
heading bug to a displayed number) to a required level of accuracy within a
time appropriate to the task.

Powered by EASA eRules Page840f 1189 Jan 202!


http://easa.europa.eu/

BAEASA

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTAGENER/
(Amendment 16) GENERAL AN

(b)

The input for display response gain to control should be optimised for gross
motion as wellas fine positioning tasks without overshoots. In accordance
with CS 25.777(bYhe direction of movement of the cockpit controls must
meet the specifications o€S 25.779Wheeever 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
clockwisefrom the off position, through an increasing range, to the full on
position.

2 a{2F0¢ [/ 2yiNRTf a

@)

(b)

There are two interactive types of soft control displays, one type affects
aeroplane systems and the other type does not. Displays that utilize a
graphicéa 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.) Thievel 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 colstron
displays traditionally found in overhead panel functions, FMS operations,
and graphical flight planning).

The design of display systems that will be used as soft controls is dependent
on the functions they control. Consider the following guided 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 withthe 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 controfthat 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 thie aeroplane
(that is the allocation of flight crew member tasks) in normal, -non
normal, and emergency conditions.

4 To show compliance witBS 25.777(and CS 25.1523he 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 Controlsystem 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 coolttinput should be fast enough to
prevent undue concentration being required when the flight crew sets
values or display parametef3S 25.771() The initial indication of a
response to a soft control input shouldke 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 wit@S 25.771(d¢he applicant should show by
test and/or demonstration in representative motion environment(s)
(for example, turbulence) that the display control is acceptable for
controlling allfunctions 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
RAaLXlIead ¢KSAS aStSOGlrotS FFNBIFa bBmE aaz¥
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 paradia,

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 skilldung 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 meacentdl
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:

(@) Theability 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 ndaminant hand.

(d) Hand stability support position (for examplerist 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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not cause interference during any phase of flight or failure condition.

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

(&) Presentation of the cursor should be clear, unambiguous, and easily
detectable in all foreseeable operating conditfo

(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
hh yRf Ay3a aRdzStfAy3I OdzZNE2NBRE GKIG Aa O
LIKAf 282LIKe 60F2N) SEFYLX ST aflad LISNAZY
should also be established for handling other possible scenarios, including
the use of two cursors by twpilots.

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

(e) Ifacursoris allowed to fade from a display, some means should be employed
for the flight crew to quickly locate it othe display system. Common
SEFYLX Sa 2F GKA& FINB dof22YAy3é 2N g3
ONBgQa FGGSyliAz2y®
42.¢45. [RESERVED]

CHAPTERSHOWING COMPLIANCE FOR APPROVAL OF ELECTRONIC DISPLAY SYSTEMS
46. Compliance Considerations (TeatlaCompliance)

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 ehdptuses 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 cad®y-case basis. For example, whéme 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 appropiate 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 facilifies o
the applicant (for example, higfidelity 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 fotrel@c displays:

Powered by EASA eRules PageB870f1189 Jan 202!


http://easa.europa.eu/

BAEASA

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTAGENER/
(Amendment 16) GENERAL AN

(@)

(b)

()

(d)

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 rdware 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 ad 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 miee 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
SldA LIYSYy i eéAff 06S dzaSRK C2NJ SEI
operations within theflight deck, phase of flight, and flight
procedures.

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, afuthctional 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, tlzer 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 megessitate
corresponding changes in other features, in order to maintain consistency
and prevent confusion (for example, use of colour).

Calculation & Engineering Analyses. These include assumptions of relevant
parameters and contexts, such as theeoational 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.

Evaluation. This is an assessment of the design conducted by the applicant,
who then provies a report of the results to the Agency. Evaluations typically
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47.¢ 50.

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 representationf 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, partask evaluations and/or, full task evaluations in an
operationally representative environment (enviroemt may be
simulated). A wide variety of development tools may be used for
evaluations, from mockips to full installation representations of the
actual product or flight deck.

2 In cases where human subjects (typically pilots) are used to gather
data (sibjective or objective), the applicant should fully document the
LINPOSaa dzaSR G2 aStSO0 adzmeSoOta:x
data collected, and the method(s) used to collect the data. The
resulting information should be provide to the Agencyeasly 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 actualtepresent 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 th&est), 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 o 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. Pe€S 25.15231uring the certification process, the flight
crew workload assessments and failure classification validations
should be addressd in a flight simulator or an actual aeroplane,
although the assessments may be supported by appropriate analyses
(see C&5 Appendix Dfor a description of the types of analyses).

[RESERVED]

CHAPTERCONTINUED 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 witlCS 25.130@nd CS 25.152%including Appendix H), which require
preparing Instructions for Continued Airworthiness. The following guidance is not a definitive
list, and other matenance tasks may be developed as a result of the safety assessment, design
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that are conducted.

a.  General. Information on preparing the Instructions for Continued Airworthiness can be
found in C&5 Appendix H. In addition to those instructions, maintenance procedures
should be considered for:

(1) Reversionary switches not used in normal operatidmese 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 bytenBgafety
' 34SaayYSyid FyR akK2dZ R 6S FRRNBaaSR Ay @K
(for example, MS@Q).

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

b. Design for Maintainability. The display system should be designed tomiaé
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 connectionsf 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 providefiormation 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 chaistatsr
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 scree(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
alternal A @St & LINPOARS GaSYyR 2F fATFTSE aLISOATAC
adopted by the aeroplane manufacturer.

52.¢60. [RESERVED

[Amdt 25/11]
[Amdt 25/12]
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ED Decision 2@1008/R

This appendix provides additial guidance for displaying primary flight information. Displaying
primary flight information is required bg€S 25.1303(band CS 25.1333(b)The specifications for
arrangingprimary flight information are specified @S 25.1321(b)

1.1 Attitude

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

An accurate, easy, quighance interpretation of attitude should be possible for all unusual
FGOGAGdzZRS &AAGdz G2 N & RY I2y0KSded Niyaahgapilet A OA Sy (i
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 grouridky horizon on all attitudendications is recommended.

. 20K FTAESR ISNRLXIYS NBFSNBYyOS yR FAESR SI NI
pointers) are acceptable as a reference point for primary attitude information. A mix of these

types in the same flight deck is not reamended.

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 f&ll bu

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 Standbg) Conditions of
Unusual Attitudes or in Rapid Manoeuvres

Primary flight information must continue to be displayed in conditions of unusual attitudes or
in rapid manoeuvresdS 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 encountereddS 25.1301

In showng compliance with the specifications 66 25.1301(aLS 25.1309(aLS 25.1309(b)
andCsS 25.1309(cdhe 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 conditioridentified 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 rat€$5(25.1301

2.1 Airspeed and Altitude

Airspeed and altitude displays should be able to convey to the flight crew a-gjaicke sense
of the present speed or altitude. Conventional roud@l 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 quiclglance capability. The minimum visiblespeed 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 thiat geometrically derived should be easily
discernable from the primary altitude information, which is barometrically derived altitude. To
SyadaNE GKS LAt2G OFy Sraiafte RAAOSNY GKS (g2=
height above mean sdavel.

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/avfeggdtack 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 reflectite 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

CS25.1309(c)

Scale units marking for air data displays incorporated into primary flight displays are not
NBIljdANBR o6aly2iazé alFANBLSSRE FT2N) I ANBRLISSR:
content of the readoutemains 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 separatemr

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-glacke sense

of speed relatie to key targets or limits. The markings should be predominant enough to confer
the quickglance sense information, but not so predominant as to be distracting when operating
normally near those speeds (for example, stabilised approach operating betwadewatning

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 upwhmotion of the cue. Speed, altitude, or vertical rate trend
indicators should have appropriate hysteresis and damping to be useful andistoacting,
however, damping may result in erroneous airspeed when accelerating. In this case, it may be
necessaryo 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 ET®O ' yR fAad 2F I LIWINRPOSR RSOALGA
(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 (@)cttmsequences 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 agough scale length and markings to reinforce the
flight crew's sense of altitude and to allow sufficient lestkead room to adequately predict and
accomplish levebff. When providing low altitude awareness, it may be helpful to include radio
altimeter infformation 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 alphanumenly dsplay 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 alphanuroelycdisplay 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 parameterseex 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 tewisso that the pilot could
manually achieve tight speed control to preclude unintended proximity to low speed limits.
When an alphanumerionly indication of airspeed and altitude HUD format is displayed, there
should still remain an overall awarenesgtod 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

CS25.1544F 0 oH0 &GFGSayY da¢ K8nykdditbBRaliffdrnyaton, Wstranient O 2 y i | A
markings, and placards required for the safe operation if there are unusual design, operating,

2NJ KI yRf Ay 3 OKS$28EedfiicBionkpdifidatbasbaiated t&iSstrument systems

and their markings were not developed with modern day electronic displays in mind,;
O2yaSljdsSyitteszr (KSaS St SOGNRBYAO RAaLIXLF&a | NB C
CS 25.15438)(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 awaredes OdzSa (2 LINPQOARS LAt 23Ga GKS
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 operatg 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 importamthe 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 suckspsed 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$ 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 th quickglance 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 spde 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 tolerancé #0 andc5 knots. Some Agency approved systems use a pilot
aStSOGrofS 2LISNIGAYy3T aLISSR éongrired low speedd w9 C & C
cues that vary in colour as airspeed decreases below certain multiples of the appropriate
stall speed (for exame] 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 faetengitive) to enable
the pilot to maintain adequate manoeuvre margins above stall warning in all phases of
flight. The accuracy of thisgensitivity function should be verified by fliglests. 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 nuisaneaiemovement
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 provittegrevent 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 awarenedsas 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 pil@brrective 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 warnig.

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 speeddication, 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 (E&5Ar 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 HUDfigldw. 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 fietd-view. In some designs, the pilot can manually cage
the FPV which restricts its motion to the vedi@xis, 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. Evelmough 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 I868.303must 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 linapitcroll, 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 attit@&25.1333(ln)

There may besting 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+kCt! T YR LAf20aQ loAfAlGe (sinilatyy i SNLINBG | yR

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 symbologyhet top centre of the pilot's primary

field of view, as required bgS 25.1321

Aeroplane designs which display flight path symbology on the HUD and the HDD should use
consistent symbol shapes (that is, the HUD &Ribol 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 /anchead 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, thigeld-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-nonformality.

Implementation of air masbased FPV/FPA presentations should account for inherent
limitations d 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 witeS 25.1301(aLCS 25.1303(b)(5andCS 25.143(bxhe FPV/FPA FD
design must:

1. Not have any characteristics that may lead to oscillatorntrab 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 providedhenHUD 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:
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Document Number

AC 25.1329B Approval of Flight Guidance Systems
AC 12@28D Criteria for Approval of Category |1l Weather Minima for TeffeLanding, and
Rollout
AC 12@29A Criteria for Approval of Category | and Category || Weather Minima for
Approach
[Amdt 25/11]
[Amdt 25/12]
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ED Decision 2011/004/R
1. General

At the timeCS 25.130%vas adopted, flight deck powerplant displays were primarily a collection

of dedicated, independent, full A YS | y I £ 23dzS G@NRdzy R RALIl fré @& LIS
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 evaelutihbe 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 indepdence of the powerplant information required to

meet the intent ofCS 25.1305This AMC provides some of that guidance material.

To comply with one of the provisions G5 25.1305 display should provide all the instrument
functionality of a fultime, dedicated analogue type instrument as intended when the
specification was adopted (see AG8RA, Guidelines on the Marking of Aaft). The design
flexibility and conditional adaptability of modern displays were not envisioned @#&85.1305
andCS 25.154%ere initially adopted. In addition, the capabilities of modern control systems
to automate and complement flight crew functions were not envisionedomescases these
system capabilities obviate the need for a dedicatedtfoie 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 spprt the approved operating procedure€$ 25.1585

(2) Indications as required by the powerplant system safety assessntest&%.1309 and
(3) Indications required in support of the instructions for continued airworthirZs4529).
For example:

Compliance withlCS 25.130%)(3)for the engine N2 rotor was originally achieved by means of
a dedicated, full time arlague 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);

- & D Argd$onable assurance that those engine operating limitations that adversely affect
GdZNDBAYS NRG2NJ a0NHzZOGdzNI € AydaSaINRGe gAff vy
CS25.903d)(2);

- Provide the indication of normal, precautionary, and limit operating values required by
CS 25.154%s well as

- Support detetion of unacceptable deterioration in the margin to operating limits and
other abnormal engine operating conditions as required to comply @t 25.901
CS25.1309 etc.

As technology evolved full authority digital engine controls (FADECs) were introduced. The
FADECSs were designed with the ability to monitor and control engine N2 rotor speed as required
to comply withCS 25.903(d)(2Additionally, engine condition monitoring programmes were
introduced and used to detect unacceptable engine deterioration. Flight deck technology
evolved such that indications coulde displayed automatically to cover abnormal engine
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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 36¢(3) of thiAMC.

2. Design Guidelines

Safetyrelated engine limit exceedances should be indicated in a clear and unambiguous
manner. Flight crew alerting is addressedCia 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 fdures leading to the nomecoverable loss of any indications on an engine,
sufficient indications should remain to allow continued safe operation of the engine. (See
CS 25.901(b)(2ES 25.901(cpndCS 25.903(d)(R)

2. No single failure could prevent the continued safe operation of more than one engine or
require immediate action by any flight crawember for continued safe operation. (See
CS 25.901(¢cES 25.903(bpndCS 25.1309(l)

3. Engineindications needed during engine-start should be readily available after an
engine out event. (Se€S 25.901(b)(2CS 25.901(c)CS 25.903(d)(2CS 25.903(e)
CS25.1301 CS 25.1308CS 25.130%nd Chapter 6, paragraph &8) of this AMC).

[Amdt 25/11]
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ED Decision 2011/004/R

Air Mass Systemt An air mas$ased system that provides a heading/airspeed/vertical velocity
derived flight path presentation. It depicts the flight path through an air magknot account for air

mass disturbances such as wind drift and windshear and, therefore, cannot be relied on to show the
FEAIKG LI GK NBEFIGAGS G2 GKS SFENIKQAa adz2NFI OSo

Alert ¢ A generic term used to describe a flight deck indication meant to attracattemtion of and
identify to the flight crew a nomormal 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 m&mt a | G G Sy G A

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 ®$ 25.1321(b)including
attitude, airspeed, altitude, and direction information.

Brightness- The perceived or subjective luminance. This should nobbéused with luminance.
Bugs- A symbol used to mark or reference other information such as heading, altitude, etc.

CatastrophicFailure conditions that result in multiple fatalities, usually with the loss of the aeroplane.
(Note: In previous version§ 6S 25.130b Yy R (G KS | a420AFGSR [ RGA&2NE YI 0
O2yRAGA2YE¢ 61 a RSFAYSR & | FlLAfdzNBE O2yRAGAZ2Y (K

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-/ 2 f 2 dZNOKIF N} OGSNRAGAO 2F | &aedvyozft 2N Ly A)
ConfWAadAzyad LYGSNYyFraGaAz2ylItfS RS [Q9Oft AN} IS Lzt A O

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 decreaseptiobability 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, cof brightness, or variations in size) to represent
information in a shorter or more convenient form.

Coding CharacteristicsReadily identifiable attributes commonly associated with a design element
that provide special meaning and differentiate thesag 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 ModelIn 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 totaldkaround 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 speeifions of CS 25.773(d)CS 25.777(¢c)and
C325.1321for each pilot sation. It is normally a point fixed in relation to the aircraft structure (neutral

aSFG NBFSNBYyOS LRAYyGOL G ¢6KAOK (KS YARLRAY(OH 27F
normal position. The DEP is the principal dimensional reference paitihdolocation of flight deck

panels, controls, displays, and external vision.

Display Element A basic component of a display, such as a circle, line, or dot.
Display Refresh RateThe rate at which a display completely refreshes its image.

Display Reolution - 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 Timelrhetime needed to change the information from one level of luminance to
a different level of luminance. Display response time related toitiiénsic responseme linked to
the electrooptic effect used for the display and the way to address it).

Display Surface/ScreenThe 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, thasésluo
provide visual information. Examples include a colour head down display and a head up display
projector and combiner.

Earth Referenced Systeri\n inertial-based system which provides a display of flight path through
space. In a descent, an eaitéferenced system indicates the relationship between the flight path and
the terrain and/or the artificial horizon.

Enhanced Flight Vision System (EFVA) 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 naillimet
wave radiometry, millimetre wave radar, and low light level image intensifying.

Enhanced Vision System (EVSAn electronic means to provide a display of the forward external
scene topography through the use of imaging sensors, such as forward |dakargd, 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 disipdaiynagery 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.
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Eye Reference PositiofcRP} A single spaal 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 asmtended (this includes both loss of function and malfunctid).TE: 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 consequentialwhich 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 causiiscomfort for the viewer (such as headaches and irritation).

Flight Deck Design Philosoph# 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 (FPAZ 2 1y 26y | a | CfAIKG tlFiGK {&Yozfx /1
attitude indicator centreline) Flight Path Vecter)\ dynamic symbol displayed on an attitude display

that depicts the vertical angle relative to the artificial tmam, 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 dtitude display is in the vertical (pitch) axis only with no lateral motion.

Flight Path Vector (FP\§o known as Velocity Vector or Flight Path Markef) dynamic symbol
displayed on an attitude display that depicts the vector resultant oftiea 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 ConditionsThe full environment that the display or the display system is assumed to
operate within, given its intended function. This includes operating in normal;noomal, and
emergency conditions.

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

FPV/FPAeferenced Flight Director (FB) |1 | 5 2NJ 1 55 FfA3IKG RANBOG2NI O
the FPV/FPA cue to the FD command in order to comjly fight guidance commands. This is
RAFFSNEY O FTNRY |GGAGdzZRS C5 3JIdZARIFYyOS GKSNB GKS L
symbol to follow pitch and roll commands.

Fulktime Display- A dedicated continuous information display.

Functiond Hazard AssessmentA 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 Sca- 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 canuit

Hazardous; 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 Dispa(HDD)}! LINA Y| NB Ff A3IKG RAaLX & €20F0SR 2y |
RANBOGfe Ay FTNRYy(G 2F GKS LRAt24 Ay (GKS LAf20Qa
windscreen and requires the flight crew to look below the glareshieldderato use the HDD to fly

the aeroplane.

Head Mounted Display (HMD)! & LISOAlf OFasS 2F | !5 Y2dzyiSR 2y
are not any HMDs used in-@5 installations, but guidance will be provided in the future, as needed.

Head Up Disgly (HUD)- A display system that projects primary flight information (for example,
FGGAGdzZRSE FANJ RIGEFEY FdZARIFIYyOS: SGOd0 2y I GNIF yalL
view, between the pilot and the windshield. This allows the pilotitoutaneously 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 fligh path symbology needs to be conformal (that is, aligned and scaled) with

the outside view.

HUD Design Eye BeX he threedimensional area surrounding the design eye position, which defines
the area, from which the HUD symbology and/or imagery are viéavab

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).

(Taal field of view defines the maximum angular extent of the display that essekn 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 theriight

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), curgbiRa ¢ 42 Fié¢ RA&LIX I & O2y
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 $ the highest level entity of the Display System that is known by a User Application.

Luminance- Visible light that is emitted from the display. Commeunged units: foolamberts,
cd/m2.

Major - A majorfailure condition reduces the operation of the aglane 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 creskiead

- 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 - Aminor 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 increas 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 infornmatiunder 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 mleading 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.

MSG3- Maintenance Steering Group 3. Aesting 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 usuatlynsists of three (red, green, blue) spixels (also called
dots on a cathode ray tube).

Pixel Defect A pixel that appears to be in a permanently on orsiite.
Primary Flight DisplaysThe displays used to present primary flight information.

Primary Field of View (FOV) (See Figure B3 Primary Fielebf-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 descriptioroleprovides an example of how this may apply

to headdown displays.

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

+/-15 degrees optimum, with +40 degrees up afzD degrees down maximum.
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Maximum

Optimum

NOM

Vertical Field of View
T30
Optimum Maximum
LT
15° C/L C/L
15°
RT

Horizontal Field of View

Figure A31 Primary Fieldf View

Primary Flight Information The information whose presentation is required 6% 25.1303(kand
C5.1333(b) and arranged bgS 25.1321(b)

Primary Flight Instrument-! y& RA&LJX & 2NJ AyadNdzySyd GKIFG aSN
reference of a specific parameter pfimary flight information. For example, a centrally located
FGOGAGdZRS RANBOG2NI AYRAOFG2NI A& | LINAYINE FfA3IK
reference for pitch, bank, and command steering information.

Prompt- A method of cueing theifht crew that some input or action is required.
Required Engine Indicationd he information whose presentation is required ®$ 25.1305

Reversionary- The automatic or flight crew initiated (manual) relocatioh 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, syiothision system).

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

Standby DisplayA backup display that is used if a primary display malfunctions.

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

Synthetic Visiong A computer generated image of the external topography from the perspective of
the flight deck. The image is derived from aircraft attitude, kpgécision navigation solution, and
terrain database terrain, obstacles, arelevant cultural features.

Synthetic Vision Systerng 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 afspe@ af 2 21 ¢

(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; Showing different information in the same display area at different times.

Transparency A means of seeing a background information element through a foreground
infoNYF A2y StSYSyidd ¢NIyaLlk NByoe OFry f3idSN GKS
GKS ol O1¢ StSYSyio

Viewing Angle; The angle between the normal line of sight (looking straight ahead) and the line from

the eye to the object being viewed. Thagle can be horizontal, vertical, or a composite of those two
angles.

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

DU or Screen
(hosting hardware) N
(1)

Windows (1) and (2)
Each window can be fllle FQﬂﬂat = -
in with layers. Windows (1) and (2)

Several sets of layers are™=K e
defined. 2)
Each set of layer is
associated to one display /
function

Definitions used for display maragement
Example : format composed of 2 windows

Figure A32 ¢ 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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ED Decision 2011/004/R

(FAA) Advisory Circular

AMC Acceptable Means of Compliance
ARAC Aviation Rulemaking Advisory Committee

ARP
AS

CCD
CFR
CRT
DEP

Aerospace Recommended Practices
Aerospace Standard

Curser Control Device

Code of Federal Regulations
Cathode Ray Tube

Design Eye Position

EASA European Aviation Safety Agency
EUROCAE European Organisation for Civil Aviation Electronics

FAA
GUI

HDD
HUD
JAA

LCD
SAE

Federal Aviation Administration

Graphical User Interface

Head down Display

Head up Display

Joint Airworthiness Authorities

Liquid Crystal Display

SAE International (formerly Society of Automotive Engineers)

TCAS Traffic Alert and Collision Avoidance System

[Amdt

25/11]

ED Decision 2013/010/R
Purpose
This acceptable means of coligmce (AMC) provides guidance for the certification and use of
reduced thrust (power) for takeff and derated takeoff thrust (power) on turbine powered
transport category aeroplanes. It consolidates CS guidance concerning this subject and serves
as a rady 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 takethrust (power) is use for takeoff.

RelatedCertification Specifications (CS)
The applicable regulations a€S 25.10125.1521and25.1581
Background

Takeoff operations conducted at thrust (power) settings less than the maximumdaéidhrust
(power) available may provide substantial benefits in terms of engine reliability, maintenance,
and operating costs. Thesakie-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 taf@perations. Both
methods can be approved for use, provided certain limitations are observed. The subjects
discussed herein do not pertain to-flight thrust cutback procedures that may be employed
for noise abatement purposes.
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4 Definitions

Z

/ dzaG2YF NAf 80 QKISY R SWMA ¢ YR NHAB dza SR: NBaLISObA
GdzND2LINBL) AyadlttlrdA2yad C2NJ aAYLX AOAGRES 2yf e
GdzNB2LINRL) Ayaidlttlridazyas GKS GSNY WLR aEND K2

following definitions apply:
a.  Takeoff Thrust

(1) Rated takeoff 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 us@luring takeoff operations.

(2) Takeoff thrust, for an aeroplane, is normally the engine rated takethrust,
corrected for any installation losses and effects that is established for the
aeroplane under G35. Some aeroplanes use a tadd® thrust seting that is
defined at a level that is less than that based on the engine rateddéfithrust.

CS 25.152tequires that the takeoff thrust rating established for the aeroplane
must not exceed the takeff thrust rating limits established for the engine under
the engine type certificate. The value of the tabd thrust setting parameter is
presented in the Aeroplane Flight Manual (AFM) and is considered a normal take
off operatng limit.

b. Derated takeoff thrust, for an aeroplane, is a takdf thrust less than the maximum take
off thrust, for which exists in the AFM a set of separate and independent, or clearly
distinguishable, takeff limitations and performance data thabmplies with all the take
off requirements of G&5. When operating with a derated taladf thrust, the value of
the thrust setting parameter, which establishes thrust for takg is presented in the
AFM and is considered a normal tad# operating limi.

C. Reduced tak®ff thrust, for an aeroplane, is a tald@f thrust less than the takeff (or
derated takeoff) thrust. The aeroplane takeff performance and thrust setting are
established by approved simple methods, such as adjustments, or by ¢onetbd the
take-off or derated takeoff thrust setting and performance. When operating with a
reduced takeoff thrust, the thrust setting parameter, which establishes thrust for take
off, is not considered a takeff operating limit.

d. A wetrunway is pe 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 accumigiatof 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 liftoff will occur, or during the high speed part of the taiE 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
WOR2YEF YABNI BROYNNGR G Qo

5 Reduced Thrus{Acceptable Means Of Compliance)

UnderCS 25.101(¢25.101(f) and25.101(h) it is acceptable to sablish and use a takaff
thrust setting that is less than the talkadf or derated takeoff thrust if

a. The reduced tak®ff thrust settingq
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(1) Does not result in loss of systems or functions that are normally operative for take
off such as automtic 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 takéf thrust rating or derating for which complete
aeroplane performance data provided.

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

(4) Is atleast 60% of the maximum tak# thrust (no derate) for the existing ambient
conditions, with no further reduction below 60% resulting frématomatic Take
off Thrust Control System (ATTCS) credit. Consequently the amount of reduced
thrust pemitted is reduced when combined with the use of derated thrust so that
the overall thrust reduction remains at least 60 % of the maximum-tdkénrust.
For reduced thrust operations, compliance with the applicable performance and
handling requirements shuld 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 @S Appendix | in the event of an engine failure during
take-off, for aeroplanes equipped with an ATTCS.

b.  Relevant speeds &Y Wuc, Wk, and V) used for reduced thrust takeffs are not less than
those which will comply wit the required airworthiness controllability criteria when
using the takeoff thrust (or derated takeoff 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 cbelow, that in determining the takeff 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 approadesldff 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 -afkdlight
path requirements ofZS 25.11and the final takeoff climb performance requirements
of CS 25.121(should not be greater than that established by the initial #trsetting. In
determining the takeoff 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 ensuatetiiere is no
significant increase in cockpit workload, and no significant change teofieocedures.

e. Aperiodictak2 F¥ RSY2yaiGNIGA2y Aad O2YyRdziuS§R dza Ay
setting without ATTCS, if fitted, and the event is logged S | SN2 LI | ySQa LIS
records. An approved engine maintenance procedure or an approved engine condition
monitoring programme may be used to extend the time interval between -ke
demonstrations.

f. The AFM states, as a limitation, that tag#s uilising reduced takeff thrust settingsg
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(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 distaon the wet surface.

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

Examples of these ae

Inoperative Equipment: Inoperative engine gauges, reverserssaitisystems or
engine systems resultirig the need for additional performance corrections.

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

Nonstandard operations: Any situation requiring a rRstandard takeoff
technique.

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

(4) Are authorised for aeroplanes equipped with an AT ®ther operating or not.
g. The AFM states that

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

(2) When conducting a takeff using reduced takeff thrust, takeoff thrust or
derated takeoff thrustif such is the performance basis may be selected at any time
during the takeoff operation.

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

i. Training procedures are developed by the operator for the use of reduceebtfikerust.
6 Derated ThrusfAcceptable Means Of Compliance)

For approval of derated takeff thrust provisions, the limitations, procedures, and other
information prescribed bCS 25.1581as applicable for approval of a change in thrust, should
be included as a separatgpendix 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, Hilight take-off thrust (based on the maximum talaf

thrust specified in the basic AFM) may be used in showing compliance with the landing and
approach climb requirements @S 25.118nd25.121(d) provided that the availability of take

off thrust upon demand is confirmed by using the thrustification checks specified in
paragraph 5.e. above.

[Amdt 25/2]
[Amdt 25/13]
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ED Decision 2006/005/R

Requirements

1

PURPOSE
This AMC is similar to FAA Advisory Circular AC2%ated 28 November 1994.

This Acceptable Means of Compliance (AMC) provides guidance ensélection,
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 basisofwdinating 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 gess, 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 meamst not the only means, for selecting, documenting
FYR YFylF3Ay3 /awadad ¢SN¥ya adzOK & waklftftQ |yR
applicability of this particular method of compliance when the acceptable method of
compliance described hereis used.

APPLICABLE CERTIFICATION SPECIFICATIONS

CS 25.130andCS 25.1526f the Certification Specifications (CS).
RELATED DOCUMENTS

a. AC 25.13081A, System Dém and Analysis.

b Acceptable Means of Compliand®IC 25.1309System Design and Analysis.
c. AC 12g22A, Maintenance Review Board (MRB) Procedures.
d

ATA Maintenance Steering Group (M3 Airline/Manufacturer Maitenance Program
Development Document, available from the Air Transport Association of America, 1301
Pennsylvania AvenugSuite 1100, Washington, DC 20Q0407.

e. AC 12Q17A, Maintenance Program Management through Reliability Methods.

BACKGROUND

/| awa KI @S 0SSy Ay dzaS airAyoO0S (GKS SINIe& wmprnQa
approaches to certify systems to the requirements@® 25.130%nd other requirements

requiring safety analyses. CMRs hbeen established on several aeroplanes certified in Europe

and in other countries, and are being planned for use on aeroplanes currently under
development.

CMR DEFINITION

A CMR is a required periodic task, established during the design certificatioa aéroplane

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 Bi@ous 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 safetignificant latent failures which would, in combination
with one or more other specifiailures 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
SteeringGroup (MS@G3) analysis associated with Maintenance Review Board (MRB)
activities. MS@G3 analysis activity produces maintenance tasks which are performed for
safety, operational, or economic reasons, involving both preventative maintenance tasks,
which areperformed before failure occurs (and are intended to prevent failures), as well
as failurefinding tasks. CMRs, on the other hand, are fa#imding tasks only, and exist
solely to limit the exposure to otherwise hidden failures. Although CMR taskaiknef
finding tasks, use of potential failufinding 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 maintenac ¥ dzy Ot A2y ® [/ awa WNBadl NI
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 analyis performed to show compliance witBS 25.13Q9imiting the exposure
time will have a significant effect on the resultant overall failure probability of the system.
The CMR task interval should be designatettims 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 desribed in this AMC is not intended to establish normal maintenance tasks that
should be defined through the M&&analysis process. Also, this process is not intended
to establish CMRs for the purpose of providing supplemental margins of safety for
concerrs 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 inspectiogn@mmes, which are
developed by the type certificate applicant to meet the inspection requirements for
damage tolerance, as required bZ325.571 or CS25.1529 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 andlysis requirements @S 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 251308nd/or the
EASA Acceptable Means of CompliaAd4C 25.809-1). AC 25.1309lA andAMC 25.1304

are periodically revised by the FAA/EASA and are the controlling documents for definition of
these terms. The termssted 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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(c)

The effect on the aeroplane and its occaps 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)

(2)

3)

(4)

Minor Failure Caditions 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 functiohaapabilities, a slight increase in crew workload, such
as routine flight plan changes, or some inconvenience to occupants.

Major Failure Conditiong=ailure Conditions which would reduce the capability of
the aeroplane or the ability of the crew tmpe 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 discomfartdccupants, possibly including
injuries.

Hazardous Failure Condition$ailure 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)  Alarge reduction in safety margins or functional capabilities;

(i)  physical distress or higher workload such that the flight crew cannot be
relied upon to perform their tasks accurately or completely, or

(iif)  serious or fatal injury to a relatively stthnumber of the occupants.

Catastrophic Failure Conditian&ailure Conditions, which would prevent the
continued safe flight and landing of the aeroplane.

Probability Terms

When using qualitative or quantitative assessments to determine camgdi with
C5.1309(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 ConditianBrobable 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 2 x 10
or greder. Minor Failure Conditions may be probable.

Improbable Failure Conditionsnprobable Failure Conditions are divided into two
categories as follows:

() Remote Unlikely to occur to each aeroplane during its total life but may
occur several timewhen 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°Idr less, but greater than of
the order of 1 x 18. Major Failure Conditns must be no more frequent
than Improbable (Remote).

(i)  Extremely RemoteJnlikely to occur when considering the total operational
life of all aeroplanesf 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“Idr less, but greater than of
the order of 1 x 16. Hazardous Failure Cotidhs must be no more frequent
than Improbable (Extremely Remote).

(3) Extremely Improbable Failure ConditipBgtremely Improbable Failure Conditions
are those so unlikely that they are not anticipated to occur during the entire
operational life of alaeroplanes of one type, and have a probability of the order
of 1 x 1& 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 sulbjective,
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(lprovides general requirements for a logical and acceptable inverse relationship
between the probability and severity of each Failure Condition, AMIC 25.1309 sub
paragraph 9 b.(1¥pecifies that compliance should be shown primarily by analysis. In recent
years there has been an increase in the degresysfem complexity and integration, and in the
number of safetycritical functions performed by systems. This increase in complexity has led
to the use of structured means for showing compliance with the requirementSc25.1309

a. CS 25.1309(lypecify required safety levels in qualitative terms, #&MC 25.1309sub
paragaph 9 b.(1ppecifies 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 acceptabilsynod
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 satdtical
functions. These difficulties led to the selective use of rational analysesstimate
guantitative 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 withetings used in
C25.1309(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 qualitae analyses and tests.

NOTE: See Acceptable Means of Compli@acg309 System Design and Analysis, for a
complete description of the inverse relatiship between the probability and severity of
Failure Conditions, and the various methods of showing complianceG&tR5.1309

8 DESIGN CONSIDERATIONS RELATED TO CANDIDATE CMRs

A decision to create a candi@gaCMR should follow the guidelines giverAlIC 25.1309i.e.

the use of candidate CMRs in lieu of practical and reliable failure monitoring and warning
sydems to detect significant latent failures when they occur does not comply with
C25.1309(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 relidd 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 b 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 establishin scheduled maintenance tasks. Those tasks related to the
certification process, as well as those derived through §8s#halysis, must be identified
and documented as illustrated. The details of the process to be followed in defining,
documenting, and harlthg 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 outperiodically to comply withCS 25.130@nd 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 dieci
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 he 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 insttlection
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 comatitiald 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 pnogeaand at intervals as
necessary, the CMCC should meet to review candidate CMRs, their purpose, criticality,
FYR 20KSNJ NBfS@OlIyd FFrOliU2NER® 5dzNAy3I GKS [ al |
suggest alternatives to a given CMR, which would sati&fintent of the CMR, while
allowing reduced operational impact. In addition, where multiple tasks result from a
guantitative analysis, it may be possible to extend a given interval at the expense of one
or more other intervals, in order to optimise thequired 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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consideration, the TC applicant will submit the CMR document, as defined igrapha
12 of this AMC, to the Agency for final review and approval.

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 tha<Obtie

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 ro# maintenance activity (and
which are also identified as MRB tasks) based on engineering judgement and
experience on similar aeroplane types, or

(i)  Tasks included in the approved Aeroplane Flight Manual.

(2) CMRs remaining after application of paragraph 11la(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:

() The degree of conservatism taken in the classification of thiure
Condition consequences.

(i)  The degree of conservatism taken in the individual failure rates and event
occurrence rates used.

(i)  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.

For operators with approved escalation practices or an approved reliability programme,
datacolSOG A2y |YyR Fylfe@dGdAOlf GSOKYyAIldzZSa | NB dza
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 CMRths AYUSNIBIfa gAGKAY Fy 2LISNI G2NRE
that Two Star CMRs will be properly managed by the operator with adequate controls.

DOCUMENTATION AND HANDLING OF CMRs

CMRs should be listed in a separate CMR document, which is referienbedType Certificate

Data Sheet. The latest version of the CMR document should be controlled by -@#eved

log of pages. In this way, changes to CMRs following certification will not require an amendment
to the Type Certificate Data Sheet. The GldBument should clearly identify the two types of
CMR tasks, which are handled as follows:

a.

One Star CMRs (9 The tasks and intervals specified are mandatory and cannot be
changed, escalated, or deleted without the approval of the Agency.

Two StaCMRs (*)¢¢ | &1 AYyUSNBIfa YI& 06S FRedzaidSR Ay
approved escalation practices or an approved reliability programme, but the task may

not be changed or deleted without prior Agency approval.

All minimum initial scheduled nmatenance tasks, and CMRs, should reside in an MRB
NELIR2NI G2 SyadiNB GKFG GKS 2LISNF2NRa YAy
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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 oepshould 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 taskhe 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 safetAny 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 shenn extension allowed by
the CMR document has taken place.

(1) ¢KS GSNY VYSEOSNM ASHESy&mK2WD Ada RSTFAYSR |
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 statednumber of flight hours, flight cycles, or calendar days. If no steon
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 ae¥splan
AY |y 2LISNIG2NRa FfSSix akKz2dZ R y2G 0S8 dz
practices. Shorterm 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 extasion not explicitly listed in the CMR document.

13 POSICERTIFICATION CHANGES TO CMRs

Any postcertification 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 aMRR 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
2LISNF 62NRa NBfAFOAfAGE LINPINFYYSD ! hyS {01
only be nade if world fleet service experience indicates that certain assumptions
regarding component failure rates made early during the engineering analysis were
overly conservative, and a-{@&lculation of system reliability with revised failure rates of
certaincomponents 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 pportunity 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 (les
restrictive actions to be required), the change may be documented by a-&gf#éved
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 airworttgiss directive (AD).
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After initial aeroplane certification, the only basis for adding a new CMR is in association

with certification of design changes.

e.

A new CMR created as part of a design change should be a part of the approved data for

that chang, 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 basethertotal 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 burdemf a CMR ismall 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 tcdidef the cost, weight, or complexity of
providing an alerting mech&m 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. Whatis the magnitudef 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 sdkst on powerup?

C. Is the monibring 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 aspectseofailure 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

G2 WILAY | 00SaaQ | yRk 2 btgguipnie@ddan the2ONIR dasklbg Ra K ¢
done without removing equipment from the aeroplane? Without having toadgust
equipment? Without leak checks and/or engine runs?

h.  Canasimple visual inspection be used instead of a complex one? Can a simplemnglerhéck
suffice in lieu of a formal functional check against measured requirements?

i. LA GKSNB WIFIRRSR @lIfdzSQ (2 GKS LINRLIRA&ASR GFail o
if the aeroplane must be continually inspected)?

J- Have all alteratives been evaluated?

[Amdt 25/1]

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 G35 related to the aircraft esign for sustained engine rotor imbalance
conditions.

2. RELATED CS PARAGRAPHS
a. CS25:
/I { Hp®onH ALYGSNIOUOAZ2Yy 2F adaeadaSvya I yR &iNU
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3. DEFINITIONS. Some new terms hasenbdefined 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.

Design Service Goal (DSQ@he design service goal is a period of time (ighfl
cycles/hours) established by the applicant at the time of design and/or certification and
used in showing compliance wi@S 25.57.1

Diversion FlightThe segment of the flight between the point where deidgatfrom the
planned route is initiated in order to land at an en route alternate airport and the point
of such landing.

Ground Vibration Test (GVT)Ground resonance tests of the aeroplane normally
conducted in compliance witBS 25.629

Imbalance Design Fraction (IDA)he 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 &gproved, in accordance with ES

810.

Low Pressure (LP) RotdFhe rotating system, which includes the low pressure turbine
and compressor components and a connecting shaft.

Well Phase.The flight hours accumulated on an aeroplane or comporiefore the
failure event.

4. BACKGROUND

a.

Requirements.CS 25.901(cyequires the powerplant installation to comply with
CS25.1309 In additionCS 25.903(ecequires means of stopping the rotation of an engine
where continued rotation could jeopardise the safety of the aeroplane, G8@5.903(d)
requires that design precautions be taken to minimise the hazards to the aeroplane in
the event of an engine rotor failure. 520(c)(2) requires that data shall beadished

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 consequenceait out
balance running and during any continued rotation with rotor unbagaafter shutdown

of the engine following the occurrence of blade failure, as demonstrated in compliance
with CSE 810, or a shaft, bearing or bearing support, if this results in higher loads.
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Blade Failure. The failure of a fan blade and the subseqdamiage 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 prirs@uogture. Also,

the effect of flight deck vibration on displays and equipment is of significance to the
ONBgsQa loAfAlGe G2 YIS ONARGAOIET RSOA&AAZ2YA
and their ability to carry out other operations during the ramder 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 diametersd 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 conditiofollowing engine shut down.

Bearing/Bearing Support Failure. Service experience has shown that failures of
bearings/bearing supports have also resulted in sustained high vibratory loads.

Imbalance Conditions. There are two sustained imbalanceitiond that may affect safe
flight: the windmilling condition and a separate high power condition.

(1) Windmilling ConditionThe windmilling condition results after the engine is shut
down but continues to rotate under aerodynamic forces. The windrgillin
imbalance condition results from bearing/bearing support failure or loss of a fan
blade along with collateral damagé&his condition may last until the aeroplane
completes its diversion flight, which could be several hours.

(2) High Power Condition. THagh 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 ¢ éwn. 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 detaning which engine was
damaged.

The information provided in this AMC is deriveahirthe recommendations in the report

vvvvv
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appended to this NPA for information.

The criteria presented in this AMC are based on a statistical analysis of 25 years of service
history of high bypass 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 BNNLLING IMBALANCE CONDITIONS

a.

Obijective. It should be shown by a combination of tests and analyses that after:

i) partial or complete loss of an engine fan blade, or

i) after bearing/bearing support failure, or

iiiy  any other failure condition that could result in higher induced vibrations

including collateral damage, the aeroplane is capable of continued safe flight and landing

Evaluation. The evaluation showdtiow 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 vibYationld
not prevent the flight crew frm 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 contrl 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 LasConditions. 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 df0-7to 10-8 while the probability of the
combination of a 1.0 IDF and a 180 minute diversion48 @fless. 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 dig@n 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 probabilityoo€urrence:

(@) 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 FlighLoads and Phases

(@) 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 rigitbdy 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 crodswlition;
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, accelena@gmitude, exposure time and direction may be
F2dzyR Ay L{h HcomkmMm GLYGSNYIGAZ2YyIt { RRERENMRNIGA@IRyd GANG AF IDEYIS
1985.
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(€)

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

(@)

(b)

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 wit 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 thiappropriate 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 # 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 25.34hs specified at VC (design cruising speed) ujnéo
maximum likely operational speed of the aeroplane. These loads are
considered to be ultimate loads.

In selecting material strength properties for the static strength analyses, the
requirements ofCS25.613apply.

(4) Assessment of Structural Endurance

(@)

(b)

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 evatthtDifferent 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 criteriarfthe 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

C2NJ Ydzf GALX S f2FR L&EKGKSEH yRG NN (OdZNBIZNNSAA
analysis per paragraph 1 below, or damage tolerance analysis per paragraph 2

below, may be performed to demonstrate structural endurance capability. For all

other strudure, 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 "faiafe" structure are the same as defined for

use in showing complime 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
Ydzft GALX S f-2F RSAI & KNHeG & deNB = gelabciedld 2 G | €
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 usedatisfying the requirements
of CS 25.57)Ifor 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 prafes 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 componenthe accumulated fatigue damage specified in
Tablel 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 endurancthe 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 manutadtt
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
guality 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 lad spectrum (such as used in satisfying the requirements
of CS 25.571for the duration specified in Table 1. Average material
properties may be used.

(cc) For the windmilling phase, crack growth should be catedldor 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 neustained
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 combithdoading conditions defined in
paragraph 5c(3)(a) above with a factor of safety of 1.0.
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TABLE 1Fatigue and Damage Tolerance

| |condiion ] Paragraph 5c(1)(a) Paragraph 5¢c(1)(b)

Imbalance Desigr 1.0
Fraction (IDF)

Diversion time A 60-minute diversion The maximum expected
diversior?
Well phase Damage for 1 DSG Damage for 1 DSG
Fatigue Analysie Windmilling Damage due to 60 minute Damage due tthe maximum
(average material phase diversion under a 1.0 IDF expected diversion tinfeunder
properties) imbalance condition. a 1.0 IDF imbalance condition
Criteria Demonstrate no failuré Demonstrate no failureunder

under twice the total damage the total damageunfactored)
due to the well phase and th: due to the well phase and the

windmilling phase. windmilling phase.
Well phase Manufacturing quality flaw ~ Manufacturing quality flai
(MQF) grown for 1 DSG (MQF) grown for 1/2 DSG
Damage Toleranéé Windmilling Additional crack growth for  Additional crack growth for the
(average material  phasé+* 60 minute diversion with an maximum diversion6 with an
properties) IDF=1.0 IDF=1.0
Criteria Positive margin of safety witt Positive margin of safety with
residual strength loads residual strength loads
specified in 5¢(3)(a) for the  specified in 5¢(3)(a) for the fin:
final crack length 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 withCS 25.57Jaugmented with windmilling loads as appropriate.
3 Windmilling phase is to be demonstrateallbwing 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 loadsefor o
inspection period for mandated inspections.

5 MQF is the manufacturing quality flaw associated with 95/95 probability of existence. (Reference
W+ SNAFAOIGA2Y 2F aSiK2Ra C2NJ5FYIF3S ¢2f SNIyOS 94dI f
Tom Svift 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 conditiwmukl 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

(@) It should be shown that systems required for continued safe flight and landing after
a bladeout event will withstand the vibratory environment defined for the
windmilling conditions and diversion times described above. For this evaluation,
the aeroplane s 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 blautesvent.
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(b) The initial flight environmental coitibns 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 windimg condition described above, the degree of flight
RSOl @GAONI GA2Y akKlff y24G4 AYyKAOAG GKS FtA13
aeroplane in a safe manner during jalilases of flight.

d. Bearing/Bearing Support Failure. To evaluate these tomdi 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 Li%speted
(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 damag
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 athe 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 assessaighe 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, theghould 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 toolsrfoonducting 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 agithe 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 loé tanalysis 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 orsts. 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 begrated 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 engaylon interfaces, as

well as all interfaces dédween components (e.g., inléd-engine and engingo-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 reponses. 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 repreing the engine
type-design),

(3) Control system model,
(4) Aerodynamic model, and
(5) Forcingfunction and gyroscopic effects

The airframe and engine manufacturers should mutually agree upon the definition of the
integrated structural model, baskon test and experience.

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 shouidlude 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, wimgjs, 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 analys&gpropriate 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 VibraTest (GVT) measured damping.

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. Dgmic 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 fheettansient 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 representative pylon. Gyroscopic effects are included. The
models provide for representative connections at the engimg@ylon interfaces
as well as all interfaces between components (e.g.,ftdetngine and engingo-
thrust reverser). The engine thas 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) Featuresmodelled specifically for blade loss windmilling analysis typically include
fan imbalance, component failure and wear, rubs (blade to casing, and intershatft),
and resulting stiffness changes. Manufacturers whose engines fail the rotor
support structure bydesign 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 includéhe 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 othestructural 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 dan 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 mg be conservative at most frequencies, this is not always the case. Therefore, a
validated aerodynamic model should be used. The use of unsteady-dmesnsional
panel theory methods for incompressible or compressible flow, as appropriate, is
recommendedor 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
supportedby 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 wsually 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-ES310.

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 {(E3&T)
normally conducted for compliance with 5629 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 elediyrpamic
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 br 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 transfearabteristics 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 ingattd 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 valuesf 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 nolynadlidated by the flight
flutter tests performed undeCS 25.629

d. Engine Model. The engine model covering the engine -tgmgn will normally be
validated by the Engine manufacturer underE520(c)(2) by crelation against blade
off test data obtained in showing compliance with£810. This is aimed at ensuring that
the model accurately predicts initial blade release event loads, any rundown resonant
response behaviour, frequencies, potential structurailure 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 reptese

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 i 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 emine 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

(@) The requirements of this Subpart B apply to aeroplanes powered with turbineesgin
(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 sydaragraph (c).

(b) Inthe absence of an appropriate investigation of operatiomadlications these requirements
do not necessarily cover

(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 aeroplanés equipped with an engine control system that automatically resets the power
or thrust on the operating engine(s) when any engine fails during -tdékeadditional
requirements pertaining to aeroplane performance and limitations and the functioning and
reliability of the system, contained #ppendix | must be complied with.

CS 25.21 Proof of compliance

ED Decision 2015/008/R

(@) Each requirement of this Subpart must be met at each appropriate combination of wegigh
centre of gravity within the range of loading conditions for which certification is requested. This
must be showrg

(1) By tests upon an aeroplane of the type for which certification is requested, or by
calculations based on, and equal in accuragyhe 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,rad 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 windjust 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 poweerated sytem, compliance
must be shown witlCS 25.674nd 25.672

(H  In meeting the requirements @S 25.105(¢25.125 25.233and25.237 the wind velocity must
be measured at a height of 10 metres above the surface, or corrected for the difference
betweenthe height at which the wind velocity is measured and theridire 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 ofis subpart, excepES 25.121(a25.123(c)25.143(b)(1) and (b)(2)
25.149 25.201(c)(2) and 25.251(b) through (e)must be met inthe icing conditions
specified in Appendix.CS 25.207(c) and (aiust be met in the landing configuration in
the icing conditionspecified inAppendix Mut need not ke met for other configurations.
Compliance must be shown using the ice accretions defingghinll of Appendix C
assuming normal operation of the agilane 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 icingditons defined in
Appendix Qeach requirement of this subpart, excep$ 25.10%25.107 25.109, 25.111,
25.113 25.115 25.127 25.123 25.143(b)(1), (b)(2), and (c)(15.149 25.201(c)(2)
25.207(c), (d) and (e)(1and25.251(b) through (e)must be met in thé\ppendix Acing
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 aszcuhal
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 gcoonditions of
Appendix O, each requirement of this subpart, except paragr&gh5.121(a25.123(c)
25.143(b)(1) and (b)(225.149 25.201(c)(Z2)and25.251(b) through (g¢)must be met in
the Appendix O icing conditions for which certification is sougBt5.207(c) and (djust
be met in the landing configuration in the icing conditions specifiedgpendix Ofor
which certification is sought but need not be met for other configuratiddsmpliance
must be shown using the ice accretions defined in part Il, paragraphs (c) and (d) of
Appendix Qassuming normal operation of the aeroplane and its ice protection system
in accordance with the operatirigmitations and operating procedures established by the
applicant and provided in the Aeroplane Flight Manual

(4 Nochanges in the load distribution limits@8 25.23he weight limits oCS 25.2%xcept
where limited by performance requirements of this subpart), and the centre of gravity
limits of CS 25.27from those for noricing conditions, are allowed for flight in icing
conditions or with ice accretion.

[Amdt 25/3]
[Amdt 25/6]
[Amdt 25/16]

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 cected to the specified value of the parameter;
otherwise no correction is necessary.

2 In areas of critical handling or stability, notwithstanding the toleranc€$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 centref 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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Para. Title
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3 Reserved
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4.1 General

4.2  Proof of Compliance (CS 25.21(q))

4.3  Propeller Speé 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  Flightrelated Systems

4.8 Aeroplane Flight Manual (CS 25.1581)

5 Acceptable Means of Compliane&eneral

5.1 Geneal

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 ComplianeElight Test Programme
6.1 General

6.2 Stall Speed (CS 2D3)

6.3  Acceleratestop Distance (CS 25.109)

6.4 Takeoff Path (CS 25.111)

6.5 Landing Climb: A#nginesoperating (CS 25.119)
6.6 Climb: Onesngineinoperative (CS 25.121)

6.7 Enroute Flight Path (CS 25.123)

6.8 Landing (CS 25.125)

6.9 Controllability and ManoeuvrabilityGeneral (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 Stabili@S 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)

Al  Appendix I- Airframe Ice Accretion

Al.1 General

Al.2 Operative Ice Protection System

Al1.3 Ice Protection System Failure Cases

Al.4 Additional guidance for Appendix O ice accretions
A2  Appendix2 - Artificial Ice Shapes

ED Decision 2015/008/R
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A2.1 General

A2.2 Shape and Texture of Atrtificial 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 Contgairfaces

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 (ARIE) 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 Aeneplas affecte by
flight inicing conditionsThe 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 charactsrisinc
performance ilAppendixCand Appendix Qcing conditions.

1.2 The guidance information is presented in sections 4 to 6 and three appendices.

1.3 Section 4 explains theavious 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 atmospheriiing conditions of C&5, Appendix Cand
AppendixO.

1.4 Section 5 describes acceptable methods and procedures that an applicant may use to
show that an aerolane meets these requirementBepending on the design features of
a specific aeroplane as discussed\pppendix Jof 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 detmining 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 thgencyas beinghe 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 Requirement3he following paragraphs of @5 are related to lhe guidance in this
AMC:

- C5.21 (Proof of compliance)
- C5.103 (Stall speed)

- CS25.105 (Takeff)

- C5.107 (Takeff speeds)

- C25.111 (Takeff path)

- CS25.119 (Landing climb)
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- C25.121 (Climb: Onrengineinoperative)
- C325.123 (Erroute flight paths)
- CS 25.125 (Landing)
- C325.143 (Controllability and Manoeuvrabilityseneral)
- C5.207 (Stall warning)
- C5.237 (Wind velocities)
- C25.253 (Higkspeed characteristics)
- C5.1309 (Equipment, systems, and installations)
- C325.1419 (Iceprotection)
- CS 25.1420 (Supercooled large drop icing conditions)
- CS 25.1581 (Aeroplane Flight Manual)
- CS25, Appendix C
- CS 25, Appendix O
Reserved
4 Requirements and Guidance

4.1 General. This section provides guidance for showing compliance with 1SuBpa
requirements for flight in the icing conditions Appendix GndAppendix Qo CS25.

4.1.1 Operating rules for commercial operation of large aeroplanes EJOPSL.345)
require that the aeroplane is free of any significant ice contamination at the
beginning of the tak®ff roll due to application of appropriate ice removal and ice
protection procedures during flight preparation on the ground.

4.1.2 For certification fo flight in the icing conditions described in Appendix C e2&S
CS 25.21(g)(¥®quires that an aeroplanmeet certain performance and handling
qualities requirements while operating in the icing environment defined in
Appendix C. In additioGS 25.142fkequires applicants to consider icing conditions
beyond those couwed by Appendix C. The additional icing conditions that must be
considered are the supercooled large drop icing conditions defindgjrendix O
CS 25.21(9)(2) and (@spectvely provide the performance and handling qualities
requirements to be met by applicants not seeking certification in the icing
conditions ofAppendix Cand by applicants seeking certification in any portion of
the icing conditions ofAppendix O Appendix 1 of this AMC provides detailed
guidance for determining ice accretions in both Appendix CAgmendix Gcing
conditions that can besed for showing compliance.

CS 25.142€equires applicants to choose to do one of the following:

(@) Not seek approval for flight in the supercooled large drop atmospheric icing
conditions defined ippendix O

(b) Seek approval for flight in only a portionAppendix Gcing conditions.

(c) Seek approval for flight throughout the entifgpendixO 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 Appendix Q even if the
aeroplane will not be certified for flight in the complete range Agpendix O
atmospheric icing condition&£S 25.21(@}) requires the stall speedSS 25.103
landing climb €S 25.119 and landing @S 25.126requirements to be met in
supercooled largelrop atmospheric icing conditions beyond those the aeroplane
will be certified for. Compliance with these requirements plus the requirements
for flight in Appendix Cicing 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 aeropane is not to be certified for flight in all of the supercooled large drop
icing conditions ofAppendix Q there must be a means of indicating when the
aeroplane has encountered icing conditions beyond those it iitified 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 erable
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 Appendix Oicing 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 acretion or accretions used to show compliance with the applicable
requirements should cover the range of aeroplane configurations, operating
speeds, anglesf-attack, and engine thrust or power settings that may be
encountered during that phase of fligfiot just at the conditions specified in the
CS25 subpart B requirements). For the ice accretion scenarios defined in
paragraph Al.4.3(c) of Appendix 1 to this AMC, the applicable flight phases are
take-off (including the ground roll, takeff, and finaltake-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 applicabl€38CSubpart B
regulations should be consistent with the extent of the desicertification 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 congasitretion
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 ic
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 shold 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 certificatiorfor flight in the supercooled large drop icing
conditions ofAppendix On 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 @nd Appendix (ce accretions.

4.17 Certification experience has shown that it is not necessary to consider ice
accumulation on the propeller, induction system or engine congnmts 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 awetion 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 tre angleof-attack of the horizontal tailplane exceeds its stall argfle
attack. Even very small quantities of ice on the tailplane leading edge can
significantly reduce the anglef-attack at which the tailplane stalls. An increase in
tailplane angleof-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,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 6.9.4pw 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 thevetor 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. Osome 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 édexed 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.

4.1.10There have been aeroplane controllabilibcidents 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 ior 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 icoanditions, 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 edtshtrailing edge flap
or flap vane ice accretions when evaluating aeroplane performance with flaps
extended.
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4.2

4.3

4.4

4.1.11Supercooled large drop icing conditions, or runback ice in any icing condition, can
cause a ridge of ice to form aft of the protected aren the upper surface of the
wing. This can lead to separated airflow over the aileron-iridaced airflow
separation upstream of the aileron can have a significant effect on aileron hinge
moment. Depending on the extent of the separated flow and theigtesf 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-@gng boots and unpowered aileron controls
are mostsusceptible 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 cosist of banko-bank roll manoeuvres, steady heading sideslips, and
rolling manoeuvres at stall warning speed.

4.1.12Appendix 5 contains related Acceptable Means of Compliance and FAA Advisory
Circulars. Appendix 6 contains acronyms and definitions ustds AMC.

Proof of CompliancedS 25.21(Y)

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 €% 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, bngitudinal stability and control

25.233, Directional stability and control

25.235, Taxiing condition

25.253(a) and (b), Higgpeed characteristics, and

25.255, Oubf-trim characteristics

4.2.3 Where normal operation of the ice protection system resuitelhanging 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.

Propeller Speed and Pitch LimiGY 25.38 Certification experience has shown that it
may be necessary to impose additional propeller speed limits for operations in icing
conditions.

Performance GeneralCS 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 condibns. In general, its 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 availakiter
8 seconds fo€S 25.11PThe 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 Thefollowing 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 Certificatobn 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 Apat from the use of appropriate speed adjustments to account for operation in
icing conditions, any changes in the procedures established fordtikbalked
landing, and missed approaches should be agreed witiAtency

4.4.5 Performance associated witflight in icing conditions is applicable after exiting
icing conditions until the aeroplane critical surfaces are free of ice accretion and

iKS AOS LINRGSOUAZ2Y
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4.4.6 Certification experience has also shown that runback ice teycritical for
propellers, and propeller analyses do not always account for it. Therefore, runback
ice on the propeller should be address&ksearch has shown that ice accretions
on propellers, and resulting thrust decrement, may be largeAppendix O
(supercooled large drop) icing conditions tharAippendix dcing conditions for
some designs. Thimay be accomplished through aeroplaperformance checks

in naturalicing conditionsicing 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) temperatres that could result in runback icing.

45 Stall speed @S 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 ConditiongdS 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 penmfmance should be analysed in accordancehwit
C325.1309 In determining the probability of a failure condition, it should be
assumed that the probability of entering icing conditiodsfined in C&5
Appendix Gs ae. As explained in AMZ5.1420, on an annual basis, the average
probability of encountering the icing conditions defined in Appendix O may be
assumed to be ¥ 10, per flight hour. This probability should not be reduced on a
phaseof-flight basis.The "Rilure Ice" configuration is defined iAppendix 1
paragraph A1.3.

4.6.2 For probable failure conditions that are not annunciated to the fliglewg 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 toieiig 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 ther@lane to leave the icing
conditions as soon gsossiblE A0 aKz2dz R 06S aK2gy GKIFG
performance and handling characteristics with the failure ice accretion are
commensurate with the hazard level as determined by a system safetysas in
accordance withCS 25.1309The operating procedures and related speeds may
NEAUGNROG GKS | SNRBLX IySQa 2LISNFidAy3 Sy@St
should be consistent with the safety analysis

4.6.5 For failure conditions that arextremely remotebut not extremely improbable,
the analysis and substantiation of continued safe flight and landing, in accordance
with CS 25.1309should take into considerath whether annunciation of the
failure is provided and the associated operating procedures and speeds to be used
following the failure condition.

4.7 Flightrelated Systems. In general, systems aspects are covered by the applicable systems
and equipment rguirements in other subparts of €5, 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. Fagxample, the following aspects may be relevant:

a. Theice protection systems may not aiti# or deice properly at all power or thrust
settings. This may result in a minimum power or thrust setting for operation in icing
conditions which affects desceand/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 blockag 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 pres$iq") operated feel
systems using separate sensors also may be affected.
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4.8

Ice blockage of unprotected inlets and vents that may affect the propulsive thrust
available, aerodynamic drag, powerplant control, or flight control.

Operation of stall wanmg and stall identification reset features for flight in icing
conditions, including the effects of failure to operate.

Operation of icing condition sensors, ice accretion sensors, and automatic or
manual activation of ice protection systems.

Flightguidance and atomatic flight control systems operatioBee AMC No. 1 and
2 to 25.1329 for guidance on compliance wi§ 25.1329or flight in icing
conditions, including stall and manoeuvrability evaluations with aeroplane
under flight guidance system control.

Installed thrust. This includes operation of ice protection systems when
establishing acceptable power or thrust setting procedures, control, stability, lapse
rates, rotor speed margins, temperatureangins, Automatic TakeOff Thrust
Control System (ATTG#eration, and power or thrust lever angle functions.

Aeroplane Flight ManuaC§S 25.1581
4.8.1 Limitations.

4.8.1.1Where limitations are required to eire 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
atradSYSyld aAYAtTIFNI G2 GKS F2ft26Ay3Y
be operated, andits 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.”

4.8.1.3Foraeroplanes without leading edge higjft 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 také#, the wing ice
protection system should be opdige and efficient before takeff (at least
during the final taxi phase) whenever the outside temperature is below
6 C (42F) and any of the following applies:

- Visible moisture is present in the air or on the wing,

- The difference between the dew puitemperature 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 priora takeoff would be the application of
anti-icing fluid with adequate hold over time and compliant with SAE AMS

1428, Types II, IlI, or IV.
Note: The aircraft must be deed in compliance with applicable operational
rules.

4.8.1.4To comply withCS 25.1583(eKinds 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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5

supercooled large dromtmospheric icing conditions defined in -2%
Appendix O

4.8.1.5For aeroplanesiot certified to operate throughout the atmospheric icing

envelope of CG&5 Appendix Jor 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 takeoff 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 certifiesite 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 paiton 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 takdf, climb, cruise, descent, holding,-go
around, and landingFor aroplanes not certified for flight in all of the
supercooled large drop atmospheric icing conditions defined in Appendix O
to CS25, procedures should be provided for safely exiting all icing conditions
if the aeroplane encountergppendix Oicing conditions that exceed the
icing conditions the aeroplane is certified for.

4.8.2.3For aeroplanes without leading edge hilifh devices, the AFM normal

operating procedures section should contain a statement similar to the
following:

a2! wbLbbD

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
ontake2 T ¥ & ¢

4.8.2.4 Abnormal operating procedures should include the procedute 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 rfformation. Performance information, derived in accordance with
subpart B of G&5, 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.

Acceptdle Means of Complianeéseneral

5.1 General.

Powered by EASA eRules Pagel400f 1189 Jan 202!


http://easa.europa.eu/

y Easy Access Rules for Large Aeroplanes -2%L< SUBPART@&FLIGH
ety E A SA (Amendment 16) GENER/

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 Appendix Gand Appendix (o CS
25.

5.1.2 Compliance withCS 25.21(g3hould 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, includingftake
climb, cruise, holding, descent, landing, andagound as appropriate to the
aeroplane type, consiting its typical operating regimand the extent of its
certification approval for operation in the atmospheric icing conditions of
Appendix Go CS25.

5.1.4 The design features includedAppendix Df this AMC should be considered when
determining the extent of the substantiation programme.

5.1.5 Appropriate means for showing compliance include the atiand items listed in
Table lbelow. These are explained in more detail in the following sections of this
AMC.

TABLE IMeans for Showing Compliance

Flight Testing Flight testing in dry air using artificial ice shapes or with ice
shapes created inatural icing conditions.
Wind Tunnel Testing and Analysis An analysis of results from wind tunnel tests with artificial o1

actual ice shapes.
Engineering Simulator Testing and Analy An analysis of results from engineering simulator tests.

Engineering Analysis An analysis which may include the results frany of the
other means of compliance as well as the use of engineerin
judgment.

Ancestor Aeroplane Analysis An analysis of results from a closely related ancestor
aeroplane.

5.1.6 Varobus factors that affect ice accretion on the airframe with an operative ice
protection system and with ice protection system failures are discussed in
Appendix lof this AMC.

5.1.7 An acceptable methodology to obtain agreement on the artificial ice shapes is
given inAppendix 2f this AMCThat 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 programmehould consider the results
obtained with the norcontaminated aeroplane and the design features of
the aeroplane as discussedAppendix Df 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 establishém 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 -nontaminated
aeroplane.In particular, it is not necessary to investigate all weight and
centre of gravity combinations when results from the rmntaminated
aeroplane clearly indicate the most critical combination to be tested. It is
not necessary to invegate the flight characteristics of the aeroplane at
high altitude (i.e. above théighest altitudesspecified inAppendix Gand
Appendix Oto CS25). An acceptable flight tegirogramme 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 camgith safe flight
and landing.

5.2.2 Flight Testing Using Approved Atrtificial Ice Shapes.

5.2.2.1The performance and handling tests may be based on flight testing in dry

air using artificial ice shapes that have been agreed withAthency

5.2.2.2Additional limited flight tests are discussed in paragraph 5.2.3, below.

5.2.3 Flight Testing In Natural Icing Conditions.

5.2.3.1Where flight testing with ice accretion obtained in natural atmospheric

icing conditions is the primary means of compliance, thedit@mns should

be measured and recorded. The tests should ensure good cover&e25f
AppendixC and Appendix Cconditions(consistent with the extent of the
certification agproval 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 tgency

5.23.2 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 handlingcharacteristics 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 flighttté&sng 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 th&ppendix Gcing conditions that
certification is being sought for, and the means used for showing compliance
with the performance and handling characteristics requirements, it msy al
not be necessary to conduct flight tests in the natural icing conditions of
Appendix O SeeAMC 25.142(or guidance on when it is necessary to
conduct flight tests in the natural atmospheric icing conditiongppendix

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 definedPiart Ilof Appendix Gnd Appendix o
CS25, may be used tsubstantiate 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 defihad in
of Appendix Cand Appendix Oto CS25 may be used to substantiate the handling
characteristics. The data used to model tH&=ets 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 atehe
accretions as defined iRart llof Appendix Gind Appendix o CS25 may be used to
substantiate the pdormance 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 analysisapf ancestor aeroplane that includes the effect of
the ice accretions as defined Rart llof Appendix @GndAppendix Qo CS25. This
analysis should consider the similarity of the configuration, operatimgelope,
performance and handling characteristics, and ice protection system of the
ancestor aeroplané 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 simulatoanalysis, service history, and engineering
judgement.

6 Acceptable Means of Compliandelight 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 e tAgencyas 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 & would provide (se€S 25.21(a)(1)

6.1.3 Ice accretions for each flight phase are define@ant Ilof Appendix C andPart 1l
of Appendix (to CS25. 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 ttesting 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 tothe particular phase of flightin accordancewith part Il(b) of
Appendix Gandpart li(e) of Appendix @ CS25, if the holding ice accretion is not
as onservative 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 guddanc
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 galities. If these tests show that aeroplane performance or handling

gualities are adversely affected, additional tests may be necessary to show
compliance with the aeroplane performance and handling qualities requirements.

6.2 Stall SpeeddS 25.108

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 higlt lconfiguration and/or the
activationpoint is reset for icing conditions, or if significant configuration changes
occur with extension of trailing edge flaps (such as wing leading edgdifhigh
device position movement), additional tests may be necessar

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 Wk Decrease speedt a rate not to exceed 0.5 m/sec? (1 knot
per seconduntil an acceptable stall identification is obtained.

i. High lift devices retracted coufiration, "Final Takeff Ice."
. High lift devices retracted configuration, "Eoute Ice."

iii.  Holding configuration, "Holding Ice."

iv.  Lowest lift takeoff configuration, "Holding Ice."

V. Highest lift takeoff configuration, "Takeff Ice."

vi.  Highest lift landing configuration, "Holding Ice."

6.3 Acceleratestop Distance@S 25.100 The effect of any increase in V1 due to talkein
icing conditions may be determined by a suitable analysis.

6.4 Takeoff Pah (CS 25.111If VSR in the configuration defined B 25.121(b)ith the
& ¢ I-off &e" accretion definedchi Appendix Gnd Appendix (o CS25 exceeds VSR for
the same configuration without ice accretions by more than the greater of 5.6 km/h (3
knots) or 3%, the takeff demonstrations should be repeated to substantittte speed
schedule and distances for takdf in icing conditions. The effect of the takéf speed
increase, thrust loss, and drag increase on the {affegpath may be determined by a
suitable analysis.

6.5 Landing Climb: A#nginesoperating CS 25.119 Acceptable Test Programme. The
following represents an acceptable test programme:

a.  The "Holding Iceaccretion should be used.
b. Forward centre bgravity 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: Oneengineinoperative CS 25.12]1 Acceptable Test Programme. The following
represents an acceptable test programme:

a.
b.

Forward centre of gravity positicmppropriate to the configuration.

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 configiarator drag polar checks
substantiated for the asymmetric drag increment as agreed withAgency

I High lift devices retracted configuration, final ta&# climb speed, "Final
Takeoff Ice."

. Lowest lift takeoff configuration, landing gear retraad, \4 climb speed,
"Takeoff Ice."

iii.  Approach configuration appropriate to the highest lift landing configuration,
landing gear retracted, approach climb speed, "Holding Ice."

6.7 Enroute Flight Path@S 25.123 Acceptable Test Programme. The following represents
an acceptable test programme:

a.
b.
c.
d.

The "Erroute Ice" accretion should be used.
Forwardcentre of gravity position appropriate to the configuration.
Enroute configuration and climb speed.

Stabilise at the specified speed with one engine inoperative (or simulated
inoperative if all effects can be taken into account) and conduct 2 clonbisag
polar checks substantiated for the asymmetric drag increment as agreed with the
Agency

6.8 Landing CS 25.126 The effect of landing speddcrease on the landing distance may be
determined by a suitable analysis.

6.9 Controllability and ManoeuvrabilityGeneral CS 25.14and25.177).

6.9.1 A qualitative andquantitative 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 limitsG8$ 25.143eing
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 enroute 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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TABLE 2: Trim Speeds

ii. Pull up to 1.5g (except thahis may be limited to 1.3g atr¥), and
pushover to 0.5g (except that the pushover is not requiredvatand
Vrg; and

iii.  Deploy aul retract deceleration devices.

Configuration
High lift devices retracted configuratio 1.3 \bg and

Vwo or 463 km/h (250 knots) IAS , whichever is les
Lowest lift takeoff configuration: 1.3 \bg and

Veeor 463 km/h (250 knots) IAS, whichever is less
Highest lift landing configuration: Vrer and

Veeor 463 km/h (250 knots) IAS, whichever is less.

Vsre Reference Stall Speed

Vmor Maximum operating limit speed

IAS; Indicated air speed

Vee: Maximum flap extended speed

Vker Reference landing speed

d.

Lowest lift takeoff configuration: At the greater of 1.13Nor V. 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 wingsvel flight, @.3 km/h (5 knot) speed decrease
and increase.

Conduct an approach and gwound with all engines operating using the
recommended procedure.

Conduct an approach and goound with the critical engine inoperative (or
simulated inoperative if all effés can be taken into account) using the
recommended procedure.

Conduct an approach and landing using the recommended procedure. In
addition satisfactory controllability should be demonstrated during a landing
at Vicgminus 9.3 km/h (5 knots). These testhould be done at heavy weight

and forward centre of gravity.
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 ofLateral Control Characteristicdileron 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 decelerationot the stall warning speed covered in
paragraph 6.17.2(e) of this AMC and the evaluation of static latBrettional
stability covered in paragraph 6.15 of this AMC, is intended to evaluate any adverse
effects arising from both stall of the outer portiaf 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.

(@) Holding configuration, holding ice accretion, maximum landing weight,
forward centreof-gravity position, minimum holding speed (highest
expected holding anglef-attack); and

(b) Landing configuration, most critical of holding, approach, and landing ice
accretions, medium to light weight, forward centod-gravity position, Wer
(highest expected landing approach angfeattack).

1 Establish a 3@egree banked level turn in one direction.

2 Using a step input of approximately 1/3 full lateral control defiion,
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 approxinedy 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 judgscessive.
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 withincreasing control deflection.

6.9.4 Low g Manoeuvres and Sideslig$he following repreents an example of an
acceptable test program for showing compliance with controllability requirements
in low g manoeuvres and in sideslips to evaluate susceptibility todotaminated
tailplane stall.

6.9.4.1CS25.143()(2)a i tSay aLG Ydzad 0SS akKz2gy GKI
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 begssible to promptly recover from the
manoeuvre without exceeding pull control force 0222 N. (50 Ibf).

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 iringeas
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 lmnoticeable, would not be considered to meet the
requirement that tke force be steadily increasing 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 averagealkiitness, and
strength. Control forces in excess of those permitted®/25.143(ayould
be considered excessive.

(See paragraph 6.15.1 of this AMC for lateliaéctional aspects).
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6.9.4.3The testmanoeuvres 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 Icke accretion should be used-or aeroplanes with
unpowered elevators, these tests should also be perfanwith
"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 speadifi¢rim 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 thrust, and
the more critical of:

- Trim speed 1.234 target speed not more than 1.23y/
or

- Trim speed ¥ target speed not less thana4 37 km/h
(20 knots)

il. Highest lift landing configuration at ground power or thrust,
and the more critichof:

- Trim speed 1.234 target speed nomorethan 1.23 ¥
or

- Trim speed ¥ target speed notessthan e- 37 km/h
(20 knots)

d. Conduct steady heading sideslips to full rudder autlyp801 N. (180
Ibf) rudder force or full lateral control authity (whichever comes
first), with highest lift landing configuration, trim speed 1.2 Vnd
power or thrust for-3° flight path angle.

6.9.5 Controllability prior toActivation andNormal Operation of the Ice Protection
System The following represents an acceptable test programme for compliance
with controllability requirements with the ice accretion prior &xtivation and
normal operatia of the ice protection system.

In the configurations speeds, and power settingssted below, with the ice
accretion specified in the requiremeritjm 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 confaion if
different), holding speed, power or thrust for level flight.

. Landing configuration, J¢{:for norricing conditions, power or thrust for
landing approach (limit pull up to stall warning).

6.10 Longitudinal ControlGS 25.146

6.10.1No specific quantitative evaluations are required for demonstrating compliance
with CS 25.145(b) and (dpualitative evaluations should be combined with the
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other testing. The resultsdm the noncontaminated aeroplane tests should be
reviewed to determine whether there are any cases whtrere was marginal
compliancelf so, these cases should be repeated with ice.

6.10.2Acceptable Test Programmerlhe following represents an accepla test
programme for compliance wit@S 25.145(a)

a. The"Holding ce" accretion should be used.

b. Medium to light weight, aft centre of gravity posih, symmetric fuel
loading.

C. In the configurations listeddow, trim the aeroplane at 1.3 Reduce
speed using elevator control to stall warning plus one second and
demonstrate prompt recovery to the tri speed using elevator control.

i. High lift devices retracted configuration, maximum continuous power
or thrust.

. Maximum lift landing configuration, maximum continuous power or
thrust.

6.11 Directional and Lateral Contrdl§ 25.147 Qualitative evaluations should be combined
with the other testing. The results from the na@ontaminated 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 25.1611

6.12.1 Qualitative evaluations should be combined with the other testing. The results
from the noncontaminated aeroplandgests 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 wit€@S 25.161(c)(2)

6.12.2 The following represents a representative test program for compliance with
25.161(c)(2)

a. The"Holding ce" accretion should be used.

b.  Most critical landing weight, forward cemt 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 1.3%:with Idle power or thrust; or,

- Seed kerwith 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 trimmedeguirement for frequent trim
inputs should be specifically investigated.

6.14 Demonstration of Static Longitudinal Stabili§4 25.176

6.14.1Each of the following cases should be tested. In general, it is hot necessary to test
the cruise configuration at low spee@$ 25.175(b)(Ppr the cruise configuration
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with landing gear extendedCS 25.175(b)(B)nor is it necessary to test at high
altitude. The maximum speed for substantiation of stability characteristics in icing
conditions (as prescribed I63S 25.253(F)s the loweiof 556 km/h (300 knots) CAS,
Ve 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.

6.14.2Acceptable Test Programmelhe following represents an acceptable test
progranme for demonstration of static longitudinal stability:

a. The"Holding ce" accretion should be used.
b. High landing weight, aft centre of gravity position, symmetric fuel loading.

C. In the configurations listed below, trim the agylane at the specifig speed.
The power or thrust should be set and stability demonstrated over the speed
ranges as stated i@S 25.175(a) through (djs applicable.

i. Climb: With high lift devices retracted, trim at the speed fosthate-
of-climb, except that the speed need not be less than 1.3 VSR.

ii. Cruise With high lift devices retracted, trim atwy or 463 km/h
(250knots) CAS, whichever is lower.

iii. Approach With the high lift devices in the approach position
appropriateto the highest lift landing configuration, trim at 1.3V

iv.  Landing With the highest lift landing configuration, trim at 1V
6.15 Static Directional and Lateral Stabili§3 25.17)7

6.15.1Compliance shadd be demonstrated using steady heading sideslips to show
compliance with directional and lateral stabjlitThe maximum sideslip angles
obtained should be recorded and may be used to substantiate a crosswind value
for landing (see paragraph 6.19 of thMC).

6.15.2Acceptable Test Programmelhe following represents an acceptable test
programme for static directional and lateral stability:

a. The"Holding ce" accretion should be used.

b. Medium to light weight, aft centreof 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]l 180
(1801bf) rudder pedal force, or full lateral control authty, whichever
comes first.

i. High lift devices retracted configuration: Trim at best rafeclimb
speed, but need not be less than 1.&&V

. Lowest lift takeoff configuration: Trim at the a#nginesoperating
initial climb speed.

iii.  Highest lift landing configuration: Trim ate¥

6.16 Dynamic StabilityGS 25.181 Provided that there are no marginal compliance aspects
with the noncontaminated aeroplane, it is not necessary to demonstrat@adyic
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 DemonstrationGS 25.201

6.17.1Sufficient 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 encompassal 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 charastiesi 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 noncontaminated aeroplane,

- testing indcates marginal compliance, or

- a stall identification system (e.g. stick pusher) is required to be reset for icing
conditions.

6.17.2Acceptable Test Programm@&urning flight stalls at decelerations greater than
1 knot/sec are not required. Slow decedtions (much slower than lnot/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 acceptaldsttprogramme subject to the
provisions outlined above.

a. The"Holding ce" accretion should be used.

b. Medium to light weight, aft centre of gravity position, symmetric fuel
loading.

Normal stall test altitude.

d. Inthe configurations listed belowrim the aeroplane at the same initial stall
speed factor used for stall speed determination. For peaesstalls, use the
power setting as defined iES 25.201a)(2) but wih 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.

. Lowest lift takeoff configuration: Straight/Power On, Turning/Power
Off.

iii.  Highest lift takeoff configuration: Straight/Power Off, Turning/Power
On.

iv.  Highest lift landing configuration: faight/Power Off, Straight/Power
On, Turning/Power Off, Turning/Power On.

e. For the configurations listed in paragraph 6.17.Rédd iv, and any other
configuration if deemed more critical, in 1 knot/second deceleration rates
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down to stall warning with wngs level and power off, roll theeeroplaneleft
and right up to 1@legrees of bank using the lateral control.

6.18 Stall WarningQS 25.201

6.18.1Stall warning should be assessed in conjunction with stall speed testing and stall
demonstration testing €S 25.103CS 25.20&and paragraphs 6.2 and 6.17 of this
AMC, respectiely) and in tests with faster entry rates.

6.18.2Normal Ice Protection System Operatidime 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/sé¢2 knot/sec):

a. The"Holding ce" accretion should be used.

b. Medium to light weight, aft centre of gravity position, symmetric fuel
loading.

Normal stall test altitude.

d. In the configurations listed below, trim the aeroplane at k@With the
power or thrust necesary 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.%5gl & deceleration of at least
1 m/sec (2 knot/sec). Decrease speed until 1 sec after stall warning and
recover using the same test technique as for the sontaminated
aeroplane.

i. High lift devices retracted configuration;
. Lowest lift takeoff configuration; and
iii.  Highest lifttanding configuration.

6.18.3Ice Accretion Prior téctivation andNormal System Operatiomhe following
represent acceptable means for evaluating stall warning margin with the ice
accretion prior toactivation andhormal operation of the ice protectiogystem

a. In the configurations listed belowyith the ice accretion specified in
the requirement,trim the aeroplane at 1.3 84

i. High lift devices retracted configuration: Straight/Power Off.
il. Landing configuration: Straight/Power Off.

b. At deceleations of up to 0.5 m/seéq1 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
characteistics (e.g., a rapid retiff). As required bZS 25.207(h)(3)(ji)
where stall warning is provided by a different means than for the
aeroplane without ice accretion, the stall characteristics must be
satisfactory ad the delay must be at least 3 seconds.

6.19 Wind Velocities@S 25.23y

6.19.1Crosswind landings with "Landing Ice" should be evaluated on an oppgrtunit
basis.
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6.19.2The results of the steady heading sidesli®a 18 ¢AGK a[l YRAYy3I LOS
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 characteristieg( control forces and
deflections) are similar, then the nesontaminated aeroplane crosswind
component is considered valid.

6.19.3f the results of the comparison discussed in paragraph 6.19.2, above, are not
clearly similar, and in the absence of anmm 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 crosdwialue may be estimated
from:

Vew= \ker+ Sin (sideslip angle) / 1.5
Where:
Vew is the crosswind component,

Vrer is the landing reference speed appropriate to a minimum landing weight,
and sideslip anglés that demonstrated at Mr(see paragraph 6.15 of this
AMC).

6.20 Vibration and BuffetindCS 25.251

6.20.1Qualitative 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).

6.20.2t 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.

6.20.3An aeroplane with pneumatic dieing boots should be evaluated t@A#M pewith
the deicing 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.

6.21.1.2Whether the flight testing has been performed with artificial ice shapes
in natural icing conditions, additional limited flight testing described in this
section should be conducted in natural icing conditispscified in Appendix
C to C5 and, if necessary, in the icing conditions described in Appendix O
to CS25. (AM(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 descrilvethis section is to
corroborate the handling characteristics and performance results obtained
in flight testing with artificial ice shapes.

6.21.1.2It is acceptable for some ice to be shed during the testing due to air loads
or wing flexure, etc. Howeer, 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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6.21.1.3During any of the manoeuvres specified in paragraph 6.21.2, below, the
behavour 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
bankto-bank rolls, there should be no buffeg or stall warning.

6.21.2ce Accretion/Manoeuvres.
6.21.2.1Holding 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\ 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 partsThe 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 horxp@sed to the air
flow), the holding speed that is critical with respect to this ice
accretion should be used.

Table 3: Holding ScenarpManoeuvres

Centre of
Configuration Gravity Trim speed Manoeuvre
Position

Flaps up, gearup  Optional Holding, except Level, 40° banked turn,
(aftrange) 1.3 \&rfor the Bankto-bank rapid roll, 30°30°,
stall manoeuvre Speedbrake extension, retraction,
Full straight stall (1 knot/second deceleration rate
wings level, power off).

Flaps in Optional 1.3 &R Deceleration to the speed reached 3 seconds afte
intermediate (aft range) activation of stall warning in a 1 knot/second
positions,gear up deceleration.

Landing flaps, gear Optional VRer Level, 40° banked turn,

down (aft range) Bankto-bank rapid roll, 30230°,

Speedbrake extension, retraction (if approved),
Full straight stall (1 knot/second deceleration rate
wings level, power off).

6.21.2.2Approach/Landing Scenaridbhe manoeuvrespecified in Table 4, below,
should be carried out with successive accretions in different configura
on unprotected surface€ach test condition should be accomplished with
the ice accretion that agts 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 Scenagidanoeuvres
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Centre of .
Test Ice accretion . Trim
Configuration| Gravity Manoeuvre
Condition I GES ) Position speed

First 13 mm Flaps up, gear Optional Holding No specific test
(0.5in.) up (aft range)

1 Additional First Optional Holding -Level 40° banked turn,
6.3 mm (0.25 in.) intermediate  (aft range) -Bankto-bank rapid roll, 36°30°,
(19 mm (0.75 flaps, gear up -Speed brake extension and
in.) total) retraction (if approved),

-Deceleration to stall warning.

2 Additional Further Optional 1.3 \,r  -Bankto-bank rapid roll, 302 30°,
6.3 mm (0.25 in.) intermediate  (aft range) -Speed brake extension and
(25 mm (1.00 flaps, gear up retraction (if approved),
in.) total) (asapplicable) -Deceleration to stall warning.

3 Additional Landing flaps, Optional VREg  -Bankto-bank rapid roll, 30230°,
6.3 mm (0.25 in.) gear down (aft range) -Speed brake extension and
(31 mm (1.25 retraction (if approved),
in.) total) -Bank to 40°,

-Full straight stall.
(*) The indicated thickness is that obtained on the parts of the unprotected aerofoil with the highest collection efficiency.

6.21.3For aeroplanes with unpowered elevator controls, in the absence of an agreed
substantiation of the criticality of the dficial ice shape used to demonstrate
compliance with the controllability requirement, the pushover test of paragraph
6.94 should be repeated with a thin accretion of natural @ the unprotected
surfaces

6.21.4Existing propeller speed limits or,rgquired, revised propeller speed limits for
flight in icing, should be verified by flight tests in natural icing conditions.

6.22 Failure ConditiongdsS 25.1309

6.22.1For failure conditions which asnnunciated to the flight crew, credit may be taken
for the established operating procedures following the failure.

6.22.2Acceptable Test Programmdn addition to a general qualitative evaluation, the
following test programme (modified as necessarydtiact 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¥alg:

i. On the unprotected surfacesit KS a1 2f RAy3 A 0S¢ |
in paragraph Al.2.1 of this AMC;

ii. On the normally protected surfaces that are no longer protectdu:
GCHAfdzZNBE AOSé¢ | OONBGAZ2Y REG&@NAOSR A
iii.  Onthe normally protected surfaces that are still functioning following
the segmental failure of a cyclical -t systemg the ice accretion

that will form during the rest time of the diee system following the
critical failure condition.

O
O
zZ

b. Medium to light weight, aft centre of gravity position, symmetric fuel
loading.
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In the configurations listed below, trim the Bxplane at the specified speed.
Conduct 30° banked turns left and right with normal reversals. Conduct pull
up to 1.5g and pushoveo 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.

. Approach configuration: Approach speed, power or #tréor level
flight.

iii.  Landing configuration: Landing speed, power or thrust for landing
approach (limitpull up to 1.3g)In addition, conduct steady heading
sideslips to angle of sideslip appropriate to type and landing
procedure.

In the configuraibns listed below, trim the aeroplane at estimated 1&V
Decrease speed to stall warning plus 1 second, and demonstrate prompt
recovery using the same test technique as for the “gontaminated
aeroplane Natural stall warning is acceptable for the faficase.

i. High lift devices retracted configuration: Straight/Power Off.
. Landing configuration: Straight/Power Off.

Conduct an approach and gwound with all engines operating using the
recommended procedure.

Conduct an approach art@nding with all engines operating (unless the one
engineinoperative condition results in a more critical probable failure
condition) using the recommended procedure.

6.22.3For improbable failure conditions, flight test may be required to demonstriaae t
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 witAgeacyfor the
specific failure condition.

[Amdt 25/3]
[Amdt 25/6]
[Amdt 25/13
[Amdt 25/16]
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ED Decision 2015/008/R

Al.1 General.

a.

In accordance witleS 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
conditionsmust include consideration of ice accretions that can occur in Appendix C icing
conditions.

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 te25Sand

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 memtsider ice
accretions that can occur during flight in Appendix C icing conditions and during detection
and exiting of Appendix O icing conditions.

In accordance with CS 25.1420(a)(2), an aeroplane may also be certified for operation in
a portion of he atmospheric icing conditions of Appendix O te26SIn 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
approva. 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 conditiongooel those for which
approval is sought.

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 t€S25. 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
il. Operations in Appendix O icing conditions.

The C25 subpart B aeroplane performance and handling characteristics requirements
identify the specific ice accretions that apply in showing compliance. In accordance with
Appendix C, part lI(b) and Appendix O, part li(e), to reduce the number of reticts

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 eitherice
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 compliatic¢éhwiaeroplane
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 kttpower 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. Pararseie be considered
include:

- flight conditions (for example, aeroplane configuration, speed, anf#tack,
altitude) and

- atmospheric icing conditions for which certification is desired (for example,
temperature, liquid water content (LWC), mean effeetdrop 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 atmapheric 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 ABRQAircraft Ice Protection, for additional
detailed information about determining the applicable critical ice accretion (shape and
roughness).

Al.2 Operative Ice Protection System.
Al.2.1All flight phases except tak®ff.

Al.2.1.1For unprotected parts, the ice accretion to be considered should be determined
in accordance witi\ppendices C and O to €%

Al.2.1.2Unprotected 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 protuberancese.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.

Al.2.1.3For holding ice, the applicant should determthe effect of a 4&minute hold in
continuous maximum icing conditions. The analysis should assume that the
FSNRLX yS NBYFAya Ay F NBOGFyYy3dz I NJ aNF OS
within the icing cloud. Therefore, no horizontal extent correctidould 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 products if service
experience has beesatisfactory, 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@S | OONBGA2Y GKFG Aa ONXIGA
performance and handling qualities. The shape and texture of the ice are important
and should be agreed with th&gency

Al.2.1.4For 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 décing cycle. Performance may be established on the
basis of a representative intercycle ice accretion for ndropeeration 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 deécing cycle may be used for performance
calculations.

b. Runback ice wibh occurs on or downstream of the protected surface.

C. Ice accretion prior t@ctivation andnormal operation of the ice protection
system (see paragraphl.2.3, below).

Al.2.2Takeoff phase

Al.2.2.1For both unprotected and protected parts, the iceceetion identified in
Appendix Gnd Appendix @o CS25 for the takeoff phase may be determined by
calculation, assumintipe following

- aerofoils, control surfaces and, if applicable, propellers are free from frost,
snow, or ice at the start of the takaff;

- the ice accretion starts dhe end of the takeoff distance
- the critical ratio of thrust/powetto-weight;
- failure of the critical engine occurs at VEF; and

- flight crew activation of the ice protection system in accordance with an AFM
procedure, excpt that after commencement of the takeff 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 taKesurface.

Al.2.2.2The ice accretions identified in Appendiand Appendix @o CS25 for the take
off phase are:

- "Takeoff ice": The most critical ice accretion betwethe end of the take
off distanceand 122 m (400 ft) above the takeoff surface, assuming
accretion starts athe end of the takeoff distancein theicing environment.

- "Final Takeoff ice": The most critical ice accretion between 122 m (40D ft)
and the height at which the transition to the en route configiva and
speed is completed, @57 m (1500 ft) above the takaff surfacewhichever
is higler, assuning accretion starts at the end of the takdf distancein the
icing environment.

Al.2.3lce accretion prior taactivation andnormal system operation

Al1.2.3.1When 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 tefined as the time interval between activation of the
system and its effective operation (for example, for a thermal ice protection system
used for deicing, the time to heat the surface and perform itsideng function).

If activation of the ice protetion 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 conditisrof Appendix C, the aeroplane should be assumed

Powered by EASA eRules Pagel590f 1189 Jan 202!


http://easa.europa.eu/

y Easy Access Rules for Large Aeroplanes -2%L< SUBPART@&FLIGH
ety E A SA (Amendment 16) GENER/

to be in continuous maximum icing conditions during the time between entering
the icing conditions and effective operation of the ice protection system.

Al1.2.3.2For an aeroplane certified in accordance wills 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 fteatieg icing and
activating the airframe ice protection system:

(@) 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 recogiti 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 dadirby an
appropriate static or total air temperature and visible moisture for use by
the flight crew to activate the airframe ice protection system.

A1.2.3.3The followingguidance should be used to determitie ice accretion on
the unprotected and proteed aerodynamic surfacdsefore 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 intoaccount 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 surfacesresponding 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 primarjce 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 follovs:

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 withaaivisory 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 m&ye 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,

il. 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 pappriate 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 andifjht 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.
Al1.3 Ice Protection System Failure Cases.
Al.3.1Unprotected parts. The same accretion as in paragraph Al1.2.1 is applicable.
Al.3.2Protected parts following system failure. "Failure Ice" is defined asfsll

A1.3.2.1In 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.

Al1.3.2.2In the casewhere 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 egified for unprotected parts.

A1.3.2.3In 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 icetpobion has failed,
should be taken as orealf of the accretion specified for unprotected parts unless
another value is agreed by thegency

Al.4 Additional guidance for Appendix O ice accretions.

Al.4.1lce Accretion in Appendix O Conditions Before those Conditions Have Been Detected by
the Flight crew.

This ice accretion, defined as pdetection ice in Appendix O, part II(b)(5), refers to the
ice accretion existing at the time the flight crew becomeassvthat 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 conditich®uld 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. AMZ5.1419 and AM@5.1420 provide gdance 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 attentigetting 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 grface feature that it is adhered to), the distance from the
pilots (for example, windshield vs. engine vs. wingtip), and the relative
GASGgAY3I yatS o6ft20F0A2y 6AGK NBaLISOG

. Pilot scan time of the reference surtgs) 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 surfacB(s).
infrequency of Appendix O conditions (approximately 1 in 100it011000,
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) justifysing 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 accumulatn 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 (forexample, ice accretions on side windows, windshield
wipers, or icing pbe near the windows 3 minutes.

2. For a visual reference located anving,wing
mountedengine,or wing tip¢ 5 minutes.

Al.4.2Ice 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
CS25 subpart B requirements for operating safely after encountering Appendix O
atmospheric icing conditions for which the aeroplane is not approved, and then
safely exiing 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 conditsy 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 Onddions beyond those in
which the aeroplane is certified to operate (for detecting and exiting those

conditions):
Table 1
Flight Phase/Condition Appendix O Detecand-Exit Ice Accretion
Ground Roll No accretion
Takeoff No accretiof
FinalTakeoff No accretiof
En Route En Route Deteeand-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) predetection ice,

(3) accretion from one standard cld 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 tiongi

Holding Holding Detectand-Exit Ice
Combination of:
(1) either Appendix C holding ice or Appendix O holding ice for which app
is sought, whichever is applicable,
(2) predetection ice,
(3) accretion from one standard cloud horizontal extent (32.2 km (17.4
nautical miles)) in Appendix O conditions ¥dnich 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 Detecand-Exit Ice
The more critical of holding deteand-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 tle Appendix O icing environment for which approval is soug
whichever is applicable, to 610 m@R0 feet) above the landing surface,
where transition to the approach configuration is made,
(2) predetection ice, and
(3) ice accreted at 610 m MO fed) above the landing surface while
transiting one standard cloud horizontal extent (32.2 km (17.4 nautical mil
in Appendix O conditions for which the aeroplane is not approved and one
standard cloud horizontal extent (32.2 km (17.4 nautical miles)pimendix C
continuous maximum icing conditions.

Landing Landing Deteeand-Exit Ice
The more critical of holding deteand-exit ice or the combination of:
(2) either Appendix C or Appendix O approach and landing ice for which
approval is sought, whichevis applicable,
(2) predetection ice, and
(3) ice accreted during an exit maneuver beginning with the minimum clim
gradient specified in C&.119 from a height of 61 m (200 feet) above the
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Flight Phase/Condition Appendix O Detectnd-Exit Ice Accretion

landing surface and transiting through one standard cloudzomtal 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.Z
(17.4 nautical miles)) in Appendix C continuous maximum icing conditions
For thepurposes of defining the landing deteahd-exit ice shape, the
Appendix C approach and landing ice is defined as the ice accreted durin
1. a descent in the cruise configuration from the maximum vertical ex
of the Appendix C continuous maximum icing ieowment to 610 m
(2000 feet) above the landing surface,

2. a transition to the approach configuration and manoeuvring for
minutes at 610 m (B00 feet) above the landing surface, and
3. a descent from 610 m (@00 feet) to 61 m (200 feet) above the landi

surface with a transition to the landing configuration.

Ice Accretion Before the Ic Ice accreted on protected and unprotected surfaces during the time it take
Protection System Has for icing condions (either Appendix C or Appendix O) to be detected, the i

Been Activated and is protection system to be activated, and the ice protection system to becom
Performing its Intended fully effective in performing its intended function.

Function

Ice Accretion in Appendix ( Ice accreted on protected and unprotected surfaces during:

Conditions Before Those 4. the time it takes to detetand identify Appendix O conditions (bas
Conditions tdve Been on the method of detection) beyond those in which the aeroplan
Detected by the Flight crev certified to operate, and

and Actions Taken, in

Accordance With the AEM 5 _the tlme it take; thg f|Igh'F crew to ref_er to and act on proc_e(_jur
) : . including coordinating with Air Traffic Contralp exit all icing
to Either Exit All Icing "
» . conditions.
Conditions or Continue
Flight in Appendix O Icing 6. a minimum time period of two minutes should be used as the ti
Conditions needed for the flight crew to refer to and act on the procedures to |
all icing conditions after the Appendix O icing conditions
recognised.
Failures oflte Ice No accretioR
Protection System
Notes:
! Intentional flight, including Takeff, is not permitted into Appendix O conditions beyond those

in which the aeroplane is certified to operate.

2 It is not necessary to consider amintentional encounter with Appendix O icing conditions
beyond those in which the aeroplane is certified to operate while operating with a failed ice
protection system.

Al.4.3Ice Accretions for Encounters with Appendix O Atmospheric @orglitions 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 G35 subpart B requirements for operating safely in the Appendix
O atmospheric icing conditiarfor 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 Al1.4.3(c) of this appendix. For exarfight 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 applicédiglet 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 flidnt in the icing conditions of Appendix O to-25

Table 2
Flight Phase/Condition Appendix O Ice Accretion
Ground Roll No accretion
Takeoff Takeoff Ice

Ice accretion occurring between the end of the tadfé distanceand 122 m
(400 feet) above théake-off surface assuming ice accretion starts at the €
of the takeoff distance.

Final Takeoff Final Takeoff Ice
Ice accretion occurring between a height of 122 m (400 ft) above thedttk
surface and the height at which the transition to the-emte configuration
and speed is completed, or 457 m5Q0 feet) above the takeff surface,
whichever is higher, assuming ice accretion starts at the end of thedtike

distance.
En Route En Route Ice

Ice accreted during the en route phase of flight.
Hadding Holding Ice

Ice accreted during a 4%inute 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 accretionf:
(2) Ice accreted during a descent in the cruise configuration from the
maximum vertical extent of the Appendix O icing environment to 610 m
(2000 feet) above the landing surface, followed by:
7. transition to the approach configuration and

8. manoeuvring for 15 minutes at 610 m@R0 feet) above the landin
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 i@ecreted during descent from 610 m@Q0 feet)
above the landing surface to 61 m (200 feet) above the landing surface v
9. a transition to the landing configuration, followed by

10. a goaround manoeuvre beginning with the minimum climb gradir
specified m C5.119 from 61 m (200 feet) to 610 m R0 feet)
above the landing surface, and

11. holding for 15 minutes at 610 m (MO0 feet) above the landin
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 Ice accreted during the time it takes for the flight cremrecognise icing
Protection System has beer conditions and activate the ice protection system, plus the time for the ic
Activated and is Performing protection system to perform its intended function.

its Intended Function

Ice Accretion in Appendix O Ice accreted during the time it takes for the flight crew to detect Appendi:
Conditions Before those conditions and refer to and initiate associatepedures, and any time it

Conditions have been takes for systems to perform their intended functions (if applicable)- Pre
Detected by the Flight crew detection ice need not be considered if there are no specific crew action:
and Actions Taken, in systems changes associated with flight in Appendix O conditions.

Accordance With the AFM,
to Either Exit All Icing
Conditions or Continue
Flight in Appendix O Icing

Conditions
Failures of the Ice Protectio Same criteria as for Appendix C (see paragraph A1.3 of this appendix),
System Appendix O conditions.

[Amdt 25/3]

[Amdt 25/16]
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ED Decision 2015/008/R
A2.1 General.

A2.1.1The artifical 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, hen 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.

A2.1.2The artificial shapes should be representative afunal 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 thAgencyas being epresentative of natural ice accretion.

A2.1.3"Sandpaper Ice" is addressed in paragraph A2.3.
A2.2 Shape and Texture of Artificial Ice.

A2.2.1The shape and texture of the artificial ice should be established and substantiated by
agreed methods. Common getices 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).
A2.2.2In absence of another agreed definition of texture folowing may be used:
- roughness height: 3mm
- particle density: 8 to 10/cm?
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 adredtk Agency

A2.3.2Because 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.

A2.3.3The panwise and chordwise coverage should be consistent with the areas of ice
accretion determined for the conditions of @25, Appendix &xcept that, for the zero g
pushover manoeuvre of paragraph 6.9¢f this AMC, tk "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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ED Decision 2015/008/R

A3.1 AeroplaneConfiguration 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 closediated ancestors may btaken into
consideration.

A3.1.1Size. 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 ince=sas

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 parfance, controllability, and
manoeuvrability include aerofoil type, leading edge devices and stall protection devices.

A3.2.1Aerofoil. Aerodynamic effects of ice accretions result mainly from the effects of the ice
accretion on the behaviour of the ae®bfA f Qa 062 dzy R NB f I &@SNW» ¢KS
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 aredavourable 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 ufn 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.

A3.2.2Leading Ege Device. The presence of a leading edge device (such as a slat) reduces the
percentage decrease ingxdue to ice by increasing the overall level of Gapping the
slat may improve the situation further. Leading edge devices can also reduce the loss i
angle of attack at stall due to ice.

A3.2.3 Stall Protection Device. An aeroplane with an automatic-gdquping device may
generate a greater Gaxwith ice than the certified Gmaxwith the slat sealed and a nen
contaminated leading edge. This may gdwveffective protection against degradation in
stall performance or characteristics.

A3.2.4Lateral 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 goipped 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 degrad performance.

A3.3.1Tail 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 Hesigned with a décing or anti
icing system.
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A3.3.2Horizontal Stabiliser Design. Cambered aerofoils and trimmable stabilisers may reduce
the susceptibility and consequences of elevator hinge moment reversal due to ice
induced tailplane stall.

A3.3.3Cortrol Surface Actuation. Hydraulically powered irreversible elevator controls are not
affected by icenduced aerodynamic hinge moment reversal.

A3.3.4Control Surface Size. For mechanical elevator controls, the size of the sigfaieantly
affects the control force due to an igeduced aerodynamic hinge moment reversal.
Small surfaces are less susceptible to control difficulties for given hinge moment
coefficients.

A3.3.5Vertical Stabiliser Design. The effectiveness of thé&ioa stabiliser in icing conditions
can be evaluated by comparison with closeflated ancestor aeroplanes.

A3.4 Aerodynamic Balancing of Flight Control Surfaces. The aerodynamic balance of unpowered or
boosted reversible flight control surfaces is emportant 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 effectf 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.

A3.4.1This feature is particularly important with respect to lateral flighntrol 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. &tiis 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. Aprimary ice detection system thatutomatically
activates a wing décingor antricingsystem may ensure that there is no significant ice
accretion on wings that are susceptible to performance losses with small amounts of ice.

A3.5.1.1f the wing leading edge is nettirely protected, the part that is protected may
be selected to provide good handling characteristics at stall, with an acceptable
performance degradation.

A3.5.2Tail Ice Protection/Detection. grimaryice detetion system mayutomaticallyactivate
a tailplane deicingor antricingsystem on aeroplanes that do not have visible cues for
system operation.

A3.5.2.1An ice protection system on the unshielded aerodynamic balances of aeroplanes
with unpowered reverdile controls can reduce the risk of igswluced
aerodynamic hinge moment reversal.

[Amdt 25/3]
[Amdt 25/16]
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ED [@2cision 2015/008/R

A4.1 Aeroplane approved for flight idppendix dcing conditions but not approved for flight in
Appendix Acing conditions.

a.

AFMLimitations.

Intentional flight, including takeff 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 ifspnt 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, unléssan be determined that ice accretions

no longer remain on the airframe.

AFM Operating Procedures (Normal Procedures Section).

Freezing drizzle and freezing rain conditions are severe icing conditions for this aeroplane.
Intentional flight, includingake-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 onedication 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 theremainder of the flight, including landing, unless it can be determined
that ice accretions no longer remain on the airframe.

Flight Crew Operating Manual Operating Procedures.

Warning: Hazardous icing effects may result from environmental conditatsde of
those for which this aeroplane is certified. Flight into unapproved icing conditions may
result in ice buileup on protected surfaces exceeding the capability of the ice protection
system, or in ice forming aft of the protected surfaces. Thasnght 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 drizzlena freezing rain conditions were not evaluated and are
considered severe icing conditions for this aeroplane.

Intentional flight, including takeff and landing, into freezing drizzle or freezing rain
conditions is prohibited. A flight delay or diversianan 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 enmtered, 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 iAppendix Gcing conditions and freezing drizzle conditions of
Appendix (but not approved for flight in freezing rain conditionsAppendix O
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AFM Limitations.

Intentional flight, including takeff and landing, into freezing rain conditions is
prohibited. If freezing raiconditions 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 he flight, including landing, unless it can be determined that ice accretions
no longer remain on the airframe.

AFM Operating Procedures (Normal Procedures Section).

Freezing rain conditions are severe icing conditions for this aeroplane. Intentigh#/ f
including takeoff and landing, into freezing rain conditions is prohibitedlight 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 iiedtion 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 rerainder of the flight, including landing, unless it can be determined
that ice accretions no longer remain on the airframe.

Flight Crew Operating Manual Operating Procedures.

Warning: Hazardous icing effects may result from environmental conditionsdeudds

those for which this aeroplane is certified. Flight into unapproved icing conditions may
result in ice buileup on protected surfaces exceeding the capability of the ice protection
system, or may result in ice forming aft of the protected surfa@éss 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 proces for this aeroplane. Freezing rain conditions were not evaluated and
are considered severe icing conditions for this aeroplane.

Intentional flight, including takeff and landing, into freezing rain conditions is
prohibited. A flight delay or diversion tan 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 engotered, 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 ilppendix GndAppendix Acing conditions except for en route
and holding flighphases irAppendix Qcing conditions.

a.

AFM Limitations.

Intentional holding or emoute 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 withhigh 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.

AFM Operating Procedures (Normal Procedures Section).

Freezing drizzle and freezing rain conditions encountered during a hadyiaeroplane
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 freeziag conditions is prohibited.

[insert cue description here] is one indication of severe icing for this aeroplasevdfe
icing is encountered, immediately request priority handling from air traffic control to
facilitate a route or altitude change toxi 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.

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 builelp on protected surfaces exceeding the capability of the ice primect
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 evaluatedoast 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 a@nare 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 thosefor 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
remainde 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 iAppendix Gcing conditions and a portion of Appendix Oggi
conditions.

a.

AFM Limitations.

Intentional flight, including takeff and landing, into [insert pilot usable description here]
conditions is prohibited. If [insert pilot usable description here] conditions are
encountered, or if [insert cue descriptichere], 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 determind that ice accretions no longer remain on the airframe.

AFM Operating Procedures (Normal Procedures Section).

[insert pilot usable description here] are severe icing conditions for this aeroplane.
Intentional flight, including takeff and landing, int [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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[Amdt 25/16]

[insert cue description here] is one indication of sevieiag for this aeroplane. Hevere

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 @t, including landing, unless it can be determined
that ice accretions no longer remain on the airframe.

Flight Crew Operating Manual Operating Procedures.

Warning: Hazardous icing effects may result from environmental conditions outside of
those forwhich this aeroplane is certified. Flight into unapproved icing conditions may
result in ice buileup on protected surfaces exceeding the capability of the ice protection
system, or may result in ice forming aft of the protected surfaces. This ice madyenot
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 deggtion here] were not evaluated and are considered
severe icing conditions for this aeroplane.

Intentional flight, including takeff and landing, into [insert pilot usable description here]

is prohibited. A flight delay or diversion to an alternate aitpis 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, immedigtetquest 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 accr&ins no longer remain on the airframe.
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ED Decision 2015/008/R
Acceptable Means of Compliance
The following AMCs are related to the guidacoatained in this AMC:
AMC25.1309, System Design and Analysis
AMC N°. 1 to C&.1329, Flight Guidance System
AMC N°. 2 to C&5.1329, Flight testing of Flight Guidance Systems
AMC25.1419, Ice Protection
AMC25.1420, Supercooled large drop icing conditio
Advisory Circulars
The following FAA ACs are related to the guidance contained in this AMC.
AC 2073A, Aircraft Ice Protection
[Amdt 25/16]
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ED Decision 2015/008/R

AC Advisory Circular

AFM Aeroplane FlighmManual

ATTCS  Automatic Takeoff Thrust Control System

FAA Federal Aviation Administration

ICTS Ice-Contaminated Tailplane Stall.

LwcC Liquid Water Content

MED Mean Effective Diameter

MVD Median Volume Diameter

CL Lift Coefficient

Gvax Maximum Lift Coefficient

Trim A flight condition in which the aerodynamic moment acting about the axis of interest is zen
the absence of an external disturbance no control input is needed to maintain the flight
condition.

[Amdt 25/16]

CS 25.23 Loadistribution limits

ED Decision 2003/2/RM

(@) 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 distributiorlimits (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
(1) The selected limits;

(2) The limits awhich 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

(@) Maximum weights Maximum weights corresponding to the aeroplane opérgtconditions
(such as ramp, ground taxi, takéf, 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 establishgo that they are not more thag

(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 weigh 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 €% is shown) must be established so that it is not less than

(1) The lowest weight selected by the applicant;
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(2) The design minimum weight (the lowesgeight at which compliance with each structural
loading condition of this G&b 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 extremdorward and the extreme aft centre of gravity limitations must be established for each
practicably separable operating condition. No such limit may lie begond

(@) The extremes selected by the applicant;
(b)  The extremes within which the structure is pem; 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

(@) The empty weight and corresponding centre of gravity must be determiiyedeighing the
aeroplane withg

(1) Fixed ballast;
(2) Unusable fuel determined undé&S 25.95%nd
(3) Full operating fluids, including

(i) Oil;

(i)  Hydraulic fluid; and

(i)  Other fluids required for normeoperation of aeroplane systems, except potable
water, lavatory precharge 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 eagitepeated.

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
(@) The propeller speed andtph must be limited to values that will ensuge
(1) Safe operation under normal operating conditions; and

(2)Compliance with the performance requirement$O8 25.101o0 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 editegthe 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 gregteiith ¢
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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 tadk® torque limit for turbopropeller engine
powered aeroplanes.
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CS 25.101 General

ED Decision 2006/005/R

(&) Unless otherwise prescribed, aeroplanes must meet the applicable performance requirements
of this Subpart for ambient atmospheric conditions and still air.

(b) The performanceas 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 plud&O0F).
Between these two temperatures, the relative huntydinust 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 sulparagraph (b) of this paragraptThe available propulsive thrust must
correspond to engine power or thrust, not exceeding the approved power or thrustg less

(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 BndNo 2 to CS 25.101(})

(d) Unless otherwise prescribed, the applicant must select the-te#keenroute, 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 lte operating procedures required by sphragraph (f) of this
paragraph.
()  Unless otherwise prescribed, in determining the accelesttp distances, takeff flight paths,
take2 T¥ RA&GlIYyOSasxs FyR fFyRAY3a RAAGIoy epfatl, OKI Yy
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 i€S 25.118nd25.121(d)must be established.

(h)  Theprocedures established under sylaragraphs (f) and (g) of this paragraph mgst

(1) Be able to be consistently executed in service by crews of average skKill,
(2) Use methods or devices that are safe and reliable, and

(3) Include allowance for any time b®s in the execution of the procedures, that may
reasonably be expected in service. (2&4C 25.101(h)(3)

()  The acceleratestop and landing distances prescribedG® 25.10%nd 25.125 respectively,
must be determied with all the aeroplane wheel brake assemblies at the fully worn limit of
their allowable wear range. (Sé&VIC 25.101(i)

[Amdt 25/2]
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ED Decision 2003/2/RM

The test aeroplane used in the @éemination 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 thettings,

flap rigging, etc.) it will be necessary to correct the measured performance for any significant
performance effects of such differences.

ED Decision 2003/2/RM

The variation otake-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 leadgelif there are
significant discontinuities, or unusual variations, in the scheduling of the relevant speeds with weight,
in the weight ranges covered by extrapolation.

ED Decision 2003/2/RM

1 GENERAICS 25.101

1.1 Explanation- Propulsion System BehaviouES 25.101(cyequires that aeroplane
GLISNF2NXI YOS Ydzald O2NNBalLRyR (2 (KS LINZ Lz
ambient a2l Y2 A LIKSNA O O2yRAGAZ2Yy A GKS LI NI AOdz I NJ
atdaisSyQa oOAPSPrI (GdzNBAYS Sy3aaySa FyR LINRLIST
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 aodel 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 ttetata, 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. Steadystate engine power setting vs. thrust (or power) tegtirEngines
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, ditides, 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 i
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 cas#he 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, Pand 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 siings 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) manufaarer(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
engne 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 wértoost 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 altitudand ambient temperature range
simulation. Consideration for extrapolations will depend on the
F LILX AOFydiQa adzmaidlyidAalidArzy 2F GKS
system simulated test conditions.

. Lapse rate characteristics should be validated by tdkeof
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 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 relatiship 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 estielis 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 provié 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@inperature 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 thermadynamic 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 ogbe predicted accurately; and

. 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 &betje
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 progsion 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 AirportiBfes/at

2.1 These guidelines are applicable to expanding aeroplane Flight Manual takeoff and landing
data above and below the altitude at which the aeroplatakeoff 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 esapolated 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 validatin 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 @mimation 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 test$ 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 thrst set/operation.”
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ED Decision 2013/010/R

In showing compliance witS 25.101(g)t should be shown at the landing weight, altitude and
temperature (WAT) limit, by test or calculation, tteasafe gearound can be made from ghminimum
decision height with:

- the critical engine inoperative and, where apphta the propeller feathered,

- a configuration and a speed initially set for landing and then in accordance with taegod
proceduresusing actual time delays and, except for movements of the primary flying controls,
not less than 1 second b&een successive crew actions,

- the power available,

- GKS flIyRAY3 3SIFN aSt SOGAzy
is achieved.

G2 (K®rateddlci LJ2 & A G A

It should be noted that for Category 3 operation, the system will ensure the aircraft is over the runway,
so any gearound will be safe with the aircraft rolling on the runway durihg tmanoeuvre. Hence,
AMC 25.10(g) is only relevant to anecessary for decision heights down to Category 2 operations.

[Amdt 25/13]

ED Decision 2003/2/RM

CS 25.109(a) and (®quire the acceleratastop distance to include a distance equivalemtseconds

at i in addition to the demonstrated distance to accelerate toavid 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,\Wut 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. brakesthrottles ¢ spoilers) without intoducing
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 accelstapedistance. These delays,
which are applied in addition to the demonstea 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.

Activation of Activation of Activation of Activation of

Event Engine failure first decel second decel third decel snbs«.;nent
device device device devices
Demonstrated
Time Delays e— Al —— at,, —de— ot . —we—at
VEF v1
Flight Manual . Dista atent
i i * nce equivalel

Expamion Tme fo— 1, —e— iz —>fo— Shus o 2l 1R ]

* 2 sec. where a command to another crew member is required.

FIGURE. ACCELERASEOP TIME DELAYS

whereg
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Veris the calibrated airspeed selected by the applicant at which the critical engine is assumed to fail.
The relationship betweengvand M is defined inCS 25.107

k 4k 1= the demonstrated time interval betweesngine 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
GKSY (GKS LAt20 NBO23IyAaSa IyR NBI Ola idalonafKS Sy 3
the first retarding means during acceleragtop tests. A sufficient number of demonstrations should

be conducted using both applicant and Agency test pilots to assure that the time increment is
NELINBASY (Il G§ADBS | yR Nauldsdoi theriddedpedalk, Sot thdibfakes, Quiing T S S (
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 incrementfroMIKi W2y Q G2 LAt 204G | QGAz2Y
of the engine failure.

k 4> = the demonstrated time interval between activation of the first and second deceleration
devices.

k 4k 3 = the demonstrated time interval between activation of the second #rict deceleration
devices.

K ik n y= the demonstrated time interval between activation of the third and fourth (and any
subsequent) deceleration devices. For AFM expansiorsexdnd reaction time delay to account for
in-service variations should B ded 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, ®&cond delay, in lieu of thedecond delay,tould 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 atidnal time delays required by this paragraph.

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 shtdl 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 stateeisnaximum kinetic
energy rejected takeff test of CS 25.109(i¥or 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 refeence stall speed $is a calibrated airspeed defined by the applicarkrivay not be
less than a 4g stall speed. 34is expressed as:
WYY ——
€

where(
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Vewvax= Calibrated airspeed obtained when the loadfaetorrected lift coefficieh —— is

first a maximum during the manoeuvre prescribed in-palbagraph (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 pusherus\dnay not be less than the
speed existing at the instant the device operates;

n,w = Load factor normal to the flight path atWax
W = Aeroplane gross weight;
S= Aerodynamic reference wing area; and
g= Dynamic pressure.
(b)  Vcumaxis 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 taé# position;

(3) The aeroplane inther respects (such as flaps, landing gear, and ice accretions) in the
condition existing in the test or performance standard in whighid/being used;

(4) The weight used wheng¥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 selectedhleyapplicant, but not
less than 1.13 dkand not greater than 1.33¢

(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 (ofse knot per second]See
AMC 25.103(band (c).

(d) In addition to the requirements of subaragraph (a) of this paragraph, when a device that
abruptly pushes the nose down at a selected andlgtiack (e.g. a stick pusher) is installed, the
reference stall speed,s¥ 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]

ED Decision 2003/2/RM

The airplane should be trimmed for hand$f flight at a speed 13 percent to 30 percent above the
anticipated rwith the engines at idle and the airplane in the configuration for which the stall speed
is being determined. Then, using only the primary lardinal control for speed reduction, a constant
deceleration (entry rate) is maintained until the airplane is stalled, as definedSn25.201(d)
Following the stall, engine thrust may be used as desired to expediteecovery.

The analysis to determina-Miaxshould 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 moal to the flight path should be nominally 1.0 unt#.Maxs reached.
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ED Decision 2003/2/RM

The stall entry rate is defined as the mean rate of speed reduction (ih(kmsts CAS/second)) in the
deceleration to the stall imie particular stall demonstration, from a speed 10% above that stall speed,
i.e.
W W
0% 0¥ o Q PP b

e afi QE EDOY QD
YQOA QO Qa @ Epighn o & T A

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.
stick pusher) operates aftei fiax the speed at which the device operates, state@$25.103(¢dpeed
not be corrected to 1g.

Test procedures should be in accordance wiMC 25.103(bjo ensure that no abnormal or unusual
pilot control input is used to obtain an artificially low dew activation speed.

CS 25.105 Takeff

ED Decision 2015/008/R

(&) The takeoff speeds prescribed b€S 25.107the acceleratestop distance prescribed by
C25.109 the takeoff path prescribed byCS 25.111the takeoff distance and takeff run
prescribed byCS 25.113and the net takeoff flight path prescribed byCS 25.115must be
determined in the selected configuration for takdf at each weight, altitude, and ambient
temperature within the operational limits selected by the applicant

(1) Innoricing conditions; and

(2) Inicing conditions, if in the configurati used to show compliance withS 25.121(h)
and with the most critical off KS @ &FIF]1 £ 0S¢ | OONBGA2Yyo6a0 R
O, as applicable, in accordance witB 25.21(g)

()  The stall speed at maximum takdf weight exceeds that in neiting conditions
by more than the greadr of 5.6 km/h (3 knots) CAS or 3% of VSR; or

(i) The degradation of the gradient of climb determined in accordance with
C25.121(b)is greater tharone-half of the applicable actudb-net takeoff flight
path gradient reduction defined i6S 25.115(b)

(b) No takeoff made to determine the data required by this paragraph may require exceptional
piloting skill @ alertness.

(c) The takeoff data must be based on:
(1) Smooth, dry and wet, hardurfaced runways; and

(2) At the option of the applicant, grooved or porous friction course wet, hardsurfaced
runways.

(d) The takeoff 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 tafgath opposite to the
direction of takeoff, and nd less than 150% of nominal wind components along the-take
off path in the direction of takeff.

(2) Effective runway gradients.

[Amdt 25/3]
[Amdt 25/16]

CS 25.107 Takeff speeds

ED Decision 2007/010/R
(@ Vimust be established in relation ta:pas fdlows:

(1) Veris the calibrated airspeed at which the critical engine is assumed to faihuét be
selected by the applicant, but may not be less thapddetermined undeiCS 25.149(e)

(2) Vi, interms of calikated airspeed, is selected by the applicant; howevemsy not be
less than Weplus 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
GKS LWAf2G NBO23IyArasSa yR NBIFOGa (fatohkKS Sy 3,
of the first action (e.g. applying brakes, reducing thrust, deploying speed brakes) to stop
the aeroplane during acceleratop tests.

(b)  Vamin, in terms of calibrated airspeed, may not be less than
(1) 1-13\4grforc
() Twoengined and threeengined turbepropeller powered aeroplanes; and

(i)  Turbojet powered aeroplanes without provisions for obtaining a significant
reduction in the oneengineinoperative poweon stall speed;

(2) 1.08 \érfor ¢
(i)  Turbopropeller powered aeroplanes with mothan three engines; and

(i)  Turbojet powered aeroplanes with provisions for obtaining a significant reduction
in the oneengineinoperative powefon stall speed: and

(3) 1-10times Mcestablished unde€S 25.149

(c) V-, in terms of calibrated airspeed, must be selected by the applicant to provide at least the
gradient of climb required b€S 25.121(ut maynot be less tharg

Q)  Vown;

(2) Vk plus the speed increment attained (in accordance w@B 25.111(c)(R)before
reaching a height of 11 m (35 ft) ae the takeoff surface; and

(3) A speed that provides the manoeuvring capability specifiedSri25.143(h)

(d)  Vwmuis the calibrated airspeed at arabove which the aeroplane can safely lift off the ground,
and continue the takeff. Wy 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 taladf tests. (SedMC 25.107(d)

(e) Vw interms of calibrated air speed, must be selected in accordance with the conditions-of sub
paragraphs (1) to (4) of this paragraph:

(1) Vermay not be less thag
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0 Vg
(i)  105% of Mg

(i)  The speed (determined in accordance wiiB 25.111(c)(Pdhat allows reachingV
beforereaching a height of 11 m (35 ft) above the takésurface; or

(iv) A speed that, if the aeroplane is rotated at its maximum practicable rate, will result
in a \(orof not less than

(A) 110% of WMu in the allenginesperating condition, and 105% ofuy
determined at the thrusto-weight ratio corresponding to the orengine
inoperative condition; or

(B) If the My attitude is limited by the geometry of the aeroplane (i.e., tail
contact with the runway), 108% ofaVin the altenginesoperating condition
and 104% of M, determined at the thrusto-weight ratio corresponding to
the oneengineinoperative condition. (SeAMC 25.107(e)(1)(iy)

(2) For any given set of conditions (such as weigbfiguration, and temperature), a single
value of ¥, obtained in accordance with this paragraph, must be used to show
compliance with both the onengineinoperative and the alénginesoperating takeoff
provisions.

(3) It must be shown that the onrengne-inoperative takeoff distance, using a rotation
speed of 9.3 km/h (5 knots) less thapeéstablished in accordance with splragraphs
(e)(1) and (2) of this paragraph, does not exceed the correspondingemgiae
inoperative takeoff distance using th established ¥ The takeoff distances must be
determined in accordance witBS 25.113(a)(1jSeeAMC 25.107(e)(3)

(4) Reasonably expected variations in service from déistablished tak®ff procedures for
the operation of the aeroplane (such as ovetation of the aeroplane and otaf-trim
conditions) may not result in unsafe flight characteristics or in marked increases in the
scheduled takeoff distances establisheid accordance witlCS 25.113(ajSeeAMC No.
1to CS 25.107(e)(Apd AMC No. 2 to CS 25.107(e))4)

()  Veoris the calibrated airspekat which the aeroplane first becomes airborne.
(9) Verg in terms of calibrated airspeed, must be selected by the applicant to provide at least the
gradient of climb required b€S 25.121(chut may not be less thaq
(1) 1.18\g and
(2) A speed that provides the manoeuvring capability specifiedSri25.143(h)
(h) Indetermining the takeff speeds V, \k, and ¥ for flight in icing conditions, the values afid4
Ve, and W determined for noricing conditions may be used.
[Amdt. 25/3]
ED Decision 2003/2/RM
1 If cases are encountered where it is not possible to obtain the actwahtforward centre of

gravity with aeroplanes having limited elevator power (including those aeroplanes which have
limited elevator power only over a portion of the takdé weight range), it will be permissible
to test with a more aft centre of gravity and/or more than normal nagetrim to obtain Vu.
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1.1 When W is obtained in this manner, the values should be corrected to those which
would have been attained at forward centre gffavity if sufficient elevator power had
been available. The variation ofaywith 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 Insuch cases wherasvhasbeen measured with a more aft centre of gravity and/or with
more than normal nos@ip trim, the \éselected should (in addition to complying with the
requirements ofCS 25.107(¢)pe 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 takdf setting for the weight and
centre of gravity.

NOTE: A margin of 9,3 km/h (5 kt) between the lowest nekeel raising speed anckV
would normally be considered to be adequate.

2 Takeoffs made to demonstrate W, should be continued until the aeroplane is out of ground
effect. The aeroplane pitch attide should not be decreased after {iff.

ED Decision 2003/2/RM

Vmu Testing for Geometry Limited Aeroplanes.

1 For aeroplaneghat are geometry limited (i.e., the minimum possiblg,\épeeds are limited by
tail contact with the runway)CS 25.107(e)(1)(iv)(BJows the W to VLorspeed margins to be
reduced to 108% and 104% for the-atiginesoperating and oneengineinoperative conditions,
respectively. Thew, demonstrated must be sound and repeatable.

2 One acceptable means for demonstrating compliance Wit 25.107(dand 25.107(e)(1)(iv)
with respect to the capability for a safe 1dtf and flyaway from the geometry limited condition
is to show that at the lowest thrugb-weight ratio for the aHenginesoperating condition:

2.1 During the speed rage from 96 to 100% of the actual 16tf speed, the aft undesurface
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
speedrange, 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 Beyondthepointoflif2g FF (G2 | KSAIKG 2F mMmY O6shpuldFG 0O GF
not decrease below that at the point of héff, nor should the speed increase more than
10%.

2.3 The horizontal distance from the start of the ta&#f to a height of 11 m (35 ft) should
not be greater than 105% of the distance determined iocaidance withCS 25.113(a)(2)
without the 115% factor.

ED Decision 2003/2/RM

In showing compliance wit@S 25.107(e)(3)

a. Rotation at a peed of \¢9,3 km/h (5 kt) should be carried out using, up to the point ofolift
the same rotation technique, in terms of control input, as that used in establishing the one
engineinoperative distance ofS 25.13(a)(1)
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b.  The engine failure speed used in the9/3 km/h (5 kt) demonstration should be the same as
that used in the comparative takeff rotating at \4;

c.  The tests should be carried out both at the lowest practical weight (such #&8\km/h & kt)
is not less than W9 and at a weight approaching taloéf climb limiting conditions;

d.  The tail or tail skid should not contact the runway.

ED Decision 2003/2/RM

Reasonably expected variations in\gee from established takeff procedures should be evaluated
in respect of oubf-trim conditions during certification flight test programmes. For example, normal
take-off should be made with the longitudinal control trimmed to its most adverse positidnimthe
allowable takeoff trim band.

ED Decision 2003/2/RM

1 CS 25.107(e)(4})ates that there must be no marked increase in the scheduled¢éikeistance
when reasoably expected service variations, such as awetation, are encountered. This can
be interpreted as requiring takeff tests with all engines operating with an abuse on rotation
speed.
2 ¢KS SELINB&aaiAzy WY Nif dsknca iy defeids ang @mount/in eficésS of (i | | S
1% of the scheduled takeff 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 waglmiear as
practicable to the maximum sdavel takeoff 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¥a LISSRZ y 2 WY I NJchdrluletl fled Meigth sv@&id redul. G K S

CS 25.109 Acceleratop distance

ED Decision 2003/2/RM

(@) (SeeAMC 25.109(a) and (b)The acceleratstop distance on a dry runway is the greater of the
following distances:

(1) The sum of the distances necessary to

(i)  Accelerate the aeroplane from a standing start with all engines operating=forv
take-off from a dry runway;

(i)  Allow the aeroplane to accelerate frong/ib the highest speed reached during the
rejected takeoff, assuming the critical engine fails at-¥ind the pilot takes the
first action to reject the takeoff at the M for take-off from a dry runway; and

(i) Come to a full stop on a dry runway frolmetspeed reached as prescribed in-sub
paragraph (a)(1)(ii) of this paragraph; plus

(iv) A distance equivalent to 2 seconds at thefs take-off from a dry runway.

(2) The sum of the distances necessary;to
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(i)  Accelerate the aeroplane from a standintgrs with all engines operating to the
highest speed reached during the rejected tak& assuming the pilot takes the
first action to reject the takeoff at the M for take-off from a dry runway; and

(i)  With all engines still operating, come to a &tbp on a dry runway from the speed
reached as prescribed in syaragraph (a)(2)(i) of this paragraph; plus

(i) A distance equivalent to 2 seconds at thefof take-off from a dry runway.

(b) (SeeAMC 25.109(pand (b)) The acceleratstop distance on a wet runway is the greater of the
following distances:

(1) The acceleratstop distance on a dry runway determined in accordance with- sub
paragraph (a) of this paragraph; or

(2) The acceleratestop distance detrmined in accordance with sytmaragraph (a) of this
paragraph, except that the runway is wet and the corresponding wet runway values of
Verand \ are used. In determining the wet runway acceleratep distance, the stopping
force from the wheel brakes ay never exceed:

()  The wheel brakes stopping force determined in meeting the requirements of
C25.101(i)and subparagraph (a) of this paragraph; and

(i)  The force resulting from the wet runway braking coeffitiefifriction 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 fke-tdf.

(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 tyréo-ground wet runway braking coefficient of frictismdefined as (see

Figure 1):
Tyre Pressure Maximum Braking Coefficient (tyte-ground)
(psi)
50 ugwaxI' 9360 — + ({306 — b {861 — + (1883
100 HugwaxI 19487 — + (320 — b+ {805 — + (1804
200 pgwax 9381 — + ({252 — b 168 — + (1692
300 Huguaxl 19401 — + (263 — b t6A1 — + (614
Figure 1
where:

Tyre Pressure = maximum aeroplane operating tyre pressure (psi)

Mygmax= maximum tyreto-ground braking coefficient

V =aeroplane true ground speed (knots); and

Linear interpolation may be used for tyre pressures other than those listed.

(2) (SeeAMC 25.109(c)(ZFhe maximum tyrgéo-ground wet runway braking coefficient of
friction must be adjusted to take into account the efficiency of the-gkitl system on a
wet runway. Antiskid system operation must be demonstrated by flight testing on a
smooth wet runway and its efficiency must be determined. Unless a specifisiaati
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sysem efficiency is determined from a quantitative analysis of the flight testing on a
smooth wet runway, the maximum tys®-ground wet runway braking coefficient of
friction determined in sukparagraph (c)(1) of this paragraph must be multiplied by the
efficiency value associated with the type of askid system installed on the aeroplane:

Type of antiskid system Efficiency value

On-off 0t30
Quasimodulating 0t50
Fully modulating 0t80

(d) At the option of the applicant, a higher wet runwhyaking 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 deiee the dry runway
acceleratestop distance; or

(2) (SeeAMC 25.109(d)(2) The wet runway braking coefficient of friction defined in sub
paragraph (c) of this paragraph, except that a specificgiti efficiacy, 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 Maximum Braking Coefficient (tyte-ground)

(psi)

50 Hygmax= 0147 —  b1t05 — + X673 — b2t683 — + (403 — + (i859
100 Hygvax= 01106 — b 843 — + 213 — bt t20 — + (317 — + (807
200 Lygvax = 0498 — b {388 — +1f14 — b 285 — + (140 — +0.701
300 Hygvuax= (00314 — b 247 — + ({703 — b {749 — b {00954 — + (i614

Figure 2
where:

Tyre Pressure = maximum aeroplane operating tyre pressure (psi)
Hugmax = maximum tyreto-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 stgaragraph (f)(1) of this paragraph, means other than wheel brakes
may be used to determine the acceleragt®p distance if that means

(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.
(H  The effects of availableverse thrustg

(1) Must not be included as an additional means of deceleration when determining the
acceleratestop 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 wherdetermining the acceleratstop distance on a wet runway,
provided the requirements of suparagraph (e) of this paragraph are met. (See
AMC25.109(f))

() The landing gear must remain extended throughout theederatestop distance.

(h) If the acceleratestop distance includes a stopway with surface characteristics substantially
different from those of the runway, the takeff data must include operational correction
factors for the acceleratstop distance. Té 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)  Aflight test demonstration of the maximum brake kinetic energy accelestap distance must
be conducted with not more than 10% of the allowable brake wear range remaining on each of
the aeroplane wheel brakes.

ED Decision 2003/2/RM

Propeller pitch positiarFor the oneengineinoperative acceleraté 1 2 L) RAa il yO0S> G KS Ol
propeller should be in the position it would normally assume when an engine fails and the power

levers are closed. For drynway oneengineinoperative acceleratstop distances, the high drag
IANRdzy R ARt S LardArAz2y 2F GKS 2LISNIiGAy3a SyaiySaQ L
less than zero total thrust, i.e. propeller plus jet thrust, at zero airspeealy be used provided

adequate directional control is available on a wet runway and the related operational procedures
comply withCS 25.109(f) and (h)Wet runway controllability may either be demonstrated by using

the guidance available IAMC 25.109(fat the appropriate power level, or adequate control can be

assumed to be available at ground idle poweeiferse thrust credit is approved for determining the

wet runway acceleratastop distances. For the adhginesoperating acceleratstop distances on a

dry runway, the high drag ground idle propeller position may be used for all engines (subject to
C325.109(f) and (B) For criteria relating to reverse thrust credit for wet runway accelesit®

distances, sedMC 25.109(f)

ED Decision 2003/2/RM

CS 25.109(c)(entifies 3 categories of ansikid system and provides for either the use of a default
efficiency value appropriate to the type of system or the determimabf 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 withthe requirement for flight testing and use of default efficiency values in accordance
with CS 25.109(c)(2These values are appropriate where the tuning of the-gkitl system is largely
gualitative and without d&iled 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% reigicheved with

an On/Off system. The quasiodulating category covers a broad range of systems with varying
performance levels. The best quasodulating systems might achieve an efficiency up to
approximately 80%. Fully modulating systems have been ttmedficiencies 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 eskid systems. Paragraph 3 gives an
acceptable means of comahce withCS 25.109(c)(2yhere 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 effiency 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 betweeakeor and unbraked
wheels.

1 Classification of anskid system types

1.1 For the purposes of determining the default askid efficiency value under
C5.109(c)(2) anti-skid systems have been grouped into thiemad classifications;
on/off, quasimodulating 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 ahid 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 tmsknchronous 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 Quasimodulating 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-agppdied at a lower level after a lergt
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 gypogrammed segence rather
than the wheel speed time history.

1.4 Fully modulating systems are a further refinement of the quasdulating systems. The
major difference between these two types of askid systems is in the implementation
of the skid control logic. Durg 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 skidilso, 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 askid system during aet runway stop should be
used to help identify the type of anskid 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 typicél system on both

wet and dry runways. In general, the-off system exhibits a cyclic behaviour of brake pressure
application until a skid is sensed, followed by the complete sdex brake pressure to allow

the wheel to spin back up. Full metered pressure (as commanded by the pilot) is thpplied,
starting the cycle over again. The wheel speed trace exhibits deep and frequent skids (the
troughs in the wheel speed trace), atite 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 particularexample shown in Figure 1, the brake becomes totliméed toward the end of
the dry runway stop and is unable to generate enough torgue to cause further skidding.

Dry Runway

Wheel Speed
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0 : 1 : 1 | 1 : 1 : — : f f 1
0 2 4 6 8 10 15 20 25 30

Time (seconds)

Brake Pressure

Wet Runway
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FIGURE 1. ANBKID SYSTEM RESFONBARACTERISTIC®®®ystem

The effectiveness ofjuasimodulating 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 vetegis to the
synchronous speed, brake pressure is quickly increased to-depeemined 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 comparedri@noff 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 oiwff system.
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FIGURE 2. ANBKID SYSTEM RESPONSE CHARATITE Quasiodulating System
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FIGURE 3. ANBKID SYSTEM RESPONSE CHARATITE Fully Modulating System

When properly tuned, fully modulating systems are characterised by much smaller variations in
brake pessure 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 ta¢cheosyous

wheel speed. Figure 3 illustrates an example of the response characteristics of a fully
modulating system on dry and wet runways.

2 Demonstration of antskid system operation when using the askid efficiency values specified
in CS 25.109(c)(2)

2.1 If the applicant elects to use one of the agkid efficiency values specified in
C5.109(c)(2)a limited amount of flight testing must still be conducted to vetiifgt
the antiskid system operates in a manner consistent with the type ofskitl system
declared by the applicant. This testing should also demonstrate that theskidtisystem
has been properly tuned for operation on wet runways.

2.2 A minimum of oe 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-skitl system. Since the
objective ofthe test is to observe the operation (i.e. cycling) of the -akid 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.st@gmp), but
not flooded. The runway test section should be wet enough to result in a number of cycles
of antiskid 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 takeoff 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 typicakirvice operations.

2.6 Suficient data should be obtained to determine whether the system operates in a
manner consistent with the type of antkid system declared by the applicant, provide
evidence that full brake pressure is being applied upstream of thes&ittivalve during
the flight test demonstration, determine whether the askid valve is performing as
intended and show that the antikid system has been properly tuned for a wet runway.

Typically, the following parameters should be plotted versus time:
()  The speed oh representative number of wheels.

(i)  The hydraulic pressure at each brake (i.e. the hydraulic pressure downstream of
the antiskid valve, or the electrical input to each askid valve).

(i)  The hydraulic pressure at each brake metering valveujpstream of the antskid
valve).

2.7 A gualitative assessment of the asstiid system response and aeroplane controllability
should be made by the test pilot(s). In particular, pilot observations should confirm that:

()  Anti-skid releases are neithexeessively deep nor prolonged;

(i)  The gear is free of unusual dynamics; and
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(i) The aeroplanetracks 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 askid system efficiency

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

If the applicant elects to derive the argkid system efficiency from flight test
demonstrations, sufficient flight testing, with adequate instrumentation, must be
conducted to ensureonfidence in the value obtained. An askid 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 argkid systems.

A minimum of three complete stopsor equivalent segmented stops, should be
conducted on a wet runway at appropriate speeds and energies to cover the critical
operating modes of the antikid system. Since the objective of the test is to determine
the efficiency of the antskid system,Hese 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 askiid efficiency with speed.

The testing should be conducted onraaoth (i.e. not grooved or porous friction course)
runway.

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.

Before taxy and with cold tyres, the tyre pressure should be set to the highest value
appropriate to the takeoff weight for which approval is being sought.

The tyres and brake should not be new, beed not be in the fully worn condition. They
should be in a condition considered representative of typicakirvice operations.

A qualitative assessment of asskid system response and aeroplane controllability
should be made by the test pilot(dh particular, pilot observations should confirm that:

()  The landing gear is free of unusual dynamics; and

(i) The aeroplane tracks essentially straight, even though runway seams, water
puddles and wetter patches may not be uniformly distributecation or extent.

The wet runway antskid 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 antskid system effiency

4.1

4.2

Paragraph 3 above provides guidance on the flight testing required to support the
determination of a specific antikid system efficiency value. The following paragraphs
describe 2 methods of calculating an efficiency value from the data recofidetse 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.

Torque Method

Under the torque method, the anskid 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 &ke 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.

— — — Instantaneous Brake Force
Peak Brake Force

Brake
Force V

& e B - & —
L .

Time Intervals

Time

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:
Y | O

0
2

where:

F, = brake force

T, = brake torque

h whéel acceleration

I = wheel moment of inertia; and
Ryre = 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 acosfation 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 arskid response characteristics to avoid introducing
noise and otheartifacts 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 desigd 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
efficiencyvalue) 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 argkid efficiency value for determining the wet runway
acceleratestopdistance is the ratio of the instantaneous brake force integral to the peak
brake force integral:
CQE T 0 BE Ot BYOMI EDIQ
_ ) Qao® 0N &I
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where:

antFskid efficiency; and
s = stopping distane

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 askid cycling occurs (i.e. the brakare not torque
limited), except that this speed need not be less than 19 km/h (10 kt). Any variation in
the antiskid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the tadppstg distance.

If significant variations are noted, this variation should be reflected in the braking force
used to determine the acceleratgop distances (either by using a variable efficiency or
by using a conservative single value).

4.3 Wheel SlipMethod

At brake application, the tyre begins to slip with respect to the runway surface, i.e. the
$KSSt AaLISSR at24a8 R24Yy gAGK NBALISOG G2
of tyre slip increases, the brake force also increases until an optimas skached. If the
amount of slip continues to increase past the optimal slip, the braking force will decrease.

Using the wheel slip method, the asgkid efficiency is determined by comparing the
actual wheel slip measured during a wet runway stoph eptimal 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 samplirage 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 instantaneousskittiefficiency value
should be determined from the relationship®wn in Figure 5:

1.0
Anti-Skid
Efficiency 0.5
0
0 : : 1
o Wheel Slip Ratio locked
rolling Optimal Slip wheel

FIGURE 5. ANBKID EFARENCY, WHEEL SLIP RELATIONSHIP

WSR wwheel slip ratio

OPS= optimal slip ratio; and

' i = instantaneous anskid efficiency
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To determine the overall anskid efficiency value for use in calculating the wet runway accelestip
distance, the instantaneous argkid efficiencies should be integrated with respect to distaaucd divided
by the total stopping distance:

=t %1
i
where:

[

antFskid 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 speeat which antiskid 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 antiskid efficiency with speed should also be investigated, which can be
accomplished by determing 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 acceleratgop distances (either by using a variable efficiency or
by usirg a conservative single value).

The applicant should provide substantiation of the optimal wheel slip value(s) used to
determine the antiskid efficiency value. An acceptable method for determining the
optimal slip value(s) is to compare time history glatff 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 suitablerelation 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 artlde optimal wheel slip can vary during the stop.

Brake
Force

Wheel

Slip

Ratio
Optimal ——

Time

FIGURE 6. SUBSTANIMDN OF THE OPTIMAL SLIP VALUE
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4.4 For dispatch with an inoperative argkid system (if approved), the wet runway
acceleratestop distances should be based on an efficiency no higrethat allowed by
CS 25.109(c)(29r an onoff type of antiskid 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 asitid systemCS 25.109(b)(2)(&lso

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 brgkcoefficient multiplied by the

YV2NXYIE 2R 6APSd gSAIKGOL 2y SIFOK 0N} 1SR 6KSE
supported by the unbraked wheels (e.g. unbraked nose wheels) does not contribute to the
stopping force generated by the brakes.igbffect must be taken into account for the most

adverse centre of gravity position approved for tad§ 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 tha results in the least load on the braked wheels.

ED Decision 2003/2/RM

Properly designed, constructed and maintained grooved and PFCaysnean offer significant
improvements in wet runway braking capability. A conservative level of performance credit is
provided by25.109(d)to reflect this performance improvement and to provide an incentive for
ingtalling and maintaining such surfaces.

In accordance withCS25.105(c) and 25.109(d) applicants may optionall 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 acceleratep distance data. The braking coefficient for
determining the acceleratstop distanceon grooved and PFC runways is define@$25.109(ds

either 70% of the braking coefficient used to determine the dry runway accelstafedistances, or

a curve based on ESDU 71026 data and derived in a maonsistent 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 becausél KS o N} {Ay3d O2STFFTFAOASYGQa OFENRIFGAZ2Y SAGH
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 caoefiic For applicants who
choose to determine the grooved/PFC wet runway acceles&t@ distances in a manner consistent

with that used for smooth runway€£S 25.109(d)(rovides the maximum tyreo-ground braking
coefficient applicable to grooved and PFC runways. This maximurotgmund braking coefficient

must be adjusted for the anskid system efficiency, either by using the value specified in
C5.109(c)(2pppropriate to the type of antiskid system installed, or by using a specific efficiency
established by the applicant. As askid system performance depends on the characteristics of the
runway surface, a system that has been tuned for optimum performance omoath 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, antskid efficiency tseting 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 efficiencyvensto 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 adjustmefitlvé 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 wetinways, an increased download on the nose wheel and corresponding
reduction in the download on the main gear is expected.

ED Decision 2003/2/RM

In accordance witltCS 25.109(f)reverse thrust may not be used to determine the accelesitg
distances for a dry runway. For wet runway accelessttgp distances, howeveGS 25.109(fllows
credit for the stoppindorce provided by reverse thrust, if the requirementsGf 25.109(egre met.
In addition, the procedures associated with the use of reverse thrust, VB B5.101(fequires the
applicant to provide, must meet the requirements ©5 25.101(h)The following criteria provide
acceptable means of demonstrating compliance with these requirements:

1 Procedures for using reverse thrust thg a rejected takeff 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 tarn 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
engne operating characteristics), nor may they significantly increase flightcrew workload or
training needs.

2 It should be demonstrated that using reverse thrust during a rejected-tdkeomplies with
the engine operating characteristics requirement£& 25.939(aNo 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 engiperading
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 @#l 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 thrustyy G KS 2dzio2l NR Sy3aAySas odzi AG YlLeée |Ffa
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 apipk
thrust/power reduction, and spoiler deployment), a one second delay should be added to the
demonstrated time to select reverse thrust. (See figure AMIC 25.101(h)(3)

4 The response times of the affect 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
spinup, should also be included.

5 To enable a pilot of average skill to consistently obtain the recommended level of reverse thrust
under typical irservice conditions, &ever position that incorporates tactile feedback (e.g., a
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10

11

12

detent or stop) should be provided. If tactile feedback is not provided, a conservative level of
reverse thrust should be assumed.

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 asoagtering nosewheel

on a dry runway. Symmetric braking should be used during the demonstration, and both all
enginesoperating and criticaéngineinoperative reverse thrust should be considered. The
brakes and thrust reversers may not be modulated tdnten 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.

To meet the requirements o€S 25.10h((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 failurddghoticreate an
additional hazard.

The number of thrust reversers used to determine the wet runway acceletaie distance

data provided in the AFM should reflect the number of engines assumed to be operating during
the rejected takeoff along with ary applicable system design features. Theealjines
operating acceleratestop distances should be based on all thrust reversers operating. The one
engineinoperative acceleratstop distances should be based on failure of the critical engine.
For exampleif the outboard thrust reversers are locked out when an outboard engine fails, the
one-engineinoperative accelerate stop distances can only include reverse thrust from the
inboard engine thrust reversers.

For the engine failure case, it should be ased that the thrust reverser does not deploy (i.e.,
no reverse thrust or drag credit for deployed thrust reverser buckets on the failed engine).

For approval of dispatch with one or more inoperative thrust reverser(s), the associated
performance infornation should be provided either in the Aeroplane Flight Manual or the
Master Minimum Equipment List.

The effective stopping force provided by reverse thrust in each, or at the option of the applicant,
the most critical takeoff configuration, should belemonstrated by flight test. Flight test
demonstrations should be conducted to substantiate the accelestip distances, and should
include the combined use of all the approved means for stopping the aeroplane. These
demonstrations may be conducted ordey runway.

For turbopropeller 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 tnedpower 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 takeff setting without encountering a stop or lockout, it
must be regarded as an adidibal 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 Takeff path

ED Decisin 2015/008/R

(&) The takeoff path extends from a standing start to a point in the taiéat which the aeroplane
is 457 m (1500 ft) above the takdf surface, or at which the transition from the takdf to the
en-route configuration is completed andis reached, whichever point is higher. In additon

(1) The takeoff path must be based on the procedures prescribe@$25.101(f)

(2) The aeroplanenust be accelerated on the ground tesvat which point the critical engine
must be made inoperative and remain inoperative for the rest of the 4afikeand

(3) After reaching ¥ the aeroplane must be accelerated ta V

(b) During the acceleration tepeed YV, the nose gear may be raised off the ground at a speed not
less than ¥ However, landing gear retraction may not be begun until the aeroplane is airborne.

(SeeAMC 25.111(b)

(c) During the takeoff path determination in accordance with staragraphs (a) and (b) of this
paragraphg

(1) The slope of the airborne part of the tadodf path must be positive at each point;

(2) The aeroplane must reach before it is 11 m (35 ft) above the takdf surfaceand must
continue at a speed as close as practical to, but not less thantWit is 122 m (400 ft)
above the takeoff surface;

(3) Ateach point along the takeff path, starting at the point at which the aeroplane reaches
122 m (400 ft) above the takeff surface, the available gradient of climb may not be less
thanc

()  1-2% for tweengined aeroplanes;
(i)  1-5% for threeengined aeroplanes; and
(i)  1-7% for fowengined aeroplanes,

(4) The aeroplane configuration may not be changed, except far getraction and
automatic propeller featheringand no change in power or thrust that requires action by
the pilot may be made, until the aeroplane is 122 m (400 ft) above theaéfksurface,
and

(5) IfCS 25.105(a)(2¢quires the takeoff path to be determined for flight in icing conditions,
the airborne part of the takeff must be based on the aeroplane drag:
() 2A0K 0GKS Y23&dake2NBRTi ALODS ¢ 2170 QINKGSI AdReY 0 & 0
and O, as applicable, in accordance v@th 25.21(gfrom a height of 11 m (35 ft)

above the takeoff surface up to the point where the aeroplane is 122 m (400 ft)
above the takeoff surface; and

I A

pufi
w»

i) 2AGK GKS Y24i ONRFFOLIOSZET | DIONBGGRWIOE ¢ MRS

C and O, as applicable, in accordance Wigh25.21(gfrom the point where the
aeroplane isl22 m (400 ft) above the takeff surface to the end of the takeff
path.

(d) The takeoff path must be determined by a continuous demonstrated takieor by synthesis
from segments. If the takeff path is determined by the segmental methqd

(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 cespond to the most critical condition prevailing
in the segment;

@B ¢KS FfAIKAG LI GK Ydzad oS o6FaSR 2y (KS FSNRL
and

(4) The takeoff path data must be checked by continuous demonstrated 4aifte up to the
point atwhich 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 C25.

[Amdt 25/3]
[Amdt 25/16]

ED Decision 2003/2/RM

The height references i@S 25.11%hould be interpretd as geometrical heights.

ED Decision 2003/2/RM

1 Rotation speed, ¥ is intended to be the speed at which the pilot initiates action to raise the
nose gear off the ground, during the acceleration tg ®onsequently, the takeff path
determination, in accordance witiS 25.111(a) and (lshould assume that pilot action to raise
the nose gear off the ground will not betiated until the speed ¥has been reached.

2 The time between lifoff and the initiation of gear retraction during takdf distance
demonstrations should not be less than that necessary to establish an indicated positive rate of
climb plus one secondror the purposes of flight manual expansion, the average demonstrated
time delay between lifoff and initiation of gear retraction may be assumed; however, this
value should not be less than 3 seconds.

CS 25.113 Takeff distance and takeoff run

ED Desiion 2010/005/R

(@) Takeoff distance on a dry runway is the greatercof

(1) The horizontal distance along the také path from the start of the takeff to the point
at which the aeroplane is 11 m (35 ft) above the takesurface, determined under
CX25.111for a dry runway; or

(2) 115% of the horizontal distance along the tadé path, with all engines operating, from
the start of the takeoff to the point at which the aeroplane is 11 m (35 ft) above the take
off surface, as determined by a procedure consistent wifis25.111 (See
AMC25.113(a)(2), (b)(2) and (c)(P)

(b) Takeoff distance on a wet runway is the greatercf

(1) The takeoff distance on a dry runway determined in accordance withgatagraph (a)
of this paragraph; or
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(2) Thehorizontal distance along the talaf path from the start of the takeff to the point
at which the aeroplane is 4,6 m (15 ft) above the talesurface, achieved in a manner
consistent with the achievement of,Wefore reaching 11 m (35 ft) above thake-off
surface, determined undeCS 25.11for a wet runway. (SeeMC 25.113(a)(2), (b)(2) and

(€)(2))

(c) If the takeoff distance does not include a clearway, the tafErun is equal to the takeff
distance. If the takeff distance includes a clearwgy

(1) The takeoff run on a dry runway is the greater of

(i)  The horizontal distance along thake-off path from the start of the takeoff to a
point equidistant between the point at which d4s reached and the point at which
the aeroplane is 11 m (35 ft) above the tak# surface, as determined under
C25.111for a dry runway; or

(i)  115% of the horizontal distance along the tadfé path, with all engines operating,
from the start of the takeoff to a point equidistant between the poirat 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 Will$25.111 (See
AMC25.113(a)(2), (b)(2) and (c)(P)

(2) The takeoff run on a wet runway is the greater of

()  The horizontal distance along the takéf path from the start of the takeoff to the
point at which theaeroplane is 4,6 m (15 ft) above the tasif surface, achieved
in a manner consistent with the achievement ofbéfore reaching 11 m (35 ft)
above the takeoff surface, determined undeCS 25.111or a wet runway; or

(i)  115% of the horizontal distance along the tadf path, with all engines operating,
from the start of the takeoff to a point equidistant between the point at which
Viods reacked and the point at which the aeroplane is 11 m (35 ft) above the-take
off surface, determined by a procedure consistent wi®S25.111 (See
AMC25.113(a)(2)

[Amdt 25/9]

ED Decision 2003/2/RM

In establishment of the takeff distance and tak®ff run, with all engines operating, in acdance
with CS 25.113(a), (b) and,(the flight technique should be such that

a. A speed of not less thar 6 achieved before reaching a height of 11 m (35 ft) above the take
off surface,

b.  Itis consistent wth the achievement of a smooth transition to a steady initial climb speed of
not less than ¥+ 19 km/h (10 kt) at a height of 122 m (400 ft) above the {affesurface.

CS 25.115 Takeff flight path

ED Decision 2003/2/RM

(@) The takeoff flight path must be considered to begin 11 m (35 ft) above the taKesurface at
the end of the takeoff distance determined in accordance witbS 25.113(a) or (kgs
appropriate for the runway surface condition.
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(b) The net t&e-off flight path data must be determined so that they represent the actualafke
flight paths (determined in accordance witb25.111 and with sup-paragraph (a) of this
paragraph) reduced at each point by a gradient of climb equal to

(1) 0-8% for tweengined aeroplanes;
(2) 0-9% for threeengined aeroplanes; and
(3) 1-0% for fowrengined aeroplanes.

(c) The prescribed reduction in climb gradiemay be applied as an equivalent reduction in
acceleration along that part of the takdf 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 @S 25.118@nd25.121must be shown at each weight, altitag
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:-alhginesoperating

ED Decision 2015/008/R

In the landing configut#on, 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 garound power or thrust se¢ing (seeAMC 25.11% and

(@ In noricing conditions,with a climb speed of VREF determined in accordance @ith
25.125(b)(2)(f)and

(b) Inicing conditions with thenost critical of thex [ | YIRAYES | OONBiA2yo6a0 RSTA\
C and O, as applicabley accordance withCS 25.21(g)and with a climb speed ofgM
determined in accordance witBS 25.125(b)(2)(i)

[Amdt 25/3]
[Amdt 25/16]

ED Decision 2007/010/R
In establishing the thrust specified @5 25.11%ither g

a. Engine acceleration tests should be conducted using the most critical combination of the
following parameters:

i. Altitude;

ii. Airspeed,;

iil. Engine bleed;

iv.  Engine power offake;

likely to be encountered during an approach to a lagdairfield within the altitude range for
which landing certification is sought; or

b.  The thrust specified i€S 25.118hould be established as ariction of these parameters.
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[Amdt 25/3]

CS 25.121 Climb: orengineiinoperative

ED Decision 2015/008/R

(a) Takeoff; landing gear extendedSeeAMC 25.121(a) In the critical takeff configuration
existing dong the flight path (between the points at which the aeroplane reachesavid at
which the landing gear is fully retracted) and in the configuration us@bi25.11but without
ground effect, the steady gradient of climb must be positive for-emgined aeroplanes, and
not less than 0-3% for threengined aeroplanes or 0-5% for fourengined aeroplanes,cakd
with ¢

(1) The critical engine pperative and the remaining engines at the power or thrust available
when retraction of the landing gear is begun in accordance @Bh25.111inless 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 (gdC 25.121(a)())and

(2) The weight equal to the gight existing when retraction of the landing gear is begun
determined undelCS 25.111

(b) Takeoff; landing gear retractedn the takeoff configuration existing at the point of the flight
path at which the landing gear is fully retracted, and in the configuration us€&if5.11but
without ground effect,

(1) the steady gradient of climb may not be less than 2-4% fordmgined aeroplanes, 2-7%
for three-engined aeroplanes and 3-0% for famrgined aeroplanes, atWith ¢

(i)  The critical engine inoperative, the remaining engines at the-tif power or
thrust available at the time the landing gear is fully retracted, determined under
CS 25.111unless 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 takeff surface (sed&MC 25.121)(1)(i) ; and
i ¢KS 6SA3IAKG SljdzZt G2 GKS 6SA3IKG SEA&GAYT
retracted, determined unde€S 25.111

(2) Therequirements of sufparagraph (b)(1) of this paragraph must be met:
()  In noricing conditions; and

(i)  Inicing conditions with thenost critical of thed ¢ - BT L OS )défi@dONB G A 2 Y
in Appendice€ and Q as applicable, in accordance wi@S 25.21(g)f in the
configurationused to show compliance witBS 25.12h) with thisa ¢ - BF L OS¢
accretion:

(A) The stall speed at maximum takdf weight exceeds that in neiting
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 aceoice withCS
25.121(b)is greater than ondalf of the applicable actudb-net takeoff
flight path gradient reduction defined @S 25.115(b)

(c) Final takeoff. In the enroute configuration at the end of the takeff path determined in
accordance wittCS 25.111

(1) the steady gradient of climb may not be less than 1-2% forengined aeroplanes, 1-5%
for three-engined aeroplanes, and 1-7% for faurgined aeroplanes, at=%6and with¢
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(2)

(i)

(ii)

The critical engine inoperative and the remaining engines at the available
maximum continuous power or thrust; and

The weight equal to the weight existing at the end of the takigpath, determined
underCS 25.111

The requirements of suparagraph (c)(1) of this paragraph must be met:

(i)
(ii)

In norricing conditions; and

In icing conditions with theost critical of thed CAY -2 TR I L 86S§s) I OONEB
defined in Appendice€and Q as applicablein accordance witlCS 25.21(gif in
the configurationused to show compliance witGS 25.121(hyith thisa ¢ I-off S
LOS¢ I OONBGAZ2YY
(A) The stall speed at maximum takdf weight exceeds that in neiting
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 orwalf of the applicable actudb-net takeoff
flight path gradient reduction defined i@S 25.115(b)

(d) Approach.n a configuration corresponding to the normalatiginesoperating procedure in
which \4gfor this configuration does not exceed 110% of thefdr the related allengines
operating landing configuration:

(1) steady gradient of climb may not be less than 2-1% fordéwgined aeroplanes, 2-4% for
three-engined aeroplanes and 2-7% for famgined aeroplanes, with
(i)  The critical engine inoperative, the remaining engines at irargund power or
thrust setting;
(i)  The maximum landing weight;
(i) A climb speed established in connection with normal landing procedures, but not
more than 1-4 ¥4 and
(iv) Landing gear retracted.
(2) The requirements of suparagraph (d)(1) of teiparagraph must be met:
()  In noricing conditions; and
(i)  Inicing conditions with thenost critical of theApproach Ice accretigr) defined
in AppendicesCand O,as applicable, in accordance wi@S 25.21(g)rhe climb
speed selected for noiting conditions may be used if the climb speed for icing
conditions, computed in accordance with sparagraph (d)(1)(iii) of this
paragraph, does not exceed that for naing conditions by more than the greater
of 5.6 km/h (3 knots) CAS or 3%.
[Amdt 25/3]
[Amdt 25/16]
ED Decision 2003/2/RM
1 In showing compliance witeS 25.1214t 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 i8S 25.12%hould be interpreted as geometrical heights.

ED Decision 2003/2/RM

The configuration of the landing gear usedshowing compliance with the climb requirementsG$
25.121(ay & o6S dKFd FAyrfte | OKAS@OSR F2fft2Ay3 w3asS|H |

ED Decision 2003/2/RM

! W2 gSN) 2LISNI GAYy3 O2yRAGAZ2YQ Y2NB ONRGAOFE (GKI
landing gear is begun would occur, for example, if water injection were discontinued prior to reaching
the pant at which the landing gear is fully retracted.

ED Decision 2007/010/R

! W2 SN 2LISNF GAYy3 O2YyRAGAZ2YQ Y2NB ONRGAOIT (KLU
retracted would occur, for exaple, if water injection were discontinued prior to reaching a gross
height of 122 m (400 ft).

[Amdt 25/3]

CS 25.123 Eroute flight paths

ED Decision 2015/008/R

(@) For the enroute configuration, the flight paths prescribed in sparagraphs (b) and Yof 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 pithe operating engines, may be
included in the computation. The flight paths must be determined at a selected speed not less
than \Erq with ¢

(1) The most unfavourable centre of gravity;
(2) The critical engines inoperative;
(3) The remaining engines #te available maximum continuous power or thrust; and

(4) The means for controlling the engioeoling air supply in the position that provides
adequate cooling in the haday condition.

(b) The oneengineinoperative net flight path data must representetfactual climb performance
diminished by a gradient of climb of 1-1% for tesagined aeroplanes, 1-4% for threagined
aeroplanes, and 1-6% for feangined aeroplanes.

(1) In nonicing conditions; and

2 Ly AOAy3 02y Rioitd IByaacretivh defihediinkAPperidi@dgand Q as
applicablejn accordance witlCS 25.21(gif:

(i) A speed of 1.18%with the most critical of thet *N® dzii S L O $s)exceeddsD ONEB (i A ;
the enroute speed selected in meicing conditions by more than the greater of
5.6 km/h (3 knots) CAS or 3% @k \or
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(i)  The degradation of the gradient of climb is greater than-ba# of the applicable
actuatto-net flight path reduction defined in sybaragraph (b) of this paragpa.

(c) For three or four-engined aeroplanes, the twengineinoperative 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 faangined aeroplanes.

[Amdt 25/3]
[Amdt 25/16]

ED Decision 2003/2/RM

If, in showing compliance witGS 25.123any 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% ohtlieeespecification 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

(@) The horizontal distance necessary to land and to come to a complete stopaffmrint 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) Innoricing conditions; and

(2) Inicing caoditions with themost critical of thed [ I Y RA Y 3 L(€ &finedritO ONBS (i A 2
AppendicesC and O,as applicablejn accordance withCS 25.21(g)f Vreefor icing
conditions exceedsgr¢sfor nonicing 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) Astabilised approach, with a calibrated airspeed of not leas ¥e; must be maintained
down to the 15 m (50 ft) height.

()  In noricing conditions, MAmay not be less than:

(A)  1.23 \br¢

(B) VmcLestablished unde€S25.149(fland

(C) A speed that provides the manoelng capability specified i8S 25.143(h)
(i)  Inicing conditions, Aéfmay not be less than:

(A) The speed determined in sygaragraph (b)(2)(i) ahis paragraph;

(B) 1.23 \4rowith the most critical of the'Landing Ice" accretids) defined in
AppendicesCand O,as applicable, in accordance wi5 25.21(g)f that
speed exceedsr¥for norricing conditiondy more than 9.3 km/h (5 knots)
CAS; and
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(C) A speed that provides the manoeuvring capability specified3n25.143(h)
withtheY 2 a & O NX (iLAnGihgtie agcretiofs)deined in appendices
C andO, as applicable, in accordance wills 25.21(g)

(3) Changes in configuration, power or thrust, and speed, must be made in accordance with
the established procedures for service operation. (88 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 mube determined on a level, smooth, dry, hasdrfaced runway. (See

AMC 25.125(c) In additiong

(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
AMC25.125(c)(2)y and

(3) Means other than wheel brakes may be used if that means

() Is safe and reliable;

(i)  Is used so thiaconsistent results can be expected in service; and

(i)  Is such that exceptional skill is not required to control the aeroplane.
(d) Reserved.
(e) Reserved.

()  Thelanding distance data must include correction factors for not more than 50% of theaiomi
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 engin@ 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 mobre than that with each engine operating.

[Amdt 25/3]
[Amdt 25/16]

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]

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 grourd. 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]

ED Decision 2007/010/R

To ensure compliance withiS 25.125(c)(2a series of six measured landings should be ccteduon
the same set of wheel brakes and tyres.

[Amdt 25/3]
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CONTROLLABILANDMANOEUVRABILITY

CS 25.143 General

(@)

(b)

(€)

(d)

(€)

ED Decision 2015/008/R

(SeeAMC 25.143(a) The aeroplanenust be safely controllable and manoeuvrable durgng
(1) Takeoff;

(2) Climb;

(3) Levelflight;

(4) Descent; and

(5) Landing.

(SeeAMC 25.143(b) It must be possible to make a smooth transition from one fligimdition

to any other flight condition without exceptional piloting skill, alertness, or strength, and
without danger of exceeding the aeroplane lidoad factor under any probable operating
conditions, including

(1) The sudden failure of the criticahgine. (Seé&MC 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-eoute, approach, or landing configuration and is
trimmed with the critical engine inoperative; and

(3) Configuration changes, including deployment or retraction of deceleration devices.

The aeroplane must be shown to be safely cotditiie and manoeuvrable with the mostitical
ice accretioffs) appropiiate to the phase of flightas defined in appendice<€ and Q as
applicable, in accordance witBS 25.21(gxand with the critical engine inoperative and its
propeller (if applicable) in the minimum drag position:

(1) Atthe minimum Yfor take-off;
(2) During an approach and gwound; and
(3) During an approach and landing.

The following table prescribes, for conventional wheel type controls, the maximum control
forces permitted during the testing required by sphragraphs (a) through (c) of this

paragraph. (SeAMC 25.143(d)

Fore, in newton (pounds), applied to the
Pitch
control wheel or rudder pedals

For short term application for pitch and roll

control ¢ two hands available for control s (T 222 (310

For short term application for pitch and roll

control ¢ one hand available for control 222 (80) L () ¢

For short term application for yaw control q q 667 (150)
For long term application 44,5 (10) 22 (5) 89 (20)

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 suparagraph (d) of this paragraph. The aeroplane mushkiem, or as near to
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(f)

(9)

(h)

being in trim as practical, in the immediately preceding steady flight condition. For thethke
condition, the aeroplane must be trimmed according to the approved operating procedures.

When demonstrating compliance with thermtrol force limitations for long term application
that are prescribed in suparagraph (d) of this paragraph, the aeroplane must be in trim, or as
near to being in trim as practical.

When manoeuvring at a constant airspeed or Mach number (updV), the stick forces and

the gradlent of the stick force versus manoeuvrlng load factor must lie within satlsfactory limits.
¢CKS atAO0] F2NOSa Ydzald y20 0SS a2 3ANBI Fa 02
manoeuvring the aeroplane (s€eMC No. 1 to CS 25.143(cgnd must not be so Iow 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@loof the aeroplane,

and local gradients must not be so low as to result in a danger ofamrgrolling. (SeéMC No.

2to CS 25.143(p)

(SeeAMC 25.143(H) The nanoeuvring 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.

CONFIGURATIO] SPEED | MANOEWRING BANK ANG THRUST/POWER SETTING
IN A COORDINATED TUR

TAKEOFF ASYMMETRIC WATMITEDY

TAKEOFF V2 + Xx(z) 40° ALL ENGINES OPERATING G|

ENROUTE \are) 40° ASYMMETRIC WATMITEDY

LANDING VREF 40° SYMMETRIC FQ® FLIGHT PAT!
ANGLE

(1) A combination of weight, altitude and temperature (WAT) such that the thrust or power
setting produces the minimum climb gradient specifieddf 25.12%or the flight
condition.

(2) Airspeed approved for alinginesoperating 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 @ower of the remaining engines, would
result in the thrust or power specified for the takdf condition at V4, or any lesser thrust
or power setting that is used for athginesoperating initial climb procedures.

When demonstrating compliance witt5@25.143 in icing conditiors

(1) Controllability must be demonstrated with threost critical of the ice accretion(s) for the
particular phase of flight as defined in Appendices C an@&®applicable, in accordance

with CS 25.21(qg)

(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 byaste 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 Ibf);
and

(3) Any changes in force that the pilot must apply to thepitontrol to maintain speed with
increasing sideslip angle must be steadily increasing with no force reversals, unless the
change in controforce is gradual and easily controllable by the pilot without using
exceptional piloting skill, alertness, or shgth.
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()

(k)

()

For flight in icing conditions before the ice protection system has been activated and is
performing its intended functiorit must be demonstrated in flight with theost critical of the

ice accretiols) defined in appendix Quart li(e) and Appendix O, part 11(d), as applicable, in
accordance wittCS 25.21(gjhat:

(1) The aeroplane is controllable anpullup 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.

Side stick controllers

In lieu of the maximum control forces provided in CS 25.143(d) for pitchain@md in lieu of
specific pitch force requirements @S 25.145(gnd CS 25.175(d)t must be shown that the
temporary and maximum prolonged force levels for side stiaktroflers are suitable for all
expected operating conditions and configurations, whether normal ormamal.

It must be shown by flight tests that turbulence does not produce unsuitable-ipHtbte-loop
control problems when considering precision patimtrol/tasks.

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) Thepositive limiting load factor must not be less than:

() 2.5g with the EFCS functioning in its normal meabel with the higHift devices
retracted up to WioMmo. The positive limiting load factor may be gradually
reduced down to 2.29 above Mo/M vo.;

(i)  2.0g with the EFCS functioning in its normal maahel with the higHift devices
extended;

(2) The negative limiting load factor must be equal to or more negative than:

(i) -1.0g with the EFCS functioning in its normal meae with thehighlift devices
retracted;

(i)  0g with the EFCS functioning in its normal maohel with the higHift devices
extended.

Maximum reachable positive load factor wings level may be limited by flight control system
characteristics or flight envelope protiéans (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 chasdicter
or flight envelope protections (other than load factor limitation), provided that:

3. pitch down responsiveness is satisfactory, and

4. from level flight, Og is readily achievable, or, at least, a trajectory change of 5 degrees per
second is readily agkvable at operational speeds (fromstb Max speed; 10kt. Vsis
the lowest speed that the crew may fly with auto thrust or auto pilot engaged. Max speed
¢ 10kt) is intended to cover typical margin fromuyM woto cruise speeds and typical
margin fromVeeto standard speed in higlift configurations.
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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]

ED Decision 2003/2/RM

In showing compliance with the requirements @5 25.143(a) and (bfcount should be taken of
aeroelastic effec 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 conditsimsuld be such that there

is no reduction in ability to control and manoeuvre the aeroplane safely.

ED Decision 2003/2/RM

1 An acceptable means of showing compliance W@t 25.143(b)(1% 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 tréical engine in the following conditions:

a. At each takeoff flap setting at the lowest speed recommended for initial steady climb
with all engines operating after takeff, with ¢

i. All engines, prior to the critical engine becoming inoperative, at maximumad#ike
power or thrust;

il. All propdler controls in the takeff position;

iii. The landing gear retracted,;

iv.  The aeroplane in trim in the prescribed initial conditions; and
b.  With wingflaps retracted at a speed of 1.23/with ¢

i. All engines, prior to the critical engine becinm inoperative, at maximum
continuous power or thrust;

ii. All propeller controls in the eroute position;
iii.  The landing gear retracted,;
iv.  The aeroplane in trim in the prescribed initial conditions.

2 The demonstrations should be made with siated 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 actiorshould 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.
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ED Decision 2007/010/R

1 The maximum forces given in the tableG® 25.143(dpr 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-gmund, or during changes cbnfiguration or power
resulting in a change of control force that must be trimmed out) the sthgleded maximum
control forces will be applicable. In other cases (such as-affkeotation, or manoeuvring
during enroute flight) the two handed maximunofces will apply.

2 Short term and long term forces should be interpreted as follqws:

Short term forces are the initial stabilised control forces that result from maintaining the
intended flight path during configuration changes and normal transitionsnfone 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 byrireming or changing
configuration or flight conditions, and consequentlyost 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 ar¢hose control forces that result from normal or failure conditions that
cannot readily be trimmed out or eliminated.

[Amdt 25/3]

ED Decision 2007/010/R

An acceptable means of compliance witle 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 upafiMkg the average stick force gradient doest
exceed 534 N (120 Ibf)/g.

[Amdt 25/3]

ED Decision 2007/010/R

1 The objective oCS 25.143(d3 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 criticehgonent 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 manoeugritight with a 222 N (50 Ibf) stick force, the
aeroplane structure should be evaluated for the anticipated load at a 222 N (50 Ibf) stick force.
The aeroplane will be considered to have been overstressed if limit strength has been exceeded
in any criticaktomponent. 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 tAeach Limit Strength

2.1

2.2

A stick force of at least 222 N (50 Ibf) to reach limit strength in steady manoeorres
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 sttemgay be
acceptable. The acceptability of a stick force of less than 222 N (50 Ibf) 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 bufet 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.

This minimun stick force applies in the ewute 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 @S 25.143(cgre applicable in these
conditions.

3 Stick Force Characteristics

3.1

3.2

3.3

At all points within the buffet onsetboundary determined in accordance with
CS25.251(e) but not including speeds aboved¥ g the stick force should increase
progressively with increasing load factor. Any reduction in stick force gradient with
chang 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.

Beyond the buffet onset boundary, hazardous stick force charactergtiosld 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 timmed conditibhe 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
providedthat 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 gsible 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.

In flight tests to satisfy pagraph 3.1 and 3.2 the load factor should be increased until
either¢

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 forcexoess of 667 N (150 Ibf) (or
in excess of 445 N (100 Ibf) 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

C25.337(b)is achieved.
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4 Negative Load Factors

Itis not intended that a detailed flight test assessment of the manoeuehagacteristics 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 sufiti 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 assessnent, 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]

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 require€$y25.143(hdan
normally be assumed where the scheduled operating speeds are not lesg than

1.08 \éwfor V2
1.16 \bwfor Vo + xX, ¥roand \ker

where \bwis 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 aezopiiim a
significant Mach effectonthalch  NBf I A2y aKALIW FyR R2S8S& y23( SEF
might interfere with normal manoeuvring.

2 The effect of thrust or power is normally a function of thrust to weight ratio alone and,
therefore, itis acceptable for flight test purposes to use the thrust or power setting that is
consistent with a WAIdmited 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 thrigtweight ratio must be
taken into account when demonstrating the required manoeuvring cédiials.

[Amdt 25/3]

CS 25.145 Longitudinal control

ED Decision 2003/2/RM

(@) (SeeAMC 25.145(Q) It must be possible at any point between the trim speed prescribed in
C325.103(b)(6and stall identification (as defined @S 25.201(¢i)to pitch the nose downward
so that the acceleration to this selected trim speed is prompt with

(1) The aeroplane trimmed at the trim speed prabed inCS 25.103(b)(6)
(2) The landing gear extended,
(3) The wingflaps (i) retracted and (ii) extended; and

(4) Power (i) off and (ii) at maximum continuous power on the engines.
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(b)

(€)

(d)
(e)

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, wingflaps retracted, and the aeroplane trimmed at 1-skjextend the
wingflaps as rapidly as possible while maintaining the airspeed at approximately 30%
above the reference stall speed existing at each instant throughout the manod®eae.
AMC 25.145(b)(1), (b)(2) and (b)}3)

(2) Repeat sukparagraph (b)(1) of this paragraph except initially extend the siaggs and
then retract them as rapidly as possible. (2¢4C 25.145(b)(2and AMC 25.145(b)(1),
(b)(2) and (b)(3)

(3) Repeat sukparagraph (b)(2) of this paragraph except at theagound power or thrust
setting. (SedMC 25.145(b)(1), (b)(2) and (b)}3)

(4) With power off, wingflaps retracted and the aeroplane trimmed at 1-&\rapidly set
go-around power or thrust while maintaining the same airspeed.

(5) Repeat sufparagraph (b)(4) of this paragraph except witimgvflaps extended.

(6) With power off, wingflaps extended and the aeroplane trimmed at 1sk@btain and
maintain airspeeds betweensyand either 1-6 %k; or \Eg whichever is the lower.

It must be possible, without exceptional piloting skillprevent loss of altitude when complete
retraction of the high lift devices from any position is begun during steady, straight, level flight
at 1-08 g, for propeller powered aeroplanes or 1-18sVfor turbojet powered aeroplanes,
with ¢

(1) Simultan®us movement of the power or thrust controls to the-gmund power or
thrust setting;

(2) The landing gear extended; and
(3) The critical combinations of landing weights and altitudes.
Revoked

(SeeAMC 25145(e)) If gated higHift device control positions are provided, sparagraph (c)

of this paragraph applies to retractions of the hiifbh devices from any position from the
maximum landing position to the first gated position, between ggpeditions, and from the

last gated position to the fully retracted position. The requirements ofgatagraph (c) of this
paragraph also apply to retractions from each approved landing position to the control
position(s) associated with the higift device configuration(s) used to establish thegound
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-lifghdevices used

to establish a g-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 thedjat
position. It must only be possible to make this separate and distinct motion once the control
has reached the gated position.

ED Decision 2003/2/RM

CS25.145(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 aeropl@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 inCS 25.201(a)(2)nstead 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 leassenend past stall warning
during a 0.5 m/$(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 thequirement.

2 The aeroplane should be trimmed at the speed for each configuration as prescribed in
CS25.103(b)(6) The aeroplane should then be decelerated at 0.5*fi/knot per second) with
wings level. For testat 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 sheuld
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 beyondtiset 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 aited if the aeroplane is slowed to the point of
stall.

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 higlit devices, some reduction in the margin above the stall may be
accepted.

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.

ED Decision 2003/2/RM

If gates are providedCS 25.145(akquires the first gate from the maximum landing position to be
located at a position corresponding to a-gmund configuration. If there are multiple gogound
configurations, the following criteria should be considered when selecting the locatioe oftie:

a. The expected relative frequency of use of the availablamuond configurations.
b.  The effects of selecting the incorrect hitith device control position.

C. The potential for the pilot to select the incorrect control position, considgrthe likely
situations for use of the different garound positions.

d. The extent to which the gate(s) aid the pilot in quickly and accurately selecting the correct
position of the higHift devices.
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CS 25.147 Directional and lateral control

(@)

(b)

(€)

(d)

(€)

(f)

ED Decisio 2003/2/RM

Directional control; genera{SeeAMC 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 dr3for
heading changes up to 1fexcept that the heading change at which the rudder pedal force is
667 N (150 Ibf) need not be exceeded), and with

(1) The critical engi@ inoperative and its propeller in the minimum drag position;

(2) The power required for level flight at 1.38{ but not more than maximum continuous
power,

(3) The most unfavourable centre of gravity;
(4) Landing gear retracted;

(5) Wingflaps in the aproach position; and
(6) Maximum landing weight.

Directional control; aeroplanes with four or more engidesoplanes with four or more engines
must meet the requirements of sybaragraph (a) of this paragraph except tiqat

(1) The two critical engies must be inoperative with their propellers (if applicable) in the
minimum drag position;

(2) Reserved; and
(3) The wingflaps must be in the most favourable climb position.

Lateral control; generalt must be possible to make 2®anked turns, withand against the
inoperative engine, from steady flight at a speed equal to k3 With ¢

(1) The critical engine inoperative and its propeller (if applicable) in the minimum drag
position;

(2) The remaining engines at maximum continuous powetr;

(3) Themost unfavourable centre of gravity;

(4) Landing gear both retracted and extended,;

(5) Wingflaps in the most favourable climb position; and

(6) Maximum takeoff weight;

Lateral control; roll capability. With the critical engine inoperative, roll oese 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. (Se@MC 25.147(d)

Lateral control; aeroplanes with four or more engingeroplanes with four or more engines
must be able to make 2®anked turns, with and against the inoperative engines, from steady
flight at a speed equal to 1-3A{ with maximum continuous power, and with the aeroplane in
the configuration prescribed by stgaragraph (b) of this paragraph.

Lateral control; dlengines operatingWith 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 ug/d 2¢to provide
a peak roll rate necessary for safety, without excessive contrateforor travel. (See

AMC?25.147(f))

ED Decision 2003/2/RM

The intention of the requirement is that the aircraft can be yawed as prescribed without the need for
applicaion of bank angle. Small variations of bank angle that are inevitable in a realistic flight test
demonstration are acceptable.

ED Decision 2003/2/RM
An acceptable method of demonstrating compliance v@th 25.147(d} as follows:

With the aeroplane in trim, all as nearly as possible,in trim, for straight flight, astablish a steady

30° banked turn. It should be demonstrated that the aeroplane can be rolled t6 &&8tk 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.eGdrould be taken to prevent excessive sideslip and
bank angle during the recovery.

Conditions: Maximum takeoff weight.
Most aft c.g. position.
Wingflaps in the most critical takeff position.
Landing Gear retracted.
Yaw SAS on, and off, if appht&a
Operating engine(s) at maximum takéf 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 belaredsin
accordance with normal operating procedures.

ED Decision 2003/2/RM

An acceptable method of demonstrating that roll response and peak roll rates are adequate for
compliance withCS 25.147(iy as follows:

It should be possible in the conditions specified below to roll the aerogdiame 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 liolg the aeroplane in either direction, and the manoeuvres may be
unchecked.

Conditions:
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(@) Enroute: Airspeed.All speeds between the minimum value of the schedulegdlines
operating climb speed andw/M mo.

Wingflaps. Efroute 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 withCS 25.125(a)(2pr the target threshold speed determined in
accordance withCS 25.125(c)(2)(As appropriate to the method of landing
distance determination used.

Wingflaps. In each landing position.
Air Brales. 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

(@) In establishing the minimum control speeds required by this paragraph, the method used to
simulate critical engine failure must represent tmest critical mode of powerplant failure with
respect to controllability expected in service.

(b)  Vwmcis the calibrated airspeed, at which, when the critical engine is suddenly made inoperative,
it is possible to maintain control of the aeroplane withtleagine still inoperative, and maintain
straight flight with an angle of bank of not more thah 5

(c) Vumcmay not exceed 1-13siwith ¢
(1) Maximum available takeff power or thrust on the engines;
(2) The most unfavourable centre of gravity;
(3) Theaeroplane trimmed for takeff;
(4) The maximum sebevel takeoff weight (or any lesser weight necessary to shaw)V

(5) The aeroplane in the most critical takdf configuration existing along the flight path
after the aeroplane becomes airborne, extepth the landing gear retracted,

(6) The aeroplane airborne and the ground effect negligible; and
(7) If applicable, the propeller of the inoperative engige
(H  Windmilling;
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(i)  Inthe most probable position for the specific design of the propebatrol; or

(i) Feathered, if the aeroplane has an automatic feathering device acceptable for
showing compliance with the climb requirements@$25.121

(d) The rudder forces required to maintain control aidvnay not exceed 667 N (150 Ibf) 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 requireepia@nal piloting skill,
alertness, or strength to prevent a heading change of more th&n 20

(e) Vumce the minimum control speed on the ground, is the calibrated airspeed during theofke
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 th&e wf nosewheel
steering), as limited by 667 N of force (150 Ibf), and the lateral control to the extent of keeping
the wings level to enable the talaf to be safely continued using normal piloting skill. In the
determination of Wicg assuming that theath 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 compled, may not deviate more than 9.1 m (30 ft) laterally from the centreline
at any point. Wiccmust be established, with

(1) The aeroplane in each talaf configuration or, at the option of the applicant, in the
most critical takeoff configuration;

(2) Maximum available takeff power or thrust on the operating engines;

(3) The most unfavourable centre of gravity;

(4) The aeroplane trimmed for takeff; and

(5) The most unfavourable weight in the range of takéweights. (SeAMC 25.149(e)

f  (SeeAMC 25.149() Wci, the minimum control speed during approach and landing with all
engines operating, is the calibrated airspeed at which, when the critical engine sdydobde
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 thanX°must be established
with ¢

(1) The aeroplane in the most critical riiguration (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 unfavowble 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
necessay to maintain a 3 degree approach path angle; and

(6) Goaround power or thrust setting on the operating engine(s).

(@) (SeeAMC 25.149(g)For aeroplanes with three or more enginescd, 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 inoperatigagd maintain straight
flight with an angle of bank of not more thaf. Muc.. must be established with
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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 cafiengine 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 propeler 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
inoperaive engine feathered,;

(6) The power or thrust on the operating engine(s) necessary to maintain an approach path
angle of 3when one critical engine is inoperative; and

(7) The power or thrust on the operating engine(s) rapidly changathediately after the
second critical engine is made inoperative, from the power or thrust prescribed in sub
paragraph (g)(6) of this paragraphgo

()  Minimum power or thrust; and
(i)  Goaround power or thrust setting.
(h)  In demonstrations of McLandVivci2 G
(1) The rudder force may not exceed 667 N (150 Ibf);

(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 nfran initial condition of steady
straight flight, through an angle of 2ih the direction necessary to initiate a turn away
from the inoperative engine(s), in not more than 5 seconds A4€ 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 (3&8&4C 25.149(h)(4)

ED Decision 2003/2/RM

1 The determination of the minimum control speedyd/and the variation of e with available
GKNHz2G0Z YI@ 0S YIRS LINAYIFINRf& o0& YShkya 2F Wwai
is slowly reduced, with the thrust asymmetry already established, until the speed is reached at
which straight flight can no longer be maintaie® ! aAYlFff ydzYoSNJ 2F WReYyl
sudden failure of the critical engine is simulated, should be made in order to check thatdhe V
determined by the static method are valid.

2 When minimum control speed data are expanded for the determamatf minimum control
speeds (includingwé, Muceand Mucy) 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 shouldtnioe 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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ED Decision 2003/2/RM
During detemination of \icg 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 tui¢ghe outside the
aeroplane.

ED Decision 2003/2/RM

1 At the option of the applicant, a orengineinoperative landing minimum control speedyd/
(1 out) may be determined in the conditions appropriate to an approachlanding 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 engifapiplicable, may be feathered throughout.

2 The resulting value ofw (1 out) may be used in determining the recommended procedures
and speeds for a orengineinoperative approach and landing.

ED Decision 2003/2WR

1 At the option of the applicant, a twengineinoperative landing minimum control speed,
Vumce2 (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 tase, 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 M2 or Muctz (2 out) should be used as guidance in determining the
recommended procedures and speeds for a ®mginesinoperative approach and landing.

ED Decision 2003/2/RM

The 20° lateral control demonstration manoeuvre mayflbe/n as a banko-bank roll through wings
level.

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 assuniaddetermining 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-gmund power setting on the operating engine(s).
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CS 25.161 Trim

(@)

(b)

(€)

(d)

(e)

ED Decision 2003/2/RM

General Each aeroplanenust 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.

Lateral and directional tm. 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 ¥r3 t0 uo/M mo).

Longitudinal trim.The aeroplane must maintain longitudinal trim during

(1) A climb with maximum continuous power at a speed not more than 1x3 With the
landing gear retracted, and the widtaps (i) retracted andifiin the takeoff position;

(2) Either a glide with power off at a speed not more than 1s@ \@r an approach within the
normal range of approach speeds appropriate to the weight and configuration with
power settings corresponding to & glidepath, whthever is the most severe, with the
landing gear extended, the wirftaps retracted and extended, and with the most
unfavourable combination of centre of gravity position and weight approved for landing;
and

(3) Levelflight at any speed from 1-3rYto Vuo/M mo, with the landing gear and wiritaps
retracted, and from 1-3 §i1to Vewith the landing gear extended.

Longitudinal, directional, and lateral trimThe aeroplane must maintain longitudinal,
directional, and lateral trim (and for lateral tn, the angle of bank may not exceed) &t
1-3Vsrs during the climbing flight witlg

(1) The critical engine inoperative;
(2) The remaining engines at maximum continuous power; and
(3) The landing gear and wifftaps retracted.

Aeroplanes with founr more enginesEach 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 B 25.123(pr the purpose of establishing the
enroute 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, ditieoally and laterally stable in accordance with the
provisions ofCS 25.1730 25.177 In addition, suitable stability and control feel (static stability) is
required in aiy 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 i€S 25.175the characteristics of the elevator control forces
(including friction) must be as follows:

(@) 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 spétifim 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 ore¥M g whichever is appropriate, or lower than the minimum
speed for steady unstalled flight.

(b) The aispeed must return to within 10% of the original trim speed for the climb, approach and
landing conditions specified @S 25.175(a), (c) and ,(@nd must return to within 7-5% of the
original trim speed for the ciiging condition specified i€S 25.175(bwhen the control force
is slowly released from any speed within the range specified inpaudgraph (a) of this
paragraph.

(c) The average gradient of the stable slopédlw# stick force versus speed curve may not be less
than 4 N (1 pound) for each 11,2 km/h (6 kt). (8&C 25.173(c)

(d) Within the free return speed range specified in squdragraph (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 thetgdaot required to return to
and maintain the desired trim speed and altitude.

ED Decision 2003/2/RM

The average gradient is taken over each half of the speed range between 0-85 angml-15 V

CS 25.17®emonstration of static longitudinal stability

ED Decision 2003/2/RM
Static longitudinal stability must be shown as follows:

(@) Climb The stick force curve must have a stable slope at speeds between 85% and 115% of the
speed at which the aeroplare

(1) Is trimmed withg
(i)  Wingflaps retracted,;

(i) Landing gear retracted,;
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(2)

(i)  Maximum takeoff weight; and

(iv) The maximum power or thrust selected by the applicant as an operating limitation
for use during climb; and

Is trimmed at the speed fdbest rateof-climb except that the speed need not be less
than 1-3 ¥r:

(b) Cruise Static longitudinal stability must be shown in the cruise condition as follows:

(1)

(2)

3)

With the landing gear retracted at high speed, the stick force curve must have la stab
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 meeuhclude
speeds less than 1-3Mnor speeds greater thans¥M g nor speeds that require a stick
force of more than 222 N (50 Ibf)), with

()  The wingflaps retracted,;
(i)  The centre of gravity in the most adverse position (E&25.2)

(i)  The most critical weight between the maximum tadd 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-@albagraph
(iv) above.

With the landing gear retracted at logpeed, 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 thieim speed (except that the speed range need not include
speeds less than 1-FAMnor 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 morehian 222 N (50 Ibf)), with

()  Wingflaps, centre of gravity position, and weight as specified ingardagraph (1)
of this paragraph;

o)
(i)  Power required for level flight at a speed equalte———; and

(i) The aeroplane trimmed for levélight with the power required in suparagraph
(i) above.

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 speedange 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 34 nor speeds greater thany/ nor speeds that require a stick force of
more than 222N (50 Ibf)), withg

()  Wingflap, centre of gravity position, and weight as specified in-gatagraph
(b)(1) of this paragraph;
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(€)

(d)

(i)  The maximum cruising power selected by the applicant as an operating limitation,
except that the power need not exceedattrequired for level flight at ¢ and

(i)  The aeroplane trimmed for level flight with the power required in-galbagraph
(ii) above.

Approach.The stick force curve must have a stable slope at speeds betwggmand 1-7 Yk
with ¢

(1) Wingflaps in the approach position;
(2) Landing gear retracted;
(3) Maximum landing weight; and

(4) The aeroplane trimmed at 1-3sAf with enough power to maintain level flight at this
speed.

Landing The stick force curve must have a stable slope and the stick force may not exceed 356
N (80 Ibf) at speeds betweenyy and 1-7 Ykowith ¢

(1) Wingflaps in the landing position;

(2) Landing gear extended;

(3) Maximum landing weight;

(4) The aeroplangrimmed at 1-3 Vrowith ¢
()  Power or thrust off, and

(i)  Power or thrust for level flight.

CS 25.177 Static directional and lateral stability

(@)

(b)

(c)

ED Decision 2011/004/R

The static directional stability (as shown by the tendency to recover from avitkithe rudder
free) must be positive for any landing gear and flap position and symmetrical power condition,
at speeds from 1-13<%; up to s Mg or B dM rc(as appropriate).

The static lateral stability (as shown by the tendency to raise thvanimg 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 tbaeed not be
considered for wingflaps extended configuaats nor speeds higher thangfor landing gear
extended configurations) in the following airspeed ranges (see AMC 25.177(b)):

(1) From 1-13 Ykito Vmo/M mo..

(2) From \io/Mmoto VedM g unless the divergence gs
()  Gradual;
(i)  Easilyrecognisable by the pilot; and
(i)  Easily controllable by the pilot

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 subdfantia
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) arudder control force of 180 pounds.

This requirement must be met for the configurations and speeds specified ipagalgraph (a)
of this paragraph. (Se&MC 25.177(c)

(d) For sideslip angles greater than those prescribed bypsubgraph (c) of this paragraph, up to
the angle at which full rudder control is used or a rudder control force of 801 N (180 Ibf) is
obtained, the rudder control forces &y 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 Ibf) ; 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 rangemrating speeds and power
conditions appropriate to each landing gear and wilag position with all engines operating.

(SeeAMC 25.177(d)
[Amdt 25/11]

ED Decision 2011/004/R

1 CS 25.177(chequires, 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 operatidhe range of sideslip angles evaluated must
include those sideslip angles resulting from the lesser of: (1)haiffeof the available rudder
control input; and (2) a rudder control force of 180 poun@S 25.177(c3tates, by cross
reference toCS 25.177(ajhat these steady, straight sidgstriteria must be met for all landing
gear and flap positions and symmetrical power conditions at speeds from $:1® Wrs M5
or VedM g 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:

3 = arc sin (30/V)
where

3 = 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 (BBot) crosswind, but has been shovim
conservatively represent (i.e., exceed) the sideslip angles achieved in maximum
crosswind takeoffs 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

Powered by EASA eRules Page2340f 1189 Jan 202!


http://easa.europa.eu/

y Easy Access Rules for Large Aeroplanes -2%L< SUBPART@&FLIGH
o~ E ASA (Amendment 16) STABILI"

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 ith 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 otheconditions 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 Forthe 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 surfaegel or a rudder control force
of 801 N (180 Ibf). 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 dgiavailable 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 rudde 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 progressivebr great
sideslip angles up to the sideslip angle appropriate to the operation of the aeroplane (see
paragraph 2.1) or the sideslip angle associated with-lwalé of the available rudder
control input, whichever is greater.

4.2 When determining the rudder andlaron 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 acceptalsability characteristics.

4.3 In lieu of conducting each of the separate qualitative tests require@$25.177(nd
(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 25.177(c)f the control force
and position versus sideslip indicatessjiive dihedral effect and positive directional
stability, compliance withCS 25.177(a) and (byill have been successfully
demonstrated.”

[Amdt 25/11]

ED Decision 2003/2/RM

1.1 Atsideslip anglegreaterthan 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 Ibf) is obtaine@,S 25.177(dequires that the rudder control forces may not
reverse and increased rudder dettion must be needed for increased angles of sideslip.
The goals of this highg¢han-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 eflection must be needed for increased angles of sideslip, thus
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1.2

1.3

demonstrating freedom from rudder lock or fin stall, and adequate directional stability
for manoeuvres involving large rudder inputs.

Compliance with this requirement should be shown gsstraight, steady sideslips.
However, if full lateral control input is reached before full rudder control travel or a
rudder control force of 801 N (180 Ibf) is reached, the manoeuvre may be continued in a
non-steady heading (i.e., rolling and yawing) raaavre. Care should be taken to prevent
excessive bank angles that may occur during this manoeuvre.

CS 25.177(djtates that the criteria listed in paragraph 1.1 must be met at all approved
landing gear and flapositions 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 allengines operating should be consistent with the following:

a. For takeoff configurations, speeds fromx%kx (airspeed approved for @hgines
operating initial climb) to Mor Mg as appropriate, and takeff power/thrust;

b. For flaps up configurains, speeds from 1.23M0 Vi .eor Vuo/M mo, as appropriate,
and power from idle to maximum continuous power/thrust;

C. For approach configurations, speeds from 1.28&Vee0r s as appropriate, and
power from idle to gearound power/thrust; and

d. For landing configurations, speeds fromeM.3 km/h (5 knots) to M:or V(g as
appropriate, with power from idle to garound power/thrust at speeds fromg¥e
to VedVis and idle power at M:¢9.3 km/h (5 knots) (to cover the landing flare).

2 Full Rudder Sideslips

2.1

2.2

Rudder lock is that condition where the rudder odmlances 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 aeesal 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 contrdbrce of 801 N (180 Ibf)) to investigate the
potential for rudder lock and lack of directional stability.

To check for positive directional stability and for the absence of rudder lock, conduct
steady heading sideslips at increasing sideslip anglésabtaining full rudder control
input or a rudder control force of 801 N (180 Ibf). If full lateral control is reached before
reaching the rudder control limit or 801 (180 Ibf) of rudder control force, continue the
test to the rudder limiting conditioin a nonsteady heading sideslip manoeuvre.

3 The control limits approved for the aeroplane should not be exceeded when conducting the
flight tests required byCS 25.17.7

4 Flight Test Safety Concernn. plannhg for and conducting the full rudder sideslips, items
relevant to flight test safety should be considered, including:

a.
b.

d.

e.

Inadvertent stalls,

Effects of sideslip on stall protection systems,

Actuation of stick pusher, including the effects of sigeon angleof-attack sensor vanes,
Heavy buffet,

Exceeding flap loads or other structural limits,
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Extreme bank angles,

o

Propulsion system behaviour (e.g., propeller stress, fuel and oil supply, and inlet stability),

= Q@

Minimum altitude br recovery,

Resulting roll rates when aileron limit is exceeded, and

- Position errors and effects on electronic or augmented flight control systems, especially
GKSY dzaAy3a GKS FSNRLX FySQa LINRPRdAzOGAZ2Y I ANEAL

CS 25.181 Dynamic stability

ED [Bcision 2003/2/RM

(@) Any short period oscillation, not including combined latafiméctional oscillations, occurring
between 1-13 Yk and maximum allowable speed appropriate to the configuration of the
aeroplane must be heavily damped with the primaoptrols g

(1) Free; and
(2) In afixed position.

(b) Any combined lateraRA NS OG A2y | f 2aO0AftlFGA2ya o Ramki OK NP
maximum allowable speed appropriate to the configuration of the aeroplane must be positively

damped with contrés free, and must be controllable with normal use of the primary controls
without requiring exceptional pilot skill.

ED Decision 2003/2/RM

The requirements o€S 25.184re applicablat all speeds between the stalling speed and M eor
VedM g as appropriate.
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CS 25.201 Stall demonstration

ED Decision 2003/2/RM

(@) Stalls must be shown in straight flight and irf B&nked turns withg
(1) Power off; and

(2) Thepower necessary to maintain level flight at 1-&Nwhere V& corresponds to the
reference stall speed at maximum landing weight with flaps in the approach position and
the landing gear retracted. (SéVIC 25.91(a)(2))

(b) In each condition required by staragraph (a) of this paragraph, it must be possible to meet
the applicable requirements @S 25.20%ith ¢

(1) Flaps, landing gear and deceleration devices in amlylicombination of positions
approved for operation; (Se&MC 25.201(b)(1)

(2) Representative weights within the range for which certification is requested,;

(3) The most adverse centre of gravity for recoveryd
(4) The aeroplane trimmed for straight flight at the speed prescribed$25.103(b)(6)
(c) The following procedures must be used to show compliance @&(25.203

(1) Sarting 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/@ne knot per second) until the aeroplane ialkid.

(SeeAMC 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. (8B 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 neguthat the aeroplane is stalled. (See
AMC25.201(d)) Acceptable indications of a stall, occurring either individually or in
combination, areg

(1) A nosedown 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 recovés initiated. (See
AMC25.201(d)(3)

ED Decision 2003/2/RM

The power for all poweon stall demonstrations is that power necessary to maintain level flight at a
speed of 1-5/sgiat maximum landing weight, with flaps in the approach position and landing gear
retracted, where ¥riis the reference stall speed in the same conditions (except power). The flap
position to be used to determine this power setting is that positiowliich 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.

ED Decision 2003/2/RM

Stall demonstrations for compliance wi@5 25.20%hould include demonstrations with deceleration

devices deployed for all flap positions unless limitations against use of the devices with particular flap
LRAAGAZ2Y A NBE AYLRAaSR® W5 SO0 Dfusedas kil @akes, RIBIGHHAUSIS 4 Q A
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 iBkely to occur in normal operations (e.g. use of extended air brakes during

landing approach).

ED Decision 2003/2/RM

The intent of evaluating higher deceleration rates is to demonstsaffe characteristics at higher rates

of increase of angle of attack than are obtained from the 0.5%rtfisknot 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.

ED Decision 2003/2/RM

1 Thebehaviour 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 autmtic 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
alsoCS 25.1329()

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 gi@nd 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 motitirat is not immediately controllable (provided
the rolling motion complies witleS 25.203(%)

C. For those aeroplanes where stall is defined by full nose up longitudinal control for both forward
and aft C.G., theime 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

(@) It must be possible to produce and to correct roll and yaw by wensed use of aileron and
rudder controls, up to the time the aeroplane is stalled. No abnormal fupspitching may
occur. The longitudinal control force must be positive up to and throughout the stall. In addition,
it must be possible to promptly prevestalling 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 aetape 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 exceedg

(1) Appraximately 60 in the original direction of the turn, or 3 the opposite direction,
for deceleration rates up to 0.5 n¢1 knot per second); and

(2) Approximately 90in the original direction of the turn, or 8 the opposite direction,
for decelerdion rates in excess of 0.5 ni/fl knot per second).

ED Decision 2003/2/RM

1 Static Longitudinal Stability during the Approach to the Staliring the approach to the stall
the longitudinal control pull force should irase 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 nedewn 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 (ak approprite.

2.2 In level wing stalls the bank angle may exceed 20° occasionally, provided that lateral
control is effective during recovery.

3 Deep Stall Penetratio'Where the results of wind tunnel tests reveal a risk of a catastrophic
phenomenon (e.g. supeial, 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 incideageitb
such a phenomenon.

CS 25.207 Stall warning

ED Decision 2015/008/R

(@) 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 straigfitturning
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 warnagyice that requires the attention of the
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(€)

(d)

(e)

()

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 inparagraph (a) of this
paragraph at the speed escribed in sulparagraphs (c) and (d) of this paragrapxcept for

the stall warning prescribed isubparagraph (h)(3)(ii) of this paragraghe stall warning for

flight in icing conditions must be provided by the same means as the stall warningtforirfli
noricing conditions(SeeAMC25.207(b))

When the speed is reduced at rates not exceeding 0.5 (ofe knot per second), stall warning
must begin, in each normal configuration, at a speegy, ¥xceeding the speed at which the
stall is identified in accordance withS 25.201(d)y not less than 9.3 km/h (five &ts) 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. A8&e 25.207(c) and

(d).

In addition to the requirement of subparagraph(c) of this paragraph, when the speed is reduced
at rates not exceeding 0.5 n¥/éone knot per second), in straight flight with engines idling and
at the centreof-gravity position specified i@S 25.103(b)(5Ysw in each normal configuration,
must exceed Ykby not less than 5.6 km/h (three knots) or three percent CAS, whichever is
greater. (SeAMC 25.207(c) and (d)

In icing conditions, the stall warning margin in straight and turning flight must be sufficient to
allow the pilot to prevent stalling (as defined@s 25.201()when the pilot starts a recovery
manoeuvre not lesthan 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 aplane in nonricing conditionsCompliance with this requirement must be
demanstrated in flight with the speed reduced at rates not exceeding 0.5 r(see knot per
second), withg

(1) The most critical of the takeff ice and final takeff ice accretions defined in Appendices
C and O, as applicable, in accordance With25.21(gjor 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 witbS 25.21(gfor the en route configuration;

(3) The most critical of the holding ice accretion(s) defined in Appendices C and O, as
applicable, in accordance witbS 25.21(gjor the holding configuratiofs);

(4) The most critical of the approach ice accretion(s) defined in Appendices C and O, as
applicable, in accordance witbS 25.21(gJor the approach configuration(s); and

(5) The most critical of the landingéa accretion(s) defined in Appendices C and O, as
applicable, in accordance withCS 25.21(g) for the landing and garound
configuration(s).

The stall warning margin must be sufficiémtboth noricing and img conditiongo allow the

pilot to prevent stalling whethe pilot starts a recovery manoeuvrnmt 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 deceleratiaates of at least 1 m/séq2 knots per second)Vhen
demonstrating compliance with this paragraph for icing conditions, the pilot must perform the
recovery manoeuvre in the same way as for thelaine in noricing conditionsCompliance
with this requiranent must be demonstrated in flight witt

(1) The flaps and landing gear in any normal position;

(2) The aeroplane trimmed for straight flight at a speed of 1s3 &hd
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(9)

(h)

(i)

(3) The power or thrust necessary to maintain level flight at 3 V

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).

The following stallwarning 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) defineippendix C, part Il(epnd
Appendix O, part li(drs applicable, in accordance wilts 25.21(g)The stall warning margin

in straight and turning flight mat 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/sec? (one knot per second);

(2) The pilot performs the recovery manoeuvre in thareaway as for flight in noiting
conditions; and

(3) The recovery manoeuvre is started no earlier than:

()  One second after the onset of stall warning if stall warning is provided by the same
means as for flight in neiting conditions; or

(i)  Three seconds after the onset of stall warning if stall warning is provided by a
different means than for flight in neiting conditions.

In showing compliance with subparagraph (h) of this paragraph, if stall warning is provided by
a different means inicing conditions than for neiting conditions, compliance witGS 25.203

must be shown using the accretion defined in appendixat II(e) Compliance with this
requirement must be shown using the demonstration prescribe€By25.20lexcept that the
deceleration rates o€S 25.20&{(2)need not be demonstrated.

[Amdt 25/3]
[Amdt 25/7]
[Amdt 25/16]

ED Decision 2003/2/RM

A warning which is clear and distinctive to the pilot is one which cannot be misinterpreted or
mistaken for any other warning, and wehi, 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 mans, a stick shaker device producing both a tactile and an audible
warning is an Acceptable Means of Compliance.

Where stall warning is provided by means of a device, compliance with the requirement of
C25.21(e)should be established by ensuring that the deviies a high degree of reliability.
One means of complying with this criterion is to provide dual independent systems.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance witB 25.207(cls to consider stall
warning speed margins obtained during stall speed demonstrat©f 25.108and stall
demonstration CS 25.201(x)i.e. bank angle, power and centre of gravity conditions).
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LY FRRAGAZ2YS AF GKS adGrftt 6FNYAyYy3 YIFINBAY Aa Y
stall warning speedhargin required byCS 25.207(should be demonstrated, when the speed

is reduced at rates not exceeding 0.5 A{fsne knot per second), for the mositical 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 tha@madrsetting (flight idle, wing

level), no additional demonstration needs to be done.

2 The stall warning speed margins required ®8 25.207(c) andl)(must be determined at a
constant load factor (i.e. 1g for 207(d)). An acceptable data reduction method is to calculate
k=K a.dC.sw where Gpand Csware the Cvalues respectively at the stall identification and
at the stall warning activation.

3 If the stall warning required bgS 25.20i provided by a device (e.g. a stick shaker), the effect
of production tolerances on the stall warningsgsm should be considered when evaluating the
stall warning margin required B@S 25.207(c) and (dipd the manoeuvre capabilities required

by CS 25.143(g)

a. The stall warning margin required 85 25.207(c) and (dhould 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(cghould 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 @wn at a selected anglef-attack (e.g. a stick pusher), the stall warning margin
required by CS 25.207(cinay be evaluated with both the stall warnirend 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 B5 25.143(gghould 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, tre@noeuvre capabilities
should not be reduced by more than 2 degrees of bank angle from those specified in

CS25.143(q)

c.  The stall warning margingnd 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 obtaied at a different system setting.
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GROUNMBANDLIN&HARACTERISTICS

CS 25.231 Longitudinal stability and control

ED Decision 2003/2/RM

(@) Aeroplanes may have no uncontrollable tendency to nose over in any reasonably expected
operating condition or whenebound occurs during landing or takd. In additiong

(1) Wheel brakes must operate smoothly and may not cause any undue tendency to nose
over; and

(2) If atailwheel landing gear is used, it must be possible, during the-tdikground run on
concrete to maintain any attitude up to thrust line level, at 75% etV

CS 25.233 Directional stability and control

ED Decision 2003/2/RM

(@) There may be no uncontrollable growtwbping tendency in 90cross winds, up to a wind
velocity of 37 km/h (20 kt) or 0-2M 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 vehilstablishing the 9&ross component of wind velocity
required byCS 25.237

(b) Aeroplanes must be satisfactorily controllable, without excapdiiloting 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 powérlandings made in conjunction with other
tests.

(c) The aeroplane must havadequate directional control during taxying. This may be shown
during taxying prior to take@ffs 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 thplaseowhen 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

(&) The following applies:

(1) A 9C cross component of wind velocity, demonstrated to be safe for4afikand landing,
must be established for dry runways and must be at least 37 km/h (20 kt) ors@2 V
whichever is greater, except that it need not exceed 46 km/h (25 kt).

(2) The crosswid component for takeoff established without ice accretions is valid in icing
conditions.

(3) The landing crosswind component must be established for:
(i)  Norricing conditions, and

(i)  Icing conditions with themost critical of thelanding ice accretio®) defined in
appendices @ndQ, as applicable, in accordance Wils 25.21(g)
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[Amdt 25/3]
[Amdt 25/16]
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MISCELLANEOBBIGHREQUIREMENTS

CS 25.251 Vibration and buffeting

ED Decision 2005/006/R

(&) 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 othe aeroplane must be demonstrated in flight to be free from excessive vibration
under any appropriate speed and power conditions updgWps The maximum speeds shown
must be used in establishing the operating limitations of the aeroplane in accordgitite
C25.1505

(c) Except as provided in sydaragraph (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 dlig
any speed up to /M wvo, except that the stall warning buffeting is allowable.

(e) For an aeroplane with greater than 0-6 or with a maximum operating altitude greater than
7620 m (25,000 ft), the positive manoeuvring load factors at which thetasfsperceptible
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, altitualed 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(¢)
[Amdt 25/1]

ED Decision 2003/2/RM

1 Probable Inadvertent Excursions beyond the Buffet Boundary

1.1 CS 25.251(e¥tates that probableinadvertent 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 conditigiisnot be
encountered within the permitted manoeuvring envelope (as defineddsy 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 Inflight tests beyond the buffet onset boundary to satisfy paragraph 1.2, the load facto
should be increased until either

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 forcexicess of 445 N (100 Ibf), or
is impossible because of the limitations of the control system; or
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C. The positive limit manoeuvring load factor established in compliance with

C25.337(b)is achieved.

1.5 Within therange 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 tie instruments or controlling the aeroplane) should be encountered.

2 Range of Load Factor for Normal Operations

2.1 CS 25.251(ekquires that the envelopes of load factor, speed, altitude and weight must
providea 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@f 0-3
without exceeding the buffet onset boundary.

CS 25.253 Highpeed characteristics

ED Decision 2015/008/R

(@) Speed increase and recovery characteristidse following speed increase and recovery
characteristics must be met:

(1) Operating conditions and chasteristics 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 toM¥Mmo. These conditions and characteristics include gust
upsets, inadvertent controinovements, 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 wagroncurs,
it must be shown that the aeroplane can be recovered to a normal attitude and its speed
reduced to Wio/M mo, Without ¢

()  Exceptional piloting strength or skill;
(i)  Exceeding ¥Mp, WbdMpr, Or the structural limitations; and

(i) Buffetingth & ¢2dzZf R AYLI AN GKS LIAf20GQa oAt AGE
the aeroplane for recovery.

(3) With the aeroplane trimmed at any speed up tQdM vo, there must be no reversal of
the response to control input about any axis at any speed up#d/N= Any tendency to
pitch, roll, or yaw must be mild and readily controllable, using normal piloting technigues.
When the aeroplane is trimmed atwdMwmo, the slope of the elevator control force
versus speed curve need not be stable at spagdater than ¥dM g but there must be
a push force at all speeds up tedflpr and there must be no sudden or excessive
reduction of elevator control force as$¥M pris reached.

(4) Adequate roll capability to assure a prompt recovery from a latera¢upendition must
be available at any speed up tedpr (SeAMC 25.253(a)(4)

(5) Extension of speedbrakédlith the aeroplane trimmed at W&/Mwmo, extension of the
speedbrakes over the available range of moeats of the pilots control, at all speeds
above Wio/Mwo, but not so high that M/M pewould be exceeded during the manoeuvre,
must not result in:
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()  An excessive positive load factor when the pilot does not take action to counteract
the effects of extenion;

(i) .dzZFFSOGAYy3a GKIG ¢2dA R AYLI AN GKS LIAf20GQa
the aeroplane for recovery; or

(i) A nosedown pitching moment, unless it is small. (2¢4C 25.253(a)(9)
(6) Reseved

(b) Maximum speed for stability characteristicsdM rc VFdM rcis the maximum speed at which
the requirements ofCS 25.143(g25.147(f) 25.175(b)(1)25.177(a)through (c), and25.181
must be met with wingflaps and landing gear retraceExcept as noted i8S 25.253(¢YrdM rc
may not be less than a speed midway betweei/M moand \bdM pr, except that, for altitudes
where Mach Number is the limiting factor,/¥heed not exceed the Mach Number at which
effective speed warning occurs.

(c) Maximum speed for stability characteristics in icing conditidihe maximum speed for stability
characteristics with the most critical of the ice accretions defined in Appeadtand O, as
applicablejn accordance witliCS 25.21(gat which the requirements &S 25.143(¢g25.147(f)
25.175(b)(1)25.177(a) through (@nd25.181must be met, is the lower of:

(1) 556 km/h (3@ knots) CAS,
(2)  Vegor

(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]

ED Decision 2003/2/RM
An acceptable method of demonstrating compliance v@th 25.253(a)(49 as follows:

1 Establish a steady 20° bankeoin at a speed close topVM pelimited to the extent necessary
to accomplish the following manoeuvre and recovery without exceedi®y/Mr 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 hat 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:
Wingflaps retracted.
Speedbrakes retracted and extended.
Landing gear retracted.

Trim. The aeroplaneitnmed for straight flight at Mo/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 flightxa/M vo, except
that maximum continuous power need not be exceeded; and

(i)  if the effect of power is significant, with the throttles closed.

ED Decision 2003/2/RM
QEGSYy&aArzy 2F {LISSRoNI{1S&d ¢KS F2ft26Ay3 IdzA REY
availableran§ 2 F Y2@SYSy (i a 2 ¥ C3%.853h)yahc2taipfbiide QUudENTN® f ¢ A
demonstrating compliance with this requirement. Normally, the available range of movements of the
LIAf2G0Qa O2yGNRBf AyOfdzRSa (GKS FdzZ f LIKeaAOlft NIy
to stop). Under some @ddzy a i yOSas>s K2gSOSNE (GKS | @FAflrofS N
restricted to a lesser range associated witHlight use of the speedbrakes. A means to limit the
available range of movement to andiight range may be acceptable if it provides wmmistakable
tactile cue to the pilot when the control reaches the maximum allowabl#ight position, and
compliance withCS 25.697(bls shown for positions beyond the-flight range. Additionally, the
applicant's recommended procedures and trainingst be consistent with the intent to limit the-n
flight range of movements of the speedbrake control.

o
y
3

S
J

CS 25.697(kequires that lift and drag devices intended for ground operation only must have means

to preventthe inadvertent operation of their controls in flight if that operation could be hazardous. If
speedbrake operation is limited to andlight range, operation beyond the-ftight range of available

movement of the speedbrake control must be shown to k@ hazardous. Two examples of
acceptable unmistakable tactile cues for limiting thdlight 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 notan acceptable means of compliance to restrict the use of, or available range of,

GKS LAft2G0Qa O2yiNRt az2ftSte o6& YSIya 2F |y | SNRLIX

The effect of extension of speedbrakes may be evaluated during other pgtul $esting and during

the development of emergency descent procedures. It may be possible to infer compliancgSvith
25.253(a)(5)by means of this @sting. 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 2.0déwmose
pitching moment may be regarded as small if it necessitates an incremental control force of less than
89 N (20 Ibf) to maintain 1g flight. These values may not be appropriate for all aeroplanes, and depend
on the characteristics of the particular aerapk 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 @S 25.253(a)(5)

CS 25.255 Owf-trim characteristics

ED Decision 2003/2/RM

(@) From an initial condition with the aeroplane trimmed at cruise speeds upnigMmo, the
aeroplane must have satisfactory manoeuvring digband controllability with the degree of
out-of-trim in both the aeroplane nosap and nosedown directions, which results from the
greater ofg

(1) A threesecond 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 poweperated trim system), except as limited by g0
in the trim system, including those required 8% 25.655(Hpr adjustable stabilisers; or
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(b)

(€)

(d)

(e)

(f)

(2) The maximum mistrim that can be sustained by the autopilot while maintaining level
flight in the high speed cruisirgpndition.

In the outof-trim condition specified in suparagraph (a) of this paragraph, when the normal
acceleration is varied from + 1 g to the positive and negative values specifiedpasigyaph
(c) of this paragraph

(1) The stick force vs. gurve must have a positive slope at any speed up to and including
VedM =] and

(2) Atspeeds between”dM rcand \bFM pr, the direction of the primary longitudinal control
force may not reverse.

Except as provided in stgaragraphs (d) and (e) of thiparagraph compliance with the
provisions of suiparagraph (a) of this paragraph must be demonstrated in flight over the
acceleration range

(1) c¢lgto2:5g;or
(2) 0gto2-0g, and extrapolating by an acceptable methagtq and 2-5 g.

If the procedure set forth in suparagraph (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 ndracaeleration at
which a marginal condition is found to exist to the applicable limit specified ispatdgraph
(c)(1) of this paragraph.

During flight tests required by subparagraph (a) of this paragraph the limit manoeuvring load
factors prescribedn CS 25.333(band 25.337 and the manoeuvring load factors associated
with probable inadvertent excursions beyond the boundaries of the buffet onset envelopes
determined uner CS 25.251(eneed 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 withenteeding WM pr

In the outof-trim condition specified in suparagraph (a) of this paragraph, it must be possible
from an overspeed condition aib¥M pr, to produce at least 1-5 g for recovery by applying not
more than 556 N (125 Ibf) of longituwil 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
VodM prthat the longitudinal trim can be actuated in the aeroplane napedirection with the
primary surface loaded to correspond to the least of the following aeroplane-npsmntrol
forces:

(1) The maximum control forces expected in service as specifi€®if5.304nd 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 deteent to further application of primary longitudinal control force.

ED Decision 2003/2/RM
Amount of Ouof-trim Required

1.1 The equivalent degree of trim, specified@$ 25.255(a)(1pr aeroplanes which do not
have a poweioperated longitudinal trim system, has not been specified in quantitative
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1.2

terms, and the particular characteristics of each type of aeroplane must be considered.
The intent of the requirement is that a reasonable amount of-ofatrim should be
investigated, such as might occasionally be applied by a pilot.

In establishing the maximum mistrim that can be sustained by the autopilot the normal
operation of theautopilot and associated systems should be taken into consideration.
Where the autopilot is equipped with an autom function the amount of mistrim which
can be sustained will generally be small or zero. If there is no-taumtofunction,
consideration bould be given to the maximum amount of eof-trim which can be
sustained by the elevator servo without causing autopilot disconnect.

2 Datum Trim Setting

2.1

2.2

For showing compliance witBS 25.255(b)(1pr speedsup to Muo/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.

For showing compliance witBS 25.255(b)(Xpr speeds from VWio/M mo to VedM e and
for showing compliance witiES 25.255(b)(nd (f), the datum trim setting should be
the trim setting required for trimmed flight at\ws/M wo.

3 Reversal of Primary Longitudinal Qohtforce at Speeds greater thagdM rc

3.1

3.2

3.3

CS 25.255(b)(2kquires that the direction of the primary longitudinal control force may
not reverse when the normal acceleration is varied, for +1 g to the positiveegative
values specified, at speeds above/Mec 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 pointHggee 1).

Pull — Acceptable characteristics
Unacceptable characteristics
Stiok /':-\\\
Force 0 ! U
1-0 20 v 25
Load Factor 5
Push -
FIGURE 1

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 nosg direction and a change in aiaft load factor

in the positive direction, and a forward movement of the control column should change
the aircraft load factor in the negative direction.

It is further intended that reversals of direction of stick force with negative -fticte
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 abaiid A

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. Cdiotrme
characteristics as shown in Figure 3, may be considered acceptable, provided that the
control sensing does not reverse (see paragraph 3.2)

Pull — Unacceptable control force Pull -, Acceptable control force
reversal with mistrim less characteristic with mistrim less
than maximum required \ than maximum required
gﬂck N_ Stick \
orce = =~ F
0 g T A N "o [ T !
10 15 - 20 25 2.0 2.5
Pre Load Factor Load Factor
-~
-
-
-
-7 Stick force
2 N Stick force
y versus load factor with § versus load factor with
- maximum required maximum required
nose-up mistrim nose-up mistrim
Push Push J
FIGURE 2 FIGURE 3

4 Probable Inadvertent Excursions beyond the Boundaries of the Buffet @nsetopes.
C25.255(e) states that manoeuvring load factors associated with probable inadvertent
excursions beyond the boundaries of the buffet onset envelopes determined under
CX5.251(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 TriBystem to Assist Recovery

5.1

52

CS 25.255(fequires the ability to produce at least 1-5 g for recovery from an overspeed
condition of \b(dM pg using either the primary longitudinal control alone or the primary
longtudinal 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 Ibf) of
longitudinal control force using the primary longitudinal control alone.

Recovery capability is generally critical at altitudes where airspegiliéMimiting. If at
higher dtitudes (on the Mrboundary) 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
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 M/M ps and the normal acceleration should be measured &= te
VodM pras is practical.
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GENERAL

CS 25.301 Loads

ED Decision 2005/006/R

(@) Strength requirements are specified in terms of limit loads (the maximum loads to be expected
in service) and ultimate loads (limit loads multiplied gngscribed factors of safety). Unless
otherwise provided, prescribed loads are limit loads.

(b) Unless otherwise provided the specified ajround, and water loads must be placed in
equilibrium with inertia forces, considering each iteshmass in the a@plane. These loads
must bedistributed to conservatively approximate or closedpresent actual conditions. (See
AMC No. 1 to CS 25.301)ylethods used to determine loadtensities and distribution must
be valicated byflight load measurement unless the methods useddetermining those loading
conditions are shown to beeliable. (Se&MC No. 2 to CS 25.301{b)

(c) If deflections under load would significantly changedisribution of external or internal loads,
this redistribution must be taken into account.

[Amdt 25/1]

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]

ED Decision 2005/006/R
1. PURPOSE

This AMC sets forth an acceptable means, but nobtiig means, of demonstrating compliance
with the provisions of G35 related to the validation, by flight load measurements, of the
methodsused for determination of flight load intensities and distributions, for large aeroplanes.

2.  RELATED CERTIFICASISIRECIFICATIONS
CS25301(H [ 2 Raé
CS25458 { LISOALf 5S@OA0OSa¢
3.  BACKGROUND

(@) CS25 stipulates a number of load conditions, such as flight loads, ground loads,
pressurigtion loads, inertia loads and engine/APU loa@$ 25.30%equires methods
used to determine loadntensities and distributions to be validated by flight load
measurements unless the methods used for determiningséhtbading conditions are
shown to be reliable. Although this appliesdth load conditions of C&5, 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
requiresdetaied knowledge of air loads, mass, stiffness, damping, flight control system
characteristicsetc. Each of these steps and items may involve its own validation. The
scope of this AMGowever is limited to validation of methods used for determination of
loads intensities andlistributions by flight load measurements.

() .@ NBFSNBYyOS (2 OJES 25R01(¥ne tfis AVE aré IvitSnidldd 20R & ¢ >
convey avalidation of the complete package of elements involvedthia accurate
representation of loadsjncluding input data and analytical process. The aim is to
demonstrate that the complete packagelivers reliable or conservative calculated loads
for scenarios relevant to €5 flight loadgequirements.

(d) Some masurements may complement (or sometimes even replace) the results from
theoreticalmethods and models. Some flight loads development methods such as those
used to developbuffeting loads have very little theoretical foundation, or are methods
based direct on flightloads measurements extrapolated to represent limit conditions.

4. NEED FOR AND EXTENT OF FLIGHT LOAD MEASUREMENTS
4.1. General

(@) The need for and extent of the flight load measurements has to be discussed and
agreed between the Agency and Appant on a case by case basis. Such an
assessment should HEsed on:

() a comparison of the design features of the aeroplane under investigation
with previously developed (by the Applicant) and approved aeroplanes. New
or significantly different desigieatures shald be identified and assessed.

(i GKS LILX AOlIyGQa LINBOA2dza SELISNASYyOS
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 dwls of aeroplanes. The validation
should have been by a flight load measurement program that was conducted
by the Applicant and found acceptable to th&gency for showing
compliance.

(iif)  the sensitivity to parametric variation and continued applicapilif the
analytical method and/or wind tunnel test data.

(b) Products requiring a new type certificate will in general require fiight
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 loadvalidation 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 Typeertification flight loads substantiation for that
airplane, will be required to develop flight loads analyses, as necessary, to
substantiate thechange.

In general, the loads analyses will require validation and may require flight test
loads measurementss 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 significatly different design featurs.
Examples of new or significantly different design featunetuide, but are not limited to:
- Wing mounted versus fuselage mounted engines;
- Two versus three or more engines;
- Low versus high wing;
- Conventional versus-fhil empennage;
- First use of signifamt 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;
- Significanthanges in power plant installation/configuration;
- Large change in the size of the aeroplane.
4.3. Other considerations

(@) Notwithstanding the similarity of the aeroplane or previous load validation flight
test experience of the Applicant, the local dtsaon the following elements are
typically unreliably predicted and may require a measurement during flighg:tes

- Loads on high lift devices;

- Hinge moments on control surfaces;

- Loads on the empennage due to buffeting;
- Loads on any unusual device.

(b) Fornon-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 predit the appropriate design load.

5. FLIGHT LOAD MEASUREMENTS

5.1. Measirements.

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 parametengcessary to correlate the analytical model with flight
test results;

- High lift devices loads and positions;
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5.2.

5.3

54.

- Primary control surface hinge moments and positions;

- Unsymmetric loads on the empennage (due to rolllyaw manoeuvres and
buffeting);

- Local strains 10response measurements in cases where load calculations or
measurements are indeterminate or unreliable.

Variation of parameters.

The test points for the flight loads measurements should consider the variation of the
main parameters affecting the dols 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/downwithin 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.

Conditions.

In the conduct of flight load measurements, conditions used t@iobflight loads may
include:

- Pitch manoeuvres including wing turns, pulups and pustdowns (e.g. for wing
and horizontal stabiliser manoeuvring loads);

- Stall entry or bifet 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 he 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 parpo

of flight loads validation.

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 fligt 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 dimearities, establishment of
flight/ground zero reference, and large local loadsch 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 strasuge and pressure
measurements.

6.3. Quality of correlation.

A given correltion 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 ohe calibration test programme.

Useful guidance on the calibration and selection of strain gauge installations in aircraft
structures for fligh loads measurements can be found, but not exclusively, in the
following references:

1. Skopinski, T.H., William S. Aiken, Jr., and Wilbur B. Huston,

G/ F £ Ao NI (-Gade/nstalmtiods in MikciafyStructures for Measurement of
Flightf 2+ Raé¢ >~ b! /! wSLER2NI MmTyX mMdbpn®

2. {A3FdNR ! @ bStazy LLX a{dNIXAy DI3IS {StSO
TfA2NAGKYES bl {! [/ 2yd3da500chHber 9R1LI2 NI np dT

6.4. Outcome of comparison / correlation.

Whatever the degree of correlmin 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 conditionto the design load conditions.

If the correlation is poor, and especially if the brsés 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:

(@) If the level of discrepancy varies with the Mach number of the conditican the
Mach corrections ned 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 distributied ne
to be evaluated and amended.

[Ama 25/1]

CS 25.302 Interaction of systems and structures

ED Decision 2005/006/R

For aeroplanes equipped with systems that affgtctictural performance, either directly or as a result
of a failure or malfunction, the influence of thesgstems andheir failure conditions must be taken
into account when showing compliance with tregiuirements of Subparts C andAppendix Kof CS

25 must be used to evaluate the structupsrformance of aeroplanes equippedttvthesesystems.

[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 condisigerescribed 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

(@) The structure must be able to support limit loads without detrimental permanent miefédion.
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 sitimgiactual 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 mbiite load strength requirements, it must
be shown that;

(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 dfiects 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 effedsthis rate of application must be considered.

(d) Reserved

(e) The aeroplane must be designedwithstand any vibration and buffeting that mightcur in
any likely operating condition up tool p, including stall and probable inadvertent excursions
beyond the boundaries of the buffet onset envelopehis must be shown by analysis, flight
tests, or othertests found necessary by the Agency.

()  Unless shown to be extremely improbablee aeroplane must be designed to withstand any
forced structural vibation resulting from any failurenalfunction or adverse condition in the
flight control system. These loads must be treated in accordanith the requirements of
C25.302

[Amdt25/1]

CS 25.307 Proof of structure

ED Decision 2005/006/R

(@) Compliance with the strength ardéformation requirements of this Subpart must sigown for
each critical loading condition. Structuealalysis may be used only if the structure confotmns
that for which experience hashown this methodo be reliable. In other cases, substantiating
testsmust be made to load levels that are sufficientverify structural behaviour up to loads
specified inCS 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
C325.305(b)for flight structures, appropriate material correction factors must be applied to
the test results, unless the structurer 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]

ED Decision 2005/006/R

1.  Purpose
This AMC establishes methods of compliance ®i#h25.30Avhich specifies the requirements
for Proof of Structure.

2. Related Certification Specifications
CS2530&aCl OG2N) 2F al FSde¢
CS25306{ GNBY3IGK YR RSTF2N¥IGA2YE
CS25650t NP2F 2F AGNBYy3IiIKE

3. Definitions

3.1. Detail. A structural elementfaa more complex structural member (e.g. joints, splices,
stringers, stringer rwouts, or access holes).

3.2. Sub Component. A major threBmensional structure which can provide complete
structural representation of a section of the full structure (egjub-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 ewvédice. 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 similarcomparable 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 Evidenc@esting of the original structure that is sufficient to mer
structural behaviour in accordance wi@t 25.305
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4, Introduction

As required by subparagraph (a)@$ 25.307%he structure must be shown to comply with the
strengthand deformation requirements of Subpart C ofZ55 This means that the structure
must:

(@) 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 cqmehensive assessment of thexternal loads (addressed by
C25.301), the resulting internal strains and stresses, and the structural allowables.

CS 25.307equires compliance for each critical loading condition. @liance 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 undeirsgeaftheir
limitations, are considered reliable analyses when showing compliance @&h25.307
Conservative assumptions may be considered in assessing whether or not an analysis may be
accepted without test subantiation.

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 grot in the utilisation of such
methods should be considered.

5. Classification of structure

(@) 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. Element
that should be considered are

()  The accuracy/conservatism of the analytical methods, and

(i)  Comparison of the structure under investigation with previoushtéd 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, geomsetryctural 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 beonsidered in deciding the need for and the extent of testing
including the load levels to be achieved:

(@)
(b)

(€)

The classification of the structure (as above);

The consequence of failure of the structure in terms of the overall integrity of the
aeroplane;

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 gmhe selected:

(@)

(b)

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 rquires testing of suttomponents, 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 benet 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 &S 25.305(and to provide vidation 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 applidils & 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 stsdmponent tests. An envelope
approach may be taken, where a combination of differieaid cases is applied, each one
critical for a different section of the structure.

These limit and ultimate load tests may be supported by detail aneteniponent tests
that verify the design allowables (tension, shear, compression) of the structureftamd
provide some degree of validation for ultimate strength.

Analysis valigted by previous test evidencand supported with additional limited
testing. This is typically the case for Similar New Structure.

The extent of additional limited testing mber 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 tesalidated finite element model (e.g. different rib spacing)
additional testing may beeeded. Previous test evidencan be relied upon whenever
practical.
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(c)

(d)

These additional limited tests may be further supported by detail andceuponent
tests that verify the dsign allowables (tension, shear, compression) of the structure and
often provide some degree of validation for ultimate strength.

Analysis, supprted by previous test evidencdhis is typically the case for Derivative/
Similar Structure.

Justificationshould be provided for this approach by demonstrating how phevious
static test evidencevalidates the analysis and supports showing compliance for the
structure under investigation. Elements that need to be considered are those defined in

paragraphs &)(i) and (ii).

For example, if the changes to the existing design anduaiglated 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 efahalysis 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, spgaf structural members, etc.)
remain generally the same, the revised analysis could be considered reliable based on the
previous validation.

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
strengh and deformation requirements of €% 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 S 25.307(d)n lieu of aational 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.

Interpretation of Data

The interpretation of thesubstantiation 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 setup (fixture, load introdutions) ;
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
appropriateaction 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 Ehimelude 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 additionaésting to ensure ultimate load capability, depends on the
degree to which the failure is understood and the analgsin be validated by the test.

[Amdt 25/1]
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FLIGHTOADS

CS 25.321 General

(@)

(b)

(€)

(d)

ED Decision 2003/2/RM

Flight load factors represent thetra 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.

Consideringompressibility effects at each speed, compliance with the flight load requirements
of this Subpart must be shown

(1) At each critical altitude within the range of altitudes selected by the applicant;

(2) At each weight from the design minimum weight tbe 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.

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.

The significant forces acting on the aeroplane must be placed in equitibriva 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 mamts, 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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FLIGHMANOEUVRENDGUSTCONDITIONS

CS 25.331 Symmetric manoeuvring ditrons

ED Decision 2013/010/R

(@) ProcedureFor the analysis of the manoeuvring flight conditions specified irpaudgraphs (b)
and (c) of this paragraph, the following provisions apply:

(1) Where sudden displacement of a control is specified, tlseiaed 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 sukparagraphs (b)rad (c) of this paragraph, the effect of corresponding
pitching velocities must be taken into account. Thetrim and outof-trim flight
conditions specified I€S 25.258ust be considered.

(b) Manoeuvring balaned conditions. Assuming the aeroplane to be in equilibrium with zero
pitching acceleration, the manoeuvring conditions A through | on the manoeuvring envelope in
CS 25.333(bjpust be investigated.

(c) Manoeuvring giching conditionsThe following conditions must be investigated:

(1) Maximum pitch control displacement aik.VThe aeroplane is assumed to be flying in
steady level flight (point AICS 25.333(b)and the cockpit ibch 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.geexrs the positive limit
manoeuvring load factor (at point A2 @S 25.333(b) or the resulting tailplane normal
load reaches its maximum, whichever occurs first, need not be considSesAMC

25.331(c)(1)

(2) Checked manoeuvre betweepand \b. Nose up checked pitching manoeuvres must be
analysed in which the positive limit load factor prescribe€$ 25.37 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 suaragraphs (i), (ii), (i) an(iv) of this paragraph must
be used:

(SeeAMC 25.331(c)(3)

()  The aeroplane is assumed to be flying in steady level flight at any speed between
Vaand \s and the cockpit pitch control is moved in accordance \lih following
formula:

160 1 OBIoOQé¢m o6 0
where:
1 M tiie 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 accadance withCS 25.397(b)
1odGo I' GKS RA&LIX I OSYSyid 2F GKS 0201 LMAG |
AYAGALFE RANBOGA® YL Y 0lIKS AN d SINEAST SARRA NIRO
truncated at the maximum ailable 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 witlCS 25.397(b)

tmaxI O  KH. T

I'the circular frequency (radiaf@econd) 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:

W -
— 1 0 Q QWi G’
1 % Qw 0
where:
V = the speed of the aeroplane at entry to the manoeuvre.

Va= the design manoeuvring speed prescribeii 25.335(c)

(i)  For noseup pitching manoeuvrethe 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 @5 25.33i5 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.

(i) In addition, for cases where the aeroptaresponse 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:

170 1 OBTOQE¢EM o 0O
170 7 QD O O
170 1 OBTo 6 0 Qb 0o 0

where:
tl = _/2.
t2 = tlb k l:l

thax=t2b ~ K. T

k G thelminimum 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 (seégure 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 atcoun

(v)  Aeroplane loads that occur beyond the following times need not be considered:

(A) For the noseup pitching manoeuvre, the time at which the normal
acceleration at the c.g. goes below 0g;

(B) For the nosedown pitching manoeuvre, the time at whicheahnormal
acceleration at the c.g. goes above the positive limit load factor prescribed
in CS 25.337
(C) tmax.
[Amdt 25/13]

ED Decision 2013/010/R

The plysical 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]

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 digplacement rate of the servo
controls, and control law limitrs, 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 cockpdntrol devices, the circular frequency of
0KS Y20SYSyd 2F (GKS O201LMA0G O2yiNRf WwW.Q akKlff
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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

(@) General.The strength requirements must be met at each combination of airspeed and load
factor on and within the bound#es of the representative manoeuvring envelopen(diagram)
of subparagraph (b) of this paragraph. This envelope must also be used in determining the
aeroplane structural operating limitations as specifie€#&25.1501

(b)  Manoeuvring envelopéSeeAMC 25.333(h)

3 4 +C, max

WING-FLAPS UP
A D, D2

5 J +C, max

WING-FLAPS

c
-
e
R I s
a |
< |
S | |
0 “! = =7
‘EQUIVALENT’ AIR SPEED I E
|
|
-1 4+
H F
—C, max
WING-FLAPS UP
[Amdt 25/11]
[Amdt 25/13]

ED Decision 2013/010/R

For the calculation of structural design speeds, the stalling spegd@ \4; 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 ggnaphsCS 25.333(bLS 25.335CS 25.335(c)(d)(e),
CS 25.479(apndCS 25.481(a)(1)

[Amdt 25/13]
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CS 25.335 Design airspeeds

ED Decision 2013/010/R

The selected dégn airspeeds are equivalent airspeeds (EAS). Estimated valugsnfl W5 must be
conservative.

(@) Design cruising spegdc For , the following apply:

(1) The minimum value of dMmust be sufficiently greater thang¥ provide for inadvertent
speed increases likely to occur as a result of severe atmospheric turbulence.

(2) Except as provided in stgaragraph 25.335(d)(2) cvhay not be less thangw 1-32 U
(with Uer as specified in suparagraph25.341a)(5)(i) However, ¥need not exceed the
maximum speed in level flight at maximum continuous power for the corresponding
altitude.

(3) At altitudes where Yis limited by Mach number,dmay be limited to a selected Mach
number. (Se€S 25.150%

(b) Design dive speedpMb must be selected so thatd cis not greater than 0-83Mp, or so
that the minimum speed margin betweendMc and \WMp is the greater of the following
values:

(1) () Foraeroplanes not equipped with a high speed protection function: From an initial
condition of stabilised flight atdM ¢, the aeroplanés upset, flown for 20 seconds
along a flight path 7-5° below the initial path, and then pulled up at a load factor of
1.5g (0-5 g acceleration increment). The speed increase occurring in this
manoeuvre may be calculated if reliable or conservative agnathic data issued.
Power as specified i8S 25.175(b)(1)(iig assumed until the pullup is initiated, at
which time power reduction and the use of pilot controlled drag devices may be
assumed;

(i) For aeroplanes quipped with a high speed protection function: In lieu of
subparagraph (b)(1)(i), the speed increase abay®l¥resulting from the greater
of the following manoeuvres must be established:

(A) From an initial condition of stabilised flight aM ¢, the agoplane 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 adad factor of 1.5 g (0.5 g acceleration increment), or such
greater load factor that is automatically applied by the system with the
LAt 20Qa LIAGOK O2yGNRBf ySdziNlfd ¢KS
may be calculated if reliable or conservatimerodynamic data is used.
Power as specified i8S 25.175(b)(1)(il9 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 belw VJM ¢, with power to maintain stabilised level flight at
this speed, the aeroplane is upset so as to accelerate throwi\at a
flight path 15° below the initial path (or at the steepest nose down attitude
that the system will permit with full contraduthority if less than 15°). Pilot
controls may be in neutral position after reachingWcand before recovery
is initiated. Recovery may be initiated 3 seconds after operation of high
speed, attitude, or other alerting system by application of a loadoiaof
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1.5 g (0.5 g acceleration increment), or such greater load factor that is
Fdzi2YlF GAOLFEte&e | LIXASR o0& GKS agadsSy
Power may be reduced simultaneously. All other means of decelerating the
aeroplane, the use of wbln 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 (SEEC 25.335(b)(1)()i)

(2) The minimum speed margin raube 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 margirt altitude where M 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 thaf.05M. (SeMC 25.335(b)(2)

(c) Design manoeuvring spegdh. For \ the following apply:

(1) Vamay not be less thansyvkn where¢
()  nis the limit positive manoeuvring load factor a ¥ind
(i)  Vsiis the stalling speed with wiriipps retracted.
(2) Vaand \&must be evaluated at the design weight and altitude under consideration.

(3) Vaneed not be more thandbr the speed at which the positivei&xcurve intersects the
positive manoeuvre loadattor line, whichever is less.

(d) Design speed for maximum gust intensity, V
(1) Vemay not be less than
, 07 @b
W p —
T
where¢

Vs = the 1-g stalling speed based omdzaxWith the flaps retracted at the particular
weight under cosideration;

Guamax= the maximum aeroplane normal force coefficient;
V. = design cruise speed (knots equivalent airspeed);

Uer = the reference gust velocity (feet per second equivalent airspeed) from
C325.3418)(5)(i)

w = average wing loading (pounds per square foot) at the particular weight under
consideration.

densify of air (slugs/®:
¢ = mean geometric chord of the wing (feet);

g = acceleration due to gravity (ft/ség

Q

= slope of the aeroplane normal force coefficient curveg, &r radian;
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(2) At altitudes where Vis limited by Mach number

() Ve may be chosen to provide an optimum margin between low and high speed
buffet boundaries; and,

(i)  Veneed not be greater thany/
(e) Design wingflap speeds, ¥For \ the following apply:

(1) The design windlap speed for each wintfap position (stablished in accordance with
CS 25.697(3)must be sufficiently greater than the operating speed recommended for
the corresponding stage of flight (including balked landings) to allow for probable
variations in conbl of airspeed and for transition from one wifigp position to another.

(2) If an automatic winglap positioning or load limiting device is used, the speeds and
corresponding wingdlap positions programmed or allowed by the device may be used.

(3) Vemay not be less than
()  1-6 \&with the wingflaps in takeoff position at maximum takeff weight;
(i)  1-8\4with the wingflaps in approach position at maximum landing weight; and
(i)  1-8 \&owith the wingflaps in landing position at maximum ling weight.

() Design drag device speeds;nVThe 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 devicesiigel for use in high speed descents,
Vbomay not be less thanpVWhen 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 dgs.

[Amdt 25/13]

ED Decision 2013/010/R

In any failure condition affecting the high speed protection functitve conditions as defined in
C25.335(b)(1)(iistill remain applicable.

It implies that a specific value, which may be different from tB# value in normal configuration,
has to be associated with this failure condition for the definition of loads related/td 3/as well as

for the justification toCS 25.629However, the strength and speed margin required will depend on
the probability of this failure condition, according to tbeteria ofCS 25.302

Alternatively, the operating speedudM mo may be reduced to a value that maintains a speed margin
between io/Mwmo and \W/Mp that is consistent with showing compliance wits 25.335(b)(1)(ii)
without the benefit of the high speed ptection system, provided that:

(@) 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 muselannounced to the pits, and:

(c) Aeroplane flight manual instructions should be provided that reduce the maximum operating
speeds, Mo/M wvo.

[Amdt 25/13]
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ED Decision 2006/005/R

1. PURPOSHhis AMC sets forth an acceptable means, but not the only means, of demonstrating
compliance with the provisions of @S related to the minimum speed margin between design
cruise speed and design dive speed.

RELATED CERTIFICATION SPECIFICASIZINESDesign airspeeds".

3. BACKGROUNIZS 25.335(bjequires the design dive speedp,\Vof the aeroplane to be
established so that the design cruise speed is no grehter 0.8 times the design dive speed,
or that it be based on an upset criterion initiated at the design cruise speedt\Altitudes
where the cruise speed is limited by compressibility effdC& 25.335(b)(2¢quires 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 variatiofifis 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
C5.335(b)(2nay be shown by providing a margin betweefM/cand \WM p sufficient
to provide for the following atmospheric conditions:

(1) Encounter with a Horizontal Gusthe effect of encounters with a substantially
headon gust, assumed to aattthe 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 nmD(@00 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 assumbdild 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 paragraplicrare world
wide extreme values.

(i)  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 in
regions of changing wind speed. The horizontal windshear region is assumed
to have no significant vertical gradient of wind speed.

(i)  Vertical windshear is the rate of change of horizontal wind speed with
altitude. Encounters with windshear changeetheroplane 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 &ect on an aeroplane in level flight.

(iv)  With the aeroplane at ¥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 WindsheafThe 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 heigimdboso
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 heidband 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 Rempn

Altitude ¢
:
A | ]
|
|
Height Band!
|
Ref.erence 1 Wind
Altitude Speed
Height Band
B ——

Note: The analysis should be conducted by separately descending
FNRY LRAYG a!é YR Of AYOAyY3
increasing headwind.

Table 1- Vertical Windshear Intensity Characteristics

Height Band Ft.

1000 3000 5000 7000
Reference Vertical Windshear
Altitude - Ft. 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, recovergtin 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 overspeedrming 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 speetgin of .07 Mach
between Mcand Mvis considered sufficient without further investigation.

[Amdt 25/2]

CS 25.337 Limit manoeuvring load factors

ED Decision 2003/2/RM

(@) Except where limited by maximum (static) lift coefficients, the aeroplane is as$umbe
subjected to symmetrical manoeuvres resulting in the limit manoeuvring load factors
prescribed in this paragraph. Pitching velocities appropriate to the correspondinrgppathd
steady turn manoeuvres must be taken into account.

(b) The positivef A YA G YIy2SdzZNRAy 3 f 21 R Frha) tod belledsyfr@an F2 NJ |
Cp SEOSLI GKIFG wyQ YlLé y2i 0SS tSag GKIFy
GKSNB w2 Q A& (KS-ofR@ighh@@y YI EAYdzy GF 1S

(c) The negative limit mareuvring load factor,

(1) May not be less thagl-0 at speeds up todvand
(2) Must vary linearly with speed from the value att¥' zero at .

(d) Manoeuvringload 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.

ED Decision 2003/2/RM

The load factor boundargf the manoeuvring envelope is defined B5 25.337(b) and (c is
NEO23ayAaSR (KIFd O2yaidNrAyida 6KAOK Ylreée fAYAG GKS
load factor boundary may be taken into acooun 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 aircrafi#, mechanical and/or aerodynamic
limitations of the pitch control, and limitations defined within anigfit control software.]

CS 25.341 Gust and turbulence loads

ED Decision 2012/008/R

(@) Discrete Gust Design Criteffdhe aeroplane is assumed to be subjected to symmetrical vertical
and lateral gusts in level flight. Limit gust loads must be determinext@ordance 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 includinggid body motions.

(2) The shape of the gust must be taken as follows:

Y —p Al & F2NIn X & X HI
Y o for s > 2H
wherecg

s =distance penetrated into the gust (metre);

Uss= the design gust velocity in equivalent airspeed spetifresubparagraph (a) (4) of
this paragraph;

H =G6KS 3dzad 3INIRASY(l 6KAOK Aa GUKS RA&GFYyOS
path for the gust to reach its peak velocity.

(3) A sufficient number of gust gradient distances in the range 9 nig@) to 107 m (350
feet) must be investigated to find the critical response for each load quantity.

(4) The design gust velocity must be:
Y Y 0 —

wherecg

Urer = the reference gust velocity in equivalent airspeed defined ingafagraph (a)(5)
of this paragraph;

F, = the flight profile alleviation factor defined in syfmragraph (a)(6) of this
paragraph.

(5) The following reference gust velocities apply:

(i)  Ataeroplane speeds betweerns®nd \& Positive and negative gusts wittference
gust velocities of 17.07 m/s (56ftls) EAS must be considered at sea leVdie
reference gust velocity may be reduckdearly from 17.07 m/s (56.0 ft/s) EAS at
sea level ® 13.41 m/s (44.0 ft/s) EAS 4572 m (1900 ft). The reference gust
velocity may be further reduced linearfisom 1341 m/s (44.0 ft/s) EAS at 4572
(15000 ft) to 6.36 m/s (20.86 ft/sec) EAS1&8288 m (6MO0 ft).

(i) At the aeroplanalesign speed 3/ The reference gust velocity must be 0-5 times
the value obtained unde€S 25.341(a)(5)(i)

(6) The flight profile alleviation factorgFmust be increased linearly from the sea level value
to a value of 1.0 at the maximum operating altie defined inCS 25.1527At sea level,
the flight profile alleviation factor is determined by the following equation.

O m» 0 O

where¢

P x(pQQHO P CUMTT

O YYoE Y N
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(b)

0 0 Qabddes QR WO
0 OwQAFEQR "XNEQ
0 0O QadAIG DA 0
0 O QATEAQR "UOQ
Zmo Maximum operating altitude (metres (feet)) definedd$ 25.1527

(7) When a stability augmentation system is included in the analysis, the effect of any
significant system nctinearities should be accounted for when deriving limit loads from
limit gustconditions.

Continuous Turbulence Design Critefihe 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 andigiiificant structural degrees of freedom
including rigid body motions. The limit loads must be determined for all critical altitudes,
weights, and weight distributions as specifiedd8 25.321(band all criticabpeeds 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:
0 0 Yol
Where:
P. = limit load;
PL1g= steady 1g load for the codition;

A =ratio of rootmeansquare incremental load for the condition to remteansquare
turbulence velocity; and

U = limit turbulence intensity in true airspeed, specified in subparagraph (b)(3) of this
paragraph.

(2) Values of must be determmed according to the following formula:
) sO s Q

Where:

lomo I GKS FTNBIjdSyOe NBaLRyaS FdzyOlirzy:
loads in the aircraft structure to the atmospheric turbulence; and

sOm0 T y2NYI f jaidénBity aflgtnacSpharié tudiencdNdiven by:

I

P P& o W

p® G wd

Where:
M réduced frequency, rad/ft; and
L = scale of turbulence = 2,500 ft.

(3) The limit turbulence intensities, Uin m/s (ft/s) true airspeed required famompliance
with this paragraph are:
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(€)

(4)

(5)

(i) At aeroplane speeds between &nd \&
YOY &
Where:

U nds the reference turbulence intensity that varies linearly with altitude from
27.43 mis (90 ft/s) (TAS) at sea level to 24.08 m/s (79 ft/s))(BAS315m
(24000ft) and is then constant at 24.08 m/s (79 ft/s) (TAS) up to the altitude of
18288 m (60000 ft); and

F, is the flight profile alleviation factor defined in subparagraph (a)(6) of this
paragraph;

(i) At speed ¥ U is equal to 1/2 the values obtained under subparagraph (3)(i) of
this paragraph.

(i) At speeds between &and Y | ° A& Sljdzt G2 F @t dzS
interpolation.

(iv) At all speeds both positive and negative incremental loads due to continuous
turbulence must be considered.

When an automatic system affecting the dynamic response of the aeroplane is included
in the analysis, the effects of system nlamearities on loads at the limit load level must
be taken into account in a realistic or gamvative manner.

If necessary for the assessment of loads on aeroplanes with significasineanties, it

must be assumed that the turbulence field has a romansquare velocity equal to 40

percent of the Uvalues specified in subparagraph (Bje value of limit load is that load

with the same probability of exceedance in the turbulence fieldlas 2 F (G KS &l Y S
guantity in a linear approximated model.

Supplementary gust conditions for wing mounted engines. For aeroplanes equippedingth w
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 deterined in accordance witlS 25.341(ajt each angle normal to the
flight path, and separately,

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 accordanteG8 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 otlosvihg
formula must be used for each of the maximum engine loads in all six degrees of freedom:

0 O v 0 0
Where:
P. = limit load;
PL.1g=steady 1g load for the condition;

Ly = peak incremental response load due to a vettigast according t&€S 25.341(a)
and

Powered by EASA eRules Page2770f 1189 Jan 202!


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTCSTRUCTU
) ol E A SA (Amendment 16) FLIGHT MANOEUVRE AND (

CONDITIOPM

L. = peak incremental response load due to a lateral gust accordi@t@5.341(a)

[Amdt 25/1]
[Amdt 25/12]

ED Decision 2B0006/R

PURPOSHhis AMC sets forth an acceptable means of compliance with the provision26f CS
dealing with discrete gust and contious turbulence dynamic loads.

RELATED CERTIFICATION SPECIFICAmEOMN S tents of this AMC are considered by the
Agency in determining compliance with the discrete gust and continuous turbulence criteria
defined inCS 25.341Related paragphs 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 25445 Auxiliary aerodynamic surfaces

CS 25571 Damagetolerance andatigue evaluation of structure

Reference should aldme made to the following CS paragrap@8 25.301CS 25.30ZLS 25.303
CS 25.308CS 25.321CS 25.33%CS 25.1517

OVERVIEW his AMC addresses both discrete gust and continuous turbulence (or continuous
gust) requirements ofCS25. 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 aeanplto encounters with
gusts.

How the various aeroplane modelling parameters are treated in the dynamic analysis can have
a large ifluence on design load levelShe basic elements to be modelled in the analysis are
the elastic, inertial, aerodynamic and control system characteristicseottimplete,coupled
aeroplane (Figure 1The 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 leyéight 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 externednpeters such as speed,
altitude, weight and fuel load. They can be determinethgstatic aeroelastic methods.

The gust incremental loads result from the interaction of atmospheric turbulence and aeroplane
rigid body and elastic motions. They may be waled using linear analysis methods when the
aeroplane and its flight control systems are reasonably or conservatively approximated by linear
analysis models.

Nonlinear solution methods are necessary for aeroplane and flight control systems that are not
reasonably or conservatively represented by linear analysis models:lid@n features
generally raise the level of complexity, particularly for the continuous turbulence analysis,
because they often require that the solutions berged out in the time @main.

The modelling parameters discussed in the following paragraphs include:
- Design conditions and associated steady, lewglflight conditions.
- The discrete and continuous gust models of atmospheric turbulence.

- Detailed representation of the aeropla system including structural dynamics,
aerodynamics, and control system modelling.

- Solution of the equations of motion and the extraction of response loads.

- Considerations for noiinear aeroplane systems.
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- Analytical model validatiotechniques.
4. DESIGN CONDITIONS

a. General. Analyses should be conducted to determine gust response loads for the
aeroplane throughout its design envelope, where the design enveldpkés to include,
for example all appropriate combinations of aertame configuration, weight, centre of
gravity, payload, fuel load, thrust, speed, and altitude.

b.  Steady Level-f Flight Loads. The total design load is made up o€stat dynamic load
components.In calculating the static component, the aeroplaiseaissumed 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 significan

To ensure that the maximum total load on each part of the aeroplane is obtained, the
associated steadgtate conditions should be chosen in such a way as to reasonably
envelope the range of possible steashate conditions that could be achieved in tha
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 gusirsaa
superimposed on the associated steady level fligiyt lbads. 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 higleliftes, while they
should be included in the steagbate condition, may be neglected in the calculation of
incremental loads.

d. Damage Tolerance Conditionkimit gust loads, treated as ultimate, need to be
developed for the structural failure conditisrconsidered unde€S 25.571(bYsenerally,
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 valuamebtfor
the undamaged aircraft may be used and applied to the failed structure. However, when
structural failures of the types considered unde 25.571(jause significant changes
in stiffness or geometry, or ltle, these changes should be taken into account when
calculating limit gust lads for the damaged structure.

5. GUST MODEL CONSIDERATIONS.

a. General.The gust criteria presented @S 25.34tonsist 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 developmenttbése 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 mbdepresents longer duration
turbulence encounters which excite lightly damped modes. Dynamic loads for both
atmospheric models must be considered in the stiual design of the aeroplane.

b. Discrete Gust Model

(1) Atmosphere.The atmosphere is assumed be one dimensional with the gust
velocity acting normal (either vertically or laterally) to the direction of aeroplane
travel. The onalimensional assumption constrains the instantaneous vertical or
lateral gust velocities to be the same at all pointplemes normal to the direction
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of aeroplane travel. Design level discrete gusts are assumed to hausirie
velocity profiles. The maximum velocity for a discrete gust is calculated using a
reference gust velocity, &4, a flight profile alleviation faadr, Fg, and an expression
which modifies the maximum velocity as a function of the gust gradient distance,
H. These paramets are discussed further below.

(A)

(B)

©

(D)

Reference Gust VelocitytJ- Derived effective gust velocities representing
gusts occurringpnce in 70,000 flight hours are the basis for design gust
velocities. These reference velocities are specified as a function of altitude
in CS 25.34R)(5)and are given in terms of feet per second equivalent
airspeed for a gust gradientisddance, H, of 107 m (350 ft).

Flight Profile Alleviation Factorg FThe reference gust velocity, Uref , is a
measure of tirbulence intensity as a function of altitude. In defining the
value of Uref at each altitudet, is assumed that the aircraft is flown 100%
of the time at that altitude. fie factor fis 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 cattifie
maximum altitude. The expression for Fg is giveB325.34(h)(6)

Gust Gradient Distance, Hhe gusgradient distance is that distance over

which the gust velocity increases to a maximum value. Its value is specified

as ranging fsm 9.1 to 107 m (30 to 350 ftjit should be noted that if 12.5

GAYSa GKS YSEYy 3IS2YSUNRO OKL23I8Rft, 2 F (K S
consideration should be given to covering increased maximum gust gradient
distances.)

Design Gust Velocity, ¢J- Maximum velocities for design gusts are
proportional to the sixth root of the gust gradient distance, H. The maximum
gust velodty for a given gust is then defined as:

Y Y 'O Ofcvunf

The maximum design gust velocity envelope, Uds, and example design gust
velocity profiles are illustrated in Figure 2.
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Figure2 Typical (dcosine) Design Gust Velocity Profiles

(2) Discrete Gust ResponsEhe 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 utilisng Fourier transform techniques. These are discussed fuither
Paragraph 7.0 of this AMC.

Maximum incremental loads,;Pare identified by the peak values selected from
time histories arising from a series of separate;okine shaped gusts having
gradent 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 a@ptable. 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 sh cases, the gust response calculation should be run
for sufficient additional time to ensure that the criticaicremental loads are
achieved.

The design limit load, R corresponding to the maximum incremental loagfd?
a given load quantity is then defined as:

0 0 0
Where R.q)is the g steady load for the load quantity under consideration. The
set of time correlated design loads; Reorreponding to the peak value of the load
quantity, R;, are calculated for the same instant in time using the expression:

0 0 0
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3)

(4)

Note that in the case of a ndimear aircraft, maximum positive incremental loads
may differ from maximmm negatie 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 indolwal external load quantities.

Round-TheClock GustWhen the effect of combined vertical and lateral gusts on
aeroplane components is significant, then rodiheé-clock analysis should be
conducted on these components and supporting structures. The vertical and
lateral components of thegust are assumed to have the same gust gradient
distance, Hand to start at the same tim&Components that should be considered
include horizontal tail surfaces having appreciable dihedral or anhedral (i.e.,
greater than 10°), or components supported byhet lifting surfaces, for example
T-tails, outboard fins and winglets. Whilst the routite-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 roundthe-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 rountthe-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 directionghe roundthe-clock gust loadscan be obtained
using a linear combination of the load time histories induced from pure vertical
and pure lagral gusts. The resultant incremental design value for a particular load
of interest is obtained by determining the routlde-clock gust angle and gust
length giving the largest (tuned) response value for that load. The design limit load
is then obtaired using the expression for.Biven above in paragraph 5(b)(2).

Supplementary Gust Conditions for Wing Mounted Engines.

(A) Atmosphere - For aircraft equipped with wing mounted engine§S
25.341c) requires that engine mounts, pylons and wing supporting
structure be designed to meet a routle-clock discrete gust requirement
and a multiaxis discrete gust requirement.

The model of the atmosphere and the method for calculating response loads
for the roundthe-clock gust requirement is the same as that described in
Paragraph 5(b)(3) of this AMC.

For the multiaxis gust requirement, the model of the atmosphere consists
of two independent discrete gust components, one vertical and one lateral,
havingamplitudes such that the overall probability of the combined gust pair
is the same as that of a single discrete gust as define@®R5.34(h) as
described in Paragraph 5(b)(1) of this AMC. To achieve this-poplability
condition, in addition to the reductions in gust amplitudes that would be
applicable if the input were a muléixis Gaussian process, a funtfigctor of
0.85 is incorporated into the gust amplitudes to account for #@@aussian
properties of severe discrete gusts. This factor was derived from severe gust
data obtained by a research aircraft specially instrumented to measure
vertical and laterafjust components. This information is contained in Stirling
Dynamics Laboratories Report No $B71-TR2 dated May 1999.
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C.

(B)

Multi-Axis Gust ResponseFor a particular aircraft flight condition, the
calculation of a specific response load requires thatamplitudes, 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 esponse load may be based upon the separately tuned vertical
and lateral discrete gust responses for that load, each calculated as
described inParagraph 5(b)(2) of this AMG general, the vertical and
lateral tuned gust lengths anidhe times to maximunresponse (measured
from the onset of each gust) wilbhbe the same.

Denote the independently tuned vertical and lateral incremental responses
for a particular aircraft flight aadition and load quantity i by and L,
respectively. The associated mitdiis gust input is obtained by multiplying
the amplitudes of the independentiyned vertical and lateral discrete
gusts, obtained as described in the previous paragraph, by D&85K
(L/*+LA) and 0.85*Lk KL/2+L7) respectively. The timphasingof the two
scaled gust components is such that their associated pesisloccur at the
same instant.

The combined incremental response load is given by:

0 1@ w0 0
and the design limit load, Pcorresponding to thenaximum incremental
load, R, for the given load quantity is then given by:

0 0 0
where Ruigjiis the g steady load for the load quantity under consideration.

The incremental, time correlated loads corresponding to the specific flight
condition under corideration are obtained from the independentiyned
vertical and lateral gust inputs for load quantity i. The vertical and lateral
gust ampliudes are factored by 0.85%k ¥Lv?+L7) and 0.85*Lk {v+L?)
respectively.Loads {; and L; 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 midiis incremental time
correlatedvalue Rfor load quantity j.

The set of time correlatedesign loads, [, corresponding to the peak value
of the load quantity, B, are obtained using the expression:

V U V

Note that with significant notinearities, maximum positive incremental
loads may differ from maximum negative incremal loads.

Continuous Turbulence Model.

(1)

AtmosphereThe 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 aerapie travel. The ondimensional
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 distritmftgust velocity
intensities and a Von Karman power spectral density with a scale of turbulence, L,
equal to 2500 feet. The expression for the Von Karméan spectrum for unit, root
mean-square (RMS) gust intensity,(w), is given below. In this expressior. /V,
where . is the circular frequency in radians per second, and V is the aeroplane
velocity in feet per second true airspeed.

O P %piﬁrow’)

Np  p® o wd

The Von Karman power spectrum for unit RMS gustnisity isillustrated in
Figure3.
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The design gust velocity, Uapplied in the analysis is given by the producdthef
reference gust velocity, UWef, and the profile alleviation factor, Fg, as follows:

'F’Y ’E‘Y nO
where values for Uref , are specified i€S 25.34(b)(3)in meters per second (feet
per second) true airspeed and Fg is define€$ 25.34(h)(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
usedin the discrete gust analysis.

As for the discrete gust analysithe reference continuousutbulence gust
intensity, U ref, defines the design value of the associated gust field at each
altitude. In defining the value of 'Wef at each altitude, it is assumed that the
aeroplane is flown 100% of the time at that altitet Thefactor Fgs 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 roemeansquare (RMS) gusttensity 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 Horear simulation.

(20 Continuous Turbulece Responsdror linear aeroplane systems, the solution for
the response to continuous turbulence may be performed entirely in the frequency
domain, using the RMS respongedefined irCS 25.34(b)(2)and is repeated here
in modified notation for load quantity i, where:

0 sQ s Q
or
ol N NQ

In the above expressioms 6 mi®) the input Von Karman power spectrum of the
turbulence and is defined in Paragraph 5.c.(1) of this AM@) is the transfer
function relatirg the output load quantity, to a unit, harmonically oscillating, one
dimensional gustfield, and the asterisk superscript denotes the complex
conjugate. When evaluating;, the integration should be continued until a
converged value is achieved since, realistically, the integration to infinity may be
impractical. The design limit load,,s then defined as:

0 O 0

0 Y 8

where U is definedin Paragraph 5.c.(1) of this AMC, andgPis the g steady
state walue for the load quantity, i, under consideratioAs indicated by the
formula, both positive and negative load responses should be considered when
calculating limit loads.

Correlated (or equiprobable) loads can be developed usimgsscorrelation
O 2 S T T AjCcantpyted asfollows:
I Qa1 Q Q

GKSNBX WNBIf oddd8Q RSy 2(Sa coibtéred witBrn- £ LI NJ
the brackets.In this equation, the lowercase subscripts, i and j, denote the
responses being correlated. A set of design loagss@trelated to the design limit

load R;, are then calculated as follows:

0 0 Y b
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The correlated load sets calculdte the foregoing manner provide balanced load
distributions corresponding to the maximum value of the response fache
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 applid loads, such as torsion and shear, the equiprobable
relationship between the two parameters forms anpe as illustrated in Figuee

Design Value , Design Value
of Shear I ] of Torsion
|

D

T
Equal Probability
Design Ellipse

E

Torsion

Figure4 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 argiven 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 aft-

Y 78Y p v X’
and

0o 0 T8Y p " I
For tangents to lines CD and GH

0o b 5Y p " T !
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and

0 0 oY p ch

All correlated or equiprobable loads developed using correlation coefficients will
provide balancedbad 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 caledla

the gust response function, the value for RMS respohsand thedesign stress
values P(Q) U ' .

6. AEROPLANE MODELLING CONSIDERATIONS

a.

General The procedures presented in this paragraph generally apply for aeroplanes
having aerodynamic andrsictural 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 propges and/or systems not reasonably or conservatively
approximated by linear analysis methods.

Structural Dynamic ModelThe model should include both rigid body and flexible
aeroplane degrees of freedom. If a modal approach is used, the structurahitynaodel
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 lotassiied into two main categoriegl) the se

OFrftftSR aaitAaAO] Y2RSt¢ OKIF NI Ol SNA®abiRytheid 0S| Y:
lengths, and (2jinite element models in which all major structural components (frames,

ribs, stringers, skins) are reggented 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 crititanodes 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.

Structural Damping. Structural dyn@mmodels 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 flexiblaodes. Structural damping may be increased over the
0.03 value to be consistent with the high structural response levels caused by extreme
gust intensity, proxded justification is given.

Gust and Motion Bsponse Aerodynamic Modellingerodynamic fores 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 threadimensional panel theory methods fancompressible 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 buildup of unsteady aerodynamic forces should be represented. Indiw@nsional

unsteady analysis this may be achieved in either the frequency domain or the time
domain through the application of oscillatory or indicial lifhétions, respectively. Where
three-dimensional panel aerodynamic theories are to be applied in the time domain (e.g.
fornonf Ay SENJ 3dzad a2t dziAz2yaos Iy | LILINBIFOK &dz0
method may be employed to transform frequency daim aeralynamics 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 includettigiest 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 builg@ of lift due to gustelocity.

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 dynamsic g
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
acarately 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 alsedoe gi

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 Loadas specified i€S 25.37the 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 intebpart 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 directim) 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 continuousmp 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 SystemdGust 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 systemd shou
0S dzyO2dzLl SR &dzOK GKIG GKS agadasSvya oKAOK |
GSNILAOFE 3Idzaad Fylfteara FyYyR (K24aS 4KAOK | FF
lateral gust analysis.
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The control systems considered should include allvaaté modes of operation. Failure
conditions should also be analysed for any control system which influences the design
loads in accordance witiS 25.302nd Appendix K

The catrol systems included in the gust analysis may be assumed to be linear if the
impact of the nodinearity is negligible, or if it can be shown by analysis on a similar
aeroplane/control system that a linear control law representation is conservativiee If t
control system is significantly ndimear, 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. dfithis A

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 responsds,asuthe
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 nlimear system in questign

and adjustments should be made to the dynamic model, as required, to achieve
appropriate frequeng and damping characteristics.

If control system models are to be included in the gust analysis it is advisable to check
that the following characteristicare 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 anybized
control system

- gain andphase 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 modairdmates 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-aainates. For the purposesf describing

the solution of these equations in the remainder of this AMC, modardmates will be
assumed. A sufficient number of modaleainates should be included to ensure that
the loads extracted provide converged values.

Solutbn of the Egations 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 outputresponse 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 gemerde 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 Loadand 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; andtresses 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 umber 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,dathe 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
essetrtially 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 modegisaéto 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 modalrdimate. For converged
results, the Mode Displacement method may need a significantigfanumber 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 bodyt A Y SNII AT NBEtASTL£0Y AGK GKS SEGSN
static loads. The dynamic part is computed by the superposition of appropriate modal
guantities, and is a function of the number ofodes carried in the solutionThe

guantities to be suprimposed 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 fewmodes 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 r@®nses. 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 dynaraads acting on the structure.

If balanced aeroplane load dibutions 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 turbulenceanalysis, they may be determined from equiprobable solution
results obtained using crogs®mrrelation coefficients.
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8. NONLINEAR CONSIDERATIONS

a. General Any structural, aerodynamic or automatic control system characteristic which
may cause aeroplane sponse to discrete gusts or continuous turbulence to become
non-linear with respect to intensity or shape should be represented realistically or
conservativey in the calculation of load®Vhile many minor no#linearities are amenable
to a conservative ligar solution, the effect of major nelnearities cannot usually be
quantifiedwithout explicit calculation.

The effect of nodinearities should be investigated above limit conditions to assure that
the system presents no anomaly compared to behaviouowelimit conditions, in
accordance witlCS K25.2(b)(2)

b.  Structuraland Aerodynamic Ncfinearity. A linear elastic structural model, and a linear
(unstalleg 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 Aovear variation of aerodynamic
distributions, due tdocal separation etc., through simple linear piecewise solution. Local
or complete stall of a lifting surface would constitute a major Hioparity and should
not be represented without account being taken of the influence of rate of change of
incidence,i.e., the seOl f t SR WReéylIYAO adGrfttQ Ay 6KAOK
aerodynamics may extend significantly bagdhe static stall incidence.

c.  Automatic Control System Natinearity. Automatic flight control systems, autopilots,
stability controlsystems and load alleviation systems often constitute the primary source
of noninear response. For example,

- non-proportional feedback gains

rate and amplitude limiters

- changes in the control laws, or control law switching

- hysteresis

- use of onesided aeodynamic 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 ta$messed for each
design.

Minor influences such as occasional clipping of response due to rate or amplitude
limitations, where it is symmetric about the stabilisedglcondition, can often be
represented through quadinear modelling techniques such dsescribing 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 appropriatetisiu
based in the time damain.

The influence of notinearities 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 torsioce &imay

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 exangblthis 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. Nonlinear Solution Methodology. Where exgli simulation of noHinearities is
required, the loads response may be calculated through time domain integrafithe
equations of motion.

For the tuned discrete gust conditions@8 25.34(h), limit loads should be identified by
peak values in the nelinear time domain simulation response of the aeroplane model
excited by the discrete gust model describadParagraph 5.b. of this AMC.

For time domain solution of the continuous turbulence conditiongC& 25.34(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 providesjainaent

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 tesu

A methodology based upon stochastic simulation has been found to be acceptable for
load alleviation and flight control system ndinearities. In this simulation, the input is a

long, Gaussian, pseudandom turbulence stream conforming to a Von Karman
spectrumwith a rootmeansquare (RMSmplitude of 0.4 times Udefined in Rragraph

5.c (1) of this AMC)Ihe value of limit load is that load with the sarprobability 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.

A

Nonlinear Model

/

Linear Model

| _ . Limit Load
Exceedence Level

LLoad Exceedences
Log(N,)

Nonlinear
Design
Load

P

U

g L

Incremental Load

Figure5 Egablishing Limit Load for a Nofinear Aeroplane
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The nonlinear 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, Meted Filter Theory and Equivalent
Linearisation.

9.  ANALYTICAL MODEL VALIDATION

a.

GeneralThe intent of analytical model validation is to establish that the analytical model
is adequate for the prediction of gust response loads. The following paragdigsss

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.

Strucural Dynamic Model Validatiomhe methods and test data &d 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.

Damping Model Validationin the absence of better information it wilormally 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 intengitgvided
justification is given.

Aerodynamic Model ValidationAerodynamic modelling parameters fall into two
categories:

(i) steady or quassteady aerodynamics governing static aeroelastic and flight
dynamic airload distributions

(i)  unsteady aemdynamics which interact with the #téle 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 analgis 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 gudbads should be investigated.

The analytical and experimental netds 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 aeroplarlight dynamic staitity should also be assessed.

Control System Validatiotf. 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. Thevel of validation that should be performed depends on the
complexity of the system and the particular aeroplane resgomparameter being
controlled. Systems which control elastic modes of the aeroplane may require more
validation than those which contrdhe aeroplane rigid body response. Validation of
elements of the control system (sensors, actuators,-ahiéising 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 validiatof the closed loop
system.
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(1)

(2)

[Amdt 25/1]

CS 25.343 Design fuel and oil loads

(@)

(b)

System Rj or Aeroplane Ground TestinResponse of the system to artificial
stimuli can be mesured to verify the following:

- The transfer functions of the sensors and any-poatrol system anti
aliasing or other filtering.

- The sampling delays of acquiring data into the control system.
- The behaviour of the control law itself.
- Any corrol 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 turbuleneeg. 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 mesurements takerirom the rig or ground tests.

Flight TestingThe 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 pemhed, 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 resppose 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 ggde margins can be generated by passing
known signals through the opeadp system during flight test.

ED Decision 2005/006/R

The disposable load combinations must include each fuel and oil load innige feom 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 condition€$25.1001(fimay be selected.

If a strucural 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 additiorg

(1) The structure must be designed for a condition of zerel and oil in the wing at limit
loads corresponding tqQ

(i)
(ii)

A manoeuvring load factor of +2-25; and

The gustand turbulenceconditions of CS25.341, but assuming 85% of the gust
velocities prescribed IlCS25.341(a)(4)and 85% of the turbulence intensities

prescribed inCS 25.341(b)(3)
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(2) Fatigue evaluation of thetructure must account for any increase in operating stresses
resulting from the design condition of sytaragraph (b)(1) of this paragraph; and

(3) The flutter, deformation, and vibration requirements must also be met with zero fuel.
[Amdt 25/1]

CS 25.34H8ligh lift devices

ED Decision 2005/006/R

(@) If wingflaps are to be used during tala#f, approach, or landing, at the design flap speeds
established for these stages of flight und€S25.335(e)and with the wingflaps 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-@yca

(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 unstesdgdynamic
characteristics and rigid body motions of the aircraft. (B&C 25.345(a) The shape of
the gust must be as described@$ 25.341(a)(2xcept thatg

Uss = 7.62m/sec (25 ft/sec) EAS;
H =125c;and
¢ =mean geometric chord of the wing (metres (feet)).

(b) The aeroplane must be designed for the conditions prescribed irpatdgraph (a) of this
paragraph except that the aeroplane load factor need nxted 1-0, taking into account, as
separate conditions, the effects qf

(1) Propeller slipstream corresponding to maximum continuous power at the design flap
speeds ¥ and with takeoff power at not less than 1-4 times the stalling speed for the
particular flap position and associated maximum weight; and

(2) A headon gust of 7.62m/sec (25 fps) velocity (EAS).

(c) If flaps or other high lift devices are to be used inreate conditions, and with flaps in the
appropriate position at speeds up to the flalesign speed chosen for these conditions, the
aeroplane is assumed to be subjected to symmetrical manoeuvres and gusts within the range
determined byg

(1) Manoeuvring to a positive limit load factor as prescribe@ 25.337(l3)and
(2) The vertical gust and turbulence conditions prescribed$25.341(SeAMC25.345(c))

(d) The aeroplane must be designed for a manoeuvring loasfaxft1l.5 g at the maximum take
off weight with the wingflaps and similar high lift devices in the landing configurations.

[Amdt 25/1]

ED Decision 2003/2/RM

Compliance witlCS 25.345(alnay 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

Powered by EASA eRules Page?2960f 1189 Jan 202!


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%L< SUBPARTCSTRUCTU
) ol E A SA (Amendment 16) FLIGHT MANOEUVRE AND (

CONDITIOPM

account of the effects of structural flexibility on a quflekible basis (i.e. using aerodynamic
derivatives and load distributions corresponding to the distorted structure under maximum gust load).

ED Decision 2003/2/RM

1 Enroute conditions are flight segments other than tai#, approach and landing. As applied
to the use of high lift devices the following flight phases are to be included -rowe
conditions:

1. holding in designated areas outside the terminal area ofdingort, and
2. flight with flaps extended from top of descent.
The following flight phases are not to be included irreate conditions:

3. portion of the flight corresponding to standard arrival routes preceding the interception of
the final approach pathand

4. holding at relatively low altitude close to the airport.

2 To applyCS 25.341(agust conditions toCS 25.345(¢)the speeds M and \tp should be
determined for the flagpositions selected in eroute conditions.

These procedures should ensure proper speed margins for flap retraction in the case of severe
turbulence when the aeroplane is in a low speedrente holding configuration.

3 The manoeuvre dES 25.345(c)(i9 to be considered as a balanced condition. (S8&5.331(b)
for definition.)

CS 25.349 Rolling conditions

ED Decision 2013/010/R

The aeroplanemust 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 tineigml masses
furnishing the reacting inertia forces.

(@) 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 n combination with an aeroplane load factor of zero and of twinds 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 relationshilpet
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 ailedeflections, the torsional
flexibility of the wing must be considered in accordance Wit 25.301(b)

(1) Conditions corresponding to steady rolling velocities must be investigated. In addition,
conditions correponding to maximum angular acceleration must be investigated for
aeroplanes with engines or other weight concentrations outboard of the fusebaup,
for aeroplanes equipped with electronic flight controls, where the motion of the control
surfaces does ndiear 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.
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(2) At \Vj, a sudden deflectionf the aileron to the stop is assumed.

(3) At the aileron deflection must be that required to produce a rate of roll not less than
that obtained in sukparagraph (a)(2) of this paragraph.

(4) At W, the aileron deflection must be that required to pnack a rate of roll not less than
one-third of that in subparagraph (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 thekpth@ontrol devices,
in lieu of subparagraphs (a)(2), (a)(3), and (a)(4), the following apply:

(i) At Vi 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 rnatechieved
and then it must be returned suddenly to the neutral position.

(i) At g, 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. Theeturn of cockpit control to neutral is initiated suddenly when
steady roll rate is reached.

(i) At Wb, the cockpit roll control must be moved su