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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. TafetlénE AS A
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 safetjes applicable to European airspace users. It will g
easy (online) access to all rules and regulations as well as new and innovative applications
rulemaking process automation, stakeholder consultation, cresrencing, and comparison wit
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To achieve these ambitious objectives, (BASA eRulgzoject is structured in temodules to covel
all aviation rules and innovative functionalities.

TheEASA eRulesystem is developed and implemented in close coafien with Member States an
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 Hg@&#®SA) in order to provide its
stakeholders with an updated and ea®yread publication. It has been prepared by putting together
the certification specificationsvith the related acceptable means of compliance. However, this is not
an official publicabn and EASA accepts no liability for damage of any kind resulting from the risks
inherent in the use of this document.

Powered by EASA eRules Page3 of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< Note from the edito
x EASA (Initial issue)

NOTE FROM THE EDITOR

The content of this document is arranged as folloti certification specifications (CS) do#owed
by the rdated acceptable means of complianéde{C)paragraph(s).

All elerrents (i.e. CS andMQ are colourcoded and can be identified according to the illustration
below. The EASA Executive Director (ED) decision through whiclpdihé or paragraph was
introduced or last amended is indicated below the paragraph title(#alics

Certification specification

ED decision

ED decision

The format of this document has been adjusted to makeserfriendly and for refeence purposes.
Any commentshouldbe sent toerules@easa.europa.eu
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INCORPORATED AMENDNIEN

CS/AMGEDDECISIONS
CS/AMAssue NoAmendmentNo | Applicability date
ED Decision 2003/2/RM CS25/ Initial issue 17/10/2003

Note: To access the officiarsions pleaseclick onthe hypetlinks provided above.
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SUBPARA ¢ GENERAL

ED Decision 2003/2/RM

(@) This Airworthiness Code is applicable to turbine powedé& Aeroplanes.
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GENERAAMGS

ED Decision 2003/2/RM
Purpose

This Acceptable Means of Compliance (AMC) provides guidance for certification of cathode ray tube
(CRT) based electronic display systems used for guidaonteglc or decisiormaking by the pilots of
transport category aeroplanes. Like all acceptable means of compliance, this document is not, in itself,
mandatory and does not constitute a regulation. It is issued to provide guidance and to outline a
method of compliance with the rules.

This AMC is similar to FAA Advisory Circular AT 2fated 16 July 1987.
Scope

The material provided in this AMC consists of guidance related to pilot displays and specifications for
CRTs in the cockpit of commercial transpagroplanes. The content of the AMC is limited to
statements of general certification considerations, including display function criticality and
compliance considerations; colour, symbology, coding, clutter, dimensionality, and atteyetting
requirement; display visual characteristics; failure modes; information display and formatting;
specific integrated display and mode considerations, including maps, propulsion parameters, warning,
advisory, check list procedures and status displays.

1 BACKGROUND

a. The initial certification of CRTs as primary flight instruments, both in Europe and the
United States, was coincident with major airframe certifications. The prime airframe
manufacturers invested extensive preliminary laboratory work to define the syste
architecture, software design, colours, symbols, formats, and types of information to be
presented, and to prove that these resulting displays would provide an acceptable level
of safety. The flight test programmes gave many hours exposure of the electligplay
systems to company test pilots, Agency test pilots, and customer pilots. Certification of
the displays came at the end of this process. Because of thisgptification exposure,
the Agency had a high degree of confidence that these displays adequate for their
intended function and safe to use in foreseeable normal and failed conditions.

b.  The initial electronic display designs tended to copy the electromechanical display
formats. As a result, pilots have evaluated the new displays tlaglectromechanical
displays as a reference. As electronic display systems evolve, there is great potential for
significant improvements in information interchange between the system (aeroplane)
and the pilot. The Agency intends to allow a certificagorironment that will provide
the greatest flexibility commensurate with safety.

2 GLOSSARY OF ACRONYMS

AC Advisory Circular published by FAA
ADF Automatic Direction Finder

ADI Attitude Director Indicator

AFCS Automatic Flight Control System
AFM Aeroplane Flight Manual

AIR Aerospace Information Report (SAE)
AMC Acceptable Means of Compliance
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ARP Aerospace Recommended Practice (SAE)
AS Aerospace Standard (SAE) CDI Course Deviation Indicator
Cs Certification Specification

DOT Department of Transportation

EASA European Aviation Safety Agency

ED EUROCAE Document

EFIS Electronic Flight Instrument System

EHSI Electronic Horizontal Situation Indicator
EUROCAE The European Organisation for Civil Aviation Equipment
FAA Federal Aviation Administration

FAR Federal Aviation Regulations

HSI Horizontal Situation Indicator

ILS Instrument Landing System

INS Inertial Navigation System

MEL Minimum Equipment List

PFD Primary Flight Display

RNAV Area Navigtion

ROM Read Only Memory

RTCA Radio Technical Commission for Aeronautics
RTO Rejected Takeff

SAE Society of Automotive Engineers

STC Supplemental Type Certificate

TSO Technical Standard Order

VOR Very High Frequency Omnirange Station

3 RELATED REQUIREMENTS AND DOCUMENTS
a. Requirements

Compliance with many paragraphs ofZEmay be related to, or dependent on, cockpit
displays, even though the regulations may not explicitly state display requirements. Some
applicable paragraphef C&25 are listed below. The particular compliance method
chosen for other regulations not listed here may also require their inclusion if CRT
displays are used in the flight deck.

25.207 Stall warning.

25.672 Stability augmentation and automatiind poweroperated systems.
25.677 Trim systems.

25.699 Liftand drag device indicator.

25.703 Takeoff warning system.

25.729 Retracting mechanism.

25.771 Pilot compartment.

25.777 Cockpitcontrals.

25.783 Doors.

25.812 Energency lighting.

25.841 Pressurised cabins.

25.857 Cargo compartment classification.

25.858 Cargo compartment fire detection systems.
25.859 Combustion heater fire protection.
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25.863 Flammable fluid fire protection.
25.901 Powerplant intallation.

25.903 Engines.

25.1019 Qil strainer or filter.

25.1141 Powerplant controls: general.
25.1165 Engine ignition systems.

25.1199 Extinguishing agent containers.
25.1203 Fire detector systems.

25.1301 Equipment: functiomnd installation.
25.1303 Flight and navigation instruments.
25.1305 Powerplant instruments.

25.1309 Equipment, systems, and installations.
25.1321 Arrangement and visibility.

25.1322 Warning, caution, and advisory lights.
25.1323 Airspead indicating system.

25.1326 Pitot heatindication systems.
25.1329 Automatic pilot system.

25.1331 Instruments using a power supply.
25.1333 Instrument systems.

25.1335 Flight director systems.

25.1337 Powerplant instruments.

25.1351 Electrical systems and equipment: general.
25.1353 Electrical equipment and installations.
25.1355 Distribution system.

25.1381 Instrument lights.

25.1383 Landing lights.

25.1431 Electronic equipment.

25.1435 Hydraulic systms.

25.1441 Oxygen equipment and supply.
25.1457 Cockpit voice recorders.

25.1459 Flight recorders.

25.1501 Operating limitations and information: general.
25.1523 Minimum flight crew.

25.1541 Markings and placards: general.
25.1543 Instrument markings: general.
25.1545 Airspeed limitation information.
25.1549 Powerplant and auxiliary power unit instruments.
25.1551 Oil quantity indicator.

25.1553 Fuel quantity indicator.

25.1555 Control markings.

25.1581 Aeroplane flight manual: general.
25.B1305 APU instruments

CSAWO All Weather Operations (Subpart 2 Cat |l Operations and Subpart 3 Cat llI
Operations)

Operational regulations relative to instrument and equipment requirements
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b.  Advisory Circular&§4MCs

AC 2688A Guidelines on the Marking @iircraft Powerplant Instruments (Displays
AMC 25.1309 System Design Analysis.
AMC 25.1329 Automatic Pilot Systems Approval.

AC 9345A Approval of Area Navigation Systems for Use inthe U.S. Nd#ospace
System.

AMC 25.1322 Alerting Systems

C. Technical Standard Orders
ETSEC113 Airborne Multipurpose Electronic Displays.
d. Industry Documents

(1) The following documents are available from the EUROCAE 11, rue Hamelin 75783,
Paris Cedex@l France:

ED14B/RTCADBIBOB Environmental Conditions @nrest Procedures for Airborne
Equipment.

ED12A/RTCADO8BA Software Considerations in Airborne Systems and Equiprir
Certification.

ED58 Minimum Operational Performance Specification fotarne
Area Navigation Equipment using Medgénsor Inputs.

(2) The following documents are available from the Society of Automotive Engineers,
Inc. (SAE), 400 Commonwealth Drive, Warrendale, PA. 15096, USA:

ARP 268F Locationand Actuation of Flight DeControls for Transport Aircraft
AS 425B Nomenclature and Abbreviations, Flight Deck Area.

ARP 41021 Flight Deck Alerting System.

ARP 926A Fault/Failure Analysis Procedure.

ARP 1068B  Flight Deck Instrumentation, Display Ciidisind As sociatl Controls
for Transport Aircraft.

ARP 1093 Numeral, Letter and Symbol Dimensions for Aircraft Instrument
Displays.

ARP 1161 Crew Station LightingCommercial Aircratft.

ARP 1834 Fault/Failure Analysis for Digital Systems and Equipment.

ARP 184 Design Objectives for CRT Displays for Part 25 (Transport) Aircre

AS 8034 Minimum Performance Standards for Airborne Multipurpose
Electronic Displays

(3) The following documents are presently in draft form:

ARP 1782 Photometric and ColormettiMeasuremenProcedures for Direct
View CRDisplay Systems.

ARP 4032 Human Integration Color Criteria and Standards.
NOTE: In the event of conflicting information, this AMC takes precedence as guidance for
certification of transport category aerophe installations.

e. Research ReportEhe following documents are available through the National Technical
Information Service, Springfield, Virginia 22161, USA:
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DOT/FAA/REB1/38. 1l Aircraft Alerting SystenStandardization Study VolumeAircraft
Alerting Systems Design Guidelines.

DOT/FAA/PMB5-19  The Development and EvaluatiohColor Systems for Airborne
Applications.

4 GENERAL CERTIFICATION CONSIDERATIONS

Introductory Note: When Improbable means Extremely Remote the latter is usedyvateeit
means Remote.

a.

Display Function Criticalitfhe use of electronic displays allows designers to integrate
systems to a much higher degree than was practical with previous aeroplane flight deck
components. With this integration can come muclegter simplicity of operation of the
aeroplane through automation of navigation, thrust, aeroplane control, and the related
display systems. Although normal operation of the aeroplane may become easier, failure
state evaluation and the determination of ticality of display functions may become
more complex. This determination should refer to the display function and include all
Ol dzaSa GKIF{d O2dAd R I FFSOG GKS RAALX I & 2F {KI
2T RAALX I @8XQ TFTANRSEOVLE 83f X8Bya2VWRRaLX | 8Qo
(1) Criticality of flight and navigation data displayed should be evaluated in accordance
with the requirements inCS 25.1308nd 25.1333 AMC 25.1304 clarifies the
meaning of these requirements and the types of analyses that are appropriate to
show that systems meet themAMC 25.1304 also provides criteria to ccelate
the depth of analyses required with the type of function the system performs-(non
essential, essential or critical); however, a system may normally be performing
nonessential or essential functions from the standpoint of required availability and
have potential failure modes that could be more critical. In this case, a higher level
of criticality applies. Pilot evaluation may be a necessary input in making the
determination of criticality for electronic displaydMC 25.1309 recommends
that the flight test pilotg

0] Determines the detectability of a failure condition,
(i)  Determines the required subsequent pilot actions, and

(i) Determines if the necessary actions can be satisfactorily accomplistzed in
timely manner without exceptional pilot skill or strength.

(2) Softwarebased systems should have the computer software verified and validated
in an acceptable manner. One acceptable means of compliance for the verification
and validation of computer sbiiare is outlined in ED12A/DOr8A. Software
documentation appropriate to the level to which the verification and validation of
the computer software has been accomplished should be provided as noted in
ED12A/DO178A.

(3) Past certification programs havesdted in the following determinations of display
criticality. Unconventional aeroplane and display design may change these
assessments. In the failure cases discussed below, hazardously misleading failures
are, by definition, not associated with a suitalarning.

(i)  Attitude. Display of attitude in the cockpit is a critical function. Loss of all
attitude display, including standby attitude, is a critical failure and must be
Extremely Improbable. Loss of primary attitude display for both pilots must
be Improbable. Display of hazardously misleading roll or pitch attitude
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(ii)

(i)

(iv)

v)

(Vi)

(vii)

(viii)

simultaneously on the primary attitude displays for both pilots must be
Extremely Improbable.

Display of dangerously incorrect roll or pitch attitude on any single primary
attitude display, without a warning must be Extremely Remote.

Airspeed Display of airspeed in the cockpit is a critical function. Loss of all
airspeed display, including standby, must be assessed in accordance with
CS25.133(b). * Loss of primary airspeed display for both pilots must be
Improbable. Displaying hazardously misleading airspeed simultaneously on
02UK LAf20aQ RAALIX I eéeazZz 0O2dzLd SR @gAUK
warning functions, must be Extremely Impable.

Barometric Altitude Display of altitude in the cockpit is a critical function.

Loss of all altitude display, including standby, must be assessed in
accordance witlCS 25.1333(b¥ Loss of primary atude display for both

pilots must be Improbable. Displaying hazardously misleading altitude
AAYdA GF yS2dzate 2y 020K LAf204aQ RAaLX |

* General interpretation is that it must be Extremely Remote.

Vertical SpeedDisplayof vertical speed in the cockpit is an essential
function. Loss of vertical speed display to both pilots must be Improbable.

Rateof-Turn Indication. The rateof-turn indication is a nomssential
function and is not required if the requirements of nagraph 4a(3)(i) are
met.

NOTE: Operational rules mayrequire the installation of a-céirn indicator.

Slip/Skid IndicationThe slip/skid or sideslip indication is an essential
function. Loss of this function to both pilots must be Improbable.
Simultaneously misleading slip/skid or sideslip information to both pilots
must be Improbable.

Heading Display of stabilised heading in the cockpit is an essential function.
5AaLX FeAy3a KITIFNR2dzate VYAatSrRAy3a KS
primary displays must be Improbable. Loss of stabilised heading in the
cockpit must be Improbable. Loss of all heading display must be assessed in

accordance witlCS 25.1333(b¥
* General Interpretation is that it mst be Extremely Improbable.

Navigation Display of navigation information (excluding heading, airspeed,

and clock data) in the cockpit is an essential function. Loss of all navigation
information must be Improbable. Displaying hazardously misteadi ]
YIEGAIFUAZ2YI T 2N LRZaAuAZ2Yyl ¢ AYTF2NXYI OA
displays must be Improbable.

NOTE: Because of a relationship between navigation capability and communicated
navigation information, the following related requirements are includednN
restorable loss of all navigation and communication functions must be Extremely
Improbable. Loss of all communication functions must be Improbable.

WdzZRISYSy il 2F gKI G Aa WKFETFNR2dAafe& YA
clearly a difficult area. Failes, which could potentially fall in this category,
need to be identified as early as possible. Nevertheless it is necessary that

AYGSNIINBGIF GA2y 2F 6KFG Aa WKIETFNR2dz
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certification Agency and this may depend on the type @¥igation system

installed, (on board and ground installations) and the flight phase. In specific

flight phases (e.g. approach or arrivals and departures) displaying
hazardously misleading navigational or positional information
simultaneously onbothpilée Q RA&LX | @8a Ydzad 65 9EG NB)Y
certifications have shown that, in the traditional ATC environment, this level

of safety has been achieved by simultaneous display of raw radio navigation

data in addition to any muksensor computed data.

(x) Propulsion System Parameter Displays

(A) The required powerplant instrument displays must be designed and
installed so that the failure or malfunction of any system or
component that affects the display or accuracy of any propulsion
system parameterdr one engine will not cause the permanent loss of
display or adversely affect the accuracy of any parameter for the
remaining engines.

(B) No single fault, failure, or malfunction, or probable combinations of
failures, shall result in the permanent los$ display, or in the
misleading display, of more than one propulsion unit parameter
essential for safe operation of a single engine.

(C) Combinations of failures, which would result in the permanent loss of
any single, required powerplant parameter disgdgr more than one
engine must be Improbable.

(D) Combinations of failures, which would result in the hazardously
misleading display of any parameter for more than one engine, must
be Extremely Improbable.

NOTE: The parameters to be considered must beedjby the Agency.

(E) No single fault, failure, or malfunction, or combinations of failures not
shown to be Extremely Improbable, shall result in the permanent loss
of all propulsion system displays.

(F) Required powerplant instruments that are not dipéd continuously
must be automatically displayed when any inhibited parameter
exceeds an operating limit or threshold, including fuel tank-foel
advisory or maximum imbalance limit, unless concurrent failure
conditions are identified where crew atteoti to other system
displays takes priority over the powerplant instruments for continued
safe operation of the aeroplane. In each case, it must be established
that failure to concurrently display the powerplant instruments does
not jeopardise the safe opation of the aeroplane.

(G) Propulsion system parameters essential for determining the health
and operational status of the engines and for taking appropriate
corrective action, including engine restart, must be automatically
displayed after the loss of nmal electrical power.

(H) If individual fuel tank quantity information is not continuously
displayed, there must be adequate automatic monitoring of the fuel
system to alert the crew of both system malfunctions and abnormal
fuel management.
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(x) Crew alering display. The reliability of the alerting display should be
compatible with the safety objectives associated with the system function
for which it provides an alert. Crew alerting of certain parameters may be an
essential function. Where this is so, do®f crew alerting should be
Improbable (seMC 25.132p

(xi) Flight crew Procedure$he display of hazardously misleading flight crew
procedures caused by display system failure, malfunction, ordesign
mustbe Improbable.

(xii) Weather RadarDisplay of weather radar in the cockpit is a nonessential
function; however, presentation of hazardously misleading information
must be Improbable.

NOTE: Operational rules may require the installation and functiosiivgeather
radar.

b. Compliance Considerations

(1) Human Factors.Humans are very adaptable, but unfortunately for the display
evaluation process, they adapt at varying rates with varying degrees of
effectiveness and mental processing compensationsTtunat some pilots might
find acceptable and approvable, others would reject as being unusable and unsafe.
Aeroplane displays must be effective when used by pilots who cover the entire
ALISOGNYzY 2F QOFNAFoAfTAGEd wSiSyOED 2 & oM
unenforceable, economically impracticable, or unachievable by some pilots
without excessive mental workload as compensation.

(i)  The test programme should include sufficient flight and simulation time,
using a representative population ofqi$, to substantiate

(A) Reasonable training times and learning curves;
(B) Usability in an operational environment;

(C) Acceptable interpretation error rates equivalent to or less than
conventional displays;

(D) Proper integration with other equipmenthiait uses electronic display
functions;

(E) Acceptability of all failure modes not shown to be Extremely
Improbable; and

(F) Compatibility with other displays and controls.

The manufacturers should provide human factors support for their
decisions regardingew or unique features in a display. Evaluation
pilots should verify that the data supports a conclusion that any new
or unique features have no human factors traps or pitfalls, such as
display perceptual or interpretative problems, for a representative
pilot population.

(i) Itis desirable to have display evaluations conducted by more than one pilot,
even for the certification of displays that do not incorporate significant new
features. At least one member of the team should have previous experience
with the display principles contained in this document. For display designs
that incorporate unproven features, evaluation by a greater number of pilots
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should be considered. To help the Agency certification team gain assurance
of a sufficiently broad exposel base, the electronic display manufacturer or
installer should develop a test programme with the Agency that gathers data
from Agency test pilots, company test pilots, and customer pilots who will
use the display. A reasonable amount of time for the tpito adapt to a
display feature can be allowed, but long adaptation times must receive
careful consideration. Any attitude display format presented for Agency
approval should be sufficiently natural in its design so that no training is
required for basic rmanual aeroplane control.

(i)  For those electronic display systems that have been previously approved
(including display formats) and are to be installed in aeroplanes in which
these systems have not been previously approved, a routine Agency
certification should be conducted. This programme should emphasise the
a2aiSYaQ AyGSaANI GA2Yy Ay (GKS I SNRLX | yS
aspects, which may require further detailed systems failure analysis (where
WaeadsSYyQ YSIya (KS & seadafs lard SouréedBhf@gA y 3
information).

(iv)  Simulation is aninvaluable tool for display evaluation. Acceptable simulation
ranges from a rudimentary bench test set up, where the display elements
are viewed statically, to full flight training simulationtkvimotion, external
visual scene, and entire aeroplane systems representation. For minor or
simple changes to previously approved displays, one of these levels of
simulation may be deemed adequate for display evaluation. For evaluation
of display elementshat relate directly to aeroplane control (i.e. air data,
attitude, thrust set parameters, etc.), simulation should not be relied upon
entirely. The dynamics of aeroplane motion, coupled with the many added
distractions and sensory demands made upon thet ghat are attendant
G2 OGdzt FSNRLXFYS FftAIKGE KIFGS | LN
and usability of displays. Display designers, as well as Agency test pilots,
should be aware that display formats previously approved in simulation may
well (and frequently do) turn out to be unacceptable in actual flight.

(2) Hardware Installation

() Itis assumed that all display equipment has met the requirements set forth
in SAE Document AS 8034 or guidance provided in-ETE® Therefore,
the purposeof the following guidance is to ensure compatibility of the flight
gualified equipment with the aeroplane environment. It is recognised that
the validation of acceptable equipment installations considers the individual
and combined effects of the following temperature, altitude,
electromagnetic interference, radiomagnetic interference, vibration, and
other environmental influences. The installation requirements eRE&&are
applicable to critical, essential, and nonessential systems, and should be
determined on a caséy-case basis by the Agency based on the specific
circumstances.

(A) Analysis and testing shall be conducted to ensure proper operation of
the display at the maximum unpressurised altitude for which the
equipment is likely to be exposed.
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(B) Hectromagnetic interference analysis and testing shall be conducted
to showc¢

(1) Thatthe installed system is not susceptible to interference from
other aeroplane systems, considering both interference of
signal and power systems; and from external envinent; and

(2) That the installed equipment does not affect other aeroplane
systems.

(C) Ifimproper operation of the display system can result from failures of
the cooling function, then the cooling function must be addressed by
analysis and test/demonsation.

(i)  Pilotinitiated preflight tests may be used to reduce failure exposure times
associated with the safety analysis required under CS 25.1309(d). However,
expecting an equipment priight test to be conducted prior to each flight
may not be corarvative. If the flight crew is required to test a system prior
to each flight, it should be assumed, for the safety analysis, that the flight
crew will actually accomplish this test once per day, providing theljgiet
testis conveniently and acceptgbinplemented. An automatitest feature
designed to preclude the need for pilot initiated piteght tests may receive
credit in the safety analysis.

5 INFORMATION SEPARATION

a. Colour Standardisation

@)

)

@)

Although colour standardisation is desirabldyring the initial certification of
electronic displays colour standards for symbology were not imposed (except for
cautions and warnings i€S 25.1322 At that time the expertise did not exist
within industry or te Agency, nor did sufficient service experience exist, to
rationally establish a suitable colour standard.

In spite of the permissive CRT colour atmosphere that existed at the time of initial
EFIS certification programmes, an analysis of the majotifications to date
reveals many areas of common colour design philosophy; however, if left
unrestricted, in several years there will be few remaining common areas of colour
selection. If that is the case, information transfer problems may begin to obetir t
have significant safety implications. To preclude this, the following colours are
being recommended based on curreshy common usage. Deviations may be
approved with acceptable justification.

The following depicts acceptable display colours radate their functional
meaning recommended for electronic display systems.

0] Display features should be colour coded as follows:

Warnings Red

Flight envelope and Red
system limits
Cautionsabnormal Amber/Yellow

sources

Earth Tan/Brown
Engagednodes Green

S Cyan/Blue
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ILS deviation pointer Magenta
Flight director bar Magenta/Green

(i)  Specified display features should be allocated colours from one of the
following colour sets:

| @ | Colourseti | ColourSet2 |
White Yellow*
White Green
White Cyan
Green Cyan
Magenta** Cyan

Active route/flight plan Magenta White

* The extensive use of the colour yellow for other thautgon/abnormal
information is discouraged.

**1n colour Set 1, magenta is intended to be associated with those analogue
LJ N} YSUSNAR UKFEOG O2yauAiddzZis WT¥te uzQ 2

(i)  Precipitation and turbulence areas should be coded#s\fs:

Precipitation 0¢l mm/hr Black
1c4 W Green
4¢12 Y Amber/Yellow
12¢50 Y Red
Above 50 W Magenta
Turbulence White or Magenta

(iv) Background colour: Background colour may be used (Grey or other shade)
to enhance displapresentation.

(4) When deviating from any of the above symbol colour assignments, the
manufacturer should ensure that the chosen colour set is not susceptible to
confusion or colour meaning transference problems due to dissimilarities with this
standard.The Agency test pilot should be familiar with other systems in use and
evaluate the system specifically for confusion in colour meanings. In addition,
compatibility with electremechanical instruments should be considered.

(5) The Agency does not intend tonit electronic displays to the above colours,
although they have been shown to work well. The colours available from a symbol
generator/display unit combination should be carefully selected on the basis of
their chrominance separation. Research studigicate that regions of relatively
high colour confusion exist between red and magenta, magenta and purple, cyan
and green, and yellow and orange (amber). Colours should track with brightness
so that chrominance and relative chrominance separation ar@taaied as much
as possible over day/night operation. Requiring the flight crew to discriminate
between shades of the same colour for symbol meaning in one display is not
recommended.

(6) Chrominance uniformity should be in accordance with the guidanceiged in
SAE Document ARP 1874. As designs are finalised, the manufacturer should review
his colour selections to ensure the presence of colour works to the advantage of
separating logical electronic display functions or separation of types of displayed
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data. Colour meanings should be consistent throughout all colour CRT displays in
the cockpit. In the past, no criteria existed requiring similar colour schemes for left
and right side installations using electmechanical instruments.

b. Colour Perceptions. Workload

1)

)

©)

When colour displays are used, colours should be selected to minimise display
interpretation workload. Symbol colouring should be related to the task or crew
operation function. Improper colour coding increases response times for display
item recognition and selection, and increases the likelihood of errors in situations
where response rate demands exceed response accuracy demands. Colour
assignments that differ from other displays in use, either electromechanical or
electronic, or that dfer from common usage (such as red, yellow, and green for
stoplights), can potentially lead to confusion and information transferral problems.

When symbology is configured such that symbol characterisation is not based on
colour contrast alone, but oshape as well, then the colour information is seen to
add a desirable degree of redundancy to the displayed information. There are
conditions in which pilots whose vision is colour deficient can obtain waivers for
medical qualifications under crew licencegulations. In addition, normal ageing

of the eye can reduce the ability to sharply focus on red objects, or discriminate
blue/green. For pilots with such deficiency, display interpretation workload may
be unacceptably increased unless symbology is cadadore dimensions than
colour alone. Each symbol that needs separation because of the criticality of its
information content should be identified by at least two distinctive coding
parameters (size, shape, colour, location, etc.).

Colour diversity sbuld be limited to as few colours as practical, to ensure adequate
colour contrast between symbols. Colour grouping of symbols, annunciations, and
flags should follow a logical scheme. The contribution of colour to information
density should not make theigplay interpretation times so long that the pilot
perceives a cluttered display.

C. Standard Symbologyany elements of electronic display formats lend themselves to
standardisation of symbology, which would shorten training and transition times when
pilots change aeroplane types. At least one industry group (SAE) is working toward
identifying these elements and proposing suitable standards. Future revisions of this AMC
may incorporate the results of such industry efforts.

d. Symbol Position

1)

The pottion of a message or symbol within a display conveys meaning to the pilot.
Without the consistent or repeatable location of a symbol in a specific area of the
electronic display, interpretation errors and response times may increase. The
following symbolsand parameters should be position consistent:

()  Autopilot and flight director modes of operation.
(i) All warning/caution/advisory annunciation locations.
(i)  All sensor data: altitude, airspeed, glideslope, etc.

(iv)  All sensor failure flags. (Wheeppropriate, flags should appear in the area
where the data is normally placed.)
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(v)  Either the pointer or scale for analogue quantities should be fixed. (Moving
scale indicators that have a fixed present value may have variable limit
markings.)

(2) An ewluation of the positions of the different types of alerting messages and
annunciations available within the electronic display should be conducted, with
particular attention given to differentiation of normal and abnormal indications.
There should be ncendency to misinterpret or fail to discern a symbol, alert, or
annunciation, due to an abnormal indication being displayed in the position of a
normal indication, and having similar shape, size or colour.

(3) Pilot and cepilot displays may have minor difiences in format, but all such
differences should be evaluated specifically to ensure that no potential for
interpretation error exists when pilots make creside display comparisons.

4 LT GKS RAALX L& AYyO2NLRNI GSaorddr2fom NI} GS
stationary symbology, the entire display should be moved at a slow rate in order
to not change the spatial relationships of the symbology collection as a whole.

e.  Clutter. A cluttered display is one, which uses an excessive number and/etyafi
symbols, colours, or small spatial relationships. This causes increased processing time for
display interpretation. One of the goals of display format design is to convey information
in a simple fashion in order to reduce display interpretation tirAerelated issue is the
amount of information presented to the pilot. As this increases, tasks become more
difficult as secondary information may detract from the interpretation of information
necessary for the primary task. A second goal of display fod®asign is to determine
what information the pilot actually requires in order to perform the task at hand. This will
serve to limit the amount of information that needs to be presented at any point in time.
Addition of information by pilot selection mayeldesirable, particularly in the case of
navigational displays, as long as the basic display modes remain uncluttered after pilot
de-selection of secondary data. Automatic-gelection of data has been allowed in the
LI a0 G2 SyKIyOS lnk&taihdnergeinc® condltiimN@Eerdidhlofy O S
AFCS engaged mode annunciation and flight director in extreme attitudes).

f. Interpretation of TweDimensional DisplaysModern electremechanical attitude
indicators are threedimensional devices. Pointeroverlay scales; the fixed aeroplane
symbol overlays the flight director single cue bars which, in turn, overlay a moving
background. The thredimensional aspect of a display plays an important role in
interpretation of instruments. Electronic flight imement system displays represent an
attempt to copy many aspects of conventional electromechanical displays, but in only
two dimensions. This can present a serious problem in eglehkce interpretation,
especially for attitude. For displays using convemal, discrete symbology, the horizon
line, single cue flight director symbol, and fixed aeroplane reference should have
sufficient conspicuity such that the quickglance interpretation should never be
misleading for basic attitude. This conspicuity cama@ed by ensuring that the outline
of the fixed aeroplane symbol(s) always retains its distinctive shape, regardless of the
background or position of the horizon line or pitch ladder. Colour contrast is helpful in
defining distinctive display elementstog insufficient by itself because of the reduction
of chrominance difference in high ambient light levels. The characteristics of the flight
director symbol should not detract from the spatial relationship of the fixed aeroplane
symbol(s) with the horizm Careful attention should be given to the symbol priority
(priority of displaying one symbol overlaying another symbol by editing out the secondary
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symbol) to assure the conspicuity and ease of interpretation similar to that available in
three-dimensiona electromechanical displays.

NOTE: Horizon lines and pitch scales which overwrite the fixed aeroplane symbol or roll pointer
have been found unacceptable in the past.

g. AttentionGetting Requirements

(1) Some electronic display functions are intendeml alert the pilot to changes:
navigation sensor status changes (VOR flag), computed data status changes (flight
director flag or command cue removal), and flight control system normal mode
changes (annunciator changes from armed to engaged) are a femptes For
the displayed information to be effective as an attentigetter, some easily
noticeable change must be evident. A legend change by itself is inadequate to
annunciate automatic or uncommanded mode changes. Colour changes may seem
adequate in lowight levels or during laboratory demonstrations but become much
less effective at high ambient light levels. Motion is an excellent attesgetting
device. Symbol shape changes are also effective, such as placing a box around
freshly changed informatim Shortterm flashing symbols (approximately 10
seconds or flash until acknowledge) are effective attengertters. A permanent
or longterm flashing symbol that is nerancellable should not be used.

(2) In some operations, continued operation with ire@ative equipment is allowed
0dzy RSNJ LINP@A&A2Yya 2F |y a9[vd ¢KS RAALIX I
MEL desires, because in some cases a continuous strong alert may be too
distracting for continued dispatch.

h. Colour Drive Failure=ollowing a single colour drive failure, the remaining symbology
should not present misleading information, although the display does not have to be
usable. If the failure is obvious, it may be assumed that the pilot will not be susceptible
to misleading informatiordue to partial loss of symbology. To make this assumption
valid, special cautions may have to be included in the AFM procedures that point out to
the pilot that important information formed from a single primary colour may be lost,
such asred flags.

6 DISPLAY VISUAL CHARACTERISTICS

a. Visual Display Characteristiche visual display characteristics of electronic displays
should be in accordance with SAE Documents AS 8034, ARP 1874, and ARP 1068B. The
manufacturer should notify the certification engier of those characteristics that do not
meet the guidelines contained in the referenced documents.

b.  Chromaticity and Luminance

(1) Readability of the displays should be satisfactory in all operating and
environmental lighting conditions expected inrgiee. Four lighting conditions
known to be critical for testing are

()  Direct sunlight on the display through a side cockpit window (usually short
term with conventional window arrangements).

(i)  Sunlight through a front window illuminating white dsir which are
reflected in the CRT (a function for the CRT front plate filter).

i)y {dzy | 620S GKS F2NBINR K2NAT 2y | yR | 0+
(usually a prolonged situation and the most critical of these four).
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(iv)  Night and/or dark envonment. Brightness should be controllable to a dim
enough setting such that outside vision is not impaired while maintaining an
acceptable presentation.

(2) When displays are evaluated in these critical lighting situations, the display should
be adjusted ¢ a brightness level representative of that expected at the end of the
/' weQa yY2NXNIf dzaSTdAZ AFS o6pnnn U2 HANNAN
selected by the manufacturer as the minimum acceptable output and measurable
by some readily accomplisi maintenance tests. If the former method is used,
adequate evaluations should be performed to ensure that the expected end of life
brightness levels are met. Some manufacturers have found, and the Agency has
accepted, that 50% of original brightness leigea realistic end of life value. If the
latter method is used, procedures should be established to require periodic
inspections, and these limits should then become part of the service life limits of
the aeroplane system.

(3) Large fields used in colodlisplays as background (e.g. blue sky and brown earth
for attitude) for primary flight control symbols need not be easily discriminated in
these high ambient light levels, provided the proper sense of the flight control
information is conveyed with a quiglance.

(4) Electronic display systems should meet the luminance (photometric brightness)
levels of SAE Document ARP 1874. A system designed to meet these standards
should be readily visible in all the lighting conditions listed in paragraphs 6.b. (1)
and 6.b. (2), and should not require specific flight testing for luminance if the
system has been previously installed in another aeroplane with similar cockpit
window arrangements. If the display evaluation team feels that some attributes
are marginal undeextreme lighting conditions, the following guidelines may be
used:

() The symbols that convey quighance attitude and flight path control
information (e.g., horizon line, pitch scale, fixed aeroplane symbol and/or
flight path symbol, sky pointer and bk indices, flight director bars) should
each have adequate brightness contrast with its respective background to
allow it to be easily and clearly discernible.

(i)  The combination of colour and brightness of any subset of these symbols,
which may, due teoelative motion of a dynamic display, move adjacent to
each other and use colour as an aid for symbol separation (e.qg. flight director
bars and fixed aeroplane symbol), should render each symbol distinctly
identifiable in the worst case juxtaposition.

(i)  Flags and annunciations that may relate to events of a time critical nature
(including warnings and cautions defined in paragraph 10. of this AMC as
well as flight control system annunciations of mode reversions) should have
a sufficient contrast withheir background and immediate environment to
achieve an adequate level of attensity (attention getting properties). Colour
discrimination in high brightness ambient levels may not be necessary if the
symbol remains unambiguous and clearly distinct fromaeent normal
state or alphanumeric characters.

(iv)  Analogue scale displays (heading, air data, engine data, CDIs, or course lines)
should each have adequate brightness with its respective background to
allow it to be easily and clearly discernible. Cobaliwarning and caution
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markings on scales should retain colour discrimination. Symbols used as
targets and present value pointers in juxtaposition to a scale should remain
distinct. If colour is required to convey the meaning of similar shaped targets
or indices, the colour should remain easily discernible.

(v)  Flags and annunciations should still be visible at low display brightness when
the display is adjusted to the lowest usable level for flight with normal
symbology (day or night).

(vi) Raster fields @anveying information such as weather radar displays should
allow the raster to be independently adjustable in luminance from overlaid
stroke symbology. The range of luminance control should allow detection of
colour difference between adjacent small rasireas no larger than 5
milliradians in principal dimension; while at this setting, overlying map
symbology, if present, should be discernible.

(5) Automatic brightness adjustment systems can be employed to decrease pilot
workload and increase tube lifetimn Operation of these systems should be
satisfactory over a wide range of ambient light conditions including the extreme
cases of a forward low sun and a quartering rearward sun shining directly on the
display. A measure of manual adjustment should beiretdto provide for normal
and abnormal operating differences. In the past it has been found that sensor
location and field of view may as significant as the tube brightness dynamics.
Glareshield geometry and window location should be considered in thieiavan.

C. Other Characteristics

The displays should provide characteristics which comply with the symbol alignment,
linearity, jitter, convergence, focus, line width, symbol and character size, chrominance
uniformity, and reflection criteria of SAE Daooents ARP 1874 and AS 8034. Any features,
which do not comply with these documents should be identified. The Agency test team
should evaluate these characteristics during the initial certification of the displays as
installed in the aeroplane with speciattention to those display details which do not
comply with the criteria of ARP 1874 and AS 8034. The test team will provide the
determination of whether these characteristics of the display are satisfactory.

d. Flicker

Flicker is an undesired rapid tenmabvariation in display luminance of a symbol, group

of symbols, or a luminous field. Flicker can cause mild fatigue and reduced crew
STFTFAOASyOed {AyOS AG Aa | &adoweSOGAGS LKSy
because of the potential deleteus effects, the presence of flicker should not be
perceptible day or night considering fovea and full peripheral vision and a format most
susceptible to producing flicker. Refresh rate is a major determinant of flicker; related
parameters are phosphor pgistence and the method of generating mixed colours. Some
systems will also slow down the screen refresh rate when the data content is increased
(as in a map display with selectable data content). Frequencies above 55 Hz for stroke
symbology or notinterlaced raster and 30/60 Hz for interlaced raster are generally
satisfactory.

e. Dynamics

For those elements of the display that are normally in motion, any jitter, jerkiness, or
ratcheting effect should neither be distracting nor objectionable. Screen datiate
rates for analogue symbols used in direct aeroplane or powerplant manual control tasks
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(such as attitude, engine parameters, etc.) should be equal to or greater than 15 Hz. Any
lag introduced by the display system should be consistent with the dame@ontrol task
associated with that parameter. In particular, display system lag (including the sensor) for
attitude should not exceed a first order equivalent time constant of 100 milliseconds for
aeroplanes with conventional control system responseal#ation should be conducted

in worstcase aerodynamic conditions with appropriate stability augmentation systems
off in order to determine the acceptability of display lag.

Note: An update rate of 10 Hz for some engine parameters has been found adeepiamme
aeroplanes.

7 INFORMATION DISPLAY

Display elements and symbology used in#igal YS Wil OGAOFE Q | SNRLX I yS
intuitive, and not dependent on training or adaptation for correct interpretation.

a.

Basic T

The establishe basic T relationships @S 25.132&hould be retained. Deviations from
this rule, as by equivalent safety findings, cannot be granted without human factors
substantiation based on wellfounded research or extemsbervice experience from
military, foreign, or other sources.

(1) Deviations from the basic T that have been substantiated by satisfactory service
experience and research are as follows:

()  Airspeed and altitude instruments external to the attitude déspdrooped
up to 15 degrees and elevated up to 10 degrees (when measured from the
centre of the attitude fixed aeroplane reference to the centre of the air data
instrument).

(i)  Vertical scale type radio altimeter indication between the attitude and
altitude displays.

(i)  Vertical scale display of vertical speed between attitude and altitude
displays.

(2) Airspeed and altitude within the electronic display should be arranged so that the
present value of the displayed parameter is located as close asbfmgo a
horizontal line extending from the centre of the attitude indicator. The present
value of heading should be vertically underneath the centre of the attitude
indicator; this does not preclude an additional heading display located horizontally
from the attitude display.

(i)  Moving scale air data displays should have their present value aligned with
the centre of the attitude display fixed aeroplane reference.

(i) A single fixed airspeed scale with a moving pointer would optimally have
certain criical ranges where the present value (or pointer position) for those
ranges is within 15 degrees of a horizontal line from the attitude display fixed
aeroplane reference; e.g. talaf speeds (highly dynamic) and cruise speeds
(long exposure). For aeroplameavith a large speed differential between
take-off and cruise, the linear tradeff with speed resolution may preclude
meeting this objective. In these cases, the manufacturer should prove that
instrument scan, crossheck, and readability are acceptalibe &ll expected
normal and abnormal manoeuvres and applicable failure states of the
aeroplane, including variability of the user pilot population.
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®3)

(4)

(®)

(6)

()

(i)  Multiple range, fixed airspeed scales with moving pointers should be
designed so that takeff and appoach speed values are located within 15
degrees of a horizontal line through the attitude display fixed aeroplane
reference symbol. The range switching point and hysteresis should be
logically selected so that switching is unobtrusive and not detrimeutal t
current speed tracking tasks or dynamic interpretation. Attributes of the
individual scales must be such that there is no tendency for the pilot to lose
the sense of context of speed range or misinterpret the displayed speed
scale.

In cases of adjace air data instruments, such as a vertical scale airspeed inside an
EADI and a conventional airspeed outside the EADI, the display closest to the
primary attitude display will be considered the primary display, except in the case
of supplementary displaysvhere adequate human factors analysis and testing
have been conducted to establish that the supplementary display does not
decrease the level of safety from that provided by the primary display by itself
(Example: fast/slow indicators).

For retrofit d electronic displays into aeroplanes that previously exhibited variance
from a basic T configuration, the electronic display installation should not increase
this variance when considering the angle from the centre of the attitude reference
to the centreof the airspeed and altimeter.

The acceptabilityofasdl f f SR WONHZA aSQ Y2RS Ay 6KAOK
EHSI display formats may be transposed will be considered on -bgaase basis
by the Agency.

Instrument landing system glideslopewalata display has been allowed on either

side of the electronic display. If glideslope raw data is presented on both the EHS

and EADI, they should be on the same side. The Agency recommends a standard
location of glideslope scales on the right side ascgjed in SAE Document ARP

1068B. If the scale or its location is multifunctional, then it should be labelled and
O2y LAYy &2YS dzyl YOATId2dza adYoz2f A0 | (0 NR«

Compliance withCS 25.1333%0rmally requires separate displays of standby
attitude, air data, and heading. Since these displays are only used after a failure
related to the primary instruments, the basic T arrangement requirements do not
apply. However, all the standaystruments should be arranged to be easily usable
by one of the pilotsCS 25.1321(akquires a third (standby) instrument, where
fitted, to be installed so that both pilots can use it. AMC 25.1321(a) allows that
where an optimum position for both pilots is not possible, any bias should be in
favour of the first pilot.

b. Compacted Formats

1)

)

¢KS GSNY WwO2YLXF OGSR F2NXI GQ> |da dASR Ay
mode where selected display componeitsa twotube CRT display, such as EADI

and EHSI, are combined in a single CRT to provide somewhat better capability in
case of a single tube failure. The concepts and requirements of JAR 25.1321, as
discussed in paragraph 7.a., still apply; however, & baen found acceptable to

allow a compacted mode on either the EADI or EHSI after failure of one CRT.

The compacted display, out of necessity, will be quite different from the primary
format. Flags, mode annunciations, scales, and pointers may hdferedt
locations and perhaps different logic governing when they appear. The flight test

Powered by EASA eRules Paget0of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART AGENER/
.., o E ASA (Initial issue) GENERAL AM

evaluation should ensure the proper operation of all the electronic display
functions in the compacted format, including annunciation of navigation and
guidance modeff present. All the normal EFIS functions do not have to be present
in the compacted mode; those that are present should operate properly. Flags and
mode annunciations should, wherever possible, be displayed in a location common
with the normal format. Inall cases the attitude display should meet the
characteristics of paragraph 7.e.

(3) Ifthe remaining elements of the compacted upper display meet the characteristics
of this document and the CS and operational regulations governing required
instrumentaton, then a note in the AFM stating that the compacted display is an
airworthy mode would be acceptable in order to allow dispatch with a failed lower
tube configuration.

C. Test Functions

The electronic display should incorporate a pilot selectable oomatic test mode that
exercises the system to a depth appropriate to the system design. This function should
be included even if the system failure analysis is not dependent on such a mode, or if
display testis also a maintenance function. The test moda Submode) should display
warning flags in their proper locations. Alerting and annunciation functions should be
exercised, but it normally would not be necessary for the test to cycle through all possible
annunciation states, or to display all flagsdaalerts. It has been found acceptable to
incorporate the display test with a centralised cockpit light test switch, and to have the
display test function disabled while airborne. The test mode provides a convenient means
to display the software configurain.

Note: It is understood that a pilot selectable test needs to be provided, even if the system failure
analysis is not dependent on such a mode to enable the pilot to become familiar with the various

failure flags and annunciations which may appeas ttonsidered that such a requirement could
also be satisfied by an appropriate system training facility off the aircratft.

d. Primary Flight Displays

(1) A sideby-side or overunder arrangement of large primary displays may integrate
many air data, aitude, navigation, alerting, and annunciation functions, while
removing their discrete instrument counterparts. For the initial approval of a new
set of displays incorporating this arrangement, many of the evaluation concepts
covered elsewhere in this AM@ust be adhered to, particularly those relating to
the use of colour and symbology for information separation (paragraph 5). The raw
data aeroplane parameters necessary for manual control (attitude, airspeed,
altitude, and heading) must still reside in angentional basic T arrangement
conducive to effective instrument crosscheck. This means that heading and
attitude must be presented on the same display for a digside CRT
arrangement.

(2) Scale Markings

(i)  Air datadisplays have a requirement simila attitude in that they must be
able to convey to the pilot a quiekance sense of the present speed or
altitude. Conventional roundial moving pointer displays inherently give
some of this sense that may be difficult to duplicate on moving scala& Sc
length is one attribute related to this quigkance capability. The minimum
visible airspeed scale length found acceptable for moving scales on jet
transports has been 80 knots; since this minimum is dependent on other
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scale attributes and aeroplangerational speed range, variations from this
should be verified for acceptability. Altimeters present special design
problems in thatg

(A) The ratio of total usable range to required resolution is a factor of 10
greater than for airspeed or attitude, and

(B) The consequences of losing sense of context of altitude can be
catastrophic.

The combination of altimeter scale length and markings, therefore,
should be adequate to allow sufficient resolution for precise manual
altitude tracking in level flight, asell as enough scale length and
YFENJAYy3a G2 NBAYF2NOS (GKS LRAt2GQa
sufficient lookahead room to adequately predict and accomplish
leveloff. Addition of radio altimeter information on the scale so that

it is visually relatedd ground position may be helpful in giving low
altitude awareness. Airspeed scale markings that remain relatively
fixed (such as stall warning, VMO/MMO), or that are configuration
dependent (such as flap limits), are desirable in that they offer the
pilot a quickglance sense of speed. The markings should be
predominant enough to confer the quigiance sense information,
but not so predominant as to be distracting when operating normally
near those speeds (e.g. stabilised approach operating between stall
warning and flap limit speeds).

(i)  Airspeed reference marks (bugs) on conventional airspeed indicators
perform a useful function, and the implementation of them on electronic
airspeed displays is encouraged. Computed airspeed/aofeg¢tack
reference maks (bugs) such asgd, Vst Warning, \, Vi, Vs, flap limit
speeds, etc., displayed on the airspeed scale will be evaluated for accuracy.
Provision should be incorporated for a reference mark that will reflect the
current target airspeed of the fligiguidance system. This has been required
in the past for some systems that have complex speed selection algorithms,
in order to give the pilot adequate information required 6% 25.1309(&)r
system monitoring.

(i) If any scale reference marks would not be available when equipment
included on the MEL is inoperative, then the display should be evaluated for
acceptability both with and without these reference marks.

(iv) Digital present value readouts or preserdlwe indices should not totally
obscure the scale markings or graduations as they pass the present value
index.

(v) Adjacent scale markings that have potential for interfering with each other
(such as ¥ g, Wain close proximity) must be presented so thiae intended
reference values remain distinct and unambiguous.

(vi) At the present time, scale units marking for air data displays incorporated
AyG2 tC5a& FNB y20 NBIIdANBR oWwWliy20aQz
for altimeters) as long as ¢hcontent of the readout remains unambiguous.

For altimeters with the capability to display in both Metric and British units,
the scale and primary present value readout should remain scaled in British
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units with no units marking required; the Metric diagl should consist of a
separate present value readout that does include units marking.

(vii) Airspeed scale graduations found to be acceptable have beenkmots
increments with graduations labelled at -R@ot intervals. If trend or
acceleration cues areused, or a digital present value readout is
incorporated, scale markings at -k@ot intervals have been found
acceptable. Minimum altimeter graduations should be in 30 m {fb0g)
increments with a present value readout, or 15 m-{66t) increments with
a present value index only. Due to operational requirements, it is expected
that aeroplanes without either 2@ot scale graduations, or a readout of
present value, will not be eligible for Category Il low visibility operation with
barometrically determind decision heights.

(3) \Vertically oriented moving scale airspeed indication is acceptable with higher
numbers at the top or bottom if no airspeed trend or acceleration cues are
associated with the speed scale. Such cues should be oriented so that ingreasi
energy or speed results in upward motion of the cue. To be consistent with this
convention, airspeed scales with these cues should have thespigéd numbers
at the top. Speed, altitude, or vertical rate trend indicators should have appropriate
hysteresis and damping to be useful and ndistracting. Evaluation should include
turbulence expected in service.

(4) The integration of many parameters into one upper display makes necessary an
evaluation of the effect of failure (either misleading or totakjpef a display at the
most critical time for the pilot. The sudden loss of multiple parameters can greatly
impact the ability of the pilot to cope with immediate aeroplane control tasks in
certain flight regimes such as during tad# rotation. If suchdilures are probable
during the critical exposure time, the system must be evaluated for acceptability
of data lost to the pilot. Automatic sensing and switching may have to be
incorporated to preserve a display of attitude in one of the primary displayb®
side with the failure.

e. Attitude

(1) Anaccurate, easy, quickance interpretation of attitude should be possible for all
expected unusual attitude situations and command guidance display
configurations. The pitch attitude display scaling shdagdsuch that during normal
manoeuvres (such as taksf at high thrustto-weight ratios) the horizon remains
visible in the display with at least 2° pitch margin available. * In addition, extreme
attitude symbology and automatically decluttering the EADdxreme attitudes
has been found acceptable (extreme attitude symbology should not be visible
during normal manoeuvring). Surprise, unusual attitudes should be conducted in
the aeroplane to confirm the quieflance interpretation of attitude. The attited
display should be examined in 360° of roll and + 90° of pitch. This can usually be
accomplished by rotating the attitude source through the required gyrations with
the aeroplane powered on the ground. When the aeroplane hardware does not
allow this typeof evaluation, accurate laboratory simulations must be used.

* SeeAMC 25.1303 (b)(faragraph 1.6

2 .20K FTAESR FSNRLXIYS NBFTFSNBYyOS FyR TFAES
pointers) have been approved.mix of these types in the same cockpit should not
be approved.
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f. Digital, Analogue and Combinations

The Agency has a lorsgianding policy of not accepting digital only displays of control
parameters. The reason was the belief that only analogue datahéenform of a
pointer/scale relationship provided necessary rate, trend, and displacement information
to the pilot. However, the Agency will evaluate new electronic display formats, which
include digitalonly or combinations of digital and analogue displaysir data, engine
instruments, or navigation data. Digital information displays will be evaluated on the
basis that they can be used to provide the same or better level of performance and pilot
workload as analogue displays of the same parameters. &iamndtudies can be valuable

in providing experience with new display formats, but care must be taken to ensure that
the simulator provides all the environmental cues germane to the parameter being
evaluated.

g. Knob Tactile Requirements

(1) Control knols used to set digital data on a display that have inadequate friction or
tactile detents can result in undue concentration being required for a simple act
such as setting an owdf-view heading bug to a CRT displayed number. Controls
for this purpose shodl have an appropriate amount of feel to minimise this
problem, as well as minimising the potential for inadvertent changes. The friction
levels associated with standard resistive potentiometers have been shown in some
cases to be inadequate.

(2) The displa response to control input need not meet the dynamic requirements of
paragraph 6.e., but should be fast enough to prevent undue concentration being
required in setting values or display parameters. The sense of motion of controls
should comply with the rguirements ofCS 25.77,Avhere applicable.

h. FulFTime vs. ParTime Displays

Some aeroplane parameters or status indications are required by th25C&d
operational regulations to be displayed; yet they mayydbe necessary or required in
certain phases of flight. If it is desired to inhibit some parameters frorifué display,
an equivalent level of safety to fidlme display must be demonstrated. Criteria to be
considered include the following:

(1) Coninuous display of the parameter is not required for safety of flight in all normal
flight phases.

(2) The parameter is automatically displayed in flight phases where it is required.

(3) The inhibited parameter is automatically displayed when its valueatds an
abnormal condition, or when the parameter reaches an abnormal value.

(4) Display of the inhibited parameter can be manually selected by the crew without
interfering with the display of other required information.

(5) If the parameter fails to be isplayed when required, the failure effect and
compounding effects must meet the requirementsG# 25.1309

(6) The automatic, or requested, display of the inhibited parameter should not create A
unacceptable clutte2 y U0 KS RAALX I €T aAdzdid QF YWHA dza 0 ¥
considered.

(7) If the presence of the new parameter is not sufficiently -eeiflent, suitable
alerting must accompany the automatic presentation.
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8 SWITCHING AND ANNUNCIATION
Switching and annumation considerations made important by electronic displays are as

follows:

a. Power Bus Transients

1)

)

®3)

The electronic attitude display should not be unusable or unstable for more than
one second after the normally expected electrical bus transientstduengine
failure, and should affect only displays on one side of the aeroplane. Recognisably
valid pitch and roll data should be available within one second, and any effects
lasting beyond one second should not interfere with the ability to obtain quick
glance attitude. For most aeroplanes an engine failure after ‘atkewill
simultaneously create a roll rate acceleration, new pitch attitude requirements,
and an electrical transient. Attitude information is paramount; transfer to standby
attitude or trarsfer of control of the aeroplane to the other pilot cannot be reliably
accomplished under these conditions in a timely enough manner to prevent an
unsafe condition. In testing this failure mode, experience has shown that switching
the generator off at thecontrol panel may not result in the largest electrical
transient. During an engine failure, as the engine speed decays, the generator
output voltage and frequency each decay to a point where the bus control finally
recognises the failure. This can be adigantly larger disturbance resulting in a
different effect on the using equipment. One practical way to simulate this failure
is with a fuel cut. Other engine failure conditions may be more critical (such as sub
idle stalls) which cannot be reasonablyatiated in flight test. Analysis should
identify these failure modes and show that the preceding criteria are met.

The design objective should be displays that are insensitive to power transients;
however, if the power transient is not related to ansiltaneous aeroplane control

problem, other failures which result in loss of displays on one side are not deemed
as time critical, providing the switching concepts for multiple parameter displays
are considered (paragraph 7.d.). Bus transients caused tmgaidoad switching

(hydraulic pump actuation, ovens, generator paralleling, etc.) should cause no
visible effect on the display. Expected abnormal bus transients (i.e. generator

cold start process.

The large electrical loads required to restart some engine types should not affect
Y2NBE O0KIyYy 2yS LAf20Qa RAALX I e

b.  Reversionary Switching (Electronic Display Failure States)

(1)

)

The acceptabilityofasdl f f SR WAREA &Y 6 KAOK GKS dzLJLJS
EHSI display formats may be transposed will be considered on -bgaase basis

by the Agency.

Ly OFa$S 2F I aevyoz2f 3ISySNI GLIANI 2FiIF OAaf  dRWSASLJE
may be driven from a singlemaining symbol generator. When this switching state

is invoked, there should be clear, cautionary alerting to both pilots that the
displayed information is from a single source.

C. Source Switching and Annunciation

When the type or source of informatigresented on the primary flight instruments can
change meaning with manual or automatic mode or source selection, then this mode or
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source must be inherently unambiguous from the format of the display or from
appropriate annunciation.

(1) Independent attiude, heading, and air data sources are required for the pilot and
co-pilot primary displays. As long as independent sources are selected, there would
ordinarily be no need for annunciation of these sources. If sources to the electronic
displays can be stihed in such a fashion that the flight crew becomes vulnerable
to hazardously misleading information on both sides of the cockpit as a result of a
common failure, then this switching configuration should be accomplished by a
cautionary alert in clear viewf both pilots.

(2) If the source of navigation information is not ambiguous, such as a case when
VOR/ILS is not switchable across the cockpit, then no source annunciation would
be required. Likewise, if a single navigation computer could only be rebfmfi
the HSI navigation data, then this source need not be annunciated.

(3) If a crew member can select from multiple, similar, navigation sources, such as
multiple VORs or multiple, loagainge navigation systems, then the display of the
selected sourcélata into a CDI type presentation should be annunciated (i.e. VOR
1, INS 2, etc.). The annunciation should be implemented in such a fashion that a
nonnormal source selection is immediately apparent. In addition, when both
crewmembers have selected thersa navigation source, this condition should be
annunciated; for example, the qulot has offside VOR selected, with VOR 1
annunciated in amberfyellow inthedoJA f 2 0 Q& St SOGNRBRYAO RA &L
norrnormal annunciation requirement can be constted. If the similar navigation
sources are two navigation computers that ensure position and stored route
identically through a crogslk channel, electronic display of hormal or raormal
source annunciation would not be required provided a systespatity was
annunciated. In the case where source annunciations are not provided on the
electronic displays, such source annunciations should be readily obvious to the
crew.

(4) Theincreased flexibility offered by modern avionics systems may causertigitc
to be more susceptible to selecting an inappropriate navigation source during
certain phases of flight, such as approach. Since electronic displays may
incorporate more complex switching, compensating means should be provided to
ensure that the propenavigation source has been selected. In order to reduce the
potential for the pilot selecting a neapproachqualified navigation source (such
as INS) for an instrument approach, the Agency has approved the use of a discrete
colour, in addition to labeltig, for data from norapproachqualified navigation
sources when displayed on a CDI.

(5) Ifthe primary heading display can be presented as true or grid heading orgrack

() The electronic display should provide appropriate annunciation.
Annunciation omagnetic heading is not normally required.

(i)  Eitherthe display or heading source should provide a cautionary alert to the
crew prior to entry into a terminal area with other than magnetic heading
displayed. Examples of acceptable implementations ircladsimple alert
when below 3048 m (10 000 feet) and in true heading mode, or a display
alert generated by complex logic that detects the initiation of a descent from
cruise altitude while still in true heading mode.
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(6) There are situations where it may ldesirable to have true heading displayed on
the primary navigation display, and at the same time have VOR or ADF bearing
pointers visible. All but a very small fraction of the VORs are referenced to
Magnetic North; the electronic display should displag bearing pointer in such a
fashion that it will point geometrically correct. If other display considerations
permit, a separate readout of magnetic bearing to the VOR station would be
RSAANI60ftSd LT (GKS St SOGNRBYAO edtkticLY | &
bearing, then some display attribute should make it clear to the flight crew that
the displayed geometry is not correct.

(7) Mode and source select annunciations on electronic displays should be compatible
(this does not mean that the labels have be identical, but that they are
unambiguous in being able to identify them as the same function) with labels on
source and mode select switches and buttons located elsewhere in the cockpit.

(8) If annunciation of automatic navigation system or flighintol system mode
switching is provided by the electronic display, selected modes should be clearly
annunciated with some inherent attentiegetting feature, such as a temporary
box around the annunciation. Examples include vertical or lateral mode capture
release of capture, and autopilot or autothrottle mode change.

Failures

In the case of a detected failure of any parameter, the associated invalid indications
should be removed and only the flag should be displayed. It is recommended that
differentiai A 2y 6S YIRS 060SG¢SSy (GKS FIAfdNE 27
parameter, e.g. nomeception of radio navigation data.

9 MAP MODE CONSIDERATIONS

a.

The map format should provide features recommended by SAE Document ARP 1068B.

Evaluation of mps or navigation displays overlaid with raster radar returns should ensure
that all essential map or navigation display symbology remains readable and easily
discriminated from the radar data.

When a route or course line can be presented in a map forinshould be demonstrated
that the route can be flown manually and with autopilot in heading hold or control wheel
steering modes (if applicable) with course errors compatible with those course errors
defined as allowable in EUROCAE DOCUMENT ED B3li&dnigses flight technical error
and relates methods of accounting for piloting accuracy.

Ifinstrument approaches are to be flown using a map format, previous certifications have
included an AFM limitation requiring at least one pilot to monitor awrdata
presentation. For ILS approaches, raw localiser and glide slope deviation presented in the
ADI has been sufficient, and both navigation displays may remain in the map mode. For
VOR approaches, a map course line may be used as the primary disptaypdacting

the approach, providing the AFM limitations prescribe the allowable display mode
configurations for proper raw data monitoring. Additional considerations include
evaluation of crew time and task demands to configure the map/navigation comfarter

the approach. If it is desired to have both displays in the map mode for VOR approaches
with no raw data monitoring, the accuracy and failure modes of the map display,
navigation computer, and sensors must be shown to be compatible with the perfoemanc
requirements and obstacle clearance zones associated with the type of approach being
conducted.
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When evaluating map failure modes, including failures induced by the symbol generator
or the source navigation computer, consideration must be givenéactimpelling nature

of a map display. It has been demonstrated that gross map position errors can go
undetected or disbelieved because the flight crew falsely relied on the map instead of
correct raw data. This characteristic of crew interpretation reioés the need to adhere

to the criteria of paragraph 4a(3)(viii), (which defines navigation as an essential function)
when considering equipment and navigation source requirements.

10 INTEGRATED WARNING, CAUTION AND ADVISORY DISRIMY 35388p

a.

Il Wgl NYyAy3aQ &aKz2dZ R 06S 3ISYSNIXriGdSR gKSy
O2YLISyal 2N | OiA2y A& NBIJdANBRT GKS |
generated when immediate crew awareness is requaiad subsequent crew action will

0S NBIdANBRT GKS |aa20AFGSR O02f 2dz2NJ Aa |

when crew awareness is required and subsequent crew action may be required; the
associated colour should be unique, preferably not ambaldy. Report No.
DOT/FAA/REB1-38, Il, stresses the importance of preserving the integrity of caution and
warning cues, including colour. Although electronic displays, when used as primary flight
displays, are not intended to be classified as integratagtion and warning systems,
they do generate warnings, cautions, and advisories that fall within the above definitions.
Use of red, amber, or yellow for symbols not related to caution and warning functions is
not prohibited but should be minimised to premediminishing the attentioryetting
characteristics of true warnings and cautions.

Caution and warning displays are necessarily related to aural alerts and master caution
and warning attentiorgetting devices. If the electronic display provides cautmd
warning displays, previously independent systems may be integrated into one system
where single faults potentially may result in the loss of more than one crew alerting
function. Integrated systems have been found to be satisfactory if the featuridined

below are provided;

(1) Visual and aural master caution attentigetting devices are activated whenever
a caution message is displayed. Different visual and aural master warning devices
are provided which activate whenever a warning is displayed

(2) An aural alert audible to all flight crew members under all expected operating
conditions is sounded when any conditions exist that require crew recognition of a
problem and either immediate or future action. If the aural alert occurs because of
the landing gear configuration warning, overspeed warning, tefke€onfiguration
warning, or ground proximity warning, the aural alert must sound continually while
the conditions exist. The landing gear configuration warning may be automatically
inhibited inthose flight regimes where the warning is clearly unnecessary. Special
means may be provided to cancel these aural warnings during selectetbnoral
procedures. If any one warning is cancelled, the remaining warnings must still be
available. Other auradlerts may be cancelled by the flight crew. Certain alerts
(either the aural portion or both aural and visual) may be inhibited in limited
phases of flight, and enabled when that phase of flight is exited or terminated,
provided the overall inhibition scimee increases safety. For example, systems have
been approved that inhibit most alerts during (and immediately after) the afke
The safety objective is to reduce the incidence of unnecessaryshiggd rejected
take-offs (RTO). Toward this end, the maféective type of system uses airspeed
sensing to automatically begin the inhibit function. Systems requiring manual
inhibition prior to initiation of takeoff have been approved, but have the
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undesirable effect of suppressing alerts that should propedtigate a lowspeed
RTO. Enabling of alerts should be automatic after an altitude gain appropriate to
the type of aeroplane.

(3) A separate and distinct visual warning, caution, or advisory message is
conspicuously displayed for each warning, cautiorgdwisory condition that the
system is designed to recognise. The visual indication must be visible by all flight
crew members under all expected lighting conditions. The colours of visual
warning, caution, and advisory displays provided by this systent cousply with
CS 25.1322

(4),(5) & (6) Reliability and Integrity (sédMC 25.13228).

(7) The aural alerting is audible to the flight crew under warase ambient noise
conditions, but not so loud and intrusive as to interfere with the crew taking the
required action to ensure safe flight.

11 CHECKLISTS OR PROCEDURAL ADVISORY DISPLAYS

a.  For purposes of the following discussion, checklist displays are divided intotyimese
those modifiable by the flight crew, those modifiable only on the ground by maintenance
LINEOSRAINBZ FyR (K2aS O2y il AyAy3a AYF2NNI GA:
(unchangeable readnly-memory).

(1) Datamodifiable by the flight crewheresponsibility for electronic checklist display
contents rests with the flight crew. For those operations where the aeroplane is
commonly flown by the same flight crew every day, this responsibility presents no
burden on the pilots. At the other extreme) an air carrier operation the pilots
cannot be reasonably expected to review the contents of the checklist before their
first flight of the day in that aeroplane. In order to implement this type of
operation, the checklist format should allow for some medo easily determine
the current status of the information; this means should be compatible with a
practically implemented procedure that operationally controls who makes
changes, and when and how that change level is identified on the display.

(2) Datamodifiable by maintenance procedurghe display system should lend itself
to a means for the flight crew to easily determine the change level of the checklist
contents.

(3) Data prepared by the manufacturer and contained in RDNas been previously
gated in the section on display criticality that the display of hazardously misleading
flight crew procedures must be Improbable. This requirement applies not only to
failure states of the display system, but also to changes to the aeroplane after
display certification. While it is the responsibility of the manufacturer and the
Agency to provide acceptable procedures to the operator, it is the responsibility of
the operator to identify any checklist changes that may be made necessary by
aeroplane modificatin. The display manufacturer should design the system so
that revision status is easily identifiable by, and such that required changes can be
made available to, the operator. An aeroplane change that made the electronic
checklist incompatible with the redred crew procedures in a manner that could
be hazardously misleading would require the corresponding change to be made to
the checklist or the display to be disabled entirely.

b.  The wide variety of configurations and corresponding AFM supplementsnvetkingle
model may establish a unique set of checklist procedures for each individual aeroplane.
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Incorporation of STCs or other minor modifications could necessitate changes to the
AFM, AFM supplements, or addition of new supplements. These changes thieald
require modifications to the electronically displayed checklists. At this stage of display
development, it would seem advisable to limit displayed checklist information to that
which can easily be changed or that which pertains only to the basipaesem A hard
copy of the AFM or approved operations manual and any checklists required by the
operational rules must be available to the flight crew at all times.

Because misleading information in an emergency procedure could be hazardous, those
elements of the display system responsible for the content of such procedures are
deemed to be essential, and the display of wrong or misleading information must be
Improbable. An analysis of the display system showing that such hazard is Improbable
should be acomplished, the major concern being that incorrect procedures may be
presented which could result in confusion in the cockpit. This analysis does not have to
include the probability of the flight crew entering wrong information into a crew entry
type of dsplay.

Electronic checklists should be consistent in the level of detail among the various
procedures. Checklist content that the crew may rely on for normaltdaday
procedures, but which is incomplete for abnormal or emergency procedures, may be
unsatisfactory because of the extra time required for the crew to discover that the
information required is missing and only obtainable from an alternate ity
checklist. Crew training, display response time, availability of display, and other cockpit
cues are to be considered in evaluating the display system. If the system does not display
all procedures required for safe operation of the aeroplane during normal and emergency
conditions, testing is required to ensure that the proposed method for intéggaan
electronic checklist along with hard copy checklists does not decrease the level of safety
in any foreseeable circumstance. If electronic checklists are installed, pilot workload
should be no greater than that for using hard copy of the procedures.

SYSTEM STATUS DISPLAYS

If aeroplane systems status displays are provided, based on flight phase and system failure
conditions, the symbols representing the system components should be logical, easily
understood, and consistent between display formathe colours used should be compatible
with the requirements of paragraphs 5.a. and 5.b. of this AMC.
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ED Decision 2003/2/RM
1 Purpose
This acceptable means of compliance (AMC) provid@tagce 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 ready reference for thosavolved with aeroplane certification and operation. These

procedures should be considered during aeroplane type certification and supplemental type
certification activities when less than engine rated tadtethrust (power) is used for takeff.

2 Applcable Certification Specifications (CS)
The applicable regulations af&S 25.10125.1521and25.1581
3 Background

Takeoff operations conducted at thrust (power) settings less than the maximum-tdkenrust
(power) available may provide substantial benefits in terms of engine reliability, maintenance,
and operating costs. These tak#f operations generally fall into two categes; 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 certlimitations are observed. The subjects
discussed herein do not pertain to-light thrust cutback procedures that may be employed
for noise abatement purposes.

4 Definitions

/dzAaG2YFNAf @Y (GKS GSN¥a& Wi KNHz § Qceltoyubbojevadd 6 SN |
GdZND2LINRP L) AyadalffFdA2yad C2NJ AAYLIE AOAGREYT 2yf ¢
GdZNDB2LINR L) AyadlrttridAzyas GKS GSNY WLRGSND &Kz

following definitions apply:
a.  Takeoff Thust

(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 use during takeff operations.

(2) Takeoff thrust, for anaeroplane, is normally the engine rated ta& thrust,
corrected for any installation losses and effects that is established for the
aeroplane under C3b. Some aeroplanes use a talfé thrust setting that is
defined at a level that is less than thatdeal on the engine rated takaff thrust.

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

b. Derated takeoff thrust, for an aeroplane, is a tak#f thrust less than ta maximum take
off thrust, for which exists in the AFM a set of separate and independent, or clearly
distinguishable, takeff limitations and performance data that complies with all the take
off requirements of G85. When operating with a derated takdf thrust, the value of
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the thrust setting parameter, which establishes thrust for taig is presented in the
AFM and is considered a normal tadé operating limit.

C. Reduced takeff thrust, for an aeroplane, is a taid#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 corrections to the
take-off or derated takeoff thrust setting and performance. When operatingthiivia
reduced takeoff thrust, the thrust setting parameter, which establishes thrust for take
off, is not considered a takeff operating limit.

d. A wetrunway is one that is neither dry nor contaminated.

e. A contaminated runway is a runway where mahan 25% of the required field length,
within the width being used, is covered by standing water or slush more than 3-2 mm
(0-125 inch) deep, or that has an accumulation of snow or ice. However, in certain other
situations it may be appropriate to considdre 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 tad roll,
the retardation effect will bedr 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
WO2Yy ik YAYFGSRQ NI GKSNI GKIYy WgSiQo

5 Reduced ThrustAcceptable Means Of Compliance)

UnderCS 25.101(¢cP5.101(f) and 25.101(h) it is acceptable to establish and use a takie
thrust setting that is less than the takdf or derated t&ke-off thrust if¢

a. The reduced takeff thrust settingg

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

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

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

(4) Is at least 75% of the takaff thrust, or derated takeoff thrust if such is th
performance basis, for the existing ambient conditions, with no further reduction
below 75% resulting from ARP credit.

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

(6) Enables compliance with @5 Appendix | in the event of an engine failure during
take-off, for aeroplanes equipped with an Automatic Reserve Performance system.

b.  Relevant speeds £Y Vuc, Vk and ) used for reduced thrust takeffs are not less than
those which will comply with the required airworthiness controllability criteria when
using the takeoff thrust (or derated takeoff thrust, if such is the performance basis) for
the ambient conditionsjncluding the effects of an Automatic Reserve Performance (ARP)
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system. It should be noted, as stated in paragraph c. below, that in determining the take
off weight limits, credit can be given for an operable ARP system.

c. The aeroplane complies withlakpplicable performance requirements, including the
criteria in paragraphs a. and b. above, within the range of approveddékeeights, with
the operating engines at the thrust available for the reduced thrust setting selected for
take-off. However, tte thrust settings used to show compliance with the tatkflight
path requirements ofCS 25.11and the final takeoff climb performance requirements
of CS 25.121(shauld not be greater than that established by the initial thrust setting. In
determining the takeoff weight limits, credit can be given for an operable ARP system.

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

e. Aperiodictak2 TF RSY2yaidN} A2y A& O2yRbizbiisE R dzA Ay
aSiiaAy3a gAlK2dzi 'wtxX AF FAGGSRT yR GKS
records. An approved engine maintenance procedure or an approved engine condition
monitoring programme may be used to extend the time interval between -&fke
demongrations.

w

f. The AFM states, as a limitation, that tasds utilising reduced takeff thrust settingsg

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

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

Examples of these ae

Inoperative Equipment: Inoperative engineugges, reversers, anskid systems or
engine systems resulting in the need for additional performance corrections.

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

Nonstandard operations Any situation requiring a nestandard takeoff
technique.

(3) Are notauthorised 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 authorisedrits.

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

g. The AFM states thag

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

(2) When conducting a takeff using educed takeoff thrust, takeoff thrust or
derated takeoff thrust if 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 reduceddfikierust
setting and determining the associated required aeroplane performance are simple (such

Powered by EASA eRules Pageb3of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART AGENER/
.., o E ASA (Initial issue) GENERAL AM

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 deated
take-off thrust if such is the performance basis, for each ambient condition.

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

For approval of derated ta-off 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 separate Appendix in the AFM. THMd Amitations section should indicate
that when operating with derated thrust, the thrust setting parameter should be considered a
take-off operating limit. However, Hiight takeoff thrust (based on the maximum taiaf
thrust specified in the basic M} 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 denand is confirmed by using the thrugerification checks specified in
paragraph 5.e. above.

ED Decision 2003/2/RM
Requirements
1 PURPOSE
This AMC is similar to FAA Advisory Circular AC®28ated 28 November 1994.

This Acceptable Means of Compliance (AMC) provides guidance on the selection,
documentation and control of Certification Maintenance Requirements (CMRs). For those
aeroplanes whose initial maintenance programme is developed under the Maintenance Review
Boad (MRB) process, this document also provides a rational basis for coordinating the
Maintenance Review Board (MRB) and CMR selection processes in order to minimise the impact
of CMRs on aeroplane operators. It is recognised that, for those aeroplanes tikiske
maintenance programme is developed under a different process, the coordination and
documentation aspects have to be adaptedto the particular case. Like all acceptable means of
compliance, this AMC is not, in itself, mandatory, and does not catst# requirement. It is

issued to describe an acceptable means, but not the only means, for selecting, documenting
FYR YIFylFr3Ay3a /awad ¢SN¥Ya adzOK Fa WwWakhkrtftQ | yR
applicability of this particular method of comgiice when the acceptable method of
compliance described herein is used.

2 APPLICABLE CERTIFICATION SPECIFICATIONS
CS 25.130andCs 25.1526f the Certification Spefications (CS).
3 RELATED DOCUMENTS
a. AC 25.13081A, System Design and Analysis.
b. Acceptable Means of CompliandMC 25.1304, System Design and Analysis.
AC 12t22A, Maintenance Review Board (MRB) Procesl

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

e. AC12Ql7A, Maitenance Program Management through Reliability Methods.
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4 BACKGROUND
/| awad KIFI @S 06SSy Ay dzaS aAyO0OS GKS SINIeé mMprnQs
approaches to certify systems to the requirementsG¥ 25.130%nd other requirements
requiring safety analyses. CMRs have been established on several aeroplanes certified in Europe

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

5 CMR DEFINITION

A CMR is eequired periodic task, established during the design certification of the aeroplane
as an operating limitation of the type certificate. CMRs are a subset of the tasks identified during
the type certification process. CMRs usually result from a formabenical analysis conducted

to show compliance with Catastrophic and Hazardous Failure Conditions as defined in
paragraph 6b, below. There are two types of CMRs, as defined in paragraph 12 of this AMC.

a. A CMR is intended to detect safedignificant latet failures which would, in combination
with one or more other specific failures or events, result in a Hazardous or Catastrophic
Failure Condition.

b. It is important to note that CMRs are derived from a fundamentally different analysis
process than themaintenance tasks and intervals which result from Maintenance
Steering Group (MS@) analysis associated with Maintenance Review Board (MRB)
activities. MS@G3 analysis activity produces maintenance tasks which are performed for
safety, operational, or ecamic reasons, involving both preventative maintenance tasks,
which are performed before failure occurs (and are intended to prevent failures), as well
as failurefinding tasks. CMRs, on the other hand, are faHimding tasks only, and exist
solely to Imit the exposure to otherwise hidden failures. Although CMR tasks are failure
finding tasks, use of potential failufending tasks, such as functional checks and
inspections, may also be appropriate.

c. CMRs are designed to verify that a certain failhees or has not occurred, and do not
LINE BARS |y& LINB@SyGlaGdADdS YIAYy(iSylyOS FdzyOi
for latent failures by verifying that the item has not failed, or cause repair if it has failed.
Because the exposure time to a latdailure is a key element in the calculations used in
a safety analysis performed to show compliance W@t 25.1309imiting the exposure
time will have a significant effect on the resultant overall failuragability of the system.
The CMR task interval should be designated in terms of flight hours, cycles, or calendar
time, as appropriate.

d. The type certification process assumes that the aeroplane will be maintained in a
condition or airworthiness at lest equal to its certified or properly altered condition. The
process described in this AMC is not intended to establish normal maintenance tasks that
should be defined through the M&Ganalysis process. Also, this process is not intended
to establish CMR#or the purpose of providing supplemental margins of safety for
concerns arising late in the type design approval process. Such concerns should be
resolved by appropriate means, which are unlikely to include CMRs not established via
normal safety analyses

e. CMRs should not be confused with required structural inspection programmes, which are
developed by the type certificate applicant to meet the inspection requirements for
damage tolerance, as required bZS25.571 or CS25.1529 Appendix H25.4
(Airworthiness Limitations section). CMRs are to be developed and administered
separately from any structural inspection programmes
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6 OTHER DEFINITIONS

The following terms apply to the system design and analysis requireme@S 86.1309(b), (c),

and (d) and the guidance material provided in this AMC. For a complete definition of these
terms, refer to the applicable requirements and guidance material, (i.e. AC 25,18GHhd/or

the EASA Acceptable Means of CompliahibtC 25.1309). AC 25.1309LA andAMC 25.189

1 are periodically revised by the FAA/EASA and are the controlling documents for definition of
these terms. The terms listed below are derived from this guidance material and are included
to assist in the use of this document.

a.

(€)

Failure

A loss of faction, or a malfunction, of a system or a part thereof.

Failure Condition

The effect on the aeroplane and its occupants, both direct and consequential, caused or
contributed to by one or more failures, considering relevant adverse operational or
envronmental conditions. Failure Conditions may be classified according to their
severities as follows:

1)

)

©)

(4)

Minor Failure Conditiond=ailure Conditions which would not significantly reduce
aeroplane safety, and which involve crew actions that are well ivitheir
capabilities. Minor Failure Conditions may include, for example, a slight reduction
in safety margins or functional capabilities, a slight increase in crew workload, such
as routine flight plan changes, or some inconvenience to occupants.

Major Failure Conditiong-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, for example, a significant reduction in safety
margins or dinctional capabilities, a significant increase in crew workload or in
conditions impairing crew efficiency, or discomfort to occupants, possibly including
injuries.

Hazardous Failure Conditiong-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:

()  Alarge reduction in safety margins or functional capabilities;

(i)  physical distress or higher workload such that the flight coamnot be
relied upon to perform their tasks accurately or completely, or

(i)  serious or fatal injury to a relatively small number of the occupants.

Catastrophic Failure Condition§ailure Conditions, which would prevent the
continued safe flight ad landing of the aeroplane.

Probability Terms

When using qualitative or quantitative assessments to determine compliance with
CS25.1309(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 apeional life of each aeroplane.
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Probable Failure Conditions are those having a probability of the order of % x 10
or greater. Minor Failure Conditions may be probable.

(2) Improbable Failure Conditionenprobable Failure Conditions are divided intatw
categories as follows:

0] Remote Unlikely to occur to each aeroplane during its total life but may
occur several times when considering the total operational life of a number
of aeroplanes of the same type. Improbable (Remote) Failure Conditions are
those having a probability of the order of 1 x5 less, but greater than of
the order of 1 x 10. Major Failure Conditions must be no more frequent
than Improbable (Remote).

(i)  Extremely RemoteJnlikely to occur when considering the total operagb
life of all aeroplanes of the same type, but nevertheless has to be considered
as being possible. Improbable (Extremely 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. Hazardous Failure Conditions must be no more frequent
than Improbable (Extremely Remote).

(3) Extremely Improbable Failure ConditioBstremely Improbable Failure Conditions
are those so unlikely that they are not anticipated to occur during the entir
operational life of all aeroplanes 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.

Qualitative

Those analytical processes that assess system and aeeogadety in a subjective, nen
numerical manner, based on experienced engineering judgement.

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, @8d®5.1309(aequiresthat
compliance be shown primarily by analysis. In recent years there has been an increase in the
degree of system complexity and integration, and in the number of saigtigal functions
performed by systems. This increase in complexity has led togdetstructured means for
showing compliance with the requirements@§ 25.1309

a.

CS 25.1309(b) and (sbecify required safety levels in qualitative terms, and regjthat

a safety assessment 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 Failurdititon

These techniques include the use of service experience data of similar, previously
approved systems, and thorough gualitative analyses.

In addition, difficulties have been experienced in assessing the acceptability of some
designs, especialljhose of systems, or parts of systems, that are complex, that have a
high degree of integration, that use new technology, or that perform safeitical
functions. These difficulties led to the selective use of rational analyses to estimate
guantitative piobabilities, and the development of related criteria based on historical
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data of accidents and hazardous incidents caused or contributed to by failures. These
criteria, expressed as numerical probability ranges associated with the terms used in
CS25.1309(b) became commonly accepted for evaluating the quantitative analyses that
are often used in such cases to support experienced engineering and operational
judgment and to supplement qualitative analyses and tests.

NOTE: See Acceptable Means of Compli@ic&309 System Design and Analysis, for a
complete description of the inverse relationship between the probability and severity of
Failure Conditions, and the various metkaof showing compliance witBS 25.1309

8 DESIGN CONSIDERATIONS RELATED TO CANDIDATE CMRs

A decision to create a candidate CMR should follow the guidelines givev@25.13091 (i.e.

the use of candidate CMRs in lieu of practical and reliable failure monitoring and warning
systems to detect significant latent failures when they occur does not complyO&it26.1309(c)

and (d)(4) A practical failure monitoring and warning system is one, which is considered to be
within the state of the art. A reliable failure monitoring and warning system is one, which would
not result in either excessive failures of a genuine warning, or exeess untimely false
warnings, which can sometimes be more hazardous than lack of provision for, or failures of,
genuine but infrequent warnings. Experienced judgement should be applied when determining
whether or not a failure monitoring and warning st 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 CANDIQARS (CCMRs)

a.

Figure 1 illustrates the relationship between the certification process and the MRB
process in establishing scheduled maintenance tasks. Those tasks related to the
certification process, as well as those derived through §Bhalysis, mst be identified

and documented as illustrated. The details of the process to be followed in defining,
documenting, and handling CMRs are given in paragraphs 9b through 12 below.

Candidate CMRs

(1) Tasksthat are candidates for selection as CMRslyst@he from safety analyses
(e.g. System Safety Assessments (SSA), which may establish the need for tasks to
be carried out periodically to comply witGS 25.130@nd other requirements
requiring this type of ana$ys). Tasks may be selected from those intended to
detect latent failures, which would, in combination with one or more specific
failures or events, lead to a Hazardous or Catastrophic Failure Condition.

(2) Other tasks, not derived from formal safety aysds but based on properly
justified engineering judgement, may also be candidates for CMRs. The justification
must include the logic leading to identification as a candidate CMR, and the data
and experience base supporting the logic.

10 CERTIFICATION MAENANCE COORDINATION COMMITTEE (CMCC)

a.

In order to grant operators of the aeroplane an opportunity to participate in the selection

of CMRs and to assess the candidate CMRs and the proposed MRB tasks and intervals in
an integrated process, the type céitate (TC) applicant should convene a Certification
Maintenance Coordination Committee (CMCC) (see Figure 1). This committee should be
made up of manufacturers, operator representatives designated by the Industry Steering
Committee (ISC) Chairperson, Agg Certification Specialist(s) and the MRB Chairperson.

Powered by EASA eRules Pageb8of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART AGENER/
.., o E ASA (Initial issue) GENERAL AM

b.  As earlyas possible in the design phase of the aeroplane programme, and at intervals as
necessary, the CMCC should meet to review candidate CMRs, their purpose, criticality,
and other relevantlf OG 2 NBR® 5dzNAYy3I GKS /a// Qa RA&OdzA&A
suggest alternatives to a given CMR, which would satisfy the intent of the CMR, while
allowing reduced operational impact. In addition, where multiple tasks result from a
guantitative anaysis, it may be possible to extend a given interval at the expense of one
or more other intervals, in order to optimise the required maintenance activity. However,
if a decision is made to create a CMR, then the CMR task interval shall be based solely on
the results of the safety analysis.

C. The CMCC would function as an advisory committee for the TC applicant. The results of
the CMCC (proposed CMRs to be included on the type design definition and proposed
revisions to MRB tasks and/or intervals) wouldftsevarded 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
and/or intervals rejected by the ISCWWS & dz2 G Ay /aw GFalad { dza
consideration, the TC applicant will submit the CMR document, as defined in paragraph
12 of this AMC, to the Agency for final review and approval.

11 SELECTION OF CMRs

a. The candidate CMRs should be reviemay the CMCC and a determination made as to
whether or not CMR status is necessary and, if so, whether to categorise the CMR as One
Star or Two Star, as defined in paragraph 12 of this AMC. To reach this decision, the
following should be considered by ti@MCC:

(1) CMR status does not need to be applied if the CCMR s satisfied by:

()  Maintenance actions considered to be routine maintenance activity (and
which are also identified as MRB tasks) based on engineering judgement and
experience on similar aeptane types, or

(i)  Tasksincluded in the approved Aeroplane Flight Manual.

(2) CMRs remaining after application of paragraph 11a(1) should be categorised as
either One Star or Two Star CMRs. The following should be considered in assigning
One Star or Tw8tar status:

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

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

(i)  The margin between safety analysialculated maximum interval and the
interval selected through the MRB process.

(iv) The sensitivity of the Failure Condition probability to interval escalation.
(v)  The proximity of the calculated maximum interval to the aeroplane life.
b. For operators ith approved escalation practices or an approved reliability programme,

RIFEGF O2ttSO0A2Yy FYR FylLftedAOlf G§SOKyAldzSSa
maintenance programme. It has been demonstrated that the management of a
maintenance programmeags not give rise to undue escalations. Therefore, escalation
2T ¢¢2 {0l N /aw U0lal AYuUSNWIfta AUKAY |y
that Two Star CMRs will be properly managed by the operator with adequate controls.
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12

13

DOCUMENTATION AND HANGLOF CMRs

CMRs should be listed in a separate CMR document, which is referenced in the Type Certificate
Data Sheet. The latest version of the CMR document should be controlled by @& g#&4ed

log of pages. Inthis way, changes to CMRs following icatidn will not require an amendment

to the Type Certificate Data Sheet. The CMR document should clearly identify the two types of
CMR tasks, which are handled as follows:

a.

One Star CMRs (%) The tasks and intervals specified are mandatory and cahaot

changed, escalated, or deleted without the approval of the Agency.

TwoStarCMRs (*9¢ I &1 AYyUSNWIfa YIe& 0SS | R2dzAGSR Ay
approved escalation practices or an approved reliability programme, but the task may

not be changd or deleted without prior Agency approval.

All minimum initial scheduled maintenance tasks, and CMRs, should reside in an MRB
NBLR2NI (2 SyadNB (GKIFG GKS 2LISNIF G2NDa YAyl
requirements. The CMR document shoulé included as Appendix 1 or A (the first

appendix) to the MRB report. The MRB report should include a note indicating that the

CMR document is the controlling document for all CMR tasks. When a CMR task
corresponds to an MRB task, whatever the respectivervals, this fact should be

highlighted, for example, by flagging the task in the CMR appendix of the MRB report.

Since CMRs are based on statistical averages and reliability rates, an exceptional short
term extension for a single CMR interval maynbade on one aeroplane for a specific
period of time without jeopardising safety. Any extensions to CMR intervals (both one
star and two star) must be defined and fully explained in the CMR document. The local
authority must be notified as soon as practitaif any shorterm extension allowed by
the CMR document has taken place.
1) ¢KS GSNY WSHICONN A2 Sy a8Kk2yWNT A& RSTFAYSR |
interval which may be needed to cover an uncontrollable or unexpected situation.
Any allowablencrease must be defined either as a percent of the normal interval,
or a stated number of flight hours, flight cycles, or calendar days. If no-stront
extension is to be allowed for a given CMR, this restriction should be stated in the
CMR document.

(20 Repeated use of extensions, either on the same aeroplane or on similar aeroplanes
AY Iy 2LISNFG2NRa FtSSiz akKz2dAZA R y2d 0S5 d:
practices. Shorterm extensions must not be used for fleet CMR escalation.

(3) The CMR docuamt should state that the Agency must approve, prior to its use,
any desired extension not explicitly listed in the CMR document.

POSICERTIFICATION CHANGES TO CMRs

Any postcertification changes to CMRs should be reviewed by the CMCC, and musttecaipp
by the Agency, which approved the type design.

a.

Since the purpose of a CMR is to limit the exposure time to a given significant latent
failure as part of an engineering analysis of overall system reliability, instances of a CMR
task repeatedly fiding 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
2 LIS NI U 2 iypragraxdé. A One Star CMR task change or interval escalation could
only be made if world fleet service experience indicates that certain assumptions
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regarding component failure rates made early during the engineering analysis were
overly conservativeand a recalculation of system reliability with revised failure rates of
certain components reveals that the task or interval may be changed.

b. The introduction of a new CMR or any change to an existing CMR should be reviewed by
the same process used uing initial certification. It is important that operators be
afforded the same opportunity to participate they received during the original
certification of the aeroplane, in order to allow the operators to manage their own
maintenance programmes.

C. In the event that later data provide sufficient basis for a relaxation of a CMR (less
restrictive actions to be required), the change may be documented by a-&gf8éved
change to the CMR document.

d. If the requirements of an existing CMR must be incredsaate restrictive actions to be
performed), it will be mandated by an airworthiness directive (AD).

e.  After initial aeroplane certification, the only basis for adding a new CMR is in association
with certification of design changes.

f. A new CMR creatkas part of a design change should be a part of the approved data for
that change, and added to the CMR document.
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APPENDIX 1 GUIDANCE FOR USE OF CMRs

The underlying goal of any system design should be an absolute minimum number of CMRs, with none
asthe goal. However the final determination of system design, and ultimately the number of CMRs,
after safety and reliability are assured, should be based on the total cost of ownership of the system
(or the aeroplane), with due regard to weight, relialgiliinitial and recurring costs. If the cost of
adding practical and reliable monitoring and/or warning to a system is large, and the added
maintenance burden of a CMRsinall addition of a CMR may be the solution of choice for both the
type certificate gplicant and the operator.

A decision to create a CMR should include a rigorous todfdef the cost, weight, or complexity of
providing an alerting mechanism or device that will expose the latent failure, versus the requirement
for the operator to condat a maintenance or inspection task at fixed intervals. The following points
should be considered in any decision to create a CMR.

a. What is the magnitude of the changes to the system and/or aeroplane needed to add a reliable
monitoring or warning devicéhat would expose the hidden failure? What is the cost in added
system complexity?

b. Isit possible to introduce a sekst on powerup?

c. Isthe monitoring and warning system reliable? False warnings must be considered as well as a
lack of warnings.

d. Does the monitoring or warning system itself need a CMR due to its latent failure potential?

e. Isthe CMR task reasonable, considering all aspects of the failure condition that the task is
intended to address?

f. How long (or short) is the CMR tasterval?

g. Isthe proposed CMR task labour intensive or time consuming? Can it be done without having
G2 W3IlrAy 00SaaQ FyRk2N) gAGK2dzi g2Nj adlt yRak
done without removing equipment from the aeroplane? Without vitg to readjust
equipment? Without leak checks and/or engine runs?

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

i. IsthelS WI RRSR @I fd2SQ (2 G(GKS LINRPLR&ASR Gl a1 o0AdSo
if the aeroplane must be continually inspected)?

J- Have all alternatives been evaluated?

Powered by EASA eRules Page3of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART &FLIGH
X E ASA (Initial issue) GENER/

SUBPARBCGFLIGHT
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CS 25.20 Scope

ED Decision 2003/2/RM

(@) The requirements of this Subpart B apply to aeroplanes powered with turbine engines
(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 sytaragrah (c).

(b) Inthe absence of an appropriate investigation of operational implications 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 ungepared runway surfaces.

(c) Ifthe aeroplane is equipped with an engine control system that automatically resets the power

or thrust on the operating engine(s) when any engine fails during -tdilkeadditional
requirements pertaining to aeroplane performee and limitations and the functioning and
reliability of the system, contained fwppendix ] must be complied with.

CS 25.21 Proof of compliance

ED Decision 2003/2/RM

(@) Each requirement of this Subpart must imet at each appropriate combination of weight and

centre of gravity within the range of loading conditions for which certification is requested. This

must be showrrt

(1) By tests upon an aeroplane of the type for which certification is requested, or by

caculations based on, and equal in accuracy to, the results of testing; and

(2) By systematic investigation of each probable combination of weight and centre of gravity,

if compliance cannot be reasonably inferred from combinations investigated.
(b) Reserve

(c) The controllability, stability, trim, and stalling characteristics of the aeroplane must be shown

for each altitude up to the maximum expected in operation.

(d) Parameterscritical for the test being conducted, such as weight, loading (centre f/gnac

inertia), airspeed, power, and wind, must be maintained within acceptable tolerances of the

critical values during flight testing.

(e) If compliance with the flight characteristics requirements is dependent upon a stability

augmentation system or pon any other automatic or powewperated system, compliance
must be shown witlCS 25.674and25.672

(f) In meeting the requirements €S 25.105(¢R5.125 25.233and 25.237 the wind velocity must
be measured at a height of 10 metres above the surface, or cedor the difference
between the height at which the wind velocity is measured and thengfre height.
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ED Decision 2003/2/RM

1 Where variation of the parameter on which a tolerance is permitted will have an appreciable
effect on the test, the result should be corrected to the specified value of the parameter;
otherwise no correction is necessary.

2 In areas of critical handling or stability, notwithstanding the toleranc€®f2321(d)(7% total
travel), aft centre of gravity tests should be flown at a centre of gravity not more forward than
the certificate aft centre of gravity limit. Tests which are critical on the forward centre of gravity
limit should be flown at centres of gvity at least as forward as the certificate forward limit.

CS 25.23 Load distribution 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 cenwé&gravity combination is allowable only within
certain load distribution limits (such as spanwise) that could be inadvertently exceeded, these
limits and the corresponding weight and centre of gravity combinations must be established.

(b) The load distbution limits may not exceed
(1) The selected limits;
(2) The limits at which the structure is proven; or

(3) The limits at which compliance with each applicable flight requirement of this Subpart is
shown.

CS 25.25 Weight Limits

ED Decision 2003/2/RM

(@) Maximum weightsMaximum weights corresponding to the aeroplane operating conditions
(such as ramp, ground taxi, takéf, enroute and landing) environmental conditions (such as
altitude and temperature), and loading conditions (such as zero fuelhesgntre of gravity
position and weight distribution) must be established so that they are not more ¢han

(1) The highest weight selected by the applicant for the particular conditions; or

(2) The highest weight at which compliance with each applicstibiectural loading and flight
requirement is shown.

(3) The highest weight at which compliance is shown with the noise certification
requirements.

(b)  Minimum weight.The minimum weight (the lowest weight at which compliance with each
applicable requiremet of this C5 is shown) must be established so that it is not less than

(1) The lowest weight selected by the applicant;

(2) Thedesign minimum weight (the lowest weight at which compliance with each structural
loading condition of this G& is showm); or

(3) Thelowest weight at which compliance with each applicable flight requirement is shown.
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CS 25.27 Centre of gravity limits

ED Decision 2003/2/RM

The extreme forward and the extreme aft centre of gravity limitations must be established for each
practicably separable operating condition. No such limit may lie beyond

(@) The extremes selected by the applicant;
(b) The extremes within which the structure is proven; or

(c) The extremes within which compliance with each applicable flight requirelisestitown.

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 determined by weighing the
aeroplane withg

(1) Fixed ballast;
(2) Unusable fuel determined und€S 25.95%nd
(3) Full operating fluids, including

@ Oil

(i)  Hydraulic fluid; and

(iii)  Other fluids required for normal operation of aeroplane systems, except potable
water, lavatory precharge water, andluids intended for injection in the engine.

(b) The condition of the aeroplane at the time of determining empty weight must be one that is
well defined and can be easily repeated.

CS 25.31 Removable ballast

ED Decision 2003/2/RM

Removable ballast may hesed 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 and pitch must be limited to values that will ensure
(1) Safe operation under normal opeiag conditions; and

(2)Compliance with the performance requirement$f 25.10fo 25.125

(b) There must be a propeller speed limiting means at the governor. It nmdt the maximum
possible governed engine speed to a value not exceeding the maximum allowable rpm.

(c) The means used to limit the low pitch position of the propeller blades must be set so that the
engine does not exceed 103% of the maximum allowable engim or 99% of an approved
maximum overspeed, whichever is greater, with

(1) The propeller blades at the low pitch limit and governor inoperative;
(2) The aeroplane stationary under standard atmospheric conditions with no wind; and
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(3) The engines opetang at the maximum takeff torque limit for turbopropeller engine
powered aeroplanes.
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CS 25.101 General

ED Decision 2003/2/RM

(@) Unless otherwise prescribed, aeroplanes must meet the applicable performance requirements
of this Subpart foambient atmospheric conditions and still air.

(b) The performance, as affected by engine power or thrust, must be based on the following
relative humidities:

(1) 80%, at and below standard temperatures; and
(2) 34%, at and above standard temperaturessal@C (50F).
Between these two temperatures, the relative humidity must vary linearly.

(c) The performance must correspond to the propulsive thrust available under the particular
ambient atmospheric conditions, the particular flight condition, and tledative humidity
specified in sulparagraph (b) of this paragraph. The 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 thrustbsorbed by the accessories and services appropriate to
the particular ambient atmospheric conditions and the particular flight condition. (See
AMCs No AndNo 2 to CS 25.1(c))

(d) Unless otherwise prescribed, the applicant must select the 4afkeenroute, approach, and
landing configuration for the aeroplane.

(e) The aeroplane configurations may vary with weight, altitude, and temperature, to the extent
they are comptible with the operating procedures required by spbragraph (f) of this
paragraph.
(H  Unless otherwise prescribed, in determining the accelestp distances, takeff flight paths,
take2 T¥ RAAGFyOSas | yR I yRAyYy3 dafiguiatioy 6pSedl,> OKI vy
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 prescribedh CS 25.118nd25.121(d)must be established.

(h) The procedures established under gudragraphs (f) and (g) of this paragraph must

(1) Be able to be consistently exgted in service by crews of average skill,
(2) Use methods or devices that are safe and reliable, and

(3) Include allowance for any time delays in the execution of the procedures, that may
reasonably be expected in service. (3&¢C 25.101(h)(3J)

(i)  The acceleratstop and landing distances prescribedG® 25.10@nd 25.125 respectively,
must be determined with all the aeraghe wheel brake assemblies at the fully worn limit of
their allowable wear range. (SéeviC 25.101(i)
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ED Decision 2003/2/RM

The test aeroplane used in the determination of the scheduled perémce should be in a condition
which, as far as is reasonably possible, is representative of the average new production aeroplane.
Where the test aeroplane differs from this standard (e.g. with regard to engine idle thrust settings,
flap rigging, etc.) itwill be necessary to correct the measured performance for any significant
performance effects of such differences.

ED Decision 2003/2/RM

The variation of takeff, climb and landing pesfmance with weight may be extrapolated without
conservatism to a weight greater, by up to 10%, than the maximum weight tested and to a weight
lower, by up to 10%, than the lowest weight tested. These ranges may not be applicable if there are
significant égscontinuities, 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 GENERAICS25.101

1.1 Explanation- Propulsion System BehaviouCS 25.101(cjequires that aeroplane
GLISNF2NXYIF YOS Ydzad O2NNBaLRyR (2 GKS LINE LA
ambient atmospheric conditions, thetpNIi A Odzf | NJ Fft AIKG O2y RAUGA 2
a2aisSyQa oAPSPsE GdzNDAYS SyaaySa yR LINRLISE
characteristics are primarily a function of engine power setting, airspeed, propeller
efficiency (where applicablejltitude, 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 Theintent is to develop a model of propulsion systerf@enance that covers the
approved flight envelope. Furthermore, it should be shown that the combination
of the propulsion system performance model and the aeroplane performance
model are validated by the takeoff performance test data, climb performance
tests, and tests used to determine aeroplane drag. Installed propulsion system
performance characteristics may be established via the following tests and
analyses:

a. Steadystate engine power setting vs. thrust (or power) testing. Engines
should be equippe with adequate instrumentation to allow the
determination of thrust (or power). Data should be acquired in order to
validate the model, including propeller installed thrust, if applicable, over
the range of power settings, altitudes, temperatures, andspaeds for
which approval is sought. Although it is not possible to definitively list or
foresee all of the types of instrumentation that might be considered
adequate for determining thrust (or power) output, two examples used in
past certification programmes are: (1) engine pressure rakes, with engines
calibrated in a ground test cell, and (2) fan speed, with engines calibrated in
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a ground test cell and the calibration data validated by the use of a flying
test bed. In any case, the applicant should subBtde the adequacy of the
instrumentation to be used for determining the thrust (or power) output.

b. Lapse rate takeoff testing to characterise the behaviour of power setting,
rotor speeds, propeller effects (i.e., torque, RPM, and blade angle), or gas
temperature as a function of time, thermal state, or airspeed, as
appropriate. These tests should include the operation of an Automatic
Takeoff Thrust Control System (ATTCS), if applicable, and should cover the
range of power settings for which approvaksught.

i. Data for higher altitude power settings may be acquired via overboost
(i.e., operating at a higher than normal power setting for the
conditions) with the consent of the engine and propeller (when
applicable) manufacturer(s). When consideririge tise of overboost
on turbopropeller propulsion system installations to simulate higher
altitude and ambient temperature range conditions, the capability to
achieve an appropriate simulation should be evaluated based on the
engine and propeller control stem(s) and aircraft performance and
structural considerations. Engine (gearbox) torque, rotor speed, or gas
temperature limits, including protection devices to prohibit or limit
exceedences, may prevent the required amount of overboost needed
for performance at the maximum airport altitude sought for approval.
Overboost may be considered as increased torque, reduced propeller
speed, or a combination of both in order to achieve the appropriate
blade angle for the higher altitude and ambient temperature mng
simulation. Consideration for extrapolations will depend on the
F LILX AOFyiQa adzmaidlyadAalrdArazy 2F GKS
system simulated test conditions.

. Lapse rate characteristics should be validated by takeoff
demonstrations at the mamium airport altitude for which takeoff
approval is being sought. Alternatively, if overboost (see paragraph (i)
above) is used to simulate the thrust setting parameters of the
maximum airport altitude for which takeoff approval is sought, the
takeoff demorstrations 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 thenpulsion system, or other appropriate means,
adjusted as necessary to match the measured inflight performance
characteristics of the installed propulsion system. The propulsion system
mathematical model should define the relationship of thrust to the powe
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 meared via a calibrated load cell or
equivalent means. For turbopropeller aeroplanes, the engine power
measurements should be substantiated by a calibrated dynamometer or
equivalent means, the engine jet thrust should be established by an
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acceptable enginmodel, and the propeller thrust and power characteristics
should be substantiated by wind tunnel testing or equivalent means.

d. Effects of ambient temperature. The flight tests of paragraph 1.2.1.a. above
will typically provide data over a broad range arnbient temperatures.
Additional data may also be obtained from other flight or ground tests of the
same type or series of engine. The objective is to confirm that the propulsion
system model accurately reflects the effects of temperature over the range
of ambient temperatures for which approval is being sought (operating
envelope). Because thrust (or power) data can usually be normalised versus
temperature using either dimensionless variables (e.g., theta exponents) or
a thermodynamic cycle model, it isually unnecessary to obtain data over
the entire ambient temperature range. There is no need to conduct
additional testing if:

I. The data show that the behaviour of thrust and limiting parameters
versus ambient temperature can be predicted accuratehd a

. Analysis based upon the test data shows that the propulsion system
will operate at rated thrust without exceeding propulsion system
limits.

1.2.2 Extrapolation of propulsion system performance data to 915 m (3,000 feet) above
the highest airport #itude 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 protectidevices scheduling), substantiates the proposed
extrapolation procedures. Considerations for extrapolation depend upon an
applicant's determination, understanding, and substantiation of the critical
operating modes of the propulsion system. This underdiagn includes a
determination and quantification of the effects that propulsion system installation
and variations in ambient conditions have on these modes.

Expansion of Takeoff and Landing Data for a Range of Airport Elevations.

2.1

2.2

2.3

These guidelineare applicable to expanding aeroplane Flight Manual takeoff and landing
data above and below the altitude at which the aeroplane takeoff and landing
performance tests are conducted.

With installed propulsion system performance characteristics thaetmen adequately
defined and verified, aeroplane takeoff and landing performance data obtained at one
field elevation may be extrapolated to higher and lower altitudes within the limits of the
operating envelope without applying additional performance semvatisms. It should be
noted, however, that extrapolation of the propulsion system data used in the
determination and validation of propulsion system performance characteristics is
typically limited to 915 m (3,000 feet) above the highest altitude atcWipropulsion
system parameters were evaluated for the pertinent power/thrust setting. (See
paragraph 1 of this AMC for more information on an acceptable means of establishing
and verifying installed propulsion system performance characteristics.)

Note that certification testing for operation at airports that are above 2438 m (8,000 feet)
should also include functional tests of the cabin pressurisation system. Consideration
should be given to any other systems whose operation may be sensitive topendtent

upon airport altitude, such as: engine and APU starting, passenger oxygen, autopilot,
autoland, autothrottle system thrust set/operation.”
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ED Decision 2003/2/RM

CS 25.109(a) and (@®quire the acceleratetop distance to include a distance equivalent to 2 seconds
at V; in addition to the demonstrated distance to accelerate ta@awid then bring the aeroplane to a

full stop. This additional distance is not intended to allow extraetfor making a decision to stop as
the aeroplane passes through,\ut 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 upto three pilot actions (i.e. brakes throttles ¢ spoilers) without introducing
additional time delays to those demonstrated. If the procedures require more than three pilot actions,
an allowance for time delays must be made in the scheduled accelstapalistance. These delays,
which are applied in addition to the demonstrated delays, are to be 1 second (or 2 seconds if a
command to another crew member to take the action is required) for each action beyond the third
action. This is illustrated in Figute

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
E{::&'ﬂ@& — Al ——— AL, —bfe— Al —b— at,+1sec 102 sec. atV, _"

* 2 sec. where a command to another crew member is required.

FIGURA.. ACCELERASEOP TIME DELAYS
where¢

Veris the calibrated airspeed selected by the applicant at which the critical engine is assumed to fail.
The relationship betweeng/and V is defined inCS25.107

Kk ii1 = the demonstrated time interval between engine failure and activation of the first deceleration

device. This time interval is defined as beginning at the instant the critical engine is failed and ending

when the pilot recognises and reactstotBey Ay S FlF Af d2NBX & AYyRAOFGSR
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
reLINSaSyial 6A@S |yR NBLISIFGIotS® ¢KS LAf23Qa FSSU
the tests. For AFM data expansion purposes, in order to provide a recognition time increment that can
be executed consistently in service, this time inceznshould 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
warningh 3 K4 F OGAQF GA2yS LXdzda GKS GAYS AYyONBYSyl
of the engine failure.

T NJ

k {i, = the demonstrated time interval between activation of the first and second deceleration
devices.

k i, 3 = the demonstrated time interval between activation of the second and third deceleration
devices.

Powered by EASA eRules Pager2of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART &FLIGH
X EASA (Initial issue) PERFORMAN

K i n my= the demonstrated time intervebetween activation of the third and fourth (and any
subsequent) deceleration devices. For AFM expansiorsednd reaction time delay to account for
in-service variations should be added to the demonstrated activation time interval between the third
and fourth (and any subsequent) deceleration devices. If a command is required for another crew
member to actuate a deceleration device, @&cond delay, in lieu of thesecond delay, should be
applied for each action. For automatic deceleration devicesdha approved for performance credit

for AFM data expansion, established systems actuation times determined during certification testing
may be used without the application of the additional time delays required by this paragraph.

ED Decision 2003/2/RM

It is not necessary for all the performance testing on the aircraft to be conducted with fully worn
brakes. Sufficient data should be available from aircraft or dynamometer rig tests covering fee ran
of wear and energy levels to enable correction of the flight test results to the 100% worn level. The
only aircraft test that should be carried out at a specific brake wear state is the maximum kinetic
energy rejected 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 2003/2/RM

(@) The reference stall speedspfs a calibrated airspeed defined by the applicaryzmay not be
less than a 4y stall speed. dkis expressed as:

3 o 13 ()s)
OYY —
€

wherec

is

Vewmax= Calibrated airspeed obtained when the loadfaetorrected lift coefficient

first a maximum during the maeuvre prescribed in suparagraph (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 pushef)ydnay not be less than the
speed existing at thastant the device operates;

N,y = Load factor normal to the flight path atMax
W = Aeroplane gross weight;
S= Aerodynamic reference wing area; and
g= Dynamic pressure.
(b)  Vcimaxs determined with:

(1) Engines idling, or, if that resultant thitusauses 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 in other respects (such as flaps and landing gear) in the condittorgexis
in the test or performance standard in whichgrié being used,

(4) The weight used wheng¥is being used as a factor to determine compliance with a
required performance standard;
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(5) The centre of gravity position that results in the highest valtieeterence stall speed,;
and

(6) The aeroplane trimmed for straight flight at a speed selected by the applicant, but not
less than 1.13 kand not greater than 1.3

(c) Starting from the stabilised trim condition, apply the longitudinal control todaleate the
aeroplane so that the speed reduction does not exceed 0.3 (ofse knot per second). (See
AMC 25.103(band (c).

(d) In addition to the requirements of symaragraph (a) of this paragraph, when a device that
abruptly pushes the nose down at a selected angle of attack (e.g. a stick pusher) is installed, the
reference stall speed,{ may not be less than 3,7 km/h (2 kt) or 2%, whichever is greater,
above the speé at which the device operates.

ED Decision 2003/2/RM

The airplane should be trimmed for harof flight at a speed 13 percent to 30 percent above the
anticipated \égwith the engines at idle and the airplane in the configiga for which the stall speed

is being determined. Then, using only the primary longitudinal control for speed reduction, a constant
deceleration (entry rate) is maintained until the airplane is stalled, as definedSn25.201(d)
Following the stall, engine thrust may be used as desired to expedite the recovery.

The analysis to determine-Myaghould disregard any transient or dynamic increases in recorded load
factor, such as might be generated by abrupt cohimputs, which do not reflect the lift capability of
the aeroplane. The load factor normal to the flight path should be nominally 1.0 wniih¥s reached.

ED Decision 2003/2/RM

The stall entry rate is defined as the meaneraf speed reduction (in mgknots CAS/second)) in the
deceleration to the stall in the particular stall demonstration, from a speed 10% above that stall speed,
i.e.

PPW p ITw

O¢ OV @o QYQ(’J((‘)‘(X)'Q(I)'Q(‘]'@‘I L 5 afi Q¢ é®ATNY QW

ED Decision 2003/2/RM

In the case where a dee that abruptly pushes the nose down at a selected angle of attack (e.g. a
stick pusher) operates after fzx the speed at which the device operates, stateG$125.103(dheed
not be corrected to 1g.

Test praedures should be in accordance wkMC 25.103(Mo ensure that no abnormal or unusual
pilot control input is used to obtain an artificially low device activation speed.

CS 25.105 Takeff

ED Decision 2003/2K

(@) The takeoff speeds described @GS 25.10the acceleratestop distance described @S 25.1Q9
the takeoff path described ifCS 25.111and the takeoff distance and takeff run described
in CS 25.113must be determined
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(1) Ateach weight, altitude, and ambient temperature within the operational limits selected
by the applcant; and

(2) Inthe selected configuration for takeoff.

(b) No takeoff made to determine the data required by this paragraph may require exceptional
piloting skill or 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:

(1) Not more than 50% of nominal wind components along the tafg@ath opposite to the
direction of takeoff, and not less than 150% of nominal wind components along the take
off path in the direction of takeff.

(2) Effective runway gradients.

CS 25.10 Takeoff speeds

ED Decision 2003/2/RM
(@) Vimust be established in relation tgAas follows:

(1) Veris the calibrated airspeed at which the critical engine is assumed to fahugt be
selected by the applicant, but may not be less thgpadetermined underCS 25.149(e)

(2) Vi, in terms of calibrated airspeed, is selected by the applicant; howeyenay not be
less than W:plus the speed gained with the critical engine inoperative during the time
interval between the instant at which the critical engine is failed, and the instant at which
GKS LAft20 NBO23IyArAasSa IyR NBIFOGa G2 GKS
of the first action (e.g. applying brakes, reducing thrust, deployingdpeakes) to stop
the aeroplane during accelerasop tests.

(b)  Vomin, interms of calibrated airspeed, may not be less than
(1) 1-13\4gfor ¢
(i) Twoengined and threeengined turbepropeller powered aeroplanes; and

(i)  Turbojet powered aeroplanesvithout provisions for obtaining a significant
reduction in the oneengineinoperative poweon stall speed,

(2) 1-08 \4gfor ¢
()  Turbopropeller powered aeroplanes with more than three engines; and

(i)  Turbojet powered aeroplanes with provisions for alsting a significant reduction
in the oneengineinoperative powefon stall speed: and

(3) 1-10times \cestablished undeCS 25.149
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(©

(d)

()

(f)

V,, in terms of calibrated airspeed, must be selected by the applicaprovide at least the
gradient of climb required bgS 25.121(Hut may not be less thaq

1)
)

©)

Voming

Vr plus the speed increment attained (in accordance W@k 25.11t{(2) before
reaching a height of 11 m (35 ft) above the takeoff surface; and

A speed that provides the manoeuvring capability specifigd3mi25.143(g)

Vwuis the calibrated airspeed at and above whitle Bieroplane can safely lift off the ground,
and continue the takeff. Vjyy 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 wefied by ground takeoff tests. (SeMC 25.107(d)

VR in terms of calibrated air speed, must be selected in accordance with the conditions-of sub
paragraphs (1) to (4) of this paragraph:

1)

()

3)

(4)

Vrmay not beless tharg
M Vi
(i)  105% of Wc;

(i)  The speed (determined in accordance Wit 25.111(c)(Rdhat allows reaching,V
before reaching a height of 11 m (35 ft) above the takesurface; or

(iv) A speed thg ifthe aeroplane is rotated at its maximum practicable rate, will result
in a \{ oof not less than

(A) 110% of \y in the allenginemperating condition, and 105% ofyy
determined at the thrusto-weight ratio corresponding to the orengine
inoperdive condition; or

(B) If the My attitude is limited by the geometry of the aeroplane (i.e., tail
contact with the runway), 108% of,Vin the allenginesoperating condition
and 104% of \{, determined at the thrusto-weight ratio corresponding to
the ore-engineinoperative condition. (SeAMC 25.107(e)(2)(iy)

For any given set of conditions (such as weight, configuration, and temperature), a single
value of ¥, obtained in accordance with this paragraphust be used to show
compliance with both the onengineinoperative and the akenginesoperating takeoff
provisions.

It must be shown that the onengineinoperative takeoff distance, using a rotation
speed of 9.3 km/h (5 knots) less thagestablshed in accordance with syfmragraphs
(e)(1) and (2) of this paragraph, does not exceed the correspondingerajiee
inoperative takeoff distance using the established.Vhe takeoff distances must be
determined in accordance wit@S 25.113(a)(1{SeeAMC 25.107(e)(3)

Reasonably expected variations in service from the establisheddifik@ocedures for

the operation of the aeroplane (such as ovetation of the aeroplane and oubf-trim
conditions) may not result in unsafe flight characteristics or in marked increases in the
scheduled takeoff distances established in accordance witB 25.113(afSeeAMC No.

1 to CS 25.107(e)(@ndAMC No. 2 to CS 25.107(e)f4)

V,ofis the calibrated airspeed at which the aeroplane first becomes airborne.
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(@) Vero in terms of calibrated airspeed, miube selected by the applicant to provide at least the
gradient of climb required bgS 25.121(cput may not less less than

(1) 1.18\g and
(2) A speed that provides the manoeuvring capability specifiedSri25.143(g)

ED Decision 2003/2/RM

1 If cases are encountered where it is not possible to obtain the actuahtforward centre of
gravity with aeroplanes having limited elevator paw@cluding those aeroplanes which have
limited elevator power only over a portion of the takéf weight range), it will be permissible
to test with a more aft centre of gravity and/or more than normal nogetrim to obtain .

1.1 When \{y is obtaina& in this manner, the values should be corrected to those which
would have been attained at forward centre of gravity if sufficient elevator power had
been available. The variation of,¥with centre of gravity may be assumed to be the
same as the variatioof stalling speed in free air with centre of gravity for this correction.

1.2 Insuch caseswhergWhas been measured with a more aft centre of gravity and/or with
more than normal nosep trim, the \kselected should (in addition to complying witreth
requirements ofCS 25.107(g)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 setib the normal takeoff setting for the weight and
centre of gravity.

NOTE: A margin of 9,3 km/h (5 kt) between the lowest maiseel raising speed andkV
would normally be considered to be adequate.

2 Takeoffs made to demonstrate ), should be continud until the aeroplane is out of ground
effect. The aeroplane pitch attitude should not be decreased afteoffft

ED Decision 2003/2/RM

Vwu Testing for Geometry Limited Aeroplanes.

1 For aeroplanes that are geomegtiimited (i.e., the minimum possibla,V speeds are limited by
tail contact with the runway)CS 25.107(e)(1)(iv)(Blows the Yjyto V. orspeed margins to be
reduced to 108% and 104% for theatiginesoperatingand oneengineinoperative conditions,
respectively. The ), demonstrated must be sound and repeatable.

2 One acceptable means for demonstrating compliance Wigh 25.107(chnd 25.107(e)(1)(iv)
with respect to thecapability for a safe l#off and flyaway from the geometry limited condition
is to show that at the lowest thrudb-weight ratio for the alenginesoperating condition:

2.1 During the speed range from 96 to 100% of the actuadfifspeed, the afunder-surface
of the aeroplane should be in contact with the runway. Because of the dynamic nature of
the test, it is recognised that contact will probably not be maintained during this entire
speed range, and some judgement is necessary. It has beed &mceptable for contact
to exist approximately 50% of the time that the aeroplane is in this speed range.

2.2 Beyondthepointoflii@ ¥F (G2 + KSAIKG 2F mmY oop Filo3z 0
not decrease below that at the point of kfiff, nor should the speed increase more than
10%.
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2.3 The horizontal distance from the start of the ta&# to a height of 11 m (35 ft) should
not be greater than 105% of the distance determined in accordance@gith5.113(a)(2)
without the 115% factor.

ED Decision 2003/2/RM

In showing compliance wit@S 25.107(e)(])

a. Rotation at a speed of¥,3 km/h (5 kt) should be carried out uginup to the point of liftoff,
the same rotation technique, in terms of control input, as that used in establishing the one
engineinoperative distance o€S 25.113(a)(1)

b.  The engine failure speed used in thg9/3 km/h (5 kt) demonstration should be the same as
that used in the comparative takeff rotating at \4;

c. The testsshould be carried out both at the lowest practical weight (such that3vkm/h (5 kt)
is not less than \cg and at a weight approding takeoff climb limiting conditions;

d.  The tail or tail skid should not contact the runway.

ED Decision 2003/2/RM

Reasonably expected variations in service from established-dti@ocedures should bevaluated

in respect of ouof-trim conditions during certification flight test programmes. For example, normal
take-off should be made with the longitudinal control trimmed to its most adverse position within the
allowable 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-téfldistance
when reasonably expected service variations, such asrotation, are encountered. This can
be interpreted as requiring takeff tests with all engines operating with an abuse on rotation
speed.
2 ¢KS SELINBaairzy WY MNfdSBNcdisdafiNgs assaBy@mdunf in éxéeSsofii | 1 S
1% of the scheduledake-off distance. Thus the abuse test should not result in a field length
more than 101% of the scheduled field length.

3 For the early rotation abuse condition with all engines operating and at a weight as near as
practicable to the maximum sdavel tale-off weight, it should be shown by test that when the
aeroplane is rotated rapidly at a speed which is 7% or 19 km/h (10 kt), whichever is lesser, below
the scheduled ¥a LISS RS> y2 WYl NJ] SR AYyONBI a4SQ Ay (KS &aOF

CS 25.109 Aelerate-stop 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
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()  Accelerate the aeroplane from a standing start with all engines operatinggforV/
take-off from a dry runway;

(i)  Allow the aeroplane to accelerate fromg b the highest speed reached during the
rejected takeoff, assuming the critical engineila at \trand the pilot takes the
first action to reject the takeff at the \4 for take-off from a dry runway; and

(i)  Come to a full stop on a dry runway from the speed reached as prescribed-in sub
paragraph (a)(1)(ii) of this paragraph; plus

(iv) A dstance equivalent to 2 seconds at thefor take-off from a dry runway.
(2) The sum of the distances necessary;to

(i)  Accelerate the aeroplane from a standing start with all engines operating to the
highest speed reached during the rejected takg assuming the pilot takes the
first action to reject the takeff at the V| for take-off from a dry runway; and

(i)  With all engines still operating, come to a full stop on a dry runway from the speed
reached as prescribed in sglaragraph (a)(2)(i) of thiparagraph; plus

(i) A distance equivalent to 2 seconds at thefts take-off from a dry runway.

(b) (SeeAMC 25.109(a) and (b)The acceleratstop distance on a wet runway is the greater of the
following dstances:

(1) The acceleratsstop distance on a dry runway determined in accordance with- sub
paragraph (a) of this paragraph; or

(2) The acceleratstop distance determined in accordance with fudragraph (a) of this
paragraph, except that the runwayvget and the corresponding wet runway values of
Verand  are used. In determining the wet runway acceleratep distance, the stopping
force from the wheel brakes may never exceed:

()  The wheel brakes stopping force determined in meeting the requiresaft
CS25.101(i)and subparagraph (a) of this paragraph; and

(i)  The force resulting from the wet runway braking coefficient of friction determined
in accordance with subparagraphs (c) or (d) of this paragregdwpplicable, taking
into account the distribution of the normal load between braked and unbraked
wheels at the most adverse centre of gravity position approved for-tiike

(c) The wetrunway braking coefficient of friction for a smooth wet runway isnddfas a curve of
friction coefficient versus ground speed and must be computed as follows:

(1) The maximum tyreéo-ground wet runway braking coefficient of friction is defined as (see

Figure 1):
Tyre Pressure Maximum Braking Coefficient (tyte-ground)
(psi)
50 Hugwaxl  fO350 — +(306 — L t861 — + (883
100 Huguax 0437 — +0320 — b 1805 — + (804
200 Hugwax[ 10331 — +(252 — L {668 — + (692
300 HugmaxI  TO401 — +(263 — b 601 — +(614
Figure 1
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where:

Tyre Pressure = maximum aeroplane operating tyre pressure (psi)
Hugmax= maximum tyreto-ground braking coefficient

V = aeroplane true groungbsed (knots); and

Linear interpolation may be used for tyre pressures other than those listed.

(2) (SeeAMC 25.109(c)(2ZFhe maximum tyréo-ground wet runway braking coefficient of
friction must be adjusted ttake into account the efficiency of the ardtkid 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 specifisikagti
system efficiency is detarined from a quantitative analysis of the flight testing on a
smooth wet runway, the maximum tyr®-ground wet runway braking coefficient of
friction determined in sulparagraph (c)(1) of this paragraph must be multiplied by the
efficiency value associadewith the type of antiskid system installed on the aeroplane:

Type of antiskid system

On-off 0t 30
Quasimodulating 0t 50
Fully modulating ot 80

(d) At the option of the applicant, a higher wet runway braking coefficient of friction may be used
for runway surfaces that have been grooved or treated with a porous friction course material.
For gpoved and porous friction course runways,

(1) 70% of the dry runway braking coefficient of friction used to determine the dry runway
acceleratestop distance; or

(2) (SeeAMC 25.109(d)(2) The wet runway brakingoefficient of friction defined in sub
paragraph (c) of this paragraph, except that a specificskidi efficiency, if determined,
is appropriate for a grooved or porous friction course wet runway and the maximurm tyre
to-ground wet runway braking coeffent of friction is defined as (see Figure 2):

Tyre Pressure Maximum Braking Coefficient (tyte-ground)

(psi)

S0 Hyguax= 0 147 — b1f05 — + %673 — bL2t683 — + (0403 — + (859
100 Hyguax=0 1106 — b 813 — +2X13 — b t20 — +0 317 — + (807
200 Hygmax= 0498 — b t308 — +1t14 — b #285 — +(0i140 — +0.701
300 Hyguax= 00314 — b 247 — +0G703 — b t7W79 — b t00954 — +

0t 614
Figure 2

where:
Tyre Pressure = maximum aeroplane operating tyre pressure (psi)
Hugmax = Maximum tyreto-ground braking coefficient

V = aeroplanerue ground speed (knots); and Linear interpolation may be used for tyre
pressures other than those listed.
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(e) Except as provided in sydaragraph (f)(1) of this paragraph, means other than wheel brakes
may be used to determine the acceleragop distarce if that means

(1) Issafe and reliable;

(2) Is used so that consistent results can be expected under normal operating conditions;
and

(3) Issuch that exceptional skill is not required to control the aeroplane.
()  The effects of available reversarust ¢

(1) Must not be included as an additional means of deceleration when determining the
acceleratestop distance on a dry runway; and

(2) May be included as an additional means of deceleration using recommended reverse
thrust procedures when determing the acceleratestop distance on a wet runway,
provided the requirements of suparagraph (e) of this paragraph are met. (See

AMC25.109(f))

(9) The landing gear must remain extended throughout the accelestdp 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. The corréon 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 accelesttp distance must
be conducted with not more than 10% of the allowable brake wear range remaining on each of
the aeroplane wheel brakes.

EDDecision 2003/2/RM

Propeller pitch positiarFor the oneengineinoperative acceleratét G 2 LJ RA & il yO0S> G KS
propeller should be in the position it would normally assume when an engine fails and the power
levers are closed. For dry runwage-engineinoperative acceleratstop distances, the high drag
ANRdzyR ARES LRaAlGA2Yy 2F GKS 2LISNIGAYy3 SyaiaySaQ
less than zero total thrust, i.e. propeller plus jet thrust, at zero airspeed) maysed provided
adequate directional control is available on a wet runway and the related operational procedures
comply withCS 25.109(f) and (hWet runway controllability may either be demonstrated by using

the gudance available iIAMC 25.109(fat the appropriate power level, or adequate control can be
assumed to be available at ground idle power if reverse thrust credit is approved for determining the
wet runway acceleate-stop 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
CS25.109(f) and (B) For criteria elating to reverse thrust credit for wet runway acceleratep

distances, seAMC 25.109(f)
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ED Decision 2003/2/RM

CS 25.109(c)(®)entifies 3 categories of anskid system and provides for either the use of a default
efficiency value appropriate to the type of system or the determination of a specific efficiency value.
Paragraph 1 of this AMC givedescription of the operating characteristics of each category to enable
the classification of a particular system to be determined. Paragraph 2 gives an acceptable means of
compliance with the requirement for flight testing and use of default efficiendyegin accordance

with CS 25.109(c)(2) hese values are appropriate where the tuning of the-gkiti system is largely
qualitative and without detailed quantitative analysis of system performance. Where det@alied
recording and analysis is used to optimise system tuning, an efficiency value somewhat higher than
the default value might be obtained and determined. Typically, a value of 40% might be achieved with
an On/Off system. The quasiodulating category cars 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 tuned to efficiencies greater than 80% and
up to a maximum of approximaly 92%, which is considered to be the maximum efficiency on a wet
runway normally achievable with fully modulating digital askid systems. Paragraph 3 gives an
acceptable means of compliance wi@5 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 efficiency from the recorded data. One method is based on the vacétimake

torque throughout the stop, while the other is based on wheel speed slip ratio. Finally, Paragraph 5
gives guidance on accounting for the distribution of the normal load between braked and unbraked

wheels.

1 Classification of aniskid system tyes

1.1 For the purposes of determining the default askid efficiency value under
CS25.109(c)(2) antiskid systems have been grouped into three broad classifications;
on/off, gquastmodulating and fully moduldng. These classifications represent evolving
levels of technology and performance capabilities on both dry and wet runways.

1.2 Onloff systems are the simplest of the three types of ahkid systems. For these
systems, fully metered brake pressure (asnanded by the pilot) is applied until wheel
locking is sensed. Brake pressure is then released to allow the wheel to spin back up.
When the system senses that the wheel is accelerating back to synchronous speed (i.e.
ground speed), full metered pressuns 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 pressuga function
of wheel speed. Typically, brake pressure is released when the wheel deceleration rate
exceeds a preselected value. Brake pressure-agpptied at a lower level after a length
of time appropriate to the depth of skid. Brake pressure isitbeadually 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 gppogrammed sequence rather
than the wheel speed time history.

1.4 Fully modulaing systems are a further refinement of the quasbdulating systems. The
major difference betweenthese two types of askid systems is in the implementation
of the skid control logic. During a skid, corrective action is based on the sensed wheel
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speed signal, rather than a preprogrammed response. Specifically, the amount of

pressure reduction or reapplication is based on the rate at which the wheel is going into
or recovering from a skid. Also, higher fidelity transducers and upgraded control systems
are used, which respond more quickly.

1.5 In addition to examining the control system differences noted above, a time history of
the response characteristics of the askid system during a wet runway stop should be
used to help identify the type of argkid 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 typio#l system on both

wet and dry runways. In general, the-off system exhibit& cyclic behaviour of brake pressure
application until a skid is sensed, followed by the complete release of brake pressure to allow
the wheel to spin back up. Full metered pressure (as commanded by the pilot) is thpplied,
starting the cycle over ain. The wheel speed trace exhibits deep and frequent skids (the
troughs in the wheel speed trace), and the average wheel speed is significantly less than the
synchronous speed (which is represented by the flat topped portions of the wheel speed trace).
Note that the skids are deeper and more frequent on a wet runway than on a dry runway. For
the particular example shown in Figure 1, the brake becomes teliquied toward the end of

the dry runway stop and is unable to generate enough torque to causediusiidding.
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FIGURE 1. ANBKID SYSTEM RESHORSIARACTERISTICSODiBystem

The effectiveness of quasiodulating systems can vary significantly depending on the
slipperiness of the runway and the design of the particular control system. On dryaysnw
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 bot@ndryet runways, brake
pressure is released to the extent necessary to control skidding. As the wheel returns to the
synchronous speed, brake pressure is quickly increased to-depeemined level and then
gradually ramped up to the full metered brakeegsure. On a dry runway, this type of response
reduces the depth and frequency of skidding compared to aofbsystem. However, on a wet
runway, skidding occurs at a pressure below that at which the gradual ramping of brake
pressure occurs. As a resud) wet runways the particular system shown in Figure 2 operates
very similarly to an oiff system.
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FIGURE 2. ANBKID SYSTEM RESPONSE CHARAUUTS Quadiodulating System
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FIGURE 3. ANBKID SYSTEM RESPONSE CHARBUUTS Fully Modulating Syste

When properly tuned, fully modulating systems are characterised by much smaller variations in
brake pressure around a fairly high average value. These systems can respond quickly to
developing skids and are capable of modulating brake pressure to redadeequency and

depth of skidding. As a result, the average wheel speed remains much closer to the synchronous
wheel speed. Figure 3 illustrates an example of the response characteristics of a fully
modulating system on dry and wet runways.

2 Demonstraton of antiskid system operation when using the askid efficiency values specified
inCS 25.109(c)(2)

2.1 If the applicant elects to use one of the askid efficiency values specified in
CS25.109(c)(2)a limited amount of flight testing must still be conducted to verify that
the antiskid system operates in a manner consistent with the type of-giiti system
declared by the applicant. This testing should also dermatsthat the antiskid system
has been properly tuned for operation on wet runways.

2.2 A minimum of one complete stop, or equivalent segmented stops, should be conducted
on a smooth (i.e. not grooved or porous friction course) wet runway at an apptepria
speed and energy to cover the critical operating mode of the-skiti system. Since the
objective of the test is to observe the operation (i.e. cycling) of the-glati system, this
test will normally be conducted at an energy well below the maximuakd energy
condition.

2.3 The section of the runway used for braking should be well soaked (i.e. not just damp), but
not flooded. The runway test section should be wet enough to result in a number of cycles
of antiskid activity, but should not cause mpglaning.

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 Thetyres and brakes should not be new, but need not be in the fully worrntemndhey
should be in a condition considered representative of typicakirvice operations.

2.6 Sufficient data should be obtained to determine whether the system operates in a
manner consistent with the type of argkid system declared by the amalnt, provide
evidence that full brake pressure is being applied upstream of thestitti valve during
the flight test demonstration, determine whether the asgkid valve is performing as
intended and show that the antkid system has been properly tuhéor a wet runway.

Typically, the following parameters should be plotted versus time:
()  The speed of a representative number of wheels.

(i)  The hydraulic pressure at each brake (i.e. the hydraulic pressure downstream of
the antiskid valve, or the ektrical input to each anskid valve).

(i)  The hydraulic pressure at each brake metering valve (i.e. upstream of thekahti
valve).

2.7 A qualitative assessment of the askiid system response and aeroplane controllability
should be made by the & pilot(s). In particular, pilot observations should confirm that:

()  Anti-skid releases are neither excessively deep nor prolonged;

(i)  The gear is free of unusual dynamics; and
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(i) The aeroplane tracks essentially straight, even though runway sewater
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
demonstiations, sufficient flight testing, with adequate instrumentation, must be
conducted to ensure confidence in the value obtained. An-skit 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 arskid systems.

A minimum of three complete stops, or equivalent segmented stops, should be
conducted on a wet runway at appropriate speeds and energies to cover the critical
operating modes of the anskid sysem. Since the objective of the test is to determine
the efficiency of the antskid system, these tests will normally be conducted at energies
well below the maximum brake energy condition. A sufficient range of speeds should be
covered to investigate anyariation of the antiskid efficiency with speed.

The testing should be conducted on a smooth (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 antiskid 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, but need not be in the fully worn condition. They
should be in a condition considered representative of typicakirvice operations.

A qualitative assessmentf @nti-skid system response and aeroplane controllability
should be made by the test pilot(s). In particular, pilot observations should confirm that:

()  The landing gear is free of unusual dynamics; and

(i)  The aeroplane tracks essentially straight, @viough runway seams, water
puddles and wetter patches may not be uniformly distributed in location or extent.

The wet runway antskid efficiency value should be determined as described in
Paragraph 4 of this AMC. The test instrumentation and dailection should be
consistent with the method used.

4 Calculation of antskid system efficiency

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 doling paragraphs
describe 2 methods of calculating an efficiency value from the data recorded. These two
methods, which yield equivalent results, are referred to as the torque method and the
wheel slip method. Other methods may also be acceptable if theyoe 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 integratingover the stopping distance, a curve defined by connecting the
peaks of the instantaneous brake force curve (see figure 4). The energy absorbed by the
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brake during the actual wet runway stop is determined by integrating the curve of
instantaneous brake fae 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:

0 Y | O
2

where:

R, = brake force

Ty

h whdel acceleration

brake torque

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 acceleration is obtained from the first derivative of wheel speed.
Instrumentation recording rates and data analysis techniques for wheel speed angtorq
data should be well matched to the asstkid response characteristics to avoid introducing
noise and other artifacts of the instrumentation system into the data.

Since the derivative of wheel speed is used in calculating brake force, smoothing of the
wheel speed data is usually necessary to give good results. The smoothing algorithm
should be carefully designed as it can affect the resulting efficiency calculation. Filtering
or smoothing of the brake torque or brake force data should not normally be.dtdn
conditioning is applied, it should be done in a conservative manner (i.e. result in a lower
efficiency value) and should not misrepresent actual aeroplane/system dynamics.

Both the instantaneous brake force and the peak brake force should be intzhoaer
the stopping distance. The ardkid efficiency value for determining the wet runway
acceleratestop distance is the ratio of the instantaneous brake force integral to the peak
brake force integral:
LQE T 0 DE 0w E EIRIB D

LN Q6 G0N EDIQ
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where:

' antirskid efficiency; and
s = stopping distance

The stopping distance is defined as the distance travelled during the specific wet runway
stopping demonstration, beginning when tifigll braking configuration is obtained and
ending at the lowest speed at which askid 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 withspeed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance.
If significant variations are noted, this variation should be reflected in the braking force
used to determine the acderate-stop distances (either by using a variable efficiency or
by using a conservative single value).

4.3 Wheel Slip Method

At brake application, the tyre begins to slip with respect to the runway surface, i.e. the
wheel speed slows down with respectfioK S I SNRLJ I ySQa 3INRdzyR
of tyre slip increases, the brake force also increases until an optimal slip is reached. If the
amount of slip continues to increase past the optimal slip, the braking force will decrease.

Using the wheel sliptnethod, the antiskid efficiency is determined by comparing the
actual wheel slip measured during a wet runway stop to the optimal slip. Since the wheel
slip varies significantly during the stop, sufficient wheel and ground speed data must be
obtained to eétermine the variation of both the actual wheel slip and the optimal wheel
slip over the length of the stop. A sampling rate of at least 16 samples per second for both
wheel speed and ground speed has been found to yield acceptable fidelity.

For each wheleand ground speed data point, the instantaneous &ktd efficiency value
should be determined from the relationship shown in Figure 5:

1.0
Anti-Skid
Efficiency 0.5
0 M
0 : : 1
o Wheel Slip Ratio locked
rolling Optimal Slip wheel

FIGURE 5. ANSKID EFHAENCY, WHEEL SLIP RELATIONSHIP

WSR awheel slip ratio ¢

OPS= optimal slip ratio; and

'i= instantaneous aniskid efficiency
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To determine the overall antkid efficiency value for use in calculating the wet runway
acceleratestop distance, the instantaneous aiskid efficiencies should be integrated
with respect to distance and divided by the total stopping distance:

. — &

’

where:

antiFskid efficiency; and
s = stopping distance

The stopping distance is defined as the distance travelled during the specific wet runway
stopping @monstration, beginning when the full braking configuration is obtained and
ending at the lowest speed at which askid 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 i
the antiskid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance.
If significant variations are noted, this variation should be reflected in the brdding

used to determine the accelerat&op distances (either by using a variable efficiency or
by using a conservative single value).

The applicant should provide substantiation of the optimal wheel slip value(s) used to
determine the antiskid efficieng value. An acceptable method for determining the
optimal slip value(s) is to compare time history plots of the brake force and wheel slip
data obtained during the wet runway stopping tests. For brake installations where
measuring brake force directly impractical, brake force may be determined from other
parameters (e.g. brake pressure) if a suitable correlation is available. For those skids
where wheel slip continues to increase after a reduction in the brake force, the optimal
slip is the value corresmding to the brake force peak. See Figure 6 for an example and
note how both the actual wheel slip and the optimal wheel slip can vary during the stop.

Brake
Force

Wheel

Slip

Ratio
Optimal —}

Time

FIGURE 6. SUBSTANIMON OF THE OPTIMAL SLIP VALUE
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4.4 For dispatch with an inoperative argkid gstem (if approved), the wet runway
acceleratestop distances should be based on an efficiency no higher than that allowed by
CS 25.109(c)(®r an onoff type of antiskid system. The safety of this type of opeoati
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 askid 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 fer take

off. The stoppingforce due to braking is equal to the braking coefficient multiplied by the
Y2NXIE t2FR 0A®PSd gSAIAKGOL 2y SIFOK o6Nr 1SR 6KS
supported by the unbraked wheels (e.g. unbraked nose wheels) does not contribute to the
stopping force generated by the brakes. This effect must be taken into account for the most
adverse centre of gravity position approved for tak& considering any centre of gravity shifts

that occur due to the dynamics of the stop. The most adversereasitgravity position is the

position that results in the least load on the braked wheels.

ED Decision 2003/2/RM

Properly designed, comnsicted and maintained grooved and PFC runways can offer significant
improvements in wet runway braking capability. A conservative level of performance credit is
provided by25.109(d)to reflect this performance immvement and to provide an incentive for
installing and maintaining such surfaces.

In accordance withCS25.105(c) and 25.109(d) applicants may optionally determine the
accderatestop distance applicable to wet grooved and PFC runways. These data would be included in
the AFM in addition to the smooth runway accelerstep distance data. The braking coefficient for
determining the acceleratstop distance on grooved and PR@ways is defined i€S 25.109(ds

either 70% of the braking coefficient used to determine the dry runway accelstapedistances, or

a curve based on ESDU 71026 data and derived in a manner consistent witlsedafor smooth
runways. In either case, the brake torque limitations determined on a dry runway may not be
exceeded.

Using a simple factor applied to the dry runway braking coefficient is acceptable for grooved and PFC
runways because the braking co€fhA Sy it Qa @I NAFuA2y @gAUK &aLISSR Aa
runways. On smooth wet runways, the braking coefficient varies significantly with speed, which makes
it inappropriate to apply a simple factor to the dry runway braking coefficient. For appsicahno
choose to determine the grooved/PFC wet runway acceleste distances in a manner consistent

with that used for smooth runway£S 25.109(d)(2rovides the maximum tyreo-ground braking
coefficient appliable to grooved and PFC runways. This maximumtbaground braking coefficient

must be adjusted for the anskid system efficiency, either by using the value specified in
CS25.109(c)(2appropriate to the type banti-skid 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 on a smooth surface may
not achieve the same level of efficiency on a grooved or porous friction course runway, and vice versa.
Consequently, if the applicant elects to establish a specific efficiency for use with grooved or PFC
surfaces, antskid efficiency testing should bemducted on a wet runway with such a surface, in
addition to testing on a smooth runway. Means other than flight testing may be acceptable, such as
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using the efficiency previously determined for smooth wet runways, if that efficiency is shown to be
representative of, or conservative for, grooved and PFC runways. The resulting braking force for
grooved/PFC wet runways must be adjusted for the effect of the distribution of the normal load
between braked and unbraked wheels. This adjustment will be simildnabused for determining

the braking force for smooth runways, except that the braking dynamics should be appropriate to the
braking force achieved on grooved and PFC wet runways. Due to the increased braking force on
grooved and PFC wet runways, an ir@ed download on the nose wheel and corresponding
reduction in the download on the main gear is expected.

ED Decision 2003/2/RM

In accordance witlCS 25.109(f)reverse thrust may not be used to determine the acceleisiop
distances for a dry runway. For wet runway accelesstt® distances, howevef;S 25.109(Rllows
credit for the stopping force providebly reverse thrust, if the requirements @fS 25.109(egre met.
In addition, the procedures associated with the use of reverse thrust, vi@icB5.101(fequires the
appli@ant to provide, must meet the requirements @S 25.101(h)The following criteria provide
acceptable means of demonstrating compliance with these requirements:

1 Procedures for using reverse thrust during a regecttakeoff must be developed and
demonstrated. These procedures should include all of the pilot actions necessary to obtain the
recommended level of reverse thrust, maintain directional control and safe engine operating
characteristics, and return the rewser(s), as applicable, to either the idle or the stowed
position. These procedures need not be the same as those recommended for use during a
landing stop, but must not result in additional hazards, (e.g., cause a flame out or any adverse
engine operatig characteristics), nor may they significantly increase flightcrew workload or
training needs.

2 It should be demonstrated that using reverse thrust during a rejected-tdikeomplies with
the engine operating characteristics requirement€&f 25.939(alNo adverse engine operating
characteristics should be exhibited. The reverse thrust procedures may specify a speed at which
the reverse thrust is to be reduced to idle in order to maintain safe engine operating
characteristics.

3 The time sequence for the actions necessary to obtain the recommended level of reverse thrust
should be demonstrated by flight test. The time sequence used to determine the accelerate
stop distances should reflect the most critical caslative to the time needed to deploy the
thrust reversers. For example, on some aeroplanes the outboard thrust reversers are locked out
if an outboard engine fails. This safety feature prevents the pilot from applying asymmetric
reverse thrust onthe outdo NR Sy 3IAySaz odzi AG YlFe | faz2 RSt
thrust on the operable reversers. In addition, if the selection of reverse thrust is the fourth or
subsequent pilot action to stop the aeroplane (e.g., after manual brake application,
thrust/power reduction, and spoiler deployment), a one second delay should be added to the
demonstrated time to select reverse thrust. (See figure AMIC 25.101(h)(3)

4 The response times of the affected aeramasystems 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 effds 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, a lever ptisn 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 requicemdintain directional
control on a wet runway with a 19 km/h (ten knot) crosswind from the most adverse direction.
For demonstration purposes, a wet runway may be simulated by using a castering nosewheel
on a dry runway. Symmetric braking should be usadng the demonstration, and both all
enginesoperating and criticaéngineinoperative reverse thrust should be considered. The
brakes and thrust reversers may not be modulated to maintain directional control. The reverse
thrust procedures may specify peed at which the reverse thrust is reduced to idle in order to
maintain directional controllability.

To meet the requirements o£S 25.101(h)(2and 25.109(e)(1xhe probability of failure to
provide the recommaded level of reverse thrust should be no greater than 1 per 1000
selections. The effects of any system or component malfunction or failure should not create an
additional hazard.

The number of thrust reversers used to determine the wet runway accedestaip distance

data provided in the AFM should reflect the number of engines assumed to be operating during
the rejected takeoff along with any applicable system design features. Thenalines
operating acceleratestop distances should be based onthtlust reversers operating. The one
engineinoperative acceleratatop distances should be based on failure of the critical engine.
For example, if the outboard thrust reversers are locked out when an outboard engine fails, the
one-engineinoperative accearate stop distances can only include reverse thrust from the
inboard engine thrust reversers.

For the engine failure case, it should be assumed that the thrust reverser does not deploy (i.e.,
no reverse thrust or drag credit for deployed thrust reverbackets on the failed engine).

For approval of dispatch with one or more inoperative thrust reverser(s), the associated
performance information should be provided either in the Aeroplane Flight Manual or the
Master Minimum Equipment List.

The eféctive stopping force provided by reverse thrust in each, or at the option of the applicant,
the most critical takeoff configuration, should be demonstrated by flight test. Flight test
demonstrations should be conducted to substantiate the accelestpdistances, and should
include the combined use of all the approved means for stopping the aeroplane. These
demonstrations may be conducted on a dry runway.

For turbepropeller powered aeroplanes, the criteria of paragraphs 1 to 11 above remain
generaly applicable. Additionally, the propeller of the inoperative engine should be in the
position it would normally assume when an engine fails and the power lever is closed. Reverse
thrust may be selected on the remaining engine(s). Unless this is achig\aedihgle action to
retard the power lever(s) from the takeff setting without encountering a stop or lockout, it
must be regarded as an additional pilot action for the purposes of assessing delay times. If this
is the fourth or subsequent pilot actiomtstop 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 Decision 2003/2/RM

(@) The takeoff path extends from a standing start to a point in the tadeat which the aeroplae
is 457 m (1500 ft) above the takdf surface, or at which the transition from the takd to the
enroute configuration is completed angis reached, whichever point is higher. In additipn

(1) The takeoff path must be based on the proceduresgcribed inCS 25.101(f)

(2) The aeroplane must be accelerated on the groundggat which point the critical engine
must be made inoperative and remain inoperative for the rest of the tafkeand

(3) After reaching ¥s the aeroplane must be accelerated te. V

(b) During the acceleration to speed,Yhe nose gear may be raised off the ground at a speed not
less than Y. 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 sglaragraphs (a) and (b) of this
paragraphg
(1) The slope of the airborne part of the takdf path must be positive at each point;
(2) The aeroplane must reach before it is 11 m (35 ft) above the takdf surface and must

continue at a speed as close as practical to, but not less thantW it 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 takaff 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 forengined aeroplanes, and

(4) Except for gear retraction and automatic propeller feathering, the aeroplane
configuration may not be changed, and no change in power or thrust that requires action
by the pilot may be made, until the aeroplane is 122 m (408d9ve the takeoff surface.

(d) The takeoff path must be determined by a continuous demonstrated taKeor by synthesis
from segments. If the takeff path is determined by the segmental methqd

(1) The segments must be clearly defined and must refatéhe distinct changes in the
configuration, power or thrust, and speed;

(2) The weight of the aeroplane, the configuration, and the power or thrust must be constant
throughout each segment and must correspond to the most critical condition prevailing
inthe segment;

B ¢KS FEAIKG LI GK Ydzad oS o6lFaSR 2y (GKS | SNEI
and
(4) The takeoff path data must be checked by continuous demonstrated tafk® up to the

point at which the aeroplane is out of ground effect andsjpeed 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.
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(e) Not required for C25.

ED Decisn 2003/2/RM

The height references @S 25.11%hould be interpreted as geometrical heights.

ED Decision 2003/2/RM

1 Rotation speed, ¥ is intended to be the speed at which thiop initiates action to raise the
nose gear off the ground, during the acceleration tg ®onsequently, the takeff path
determination, in accordance witBS 25.111(a) and (lshould assume that pilot action taise
the nose gear off the ground will not be initiated until the speedas been reached.

2 The time between lifoff and the initiation of gear retraction during taiksf distance
demonstrations should not be less than that necessary to establighdaated positive rate of
climb plus one second. For 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.

CS25.113 Takeoff distance and takeoff run

ED Decision 2003/2/RM

(@) Takeoff distance on a dry runway is the greatercof

(1) The horizontal distance along the tak#f path from the start of the takeff to the point
at which the aeroplane is 11 m (3§ &bove the takeoff surface, determined under
CS25.111for a dry runway; or

(2) 115% of the horizontal distance along the ta€&path, with all engines operating, from
the start of the takeoff to the pointat which the aeroplane is 11 m (35 ft) above the take
off surface, as determined by a procedure consistent wifls25.111 (See
AMC25.113(a)(2), (b)(2) and (c)(R)

(b) Takeoff distance on a wet runway is the greatercof

(1) The takeoff distance on a dry runway determined in accordance withgattagraph (a)
of this paragraph; or

(2) The horizontal distance along the takéf path from the start of the takeff to the point
at which the aeroplane is 4,6 m (15 ft) above the takesurface, achieved in a manner
consistent with the achievement of,\before reaching 11 m (35 ft) above the tadd
surface, determined unde€S 25.11for a wet runway. (SeAMC 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 clearwg

(1) The takeoff run on a dry runway is the greater of

()  The horizontal distance along the takéf path from the start of the takeoff to a
point equidistant between the point at which s reached and the point at which
the aeroplane is 11 m 8ft) above the takeoff surface, as determined under
CS25.111for a dry runway; or
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(i)  115% of the horizontal distance along the taképath, with all engines operating,
from the start of the takeoff to a pint equidistant between the point at which
VLOF is reached and the point at which the aeroplane is 11 m (35 ft) above the
take-off surface, determined by a procedure consistent will$25.111 (See
AMC25.113(a)(2), (b)(2) and (c)(®)

(2) The takeoff run on a wet runway is the greater ¢f

()  The horizontal distance along the takéf path from the start of the takeoff to the
point at which the aeroplane is 4,6 m (15 fyave the takeoff surface, achieved
in a manner consistent with the achievement of béfore reaching 11 m (35 ft)
above the takeoff surface, determined undeCS 25.11for a wet runway; or

(i)  115% of the homontal distance along the takaff path, with all engines operating,
from the start of the takeoff to a point equidistant between the point at which
V,ods reached and the point at which the aeroplane is 11 m (35 ft) above the take
off surface, determind by a procedure consistent withCS25.111 (See
AMC25.113(a)(2)

ED Decision 2003/2/RM

In estallishment of the takeoff distance and takeff run, with all engines operating, in accordance
with CS 25.113(a), (b) and,(the flight technique should be such that

a. A speed of not less than s achieved biere reaching a height of 11 m (35 ft) above the take
off surface,

b. Itis consistent with the achievement of a smooth transition to a steady initial climb speed of
not less than Y+ 19 km/h (10 kt) at a height of 122 m (400 ft) above the tafksurfece.

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 theafksurface at
the end of the takeoff distance determined in accordance witBS 25.113(a) or (ks
appropriate for the runway surface condition.

(b) The net takeoff flight path data must be determined so that they represent the actualafke
flight paths (determined in accordance witbS25.111and with subparagraph (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 fowengined aeroplanes.

(c) The prescribed muction in climb gradient may be applied as an equivalent reduction in
acceleration along that part of the talaf flight path at which the aeroplane is acceleratedin
level flight.
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CS 25.117 Climb: general

ED Decision 2003/2/RM

Compliance with the requements ofCS 25.118nd 25.121must be shown at each weight, altitude,
and ambient temperature within the operational limits established for the aeroplane and with the
most unfavourable centre of gravity for each configuration.

CS 25.119 Landing climb:-alhginesoperating

ED Decision 2003/2/RM
In the landing configuration, the steady gradient of climb may not be less than 3-2%, with

(@) The engines at the power ohttust that is available 8 seconds after initiation of movement of
the power or thrust controls from the minimum flight idle to the-goound power or thrust

setting (seeAMC 25.119(39) and
(b) Aclimb speed whitisg

(1) Not less tharg

(i)  1-08\4xfor aeroplanes with four engines on which the application of power results
in a significant reduction in stall speed; or

(i)  1-13 \4gfor all other aeroplanes;
(2) Not less than Vc; and
(3) Not greater than W

ED Decision 2003/2/RM

In establishing the thrust specified @5 25.119(akither¢

a. Engine acceleration tests should be conducted using the most critiwabination of the
following parameters:

i. Altitude;

. Airspeed,;

ii.  Engine bleed;

iv.  Engine power offake;

likely to be encountered during an approach to a landing airfield within the altitude range for
which landing certification is sought; or

b.  The thrust specified iI€S 25.119(ahould be established as a function of these parameters.
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CS 25.121 Climb: orengineinoperative

@)

(b)

(©

(d)

ED Decision 2003/2/RM

Takeoff; landing gear extendedSee AMC 25.121(a) In the critical takeoff configuration
existing along the flight path (between the points at which the aeroplane reachgan at
which the landing gear is fully retracted) and in the configuratia@dusCS 25.11hbut 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,gawd
with ¢

(1) The critical engine inoperative and the remaining engines at the power or thrust available
when retraction of the landing gear is begun in accordance @&H25.11linless there
is a more criticgbower operating condition existing later along the flight path but before
the point at which the landing geatr is fully retracted (dC 25.121(a)(};)and

(2) The weight equal to the weight existing when rettian of the landing gear is begun
determined underCS 25.111

Takeoff; landing gear retractedn the takeoff configuration existing at the point of the flight
path at which the landing gear is fully rettad, and in the configuration used @5 25.11but
without ground effect, the steady gradient of climb may not be less than 2-4% feetgmed
aeroplanes, 2- 7% for threengined aeroplanes and 3-0% for faamghed aeroplanes, ataand
with ¢

(1) The critical engine inoperative, the remaining engines at the {atkgower or thrust
available at the time the landing gear is fully retracted, determined ur@i®r25.111
unless there is a more critical power operating condition existing later along the flight
path but before the point where the aeroplane reaches a height of 122 m (400 ft) above
the takeoff surface (seéMC 25.12(@b)(1) ; and

2 ¢KS ¢SA3IKEG Sljdadt G2 GKS ¢SA3IKG SEAalGAYS
retracted, determined unde€S 25.111

Final takeoff. In the enroute configuration at the end of the takeff path determined in
accordance witlCS 25.111the steady gradient of climb may not be less than 1-2% for two
engined aeroplanes, 1-5% for threagined aeroplanes, and 1-7% for faurgined aeroplanes,

at Veroand withg

(1) The critical engine inoperative and the remaining engines at the available maximum
continuous power or thrust; and

(2) The weight equal to the weight existing at the end of the taKegpath, determined under
CS 25.111

Approachln a configuration corresponding to the normalatiginesoperating procedure in
which \4rfor this configuration does not exceed 110% of thgfdr the related allengines
operating landing configuration, the stepdradient of climb may not be less than 2- 1% for-two
engined aeroplanes, 2-4% for threagined aeroplanes and 2-7% for fengined aeroplanes,
with ¢

(1) The critical engine inoperative, the remaining engines at thaugoind power or thrust
setting;

(2) The maximum landing weight;

(3) A climb speed established in connection with normal landing procedures, but not more
than 1-4 ¥g and
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(4) Landing gear retracted.

ED Decision 2003/2/RM

1 In showing compliance i CS 25.12it is accepted that bank angles of up to 2° to 3° toward
the operating engine(s) may be used.

2 The height references @S 25.12%hould be interpreted ageometrical heights.

ED Decision 2003/2/RM

The configuration of the landing gear used in showing compliance with the climb requiremésts of
25.121(anay be thatfind t @ F OKAS@PSR F2ft2¢6Ay3a WIASI NI R24YyQ

ED Decision 2003/2/RM
! WLIR2 SN 2LISNF GAYy3a O2yRAGAZ2YQ Y2NBE ONRGAOLN
landing gear is begun would occur, fomexple, if water injection were discontinued prior to reaching
the point at which the landing gear is fully retracted.

ED Decision 2003/2/RM
I WLRGSNI 2LISNI GAy3 O2yRAGA 2 VietimertBeNIBding dwhr (sAfudy-
retracted would occur, for example, if water injection were discontinued prior to reaching a gross
height of 122 m (400 ft).

CS 25.123 Eroute flight paths

ED Decision 2003/2/RM

(@) For the enroute configuration, thelfght paths prescribed in sgbaragraphs (b) and (c) of this
paragraph must be determined at each weight, altitude, and ambient temperature, within the
operating limits established for the aeroplane. The variation of weight along the flight path,
accountirg for the progressive consumption of fuel and oil by the operating engines, may be
included in the computation. The flight paths must be determined at any selected speed; with

(1) The most unfavourable centre of gravity;
(2) The critical engines inoperat;
(3) The remaining engines at the available maximum continuous power or thrust; and

(4) The means for controlling the enghoeoling air supply in the position that provides
adequate cooling in the hatay condition.

(b) The oneengineinoperative netflight path data must represent the actual climb performance
diminished by a gradient of climb of 1-1% for teuagined aeroplanes, 1-4% for threagined
aeroplanes, and 1-6% for feangined aeroplanes.

(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 fargined aeroplanes.
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ED Decision 2003/2/RM

If, in showng compliance wittCS 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% of the engine specification flow
rate at maximum ontinuous power, unless a more appropriate figure has been substantiated by flight
tests.

CS 25.125 Landing

ED Decision 2003/2/RM

(@) The horizontal distance necessary to land and to come to a complete stop from a point 15 m
(50 ft) above the landing sface must be determined (for standard temperatures, at each
weight, altitude and wind within the operational limits established by the applicant for the
aeroplane) as follows:

(1) The aeroplane must be in the landing configuration.

(2) A stabilised approdt with a calibrated airspeed okM: must be maintained down to the
15 m (50 ft) height. Mmay not be less thaq

()  1.23Mgg
(i)  VucLestablished unde€S25.149(and
(i) A speed that provides the maruvring capability specified £S25.143(g)

(3) Changes in configuration, power or thrust, and speed, must be made in accordance with
the established procedures for service operation. (888C 25.125(a)(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.
(b) The landing distance nstibe determined on a level, smooth, dry, haaafaced runway. (See

AMC 25.125(b) In additiong

(1) The pressures on the wheel braking systems may not exceed those specified by the brake
manufacturer;

(2) Thebrakes may not be used so as to cause excessive wear of brakes or tyres (see
AMC25.125(b)(2); and

(3) Means other than wheel brakes may be used if that means

(i) Issafe and reliable;

(i)  Isused so thatansistent results can be expected in service; and

(i)  Is such that exceptional skill is not required to control the aeroplane.
(c) Not required for C25.
(d) Not required for CR5.

(e) Thelanding distance data must include correction factors formmie than 50% of the nominal
wind components along the landing path opposite to the direction of landing, and not less than
150% of the nominal wind components along the landing path in the direction of landing.
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() Ifany device is used that depends ore thperation of any engine, and if the landing distance
would be noticeably increased when a landing is made with that engine inoperative, the landing
distance must be determined with that engine inoperative unless the use of compensating
means will resulin a landing distance not more than that with each engine operating.

ED Decision 2003/2/RM

No changes in configuration, addition of thrust, or nose depression should be made after reaching 15
m (50 ft) height.

ED Decision 2003/2/RM

1 During measured landings, if the brakes can be consistently applied in a manner permitting the
nose gear totouch down safely, the brakes may be applied with only the main wheels firmly on
the ground. Otherwisethe 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.

ED Decision 2003/2/RM

To ensure compliance withiS 25.125(b)(2& series of six measured landings should be conducted on
the same set of wheel brakes and tyres.
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MANOEUVRABIL|

CONTROLLABILANDMANOEUVRABILITY

ED Decision 2003/2/RM

(@) (SeeAMC 25.143(a) The aeroplane must be safely controllable and manoeuvrable dgring
(1) Takeoff,
(2) Climb;
(3) Levelflight;
(4) Descent; and
(5) Landing.

(b) (SeeAMC 25.143(b) It must be possible to make a smooth transition from one flight condition
to any other flight condition without exceptional piloting skill, alertness, or strength, and
without danger of exceeding the aaplane limitload factor under any probable operating
conditions, including;

(1) The sudden failure of the critical engine. (2¢dC 25.143(b)(1)

(2) For aeroplanes with three or more engines, the sudderurfailof the second critical
engine when the aeroplane is in the-esute, approach, or landing configuration and is
trimmed with the critical engine inoperative; and

(3) Configuration changes, including deployment or retraction of deceleration devices.

(c) The following table prescribes, for conventional wheel type controls, the maximum control
forces permitted during the testing required by sparagraphs (a) and (b) of this paragraph.

(SeeAMC 25.143(3)

Forcejn newton (pounds), applied to the pitch
control wheel or rudder pedals e

For short term application for pitch and roll

control¢two hands available for control 2 (7)) 222 ()

For short term application for pitch and roll

control¢one handavailable for control 222 (8] Ll (29) ¢

For shortterm application for yaw control G G 667 (150)
For long term application 445 (10) 22 (5) 89 (20)

(d) Approved operating procedures or conventional operating practices must be followed when
demonstraing compliance with the control force limitations for short term application that are
prescribed in suparagraph (c) of this paragraph. The aeroplane must be in trim, or as near to
being in trim as practical, in the immediately preceding steady flightlition. For the takeoff
condition, the aeroplane must be trimmed according to the approved operating procedures.

(e) When demonstrating compliance with the control force limitations for long term application
that are prescribed in suparagraph (c) of tisi paragraph, the aeroplane must be in trim, or as
near to being in trim as practical.

(H  When manoeuvring at a constant airspeed or Mach number (ugdd\Q, the stick forces and
the gradient of the stick force versus manoeuvring load factor rpustilha'msatisfagtory’limits. )
¢KS auAO]l F2NOSa Ydzau y2u 0S a2z 3IANBlIUO Fa a2z Y
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manoeuvring the aeroplane (se&MC No. 1 to CS 25.143(&nd must not be so low that the
aeroplane can easily be overstressed inadvertently. Changes of gradient that occur with
changes of load factor must not cause undue difficulty in maintaining control of the aeroplane,
and local gradients must not be so low as to result in a danger ofcoveerolling. (SeéAMC No.

2 to CS 25.143jf)

(g) (SeeAMC 25.143(g) The manoeuvring capabilities in a constant speed coordinated turn at
forward centre of gravity, agecified in the following table, must be free of stall warning or
other characteristics that might interfere with normal manoeuvring.

CONFIGURATIq SPEED | MANOEUVRING BANK AN( THRUST/POWER SETTING
IN A COORDINATED TUR

TAKEOFF ASYMMETRIC WAIMTEDY

TAKEOFF Va + XX(Z) 40° ALL ENGINES OPERATING G|

ENROUTE VETo 40° ASYMMETRIC WAIMITEDV

LANDING VRer 40° SYMMETRIC FQ® FLIGHT PAT
ANGLE

(1) A combination of weight, altitude and temperature (WAT) such that the thrusbarep
setting produces the minimum climb gradient specifiedG& 25.12%or the flight
condition.

(2) Airspeed approved for ainginesoperating initial climb.

(3) That thrust or power setting which, in the ewveaf failure of the critical engine and
without any crew action to adjust the thrust or power of the remaining engines, would
result in the thrust or power specified for the talkdf condition at 4, or any lesser thrust
or power setting that is used folleenginesoperating initial climb procedures.

ED Decision 2003/2/RM

In showing compliance with the requirements 665 25.143(a) and (lccount should beaken of
aeroelastic effects and structural dynamics (including aeroplane response to rough runways and water
waves) which may influence the aeroplane handling qualities in flight and on the surface. The
oscillation characteristics of the flightdeck, irelikatmospheric conditions, should 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 vith 25.143(b)(1$ to demonstrate that it is
possible toregain full control of the aeroplane without attaining a dangerous flight condition in
the event of a sudden and complete failure of the critical engine in theding conditions:

a. At each takeoff flap setting at the lowest speed recommended for initial steady climb
with all engines operating after takaff, with ¢

I. All engines, prior to the critical engine becoming inoperative, at maximumaéke
power or thrust;

ii. All propeller controls in the takeff position;

iii.  The landing gear retracted,;
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iv.  The aeroplane in trim in the prescribed initial conditions; and
b.  With wingflaps retracted at a speed of 1.23Rdwith ¢

I. All engines, prior tothe critical engine becoming 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 demonstrationshould be made with simulated engine failure occurring during straight
flight with wings level. In order to allow for likely delay in the initiation of recovery action, no
action to recover the aeroplane should be taken for 2 seconds following engineefallhe
recovery action should not necessitate movement of the engine, propeller or trimming controls,
nor require excessive control forces. The aeroplane will be considered to have reached an
unacceptable attitude if a bank angle of 45° is exceeded gugcovery.

ED Decision 2003/2/RM

1 The maximum forces given in the tableG® 25.143(d¢dr pitch and roll control for short term
application are applicable to amoeuvres 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 of configuration or power
resuting in a change of control force that must be trimmed out) the sitgladed maximum
control forces will be applicable. In other cases (such as-o#fkeotation, or manoeuvring
during enroute flight) the two handed maximum forces will apply.

2 Short rm and long term forces should be interpreted as follaws:

Short term forces are the initial stabilised control forces that result from maintaining the
intended flight path during configuration changes and normal transitions from one flight
condition toanother, 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 consequently short term forces are nosidered to

exist for any significant duration. They do not include transient force peaks that may occur
during the configuration change, change of flight condition or recovery of control following a
failure.

Long term forces are those control forces thasult from normal or failure conditions that
cannot readily be trimmed out or eliminated.

ED Decision 2003/2/RM

An acceptable means of compliance with the requirement that stick forces maeretcessive 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 updéMis the average stick force gradient does not
exceed 534 N (120 Ibf)/g.
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ED Decision 2003/2/RM

1 The objective oCS 25.143(iy to ensure that the limit strength of any critical component on
the aeroplane would not be exceeded in noeivring 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. Bvertheless, it is accepted that the aeroplane load factor will be a sufficient
guide to the possibility of exceeding limit strength on any critical component if a structural
investigation is undertaken whenever the design positive limit manoeuvring laetbrf is
closely approached. If flight testing indicates that the design positive limit manoeuvring load
factor could be exceeded in steady manoeuvring flight with a 222 N (50 Ibf) stick force, the
aeroplane structure should be evaluated for the anticightead 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 critical component. For the purposes of this evaluation, limit strength is defined as the
larger of either the lint design loads envelope increased by the available margins of safety, or
the ultimate static test strength divided by 1-5.

2 Minimum Stick Force to Reach Limit Strength

2.1 A stick force of at least 222 N (50 Ibf) to reach limit strength in steady maneg or
wind up turns is considered acceptable to demonstrate adequate minimum force at limit
strength in the absence of deterrent buffeting. If heavy buffeting occurs before the limit
strength condition is reached, a somewhat lower stick force at litniingth may 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 heavijeband the limit
strength condition) and the stick force characteristics. In determining the limit strength
condition for each critical component, the contribution of buffet loads to the overall
manoeuvring loads should be taken into account.

2.2 This ninimum stick force applies in the epute 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(fare applicable in these
conditions.

3 Stick Force Characteristics

3.1 At all points within the buffet onset boundary determined in accordance with
CS25.251(e) but not including speeds above-gi g the stick force should increase
progressively with increasing load factor. Any reduction in stick force gradient with
change of load factor should not be so large ongibas to impair significantly the ability
of the pilot to maintain control over the load factor and pitch attitude of the aeroplane.

3.2 Beyond the buffet onset boundary, hazardous stick force characteristics should not be
encountered within the permittd 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 asto regain the initial trimmed conditions. The stick force
characteristics demonstrad should comply with the following:

a. For normal acceleration increments of up to 0-3 g beyond buffet onset, where
these can be achieved, local reversal of the stick force gradient may be acceptable
provided that any tendency to pitch up is mild andiBasontrollable.
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For normal acceleration increments of more than 0-3 g beyond buffet onset, where
these can be achieved, more marked reversals of the stick force gradient may be
acceptable. It should be possible for any tendency to pitch up to beagued
within the allowable manoeuvring limits without applying push forces to the
control column and without making a large and rapid forward movement of the
control column.

3.3 Inflight tests to satisfy paragraph 3.1 and 3.2 the load factor shoulddreased 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 force in excess of 667 N (150 Ibf) (or
in excess of 4 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

CS25.337(b)s achieved.
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4 Negative Load Factors

Itis not intended that a detailed flight test assessment of the manoeuvring characteristics under
negative load factors should necessarily be made throughout the specified range of conditions.
An assessment of the haracteristics in the normal flight envelope involving normal
accelerations from 1 g to 0 g will normally be sufficient. Stick forces should also be assessed
during other required flight testing involving negative load factors. Where these assessments
reveal stick force gradientsthat are unusually low, or that are subject to significant variation, a
more detailed assessment, in the most critical of the specified conditions, will be required. This
may be based on calculations provided these are supporteddgguate flight test or wind
tunnel data.

ED Decision 2003/2/RM

1 As an alternative to a detailed quantitative demonstration and analysis of coordinated turn
capabilities, the levels of manoeuvrability free of stallramag required byCS 25.143(gan
normally be assumed where the scheduled operating speeds are not lesg than

1.08 \éwfor Vz
1.16 \bwfor Vs + xX, V¥roand \ker

where \4yis the stall warning speed determinadidle 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 nm@euvre bank angle objectives (e.g. for an aeroplane with a
significant Mach effectonthgch NBf F A2y aKALIW | yR R2S& yz2i SE
might interfere with normal manoeuvring.

2 The effect of thrust or power is normally a functiah thrust to weight ratio alone and,
therefore, it is acceptable for flight test purposes to use the thrust or power setting that is
consistent with a WAITImited climb gradient at the test conditions of weight, altitude and
temperature. However, if the maeuvre 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 thrtistweight ratio must be
taken into accouhwhen demonstrating the required manoeuvring capabilities.

CS 25.145 Longitudinal control

ED Decision 2003/2/RM

(@) (SeeAMC 25.145(a) It must be possible at any point between the trim speed prescribed in
CS25.103(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) Theaeroplane trimmed at the trim speed prescribedd 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 oe #ngines.

(b) With the landing gear extended, no change in trim control, or exertion of more than 222 N (50
pounds) control force (representative of the maximum short term force that can be applied
readily by one hand) may be required for the followingnoauvres:
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(©

(d)
()

(1) With power off, wingflaps retracted, and the aeroplane trimmed at 1-&)extend the
wing-flaps as rapidly as possible while maintaining the airspeed at approximately 30%
above the reference stall speed existing at each instant througti®itmanoeuvre. (See
AMC 25.145(b)(1), (b)(2) and (b)§3)

(2) Repeatsukparagraph (b)(1) of this paragraph except initially extend the wilaygs and
then retract them as rapidly as possible. (S84C 25.145(b)(Zand 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. (SeAMC 25.145(b)(1), (b)(2) and (b)}3)

(4) With power off, wingflaps retracted and the aeroplane trimmed at 1-&Yrapidly set
go-around power or thrust while maintaining the same airspeed.

(5) Repeat sulparagraph (b)(4) of this pagaaph except with windlaps extended.

(6) With power off, wingflaps extended and the aeroplane trimmed at 1-skdbtain and
maintain airspeeds betweens\jand either 1-6 Yk, or g whichever is the lower.

It must be possible, without exceptionailoting skill, to prevent loss of altitude when complete
retraction of the high lift devices from any position is begun during steady, straight, level flight
at 1-08 Vg, for propeller powered aeroplanes or 1-13Yfor turbojet powered aeroplanes,
with ¢

(1) Simultaneous movement of the power or thrust controls to theagound power or
thrust setting;

(2) The landing gear extended; and
(3) The critical combinations of landing weights and altitudes.
Revoked

(SeeAMC 25.145(e) If gated higHift device control positions are provided, sparagraph (c)

of this paragraph applies to retractions of the hifh devices from any position from the
maximum landing position to the first gated position, eten gated positions, 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 theayound
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-lifgklevices used

to edablish a gearound 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 tigto the gated
position. It must only be possible to make this separate and distinct motion once the control
has reached the gated position.
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ED Decision 2003/2/RM

1 CS 25.145(adequires 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
to ensure sufficient pitch control for a prompt recoverthe aeroplane is inadvertently slowed
to the point of the stall. Although this requirement must be met with power off and at maximum
continuous power, there is no intention to require stall demonstrations at engine powers above
that specified 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 edat least one second past stall warning
during a 0.5 m/3(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 compalhnce with the requirement.

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 1fi/knot per second) with
wingslevel. For tests at idle power, it should be demonstrated that the nose can be pitched
down from any speed between the trim speed and the stall. Typically, the most critical point is
at the stall when in stall buffet. The rate of speed increase duringréloevery should be
adequate to promptly return to the trim point. Data from the stall characteristics test can be
used to evaluate this capability at the stall. For tests at maximum continuous power, the
manoeuvre need not be continued for more than one@ed beyond the onset of stall warning.
However, the static longitudinal stability characteristics during the manoeuvre and the nose
down control power remaining at the end of the manoeuvre must be sufficient to assure that a
prompt recovery to the trim sped could be attained 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 movementf highlift 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 toretrate
full flap extensions and retractions without changing the trim control.

ED Decision 2003/2/RM

If gates are providedCS 25.145(aequires the first gate from the maximutanding position to be
located at a position corresponding to a-gmund configuration. If there are multiple ggound
configurations, the following criteria should be considered when selecting the location of the gate:

a. The expected relative frequenpof use of the available garound configurations.

b.  The effects of selecting the incorrect hififih device control position.
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The potential for the pilot to select the incorrect control position, considering the likely
situations for use of the dérent gearound positions.

The extent to which the gate(s) aid the pilot in quickly and accurately selecting the correct
position of the higHift devices.

CS 25.147 Directional and lateral control

(@)

(b)

(©)

(d)

(e)

ED Decision 2003/2/RM

Directional control; genal. (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 dg3for
heading changes up to 1fexcept that the heading change at which the rudder pedal force is
667 N (150 Ibf) needot be exceeded), and with

(1) The critical engine inoperative and its propeller in the minimum drag position;

(2) The power required for level flight at 1.33{ but not more than maximum continuous
power;

(3) The most unfavourable centre of gravity;
(4) Landing gear retracted,

(5) Wingflaps in the approach position; and
(6) Maximum landing weight.

Directional control; aeroplanes with four or more engies.oplanes with four or more engines
must meet the requirements of sybaragraph (a) of tis paragraph except thag

(1) The two critical engines 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; genetalt must be possible to make 2@anked turns, with and against the
inoperative engine, from steady flight at a speed equal to k3 With ¢

(1) The critical engine inoperative and its propeller (if émdble) in the minimum drag
position;

(2) The remaining engines at maximum continuous power;
(3) The most unfavourable centre of gravity;

(4) Landing gear both retracted and extended,;

(5) Wingflaps in the most favourable climb position; and
(6) Maximum tke-off weight;

Lateral control; roll capability. With the critical engine inoperative, roll response must allow
normal manoeuvres. Lateral control must be sufficient, at the speeds likely to be used with one
engine inoperative, to provide a roll ratecessary for safety without excessive control forces

or travel. (SeMC 25.147(d)

Lateral control; aeroplanes with four or more engindsroplanes with four or more engines
must be able to make 2Mankedturns, with and against the inoperative engines, from steady
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flight at a speed equal to 1-3M with maximum continuous power, and with the aeroplane in
the configuration prescribed by stgaragraph (b) of this paragraph.

(H Lateral control; all engis 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
angleghat 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/id A¢to provide
a peak roll rate necessary for safety, without excessive control forcetramel. (See

AMC25.147(f))

ED Decision 2003/2/RM

The intention of the requirement is that the aircraft can be yawed as prescribed without the need for
application ofbank 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 to a 3@°aoghe 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. Carelghbe 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 applicable.
Operating engine(s) at maximum také power.

The inoperative engine that would be most critical for controllability, with the propeller
(if applicable) feathered.

Note: Normal operation of a yaw stability augmentation system (SAS) should be considered
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(f as follows:

It should be possible in the conditions specified below to roll the aeroplane from a steady 30° banked
turn through an angle of 60° so as to reverse the direction of the turn in not more than 7 seconds. In
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these demonstrations the rudder may be used to the extent necessary to minimise sideslip. The
demonstrations should be made rolling the aeroplane in either direction, and the manoeuvres may be
unchecked.

Conditions:

(@) Enroute: Airspeed. All speeds beeen the minimum value of the scheduled-aligines
operating climb speed andy/M wo.

Wingflaps. Erroute position(s).
Air Brakes. All permitted settings from Retracted to Extended.
Landing Gear. Retracted.

Power. All engines operating at all powersm 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 dowa 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 ofanding
distance determination used.

Winglaps. In each landing position.
Air Brakes. In the maximum permitted extended setting.
Landing Gear. Extended.

Power. All engines operating at the power required to give a gradient of descent
of 5-0%.

Trim. The aeroplane should be in trim for straight flight in these conditions, and
the trimming controls should not be moved during the manoeuvre.

CS 25.149 Minimum control speed

ED Decision 2003/2/RM

(@) In establishing the minimum control speeds required hig fparagraph, the method used to
simulate critical engine failure must represent the most critical mode of powerplant failure with
respect to controllability expected in service.

(b)  Vucis the calibrated airspeed, at which, when the critical engineddesnly made inoperative,
it is possible to maintain control of the aeroplane with that engine still inoperative, and maintain
straight flight with an angle of bank of not more thah 5

() Vucmay not exceed 1-13sMwith ¢
(1) Maximum available takeff power or thrust on the engines;
(2) The most unfavourable centre of gravity;
(3) The aeroplane trimmed for takeff;
(4) The maximum seevel takeoff weight (or any lesser weight necessary to show)V

(5) The aeroplane in the most critical také corfiguration existing along the flight path
after the aeroplane becomes airborne, except with the landing gear retracted,;
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(6) The aeroplane airborne and the ground effect negligible; and
(7) If applicable, the propeller of the inoperative engige
()  Windmilling;
(i)  Inthe most probable position for the specific design of the propeller control; or

(i) Feathered, if the aeroplane has an automatic feathering device acceptable for
showing compliance with the climb requirements@b 25.121

(d) The rudder forces required to maintain control aidrnay 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 dangerousitade or require exceptional piloting skill,
alertness, or strength to prevent a heading change of more than 20

(e) Vwuce the minimum control speed on the ground, is the calibrated airspeed during theafike
run at which, when the critical engine igdglenly made inoperative, it is possible to maintain
control of the aeroplane using the rudder control alone (without the use of wadseel
steering), as limited by 667 N of force (150 Ibf), and the lateral control to the extent of keeping
the wings leveto enable the takeoff to be safely continued using normal piloting skill. In the
determination of \;cg assuming that the path of the aeroplane accelerating with all engines
operating is along the centreline of the runway, its path from the point at wkiehcritical
engine is made inoperative to the point at which recovery to a direction parallel to the
centreline is completed, may not deviate more than 9.1 m (30 ft) laterally from the centreline
at any point. Yjccmust be established, with

(1) The aeoplane in each takeff 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 aeroplangérimmed for takeoff; and

(5) The most unfavourable weight in the range of takéweights. (Se&MC 25.149(e)

(H  (SeeAMC 25.149(J)Vuci, the minimum control speeduring approach and landing with all
engines operating, is the calibrated airspeed at which, when the critical engine is suddenly made
inoperative, it is possible to maintain control of the aeroplane with that engine still inoperative,
and maintain straighflight with an angle of bank of not more thaf.%Mcmust be established
with ¢

(1) The aeroplane in the most critical configuration (or, at the option of the applicant, each
configuration) for approach and landing with all engines operating;

(2) The nost unfavourable centre of gravity;
(3) The aeroplane trimmed for approach with all engines operating;
(4) The most unfavourable weight, or, at the option of the applicant, as a function of weight;

(5) For propeller aeroplanes, the propeller of the inoptive engine in the position it
achieves without pilot action, assuming the engine fails while at the power or thrust
necessary to maintain a 3 degree approach path angle; and

(6) Goaround power or thrust setting on the operating engine(s).
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(¢)]

(h)

(SeeAMC 25.149(g)For aeroplanes with three or more engineg,c\s, the minimum control
speed during approach and landing with one critical engine inoperative, is the calibrated
airspeed at which, when a second critieagjine is suddenly made inoperative, it is possible to
maintain control of the aeroplane with both engines still inoperative, and maintain straight
flight with an angle of bank of not more thaf.34yc., must be established with

(1) The aeroplane in tamost critical configuration (or, at the option of the applicant, each
configuration) for approach and landing with one critical engine inoperative;

(2) The most unfavourable centre of gravity;
(3) The aeroplane trimmed for approach with one critical meginoperative;
(4) The most unfavourable weight, or, at the option of the applicant, as a function of weight;

(5) For propeller aeroplanes, the propeller of the more critical engine in the position it
achieves without pilot action, assuming the enginésfavhile at the power or thrust
necessary to maintain a 3 degree approach path angle, and the propeller of the other
inoperative engine feathered,;

(6) The power or thrust on the operating engine(s) necessary to maintain an approach path
angle of 3whenone critical engine is inoperative; and

(7) The power or thrust on the operating engine(s) rapidly changed, immediately after the
second critical engine is made inoperative, from the power or thrust prescribed in sub
paragraph (g)(6) of this paragraphgo

()  Minimum power or thrust; and
(i)  Goaround power or thrust setting.
In demonstrations of e and ez €
(1) The rudder force may not exceed 667 N (150 Ibf);

(2) The aeroplane may not exhibit hazardous flight characteristics or require esoapti
piloting skill, alertness or strength;

(3) Lateral control must be sufficient to roll the aeroplane, from an initial condition of steady
straight flight, through an angle of 2(h the direction necessary to initiate a turn away
from the inoperative egine(s), in not more than 5 seconds (gddC 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 failsdaring any likely subsequent
movements of the engine or propeller controls (s&&C 25.149(h)(3)

ED Decision 2003/2/RM

The determination of the minimum control speedyd/ard the variation of \icwith available
GKNHzZa G YIFre 06S YFRS LINAYINRtEE o0& YSIkya 2F wai
is slowly reduced, with the thrust asymmetry already established, until the speed is reached at

which straightflightcay’ 2 £ 2y 3SNJ 6S YIAYyUGlFlAYySRd | ayrtft yc
sudden failure of the critical engine is simulated, should be made in order to check thaidhe V
determined by the static method are valid.

When minimum control speed data are expa&adfor the determination of minimum control
speeds (including W\, Vuccand ey for all ambient conditions, these speeds should be based
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on the maximum values of thrust which can reasonably be expected from a production engine
in service.

The minimum cotrol speeds should not be based on specification thrust, since this thrust
represents the minimum thrust as guaranteed by the manufacturer, and the resulting speeds
would be unconservative for most cases.

ED Decision@®3/2/RM
During determination of \cg 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 aeroplasith respect to the view outside the
aeroplane.

ED Decision 2003/2/RM

1 At the option of the applicant, a orengineinoperative landing minimum control speedvdy/
(1 out) may be determined in the conditions apprigpe to an approach and landing with one
engine having failed before the start of the approach. In this case, only those configurations
recommended for use during an approach and landing with one engine inoperative need be
considered. The propeller of theoperative engine, if applicable, may be feathered throughout.

2 The resulting value of\\. (1 out) may be used in determining the recommended procedures
and speeds for a onengineinoperative approach and landing.

ED Decision 2003/2/RM

1 At the option of the applicant, a twengineinoperative landing minimum control speed,
Vwci2 (2 out) may be determined in the conditions appropriate to an approach and landing with
two engines having failed before the start ®he approach. In this case, only those
configurations recommended for use during an approach and landing with two engines
inoperative need be considered. The propellers of the inoperative engines, if applicable, may
be feathered throughout.

2 The values © VycLe of Mucl2 (2 out) should be used as guidance in determining the
recommended procedures and speeds for a #ginesinoperative approach and landing.

ED Decision 2003/2/RM

The 20° lateral control demonsttian manoeuvre may be flown as a batakbank 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 opration may be assumed in determining the propeller position achieved when
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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 cldsingower lever of the
failed engine in conjunction with maintaining the-goound power setting on the operating engine(s).
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CS 25.161 Trim

@

(b)

(©

(d)

()

ED Decision 2003/2/RM

General Each aeroplane must meet the trim requirements of this paragraph aft@igbe
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 trimiThe aeroplane must maintain lateral and directionattivith 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 \ga t0 Vuo/M wo).

Longitudinal trim.The aerglane must maintain longitudinal trim during

(1) A climb with maximum continuous power at a speed not more than 3g3 With the
landing gear retracted, and the widlaps (i) retracted and (ii) in the talaf position;

(2) Either a glide with powenff at a speed not more than 1- 3 or an approach within the
normal range of approach speeds appropriate to the weight and configuration with
power settings corresponding to & §lidepath, whichever is the most severe, with the
landing gear extendedthe wingflaps 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 1-3Yto uo/M w0, With the landing gear and wiAtpps
retracted, am from 1-3 W¥rsito V gwith the landing gear extended.

Longitudinal, directional, and lateral trimThe aeroplane must maintain longitudinal,
directional, and lateral trim (and for lateral trim, the angle of bank may not excépdt
1-3Vsrs duringthe climbing flight withg

(1) The critical engine inoperative;

(2) The remaining engines at maximum continuous power; and

(3) The landing gear and wirtaps retracted.

Aeroplanes with four or more engindsach aeroplane with four or more engingmist 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(ddr 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, directionally and laterally stable in accordance with the
provisions ofCS 25.1780 25.177 In addition, suitable stability and control feel (static stability) is
required in any condition normally encountered in service, if flight tests show it is necessary for safe
operation.

CS 25.173 Statiohgitudinal 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 requireda obtain and maintain speeds below the specified trim speed, and a
push must be required to obtain and maintain speeds above the specified trim speed. This must
be shown at any speed that can be obtained except speeds higher than the landing gear or wing
flap operating limit speeds ore¥M g Whichever is appropriate, or lower than the minimum
speed for steady unstalled flight.

(b) The airspeed must return to within 10% of the original trim speed for the climb, approach and
landing conditions specified @S 25.175(a), (c) and,(dnhd must return to within 7-5% of the
original trim speed for the cruising condition specifiedCia 25.175(byvhen the control force
is slowly réeased from any speed within the range specified in-gakagraph (a) of this
paragraph.

(c) The average gradient of the stable slope of the stick force versus speed curve may not be less
than 4 N (1 pound) for each 11,2 km/h (6 kt). (8&4C 25.173(c)

(d) Within the free return speed range specified in sadragraph (b) of this paragraph, it is
permissible for the aeroplane, without control forces, to stabilise on speeds above or below the
desired trim speed# exceptional attention on the part of the pilot is not 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 spaede between 0-85 and 1-1%5\

CS 25.175 Demonstration 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%5&adf the
speed at which the aeroplane

(1) Istrimmed withg
()  Wingflaps retracted;
(i)  Landing gear retracted;

Powered by EASA eRules Pagel190of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPART &FLIGH
X E A SA (Initial issue) STABILIT

()

(i)  Maximum takeoff weight; and

(iv)  The maximum power or thrust selected by the applicant as an operating limitation
for use durig climb; and

Is trimmed at the speed for best ratd-climb except that the speed need not be less
than 1-3 V¥rs

(b) Cruise Static longitudinal stability must be shown in the cruise condition as follows:

1)

)

3)

With the landing gear retracted at higheed, 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 theimn speed (except that the speed range need not include
speeds less than 1-3Mnor speeds greater tharey¥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 nsbadverse position (se8S 25.2)7

(i) The most critical weight between the maximum tad® and maximum landing
weights;

(iv) The maximum cruising power selected by the applicant as an operating limitation
(see CS 25.152] 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-palbagraph
(iv) above.

With the landing gear retreted at low speed, the stick force curve must have a stable
slope at all speeds within a range which is the greater of 15% of the trim speed plus the
resulting free return speed range, or 93 km/h (50 kt) plus the resulting free return speed
range, above ath below the trim speed (except that the speed range need not include
speeds less than 1-3Anor 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 fore of more than 222 N (50 Ibf)), with

()  Wingflaps, centre of gravity position, and weight as specified inpauiagraph (1)
of this paragraph;

o)
(i)  Power required for level flight at a speed equartte————; and

(i) The aeropmne trimmed for level flight with the power required in sphragraph
(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 mgsulti
free return speed range or 93 km/h (50 kt) plus the resulting free return speed range,
above and below the trim speed (except that the speed range need not include speeds
less than 1-3 33 nor speeds greater than_y nor speeds that require a sticar€e of

more than 222 N (50 Ibf)), with

()  Wingflap, centre of gravity position, and weight as specified ingatagraph
(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 pwver need not exceed that required for level flight at\and

(i) The aeroplane trimmed for level flight with the power required in-palbagraph
(i) above.

Approach.The stick force curve must have a stable slope at speeds betwggan 1-7 YW
with ¢

(1) Wingflaps in the approach position;
(2) Landing gear retracted;
(3) Maximum landing weight; and

(4) The aeroplane trimmed at 1-3M with enough power to maintain level flight at this
speed.

Landing The stick force curve must havetalde slope and the stick force may not exceed 356
N (80 Ibf) at speeds betweenryy and 1-7 Yrowith ¢

(1) Wingflaps in the landing position;

(2) Landing gear extended;

(3) Maximum landing weight;

(4) The aeroplane trimmed at 1-3pbwith ¢
(i)  Poweror thrust off, and

(i)  Power or thrust for level flight.

CS 25.177 Static directional and lateral stability

(@)

(b)

ED Decision 2003/2/RM

The static directional stability (as shown by the tendency to recover from a skid with the rudder
free) must be positivdor any landing gear and flap position and symmetrical power condition,
at speeds from 1-133W; up to \ég M5 or V=dM ec(as appropriate).

The static lateral stability (as shown by the tendency to raise the low wing in a sideslip with the
aileron controls free) for any landing gear and wingflap position and symmetric power
condition, may not be negative at any airspeed (except that speeds higher thaeed not be
considered for wingflaps extended configurations nor speeds higher thaoManding gear
extended configurations) in the following airspeed ranges (see AMC 25.177(b)):

(1) From 1-13 Ykito VoM wo..

(2) From \{;,o/Mnoto VedM g unless the divergenceds
(i) Gradual;
(i)  Easily recognisable by the pilot; and
(i)  Easily controllble by the pilot

(c)In straight, steady, sideslips over the range of sideslip angles appropriate to the operation of the

aeroplane, but not less than those obtained with onehalf of the available rudder control input
or a rudder control force of 801 N (1&36f) , the aileron and rudder control movements and
forces must be substantially proportional to the angle of sideslip in a stable sense; and the factor
of proportionality must lie between limits found necessary for safe operation This requirement
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(d)

must bemet for the configurations and speeds specified in-pabagraph (a) of this paragraph.
(SeeAMC 25.177(c)

For sideslip angles greater than those prescribed bpaagraph (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 may not reverse, and increased rudder deflection must be
needed for increased angles of sideslip. Compliance with thisresgaint 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 a@geving full lateral control input. This requirement must be met at all
approved landing gear and wingflap positions for the range of operating speeds and power
conditions appropriate to each landing gear and wilagp position with all engines operating.

(SeeAMC 25.177(d)

ED Decision 2003/2/RM

CS 25.177(chequires, in steady, straight sideslips throughout the range of suesigles
appropriate to the operation of the aeroplane, but not less than those obtained with one half
of the available rudder control input (e.g., rudder pedal input) or a rudder control force di801
(180 Ibf), that the aileron and rudder control movems and forces be proportional to the
angle of sideslip. Also, the factor of proportionality must lie between limits found necessary for
safe operation.CS 25.177(c3tates, by crosseference toCS 25.177(athat these steady,
straight sideslip criteria must be met for all landing gear and flap positions and symmetrical
power conditions at speeds from 1.13gp¢t0 Vs M5 Of W dM (g as appropriate for the
configuration.

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
theoreticd sideslip value for a 56 km/h (3®ot) crosswind, but has been shown to
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 oftransport category aeroplanes. Experience has also shown that a
maximum sideslip angle of 15 degrees is generally appropriate for most transport
category aeroplanes even though the equation may provide a higher sideslip angle.
However, limiting the maxinma sideslip angle to 15 degrees may not be appropriate for
aeroplanes with low approach speeds or high crosswind capability.

2.2 A lower sideslip angle than that provided in paragraph 2.1 may be used if it is
substantiated that the lower value conservatiyeovers all crosswind conditions, engine
failure scenarios, and other conditions where sideslip may be experienced within the
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approved operating envelope. Conversely, a higher value should be used for aeroplanes
where test evidence indicates that a highealue would be appropriate to the operation
of the aeroplane.

3 For the purposes of showing compliance with the requirement out to sideslip angles associated
with one-half of the available rudder control input, there is no need to consider a rudderalont
input beyond that corresponding to full available rudder surface travel 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 fiigcondition is reached before the
rudder control reaches onehalf of its available travel. In such cases, further rudder control input
would not result in additional rudder surface deflection.

4 Steady, straight sideslips

4.1

4.2

4.3

1.1

1.2

Steady, straight sideslips @lid be conducted in each direction to show that the aileron
and rudder control movements and forces are substantially proportional to the angle of
sideslip in a stable sense, and that the factor of proportionality is within the limits found
necessary fosafe operation. These tests should be conducted at progressively greater
sideslip angles up to the sideslip angle appropriate to the operation of the aeroplane (see
paragraph 2.1) or the sideslip angle associated with-twaé of the available rudder
control input, whichever is greater.

When determining the rudder and aileron control forces, the controls should be relaxed
at each point to find the minimum force needed to maintain the control surface
deflection. If excessive friction is present, the uitisg low forces will indicate the
aeroplane does not have acceptable stability characteristics.

In lieu of conducting each of the separate qualitative tests require@$y25.177(and

(b), the applicant mayse recorded guantitative 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 Wit 25L77(c) If the control force

and position versus sideslip indicates positive dihedral effect and positive directional
stability, compliance withCS 25.177(a) and (bwill have been successfully
demonstrated.”

ED Decision 2003/2/RM

At sideslip 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)s obtainedCS 25.177(dkequires that the rudder control forces may not
reverse and increased rudder deflection must be needed for increased angles of sideslip.
The goals of this higheéhan-normal sideslip anglest are to show that at full rudder, or

at maximum expected pilot effort: (1) the rudder control force does not reverse, and (2)
increased rudder deflection must be needed for increased angles of sideslip, thus
demonstrating freedom from rudder lock onfistall, and adequate directional stability

for manoeuvres involving large rudder inputs.

Compliance with this requirement should be shown using straight, steady sideslips.
However, if full lateral control input is reached before full rudder contralvel 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) manoeuvre. Care should be taken to prevent
excessive bank angles that may occur during this manoeuvre.
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1.3 CS 25.177(cbtates that the criteria listed in paragraph 1.1 must be met at all approved
landing gear and flap positions for the range of operating speeds and power conditions
appropriate to each landing gear and flppsition with all engines operating. The range
of operating speeds and power conditions appropriate to each landing gear and flap
position with all engines operating should be consistent with the following:

a. For takeoff configurations, speeds fromy%x (airspeed approved for adhgines
operating initial climb) to Mor V5 as appropriate, and takeff power/thrust;

b. For flaps up configurations, speeds from 1.23%V, 0r Viio/M vo, @S appropriate,
and power from idle to maximum continuous poxitérust;

C. For approach configurations, speeds from 1.23%V£0r V5 as appropriate, and
power from idle to gearound power/thrust; and

d.  For landing configurations, speeds fromegd.3 km/h (5 knots) to Mor V(g as
appropriate, with poweifrom idle to gearound power/thrust at speeds fromg¥:
to VedV s and idle power at M=£9.3 km/h (5 knots) (to cover the landing flare).

2 Full Rudder Sideslips

2.1 Rudder lock is that condition where the rudder odmances aerodynamically and either
deflects fully with no additional pilot input or does not tend to return to neutral when
the pilot input is released. It is indicated by a reversal in the rudder control force as
sideslip angle is increased. Full rudder sideslips are conducted to deeeth@mudder
control forces and deflections out to sideslip angles associated with full rudder control
input (or as limited by a rudder control force of 801 N (180 Ibf)) to investigate the
potential for rudder lock and lack of directional stability.

2.2 To check for positive directional stability and for the absence of rudder lock, conduct
steady heading sideslips at increasing sideslip angles until obtaining full rudder control
input or a rudder control force of 801 N (180 Ibf). If full lateral controb&ched before
reaching the rudder control limit or 801 (180 Ibf) of rudder control force, continue the
test to the rudder limiting condition in a nesteady heading sideslip manoeuvre.

3 The control limits approved for the aeroplane should not be exededthen conducting the
flight tests required byCS 25.17.7

4 Flight Test Safety Concerms. planning forand conducting the full rudder sideslips, items
relevant to flight test safety should be considered, udihg:

Inadvertent stalls,

Effects of sideslip on stall protection systems,

a.
b
C. Actuation of stick pusher, including the effects of sideslip on aofyddtack sensor vanes,
d Heavy buffet,

e Exceeding flap loads or other structural limits,

f. Extreme bank angles,

g. Propulsion system behaviour (e.g., propeller stress, fuel and oil supply, and inlet stability),
h

Minimum altitude for recovery,

Resulting roll rates when aileron limit is exceeded, and

J- Position errors and effects on elgonic or augmented flight control systems, especially
GKSY dzaAAy3d GKS I'SNRLX FySQa LINPRAzOGAZ2Y | ANA
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CS 25.181 Dynamic stability

@)

(b)

ED Decision 2003/2/RM

Any short period oscillation, not including combined lategdiméctional oscillations, awirring
between 1-13 Yrand maximum allowable speed appropriate to the configuration of the
aeroplane must be heavily damped with the primary contcols

(1) Free; and
(2) Inafixed position.

Any combined lateraRA NS OG A2y | £ 2 & Q bdedrringi bettvgea 1-18 ¥ andzii O K
maximum allowable speed appropriate to the configuration of the aeroplane must be positively
damped with controls free, and must be controllable with normal use of the primary controls
without requiring exceptional pilot gk

ED Decision 2003/2/RM

The requirements of£S 25.18are applicable at all speeds between the stalling speed apdptor
VedM g as appropriate.
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STALLS
CS 25.201 Stall devnstration

ED Decision 2003/2/RM

(@) Stalls must be shown in straight flight and irt B&nked turns witly,
(1) Power off; and

(2) The power necessary to maintain level flight at 1sh:¥vhere V{;corresponds to the
reference stall speed at maximuanding weight with flaps in the approach position and
the landing gear retracted. (SéevIC 25.201(a)(2)

(b) Ineach condition required by sygaragraph (a) of this paragraph, it must be possible to meet
the apgicable requirements oES 25.20%ith ¢

(1) Flaps, landing gear and deceleration devices in any likely combination of positions
approved for operation; (Se&MC 25.201(b)).)

(2) Representative weights within the range for which certification is requested;

(3) The most adverse centre of gravity for recovery; and
(4) The aeroplane trimmed for straight flight at the speed prescribed3m25.103(b)(6)
(c) The following procedures must be used to show compliance G&H25.203

(1) Starting at a speed sufficiently above the stalling speed to ensure that a steady rate of
speed reduction can bestablished, apply the longitudinal control so that the speed
reduction does not exceed 0.5 Mf®ne knot per second) until the aeroplane is stalled.

(SeeAMC 25.103(c)

(2) In addition, for turning flight stallsapply the longitudinal control to achieve airspeed
deceleration rates up to 5,6 km/h (3 kt) per second. (8&&C 25.201(c)(2)

(3) Assoon as the aeroplane is stalled, recover by normal recovery techniques.

(d) The aeroplane is considered stalled when the behaviour of the aeroplane gives the pilot a clear
and distinctive indication of an acceptable nature that the aeroplane is stalled. (See
AMC?25.201(d)) Acceptable indations 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 pich control reaches the aft stop and no further increase in pitch attitude occurs
when the control is held full aft for a short time before recovery is initiated. (See
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 ¥kiat maximum landing weight, with flaps in the approach position and landing gear
retracted, where VWr,is the reference stall speed in the same conditions (except power). The flap
position to be used to determine this power setting is that position in which the reference stall speed
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does not exceed 110% of the reference stall speed with the flaps in the exdshded landing
position.

ED Decision 2003/2/RM

Stall demonstrations for compliance wits 25.20%hould include demonstrations with deceleration

devices deployed for dlhp positions unless limitations against use of the devices with particular flap
LRAAGAZ2YEA | NB AYLRASR® W5SOStSNI A2y RSOAOSaQ A
reversers when use in flight is permitted. Stall demonstrations with deaBén devices deployed

should normally be carried out with power off, except where deployment of the deceleration devices

while power is applied is likely to occur in normal operations (e.g. use of extended air brakes during
landing approach).

ED Decision 2003/2/RM

The intent of evaluating higher deceleration rates isto demonstrate safe characteristics at higher rates
of increase of angle of attack than are obtained from the 0.52rfi{sknot 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 The behaviour of the aeplane includes the behaviour as affected by the normal functioning
of any systems with which the aeroplane is equipped, including devices intended to alter the
stalling characteristics of the aeroplane.

2 Unless the design of the automatic flight corltsgstem 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 stop and is helddttlifor 2 seconds or until the pitch attitude
stops increasing, whichever occurs later.

b.  Inthe case of turning flight stalls, recovery may be initiated once the pitch control reaches the
aft stop when accompanied by a rolling motion that is not imraggly controllable (provided
the rolling motion complies witleS 25.203(k)

c. For those aeroplanes where stall is defined by full nose up longitudinal control for both forward
and aft C.G., the time at full aftisk 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

@)

(b)

(©)

ED Decision 2003/2/RM

It must be possible to produce and to correct roll and yaw by unreversed usesiragnd
rudder controls, up to the time the aeroplane is stalled. No abnormal -ups@itching may
occur. The longitudinal control force must be positive up to and throughout the stall. In addition,
it must be possible to promptly prevent stalling andézover from a stall by normal use of the
controls.

For level wing stalls, the roll occurring between the stall and the completion of the recovery
may not exceed approximately 20

For turning flight stalls, the action of the aeroplane after thallsthay not be so violent or
extreme as to make it difficult, with normal piloting skill, to effect a prompt recovery and to
regain control of the aeroplane. The maximum bank angle that occurs during the recovery may
not exceed;

(1) Approximately 60in the original direction of the turn, or 3@h 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@h the opposite direction,
for deceleration rates in exss of 0.5 mA(1 knot per second).

ED Decision 2003/2/RM

Static Longitudinal Stability during the Approach to the S@lliring the approach to the stall
the longitudinal control pull force should increase continuguabk 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.

Rolling Motions at the Stall

2.1 Where the stdl is indicated by a nosdown 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 (e} appropriate.

2.2 In levd wing stalls the bank angle may exceed 20° occasionally, provided that lateral
control is effective during recovery.

Deep Stall PenetratioWhere the results of wind tunnel tests reveal a risk of a catastrophic
phenomenon (e.g. superstall, a conditiahangles beyond the stalling incidence from which it
proves difficult or impossible to recover the aeroplane), studies should be made to show that
adequate recovery control is available at and sufficiently beyond the stalling incidence to avoid
such a penomenon.

CS 25.207 Stall warning

@)

(b)

ED Decision 2003/2/RM

Stall warning with sufficient margin to prevent inadvertent stalling with the flaps and landing
gear in any normal position must be clear and distinctive to the pilot in straight and turning
flight.

The warning may be furnished either through the inherent aerodynamic qualities of the
aeroplane or by a device that will give clearly distinguishable indications under expected
conditions of flight. However, a visual stall warning device that reguihe attention of the
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(©

(d)

(e)

(f)

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 prescribed in gqudvagraphs (c¢) and (d) of this paragraph. (See
AMC25.207(b))

When the speed is reduced at rates not exceeding 0.3 fore knot per second), stall warning
must begin, in each normal configuration, at a spe¥gly exceeding the speed at which the
stall is identified in accordance widS 25.201(d)y not less than 9.3 km/h (five knots) or five
percent CAS, whichever is greater. Once initiated, stall warning must gentintil the angle of
attackis reduced to approximately that at which stall warning began. A8¢€ 25.207(c) and
(d).

In addition to the requirement of subparagraph(c) of this paragraph, when the speedlised

at rates not exceeding 0.5 n#/¢one knot per second), in straight flight with engines idling and
at the centreof-gravity position specified i€S 25.103(b)(5Vsw in each normal configuration,
must exced Vsgrby not less than 5.6 km/h (three knots) or three percent CAS, whichever is
greater. (SedMC 25.207(c) and (d)

The stall warning margin must be sufficient to allow the pilot to prevent stalling (asedeifin

CS 25.201(¥whenrecovery is initiated not less than one second after the onset of stall warning
in slowdown turns with at least 1.5g load factor normal to the flight path and airspeed
deceleration rates of at least 1 M/ knots per second), witthe flaps and landing gear in any
normal position, with the aeroplane trimmed for straight flight at a speed of Lg3awid with

the power or thrust necessary to maintain level flight at 13 V

Stall warning must also be provided in each abnorooafiguration of the high lift devices that
is likely to be used in flight following system failures (including all configurations covered by
Flight Manual procedures).

ED Decision 2003/2/RM

A warning which is clear and disttive to the pilot is one which cannot be misinterpreted or
mistaken for any other warning, and which, without being unduly alarming, impresses itself
upon the pilot and captures his attention regardless of what other tasks and activities are
occupying 8 attention and commanding his concentration. Where stall warning is to be
provided by artificial means, a stick shaker device producing both a tactile and an audible
warning is an Acceptable Means of Compliance.

Where stall warning is provided by meaofsa device, compliance with the requirement of
CS25.21(e)should be established by ensuring that the device has a high degree of reliability.
One means of complying with this criterion is to provide dual indepaehdystems.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance wiiB 25.207(cs to consider stall
warning speed margins obtained during stall speedndsastration CS 25.108and stall
demonstration CS 25.201(aJi.e. bank angle, power and centre of gravity conditions).

In addition, if the stall warning marginismah& R 6& | ad@adSY o0 KNXzai
stall warning speed margin required B 25.207(should be demonstrated, when the speed

is reduced at rates not exceeding 0.5 Afme knot per second), for theast critical conditions

in terms of stall warning margin, without exceeding 40° bank angle or maximum continuous
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power or thrust during the demonstrations. In the case where the management system
increases, by design, the stall warning speed margin fraamtiminal setting (flight idle, wing
level), no additional demonstration needs to be done.

2 The stall warning speed margins required ®8 25.207(c) and (d)ust be determined at a
constant load factor (i.e. 1g f®207(d)). An acceptable data reduction method is to calculate
k=K §,#C_sw Where Gpand Csyare the Cvalues respectively at the stall identification and
at the stall warning activation.

3 If the stall warning required bgS 25.20i8 provided by a device (e.g. a stick shaker), the effect
of production tolerances on the stall warning system should be considered when evaluating the
stall warning margin required 5 25.207(c) and (énd the manoeuvre capabilities required

by CS 25.143(9g)

a. The stall warning margin required I§S 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(should be evaluated assuming thaktwarning system is operating at its
high angle of attack limit. For aeroplanes equipped with a device that abruptly pushes
the nose down at a selected angdéattack (e.g. a stick pusher), the stall warning margin
required by CS 25.207(cinay be evaluated with both the stall warning and stall
identification (e.g. stick pusher) systems at their nominal angle of attack settings unless
a lesser margin can result from the various system tolerances.

b.  The manoeuvreapabilities required bCS 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 attackt]ithe manoeuvre capabilities
should not be reduced by more than 2 degrees of bank angle from those specified in

CS25.143(q)

c.  The stall warning margins and manoeuvre capabilities may be demonstrated by flight
testing at the settings specified above for the stall warning and, if applicable, stall
identification systems. Alternatively, compliance may be shown by applying adjustments
to flight test data obtained at a different system setting.
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CHARACTERIS™

GROUNMBANDLIN&EHARACTERISTICS

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 when rebound occurs during landing or taffeln additiong

(1) Wheel brakes must operate smoothly and may not cause any undue tendency to nose
over; and

(2) Ifatailwheel landing gear is used, it must be possible, during the-téflground run on
concrete, to maintain any attitude up to thrust line level, &9%% of g,

CS 25.233 Directional stability and control

ED Decision 2003/2/RM

(@) There may be no uncontrollable growabping tendency in 90cross winds, up to a wind
velocity of 37 km/h (20 kt) or 0- 2 whichever is greater, except that the windlacity need
not exceed 46 km/h (25 kt) at any speed at which the aeroplane may be expected to be operated
on the ground. This may be shown while establishing tife@iss component of wind velocity
required byCS 25.237

(b) Aeroplanes must be satisfactorily controllable, without exceptional piloting skill or alertness, in
power-off landings at normal landing speed, without using brakes or engine power to maintain
a straight path. This may be shown during powérlandings made in conjunction with other
tests.

(c) The aeroplane must have adequate directional control during taxying. This may be shown
during taxying prior to takeffs made in conjunction with other tests.

CS 25.235 Taxying condition

ED Decision@®3/2/RM

The shock absorbing mechanism may not damage the structure of the aeroplane when the aeroplane
is taxied on the roughest ground that may reasonably be expected in normal operation.

CS 25.237 Wind velocities
ED Decision 2003/2/RM
(@) A 9Ccrosscomponent of wind velocity, demonstrated to be safe for tafband landing, must

be established for dry runways and must be at least 37 km/h (20 kt) orQsavhichever is
greater, except that it need not exceed 46 km/h (25 kt).
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MISCELLANEOBBIGHREQUIREMENTS

CS 25.251 Vibration and buffeting

@)

(b)

(©

(d)

()

ED Decision 2003/2/RM

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.

Each part bthe aeroplane must be demonstrated in flight to be free from excessive vibration,
under any appropriate speed and power conditions up g pr The maximum speeds shown
must be used in establishing the operating limitations of the aeroplane in accoedaith
CS25.1505

Except as provided in sygaragraph (d) of this paragraph, there may be no buffeting condition,
in normal flight, including configuration changes during cruise, severe enough to interitére

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.

There may be no perceptible buffeting condition in the cruise configuration in striiigitit at
any speed up to Wo/M vo, €xcept that the stall warning buffeting is allowable.

For an aeroplane with Mgreater than 0-6 or with a maximum operating altitude greater than
7620 m (25,000 ft), the positive manoeuvring load factors at whichotiset of perceptible
buffeting occurs must be determined with the aeroplane in the cruise configuration for the
ranges of airspeed or Mach number, weight, and altitude for which the aeroplane is to be
certificated. The envelopes of load factor, speedtade, and weight must provide a sufficient
range of speeds and load factors for normal operations. Probable inadvertent excursions
beyond the boundaries of the buffet onset envelopes may not result in unsafe conditions. (See

AMC 25.251(€)

ED Decision 2003/2/RM

Probable Inadvertent Excursions beyond the Buffet Boundary

1.1 CS 25.251(egtates that probable inagertent 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 conditionsnwillbe
encountered within the permitted manoeuvring envelope (as definedd$/ 25.337
without adequate prior warning being given by severe buffeting or high stick forces.

1.3 Buffet onset is the lowest levef 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 factor
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 force in excess of 445 N (100 Ibf), or
is inpossible because of the limitations of the control system; or
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c. The positive limit manoeuvring load factor established in compliance with

CS25.337(b)s achieved.

1.5 Within the range of load factors defined paragraph 1.4 no hazardous conditions (such
as hazardous involuntary changes of pitch or roll attitude, engine or systems
malfunctioning which require urgent corrective action by the flight crew, or difficulty in
reading the instruments or controlling treeeroplane) should be encountered.

2 Range of Load Factor for Normal Operations

2.1 CS 25.251(e¢quires that the envelopes of load factor, speed, altitude and weight must
provide a sufficient range of speeds dodd 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 accelerationincrement of 0-3
g without exceeding the buffet onset bodary.

CS 25.253 Highpeed characteristics

ED Decision 2003/2/RM

(@) Speed increase and recovery characterisiidte following speed increase and recovery
characteristics must be met:

(1) Operating conditions and characteristics likely to cause inddwe speed increases
(including upsets in pitch and roll) must be simulated with the aeroplane trimmed at any
likely cruise speed up ton¢/M wo. These conditions and characteristics include gust
upsets, inadvertent control movements, low stick force geatlin relation to control
friction, passenger movement, levelling off from climb, and descent from Mach to air
speed limit altitudes.

(2) Allowing for pilot reaction time after effective inherent or artificial speed warning occurs,
it must be shown thathe aeroplane can be recovered to a normal attitude and its speed
reduced to Yjo/M vo, Without ¢

(i)  Exceptional piloting strength or skill;
(i)  Exceeding ¥YMp, VoM pg or the structural limitations; and

(i) . dZFFSGAYI GKI G ¢ 2 dg tRread hednsiruddents rscontrdh £ 2 G Q &
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#As: Any tendency to
pitch, roll,or yaw must be mild and readily controllable, using normal piloting techniques.
When the aeroplane is trimmed aty¥/M v, the slope of the elevator control force
versus speed curve need not be stable at speeds greater thévi A but there must be
a pushforce at all speeds up top¢Mprand there must be no sudden or excessive
reduction of elevator control force as¥M peis reached.

(4) Adequate roll capability to assure a prompt recovery from a lateral upset condition must
be available at any speed tpVpdM pr (SeAMC 25.253(a)(4)

(5) Extension of speedbrakédlith the aeroplane trimmed at W/M w0, €xtension of the
speedbrakes over the available range of movements of the pilots control, at all speeds
above \{1,o/M vo, but not so high that VWM pewould be exceeded during the manoeuvre,
must not result in:
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(b)

()  Anexcessive positive load factor when the pilot does not take action to counteract
the effects of extension;

(i)  Buffeting that would impairthepf 2G Q& oAt AdGe G2 NBIR
the aeroplane for recovery; or

(i) A nosedown pitching moment, unless it is small. (2ddC 25.253(a)(5)
(6) Reserved

Maximum speed for stability charaatstics, ¥dM s VedM ecis the maximum speed at which
the requirements ofCS 25.143(f25.147(e)25.175(b)(1)25.177(a)hrough (c), and5.181
must be met with wingflaps and landing gear retracted. It may not be less than a speed midway
between \(1o/M yoand \bIM pr except that, for altitudes wher&ach Number is the limiting
factor, Mcneed not exceed the Mach Number at which effective speed warning occurs.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance vt 25.253(a)(45 as follows:

1

Extension of Speedbrakek B F2f f 26 Ay 3 3TFdzZARF yOS A& LINRJARSR

Establish a steady 20° banked turn at a speed closg#M¥¢limited to the extent necessary

to accomplish the following manoeuvre and recovery without exceedi/Mr Using lateral
control done, 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.

For aeroplanes that extit an adverse effect on roll rate when rudder is used, it should also be
demonstrated that use of rudder in a conventional manner will not result in a roll capability
significantly below that specified above.

Conditions for 1 and 2:

Wingflaps retraced.

Speedbrakes retracted and extended.
Landing gear retracted.

Trim. The aeroplane trimmed for straight flight a¥M vo. The trimming controls should not
be moved during the manoeuvre.

Power:

(i)  All engines operating at the power required to maimtéavel flight at Vio/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

F gL AfFofS NIyaS 27F Y2 0S052y46%a)(Bri to prévifle guiance foQ a
demonstrating compliance with this regament. Normally, the available range of movements of the

g2

restricted to a lesser range associated witHlight use of the speedbrakes. A means to limit the
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available range of movement to anflight range may be acceptable if it provides an unmistakable
tactile cue to the pilot when the control reaches thearimum allowable #ilight position, and
compliance withCS 25.697(bs shown for positions beyond the-flight range. Additionally, the
applicant's recommended procedures and training must be consistent with the intent to limit the in
flight range of m@ements of the speedbrake control.

CS 25.697(bEequires that lift and drag devices intended for ground operation only must have means

to prevent the inadvertent operation of their controls in flight if that opaoat could be hazardous. If
speedbrake operation is limited to andiight range, operation beyond the-tight range of available

movement of the speedbrake control must be shown to be not hazardous. Two examples of
acceptable unmistakable tactile cues fimiting the inflight range are designs incorporating either a

gate, or incorporating both a detent and a substantial increase in force to move the control beyond

the detent. It is not an acceptable means of compliance to restrict the use of, or lleaiknge of,

0KS LAft20Qa O2yiaNRt az2fSte o0& YSIya 2F |y | SNEL

The effect of extension of speedbrakes may be evaluated during other high speed testing and during
the development of emergency descent proceelst It may be possible to infer compliance with
CS25.253(a)(5by means of this testing. To aid in determining compliance with the qualitative
requirements of this rule, the following quantitative values may beduas 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 maintaindLflight. These values may not be appropriate for all aeroplanes, and depend
on the characteristics of the particular aeroplane design in high speed flight. Other means of
compliance may be acceptable, provided that the Agency finds that compliance hasit@en 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 upy®Wwo, the
aeroplane must have satisfactory manoeuvring stability and controllability with the degree of
out-of-trim in both the aeroplane nosap and nosedown directions, which results from the
greater of¢

(1) A threesecond movement of the longitudinatim 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 stops
in the trim system, including those reqged by CS 25.655(bbr adjustable stabilisers; or

(2) The maximum mistrim that can be sustained by the autopilot while maintaining level
flight in the high speed cruising condition.

(b) Inthe outof-trim condition specified in sulparagraph (a) of this paragraph, when the normal
accelerationis varied from + 1 g to the positive and negative values specifiedparagraph
(c) of this paragraph

(1) The stick force vs. g curve must have a positive slope at asdsgp to and including
VedMgg and

(2) Atspeeds betweenddM ecand \b¢M pf the direction of the primary longitudinal control
force may not reverse.
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(©

(d)

(€)

(f)

Except as provided in sylaragraphs (d) and (e) of this paragraph compliance with the
provisions of subparagraph (a) of this paragraph must be demonstrated in flight over the
acceleration range

(1) c¢lgto2-5¢g;or
(2) 0gto2-0g, and extrapolating by an acceptable methapltg and 2-5 g.

If the procedure set forth in suparagraph (c)(2pf this paragraphis used to demonstrate
compliance and marginal conditions exist during flight test with regard to reversal of primary
longitudinal control force, flight tests must be accomplished from the normal acceleration at
which a marginal conditiois found to exist to the applicable limit specified in-patvagraph
(c)(1) of this paragraph.

During flight tests required by subparagraph (a) of this paragraph the limit manoeuvring load
factors prescribed irCS 25.333(bdnd 25.337 and the manoeuvring load factors associated
with probable inadvertent excursions beyond the boundaries of the buffet onset envelopes
determined underCS 25.251(eheed not be exceeded. In addition, the entry speeds for flight
test demonstrations at normal acceleration values less than 1 g must be limited to the extent
necessary to accomplish a recovery without exceedisiMbr

In the outof-trim condition specified in suparagraph (a) of this paragraph, it must be possible
from an overspeed condition atWM pr to produce at least 1-5 g for recovery by applying not
more than 556 N (125 Ibf) of longitudinal control force using either the pynt@ngitudinal
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
VoM pethat the longitudinal trim can be actuated the aeroplane noseip direction with the
primary surface loaded to correspond to the least of the following aeroplane-mpsmntrol
forces:

(1) The maximum control forces expected in service as specifi€dif.301and25.397

(2) The control force required to produce 1-5g.

(3) The control force corresponding to buffeting or other phenomena of such intensity that
it is a strong deterrent to further application of primalongitudinal control force.

ED Decision 2003/2/RM

Amount of Outof-trim Required

1.1 The equivalent degree of trim, specified@% 25.255(a)(i9r aeroplanes which daot
have a powemoperated longitudinal trim system, has not been specified in quantitative
terms, and the particular characteristics of each type of aeroplane must be considered.
The intent of the requirement is that a reasonable amount of-ofitrim shodd be
investigated, such as might occasionally be applied by a pilot.

1.2 In establishing the maximum mistrim that can be sustained by the autopilot the normal
operation of the autopilot and associated systems should be taken into consideration.
Where theautopilot is equipped with an auttrim function the amount of mistrim which
can be sustained will generally be small or zero. If there is no-taimiofunction,
consideration should be given to the maximum amount of-olutrim which can be
sustained byhe elevator servo without causing autopilot disconnect.
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2 Datum Trim Setting

2.1

2.2

For showing compliance witBS 25.255(b)(Idr speeds up to Mo/M w0, the datum trim
setting should be the trim setting requiredr trimmed flight at the particular speed at

which the demonstration is to be made.

For showing compliance wit@S 25.255(b)(Tdr speeds from Mo/M moto VedM (g and
for showing compliance wit@S 25.255(b)(&nd (f), the datum trim setting should be
the trim setting required for trimmed flight at\&/M wo.

3 Reversal of Primary Longitudinal Control Force at Speeds greater e/

3.1

3.2

3.3

CS 25.255(b)(2¢quires that the direction of the primary longitudinal control force may
not reverse when the normal acceleration is varied, for +1 g to the positive and negative
values specified, at speeds above/M s The intent of therequirement is that it is
permissible that there is a value of g for which the stick force is zero, provided that the
stick force versus g curve has a positive slope at that point (see Figure 1).

Pull — ———  Acceptable characteristics
- Unacceptable characteristics

Stiok /’:___\\

Force 0 ! U

1-0 2:0 Y 25
Load Factor 5
Push -
FIGURE 1

If stick force characteristics are margligacceptable, 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 aircraft load factor

in the positive directionand 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 -$ticde
gradients should not be permitted in any nrigh condition within the specified range of
mistrim. If test results indicate that the curves of stick force versus normal acceleration
with the maximum required mistrim have a negative gradient of speeds abey M

then additional tests may be necesgail he additional tests should verify that the curves
of stick force versus load factor with mistrim less than the maximum required do not
unacceptably reverse, as illustrated in the upper curve of Figure 2. Control force
characteristics as shown in FiguBemay be considered acceptable, provided that the
control sensing does not reverse (see paragraph 3.2)
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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
 l T A N, o | |
10 15 - 20 25 2.0 2.5
- Load Factor

Load Factor

Stick force
versus load factor with
maximum required
nose-up mistrim

Stick force
versus load factor with
maximum required
nose-up mistrim

Push k
FIGURE 2 FIGJRE 3

4 Probable Inadvertent Excursions beyond the Boundaries of the Buffet Onset Envelopes.
CS25.255(e) states that manoeuvring load factors associated with probable inadvertent
excursions beyond the boundaries of the buffet onset envelopes determined under
CS25.251(e)need not be exceeded. It is intended that test flightsed not be continued
beyond a level of buffet which is sufficiently severe that a pilot would be reluctant to apply any
further increase in load factor.

5 Use of the Longitudinal Trim System to Assist Recovery

5.1 CS 25.255(fequires the ability to produce at least 1-5 g for recovery from an overspeed
condition of \bdM pg using either the primary longitudinal control alone or the primary
longitudinal control and the longitudinal trim system. Although the ltungjnal 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 1)25f|
longitudinal control force using the primary longitudinal control alone.

5.2 Recovery capability is generally critical at altitudes where airspegdliéMimiting. If at
higher altitudes (on the Mkboundary) the manoeuvre capability is limiteg buffeting
of such an intensity that it is a strong deterrent to further increase in normal acceleration,
some reduction of manoeuvre capability will be acceptable, provided that it does not
reduce to below 1-3 g. The entry speed for flight test demoristing of compliance with
this requirement should be limited to the extent necessary to accomplish a recovery
without exceeding ¥#/M pr and the normal acceleration should be measured as near to
VoM peas is practical.
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CS 25.681 Loads

(@)

(b)

CS 25.303 Factor ohfety

ED Decision 2003/2/RM

Strength requirements are specified in terms of limit loads (the maximum loads to be expected
in service) and ultimate loads (limit loads multiplied by prescribed factors of safety). Unless
otherwise provided, prescribelbads are limit loads.

Unless otherwise provided the specified air, ground, and water loads must be placed in
equilibrium with inertia forces, considering each item of mass in the aeroplane. These loads
must be distributed to conservatively approxineaobr closely represent actual conditions.
Methods used to determine load intensities and distribution must be validated by flight load
measurement unless the methods used for determining those loading conditions are shown to

be reliable. (SeAMC 25.301(b)

If deflections under load would significantly change the distribution of external or internal loads,
this redistribution must be taken into account.

ED Decision 2003/2/RM

The engie and its mounting structure are to be stressed to the loading cases for the aeroplane
as a whole.

Notwithstanding the advancements in analytical methods used in predicting loads on aeroplane
structures, accurate prediction of loads on wing leadingeednd trailing edge high lift devices
continues to be a problem. It is, therefore, advisable to verify the loads on these surfaces by
conducting flight loads surveys regardless of the level of confidence in the overall loads
program.

ED Decision 2003/2/RM

Unless otherwise specified, a factor of safety of 1-5 must be applied to the prescribed limit load which
are considered external loads on the structure. When loading condition is prescribed in terms of
ultimate loads, a factoof safety need not be applied unless otherwise specified.

CS 25.305 Strength and deformation

(@)

(b)

ED Decision 2003/2/RM

The structure must be able to support limit loads without detrimental permanent deformation.
At any load up to limit loads, the defortian may not interfere with safe operation.

The structure must be able to support ultimate loads without failure for at least 3 seconds.
However, when proof of strengthis shown by dynamic tests simulating actual load conditions,
the 3-second limit dos not apply. Static tests conducted to ultimate load must include the
ultimate deflections and ultimate deformation induced by the loading. When analytical
methods are used to show compliance with the ultimate load strength requirements, it must
be shown hat ¢
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(1) The effects of deformation are not significant;

(2) The deformations involved are fully accounted for in the analysis; or

(3) The methods and assumptions used are sufficient to cover the effects of these
deformations.

(c) Where structural flgibility is such that any rate of load application likely to occur in the
operating conditions might produce transient stresses appreciably higher than those
corresponding to static loads, the effects of this rate of application must be considered.

CS 25.87 Proof of structure

ED Decision 2003/2/RM

(@) Compliance with the strength and deformation requirements of this Subpart must be shown for
each critical loading condition. Structural analysis may be used only if the structure conforms to
those for whichexperience has shown this method to be reliable. In other cases, substantiating
load tests must be made. Where substantiating load tests are made these must cover loads up
to the ultimate load, unless it is agreed with the Agency that in the circumstaoidés case,
equivalent substantiation can be obtained from tests to agreed lower levels Al8€:25.303)

(b) Reserved
(c) Reserved

(d) When static or dynamic tests are used to show compliance with the regeinésnof
CS25.305(b)for flight structures, appropriate material correction factors must be applied to
the test results, unless the structure, or part thereof, being tested has features such that a
number of elemens 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.

ED Decision 2003/2/RM

In deciding the need for and the extent of tesjiincluding the load levels to be achieved the following

factors will be considered by the Agency.

a ¢KS O2yFTARSYyOS 4KAOK OlFly oS Faul OKSR G2 GKS
certain types of aeroplanes in designing, building and tgstieroplanes.

b.  Whether the aeroplane in question is a new type or a development of an existing type having

the same basic structural design and having been previously tested, and how far static strength
testing can be extrapolated to allow for developmef the particular type of aeroplane.

c.  The importance and value of detail and/or component testing including representation of parts
of structure not being tested, and

d. The degree to which credit can be given for operating experience where itriatger of
importing for the first time an old type of aeroplane which has not been tested.
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ED Decision 2003/2/RM

(@) Flight load factors represent the ratio of the aerodynamic force component (acting normal to
the assumeddngitudinal axis of the aeroplane) to the weight of the aeroplane. A positive load
factor is one in which the aerodynamic force acts upward with respect to the aeroplane.

(b) Considering compressibility effects at each speed, compliance with the flightdo@irements
of this Subpart must be shown

(1) Ateach critical altitude within the range of altitudes selected by the applicant;

(2) At each weight from the design minimum weight to the design maximum weight
appropriate to each particular flight loambndition; and

(3) For each required altitude and weight, for any practicable distribution of disposable load
within the operating limitations recorded in the Aeroplane Flight Manual.

(c) Enough points on and within the boundaries of the design envelopst el investigated to
ensure that the maximum load for each part of the aeroplane structure is obtained.

(d) The significant forces acting on the aeroplane must be placed in equilibrium in a rational or
conservative manner. The linear inertia forces mestbnsidered in equilibrium with the thrust
and all aerodynamic loads, while the angular (pitching) inertia forces must be considered in
equilibrium with thrust and all aerodynamic moments, including moments due to loads on
components such as tail surfacasd 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 conditions

ED Decision 2003/2/RM

(@) ProcedureForthe analysis of the maeuvring flight conditions specified in sparagraphs (b)
and (c) of this paragraph, the following provisions apply:

(1) Where sudden displacement of a control is specified, the assumed rate of control surface
displacement may not be less than the réttat 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) and (c) of this paragraph, the effect of corresponding
pitching velocitiesmust be taken into account. The-irm and outof-trim flight
conditions specified IS 25.25/ust be considered.

(b) Manoeuvring balanced conditiongissuming the aeroplane to be in equilibrium with zero
pitching acceleration, the manoeuvring conditions A through | on the manoeuvring envelope in
CS 25.333(bjust be investigated.

(c) Manoeuvring pitching conditiond he following conditions must be investigated:

(1) Maximum pitch control displacement ai.VThe aeroplane is assumed to be flying in
steady level flight (point AICS 25.333(p)and the cockpit pitch control is suddenly
moved to obtain extreme nose up pitching ataration. In defining the tail load, the
response of the aeroplane must be taken into account. Aeroplane loads which occur
subsequent to the time when normal acceleration at the c.g. exceeds the positive limit
manoeuvring load factor (at point A2 in CS.@33 or the resulting tailplane normal load
reaches its maximum, whichever occurs first, need not be considered.

(2) Checked manoeuvre betweegand \b. Nose up checked pitching manoeuvres must be
analysed in which the positive limit load factor prebed inCS 25.33# 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 sumaragraphs (i), (i), (iii) and (iv) of this paragraph must
be used:

()  The aeroplane is assumed to be flying in steady level flight at any speed between
Vxand \band the cockpit pitch control is moved in accordance withfttiewing
formula:

160 1 OFTO™MEM o6 o
where:

1 M tRe maximum available displacement of the cockpit pitch control in the
initial direction, as limited by the control system stops, control surface stops,
or by pilot effort in accordance wit@S 25.397(b)

Lo6G0O ' GKS RAALIFOSYSyd 2F GKS 02071LRK
AYAGALE RANBOUGMZYL YL 6HIKS ANSS ZSANBAST SRRA NIS20
truncated at the maximum available splacement of the cockpit pitch
control as limited by the control system stops, control surface stops, or by
pilot effort in accordance witleS 25.397(b)
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(ii)

(i)

tmax[ O KH. T

['the circular frequency (radians/seconothe 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 "y i QORI Q uE) &
where:
V = the speed of the aeroplane at entry to the manoeuvre.
VA= the design manoeuvring speed prescribedCii 25.335(c)

For noseup pitching manoeuvres the complete cockpit pitch control dispiaeet
history may be scaled down in amplitude to the extent just necessary to ensure
that the positive limit load factor prescribed @S 25.33i8 not exceeded. For nose
down pitching manoeuvres the complete cpitkcontrol 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 Og.

In addition, for cases where the aeroplane response to the specified cockpit pitch
control motion does not achieve the prescribed limit load factors then the
following cockpit pitch control motion must be used:

16 9 OBTO™ém o o
7 0 ,"Q,éAb 0O O
70 1 OBIO 06 o0 ™MebdD O O
where:
t1 = KH-.
t, = b Kk {
tmaxztzb - 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 (seéigure below).

Powered by EASA eRules Pagel43of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPARTCSTRUCTU!

. E ASA (Initial issue) FLIGHT MANOEUVRE AND (

CONDITION

7}

[

s O

2

O

Q

=

<5}

-

5 < At g t

b max >
5 t t time
(&) 1 2

=

o

Y4

(&}

o

)

_81

(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 whichehnormal
acceleration at the c.g. goes above the positive limit load factor prescribed

inCS 25.337
©)  tmax

CS 25.333 Flight manoeuvring envelope

ED Decision 2003/2/RM

(@) GeneralThe strength requirementsust be met at each combination of airspeed and load
factor on and within the boundaries of the representative manoeuvring envelopediggram)
of subparagraph (b) of this paragraph. This envelope must also be used in determining the
aeroplane structurhoperating limitations as specified @5 25.1501

(b) Manoeuvring envelope
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CS 25.335 Design airspeeds

ED Decision 2003/2/RM

The selected design airspeeds are equivalent airspeeds (EAS). Estimated vajy@sdid/must be
conservative.

(@) Design cruising spegVc. For \, the following apply:

(1) The minimum value of Mnust be sufficiently greater thars¥o provide for inadvertent
speed increases likely to occur as a result of severe atmosphebigi¢nce.

(2) Except as provided in sygaragraph 25.335(d)(2),cvhay not be less thang# 1-32 Lk
(with U, as specified in suparagraph25.341(a)(5)()However, ¥need not exceed the
maximum speed in levdlight at maximum continuous power for the corresponding
altitude.

(3) At altitudes where Yis limited by Mach number,Afmay be limited to a selected Mach
number. (Se€CS 25.150%

(b) Design dive speedpW, must be selected so thatg cis not greater than 0-83¥Mp, or so
that the minimum speed margin betweeny/Wl c and \b/Mp is the greater of the following
values:

(1) From an initial condition of stabilised flight a¢/M ¢, the aeroplane is upset, flowoif 20
seconds along a flight path 7{&elow the initial path, and then pulled up at a load factor
of 1-5 g (0-5 g acceleration increment). The speed increase occurring in this manoeuvre
may be calculated if reliable or conservative aerodynamic data isRmader as specified
in CS25.175(b)(1)(iv)is assumed until the pullup is initiated, at which time power
reduction and the use of pilot controlled drag devices may be assumed,;
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(2) The minimum speed margin must baaeigh to provide for atmospheric variations (such
as horizontal gusts, and penetration of jet streams and cold fronts) and for instrument
errors and airframe production variations. These factors may be considered on a
probability basis. The margin at aitde where M is limited by compressibility effects
must not be less than 0.07M unless a lower marginis determined using a rational analysis
that includes the effects of any automatic systems. In any case, the margin may not be
reduced to less than 0.05MSeeAMC 25.335(b)(2)

(c) Design manoeuvring spegd.. For \, the following apply:
(1) Vamay not be less thangyn where¢

(i) nis the limit positive manoeuvring load factor at ¥nd
(i)  Vsiis the shlling speed with windlaps retracted.
(2) Vaand \smust be evaluated at the design weight and altitude under consideration.

(3) Vaneed not be more than Mor the speed at which the positivefexCurve intersects the
positive manoeuvre load factor linavhichever is less.

(d) Design speed for maximum gust intensity, V
(1) Vesmay not be less than
i 0 OO
@ P T o
wherec

Vg =the 1-g stalling speed based onmaxWith the flaps retracted at the particular
weight under consideration;

Guamax= the maximum aeroplane normal force coefficient;
V. = design cuise speed (knots equivalent airspeed);

U = the reference gust velocity (feet per second equivalent airspeed) from
CS25.341(a)(5)()

w = average wing loading (pounds per square foot) at the particular htaigpder

consideration.
5=
o= —
densitly of air (slugs/;
c = mean geometric chord of the wing (feet);
g = acceleration due to gravity (ft/séf

a = slope of the aeroplane normal force coefficient curvg, [@r radian;
(2) Ataltitudes where Vis limited by Mach numbeg

(i) Vemay be chosen to provide an optimum margin between low and high speed
buffet boundaries; and,

(i)  Veneed not be greater thany/
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()

(f)

Design winglap speeds, ¥ For \, the following apply:

(1) Thedesign wingflap speed for each winflap position (established in accordance with
CS 25.697(a)must be sufficiently greater than the operating speed recommended for
the corresponding stage of flight (including ked landings) to allow for probable
variations in control of airspeed and for transition from one wilag position to another.

(2) If an automatic winglap positioning or load limiting device is used, the speeds and
corresponding winglap positions prgrammed or allowed by the device may be used.

(3) Vemay not be less thag
()  1-6 \& with the wingflaps in takeoff position at maximum takeff weight;
(i)  1-8\4 with the wingflaps in approach position at maximum landing weight; and
(i) 1-8\Lwith the wingflaps in landing position at maximum landing weight.

Design drag device speeds;pVThe selected design speed for each drag device must be
sufficiently greater than the speed recommended for the operation of the device to allow for
probable variations in speed control. For drag devices intended for use in high speed descents,
Vpopmay not be less thanp/When an automatic drag device positioning or load limiting means

is used, the speeds and corresponding drag device positions prograomeaibwed by the
automatic means must be used for design.

ED Decision 2003/2/RM

PURPOSHEhis AMC sets forth an acceptable means, but not the only means, of demonstrating
compliance with the provisions of @S relaed to the minimum speed margin between design
cruise speed and design dive speed.

RELATED CS PARAGRAPH.335Design airspeeds”.

BACKGROUNDS 25.335(bjequires the design dive speed,p,Vof the aeroplane to be
established so that the design cruise speed is no greater than 0.8 times the design dive speed,
or that it be based on an upset criterion initiated at the design cruise spegdit\altitudes

where the cruise speed is limited by compressibility effe€S,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 vaations (such as horizontal gusts and the penetration of jet
streams), instrument errors, and production variations. This AMC provides a rational method
for considering the atmospheric variations.

DESIGN DIVE SPEED MARGIN DUE TO ATMOSPHERIC VARIATIONS

a. In the absence of evidence supporting alternative criteria, compliance with
CS25.335(b)(2imay be shown by providing a margin betweefiWcand \b/M p sufficient
to provide for the following atmospheric conditie:

(1) Encounter with a Horizontal Gusthe effect of encounters with a substantially
headon gust, assumed to act at the most adverse angle between 30 degrees above
and 30 degrees below the flight path, should be considered. The gust velocity
should bel5.2 m/s (50 fps) in equivalent airspeed (EAS) at altitudes up to 6096 m
(20,000 feet). At altitudes above 6096 m (20,000 feet) the gust velocity may be
reduced linearly from 15.2 m/s (50 fps) in EAS at 6096 m (20,000 feet) to 7.6 m/s
(25 fps) in EAS at 280 m (50,000 feet), above which the gust velocity is

Powered by EASA eRules Pagel47of 602 Nov 201€


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPARTCSTRUCTU!
.., o E ASA (Initial issue) FLIGHT MANOEUVRE AND (¢

CONDITION

considered to be constant. The gust velocity should be assumed to build up in not
more than 2 seconds and last for 30 seconds.

(2) Entry into Jetstreams or Regions of High Windshear

()  Conditions ofhorizontal and vertical windshear should be investigated
taking into account the windshear data of this paragraph which are world
wide extreme values.

(i)  Horizontal windshear is the rate of change of horizontal wind speed with
horizontal distance. Encoters with horizontal windshear change the
aeroplane apparent head wind in level flight as the aeroplane traversesinto
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 change the aeroplane apparent head
wind as the aeroplane climbs or descends into regions of changing wind
speed. The vertical windshear region chasg®owly so that temporal or
spatial changes in the vertical windshear gradient are assumed to have no
significant affect on an aeroplane in level flight.

(iv)  With the aeroplane at M cwithin normal rates of climb and descent, the
most extreme conditiorof windshear that it might encounter, according to
available meteorological data, can be expressed as follows:

(A) Horizontal WindshearThe 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 heigtvand. As shown in Figure 1, the total
vertical thickness of the windshear region is twice the height band so
that the windshear intensity specified in Table 1 applies to a vertical
distance equal to the height band above and below the reference
altitude. The variation of horizontal wind speed with altitude in the
windshear region is linear through the height band from zero at the
edge of the region to a strength at the reference altitude determined
by the windshear intensity multiplied by the height baidindshear
intensity varies linearly between the reference altitudes in Table 1.

Figure 1- Windshear Region
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Altitude
A -I_
Height Band
Reference Wind
Altitude Speed
Height Band
B —

Note: The analysis should be conducted by separately descending
FNRY LRAYyG a!lé FyR OfAYoAy3
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 (207) 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 taeeen 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
phenomena is fairly slow, recovery action by the pilot is usually possible
the case of manual flight (i.e., whenflight is being controlled by inputs made
by the pilot), the aeroplane is assumed to maintain constant attitude until at
least 3 seconds after the operation of the overspeed warning device, at
which time recoveryaction may be started by using the primary
aerodynamic controls and thrust at a normal acceleration of 1.5g, or the
maximum available, whichever is lower.

b. At altitudes where speed is limited by Mach number, a speed margin of .07 Mach
between Mcand Myis considered sufficient without further investigation.

CS 25.337 Limit manoeuvring load factors

ED Decision 2003/2/RM

(@) Except where limited by maximum (static) lift coefficients, the aeroplane is assumed to be
subjected to symmetrical manoeuvres rdasuy in the limit manoeuvring load factors
prescribed in this paragraph. Pitching velocities appropriate to the correspondingppathd
steady turn manoeuvres must be taken into account.
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(c) The negative limit manoeuvring load factpr

(1) May not be less thagl-0 at speeds up tovand
(2) Must vay linearly with speed from the value att6 zero at .

(d) Manoeuvring load factors lower than those specified in this paragraph may be used if the
aeroplane has design features that make it impossible to exceed these values in flight.

ED Decision 2003/2/RM

The load factor boundary of the manoeuvring envelope is definedC8y25.337(b) and (d} is
NBEO23ayAaSR GKFG O2yaidNY Ayda tmiKtheOr@nodtiridg evelopd 0 (G KS
load factor boundary may be taken into account in the calculation of manoeuvring loads for each
unique mass and flight condition, provided that those constraints are adequately substantiated. This
substantiation should takecount of critical combinations of vertical, rolling and yawing manoeuvres

that may be invoked either statically or dynamically within the manoeuvring envelope.

Examples of the aforementioned constraints include aircraft£e mechanical and/or aerodymaic
limitations of the pitch control, and limitations defined within any flight control software.]

CS 25.341 Gust and turbulence loads

ED Decision 2003/2/RM

(a) Discrete Gust Design Critefldne aeroplane is assumed to be subjected to symmetrical vertica
and lateral gusts in level flight. Limit gust loads must be determined in accordance with the
following provisions:

(1) Loads on each part of the structure must be determined by dynamic analysis. The analysis
must take into account unsteady aerodynari@aracteristics and all significant structural
degrees of freedom including rigid body motions.

(2) The shape of the gust must be taken as follows:

Y —p Al & F2NI n X & X HI
Y m for s > 2H
wherec

s =distance penetratd into the gust (metre);

Uqs = the design gust velocity in equivalent airspeed specified ifpswbgraph (a) (4) of
this paragraph;

H =0KS 3dzad 3INI RASYd 6KAOK A& GUKS RAaall yoOS
path for the gust to reach itgeak velocity.

(3) A sufficient number of gust gradient distances in the range 9 m (30 feet) to 107 m (350
feet) must be investigated to find the critical response for each load quantity.

(4) The design gust velocity must be:
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(b)

()

(6)

()

where¢

Ues = the reference gust velocity in equivalent airspeed defined ingatagraph (a)(5)
of this paragraph;

Fy, = the flight profile alleviation factor defined in syimragraph (a)(6) of this
paragaph.

The following reference gust velocities apply:

()  Atthe aeroplane design speed:\Positive and negative gusts with reference gust
velocities of 17.07 m/s (56-0 ft/s) EAS must be considered at sea level. The
reference gust velocity may be recied linearly from 17.07 m/s (56-0 ft/s) EAS at
sea level to 13.41 m/s (44-0 ft/s) EAS at 4572 m (15000 fet). The reference gust
velocity may be further reduced linearly from 13.41 m/s (44-0 ft/s) EAS at 4572 m
(15 000 fet) to 7.92 m/sec (26-0 ft/sc) EA3%240m (50 000 ft).

(i)  Atthe aeroplane design spee@:WT'he reference gust velocity must be 0-5 times
the value obtained unde€S 25.341(a)(5)(i)

The flight profile alleviation factorgFmust be increasglinearly from the sea level value
to a value of 1.0 at the maximum operating altitude definecC 25.1527At sea level,
the flight profile alleviation factor is determined by the following equation.

O w0 O

where¢
- W - W
P X @ C I;]t T P C UTITT TT

1

O Y Yo Y N
0 O QabdaeE QO WD
0 OwQAFHQR "QEQ
DOWQIdAICG DE WD
0 OOQATAQR "QOQ “
Zno maximum operating altitude (metres (feet)) definedd 25.1527

Y

When a stability augmentation system is includedthe analysis, the effect of any
significant system necfinearities should be accounted for when deriving limit loads from
limit gust conditions.

Continuous Gust Design Critefitae dynamic response of the aeroplane to vertical and lateral
continuaus turbulence must be taken into account. (2¢dC 25.341 (b)

ED Decision 2003/2/RM

General When effects of dynamic response to turbulence are assessed by the continuous
turbulence method, the following criteria can be used:

Continuous Gust Design Critefiae gust loads criteria of this paragraph 2 should be applied to
mission analysis or design envelope analysis. (See Technical Referengd $HRA
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2.1 The limit gust loads utilising the contious turbulence concept should be determined in
accordance with the provisions of either paragraph 2.2 or paragraphs 2.3 and 2.4. For
components stressed by both vertical and lateral components of turbulence, the
resultant combined stress should be comsied. The combined stress may be
determined on the assumption that vertical and lateral components are uncorrelated.

2.2 Design Envelope AnalysiBhe limit loads should be determined in accordance with this
paragraph 2.2.

2.2.1 All critical altitudes, wights, and weight distributions, as specified in
CS25.321(b)(1) to (b)()and all critical speeds within the ranges indicated in
paragraph 2.3, should be considered.

2.2.2 Values of A (ratio of roetneansquareincremental load to rooimeansquare gust
velocity) should be determined by dynamic analysis. The power spectral density of
the atmospheric turbulence should be as given by the equation

VR © %pfboi‘m

A p poolw

whereg

U power-spectral density, (m/8) rad/m) ((ft/s)? / rad/ft))
true réot mean square gust velocity, m/s (ft/s)

K redliced frequency, rad/m (rad/ft)

L =762 m (2500 ft)

2.2.3 The limit loads should be obtained by multiplying thealues given by the dynamic
analysis by the following value of {drue gust velocity)

a. AtspeedV¥

i. U =25-9 m/s (/85 ft/s) true gust velocity in the interval O to 9144
(30 000 ft)g altitude and is linearly decreased to 9.1 m/s (30 ft/s) true
gust velocity at 24 384 m (80 000 ft) altitude.)

. U values less than those specified in qadragraph a.i. may be used
where the applicant can show by rational means thatghst velocity
selected is adequate for the aeroplane being considered.

However, the Uvalues used may not be less than 22-9 m/s (75 ft/s)
with a linear decrease from that value at 6096 m (20 000 ft) to 9-1 m/s
(30 ft/s) at 24 384 m (80 000 ft).

b. At peed \&. U is given by 1-32 times the values obtained under a.
c. AtspeedV¥. U isgiven by 0-5 times the values obtained under a.

d. At speeds betweengand \¢, and between Yand \b. U is given by linear
interpolation.
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2.3

2.4

2.2.4When a stability augentation system is included in the analysis, the effect of
system nonlinearities on loads at the limit load level should be realistically or
conservatively accounted for.

Mission analysisLimit loads should be determined in accordance with thiageaiph 2.3.

2.3.1 The expected utilisation of the aeroplane should be represented by one or more
flight profiles in which the load distribution and the variation with time of speed,
altitude, gross weight, and centre of gravity position are defined. Tipesles
should be divided into mission segments, or blocks for analysis and average or
effective values of the pertinent parameters defined for each segment.

2.3.2 For each of the mission segments defined under paragraph 2.3.1 valuesnof
No should be determined by dynamic analysis.is defined as the ratio of roet
meansquare incremental load to roaheansquare gust velocity andghs the
radius of gyration of the load poweapectral density function about zero
frequency. The power spectral densiof the atmospheric turbulence should be
given by the equation in paragraph 2.2.2.

2.3.3 For each of the load and stress quantities selected, the frequency of exceedance
should be determined as a function of load level by means of the equation,
U Qwn

0 w 000VLQwWN =T Y
whereg

y = net values of the load or stress

Yoneg= Value of the load or stress in egdevel flight

N(y) =average number of exceadces of the indicated values of the load or
stress in unit time

1 symbé! denoting summation over all mission segments

t = fraction of total flight time in the given segment
No, ' =parametersdetermined by dynamic analysis as defined inggaaph 2.3.2

P, B, by, b, = parameters defining the probability distributions of reoean
square gustvelocity to read from Figures 1 and 2.

2.3.4 The limit gust loads should be read from the frequency of exceedance curves at a
frequency of exceedare of 2 x 1@ exceedances per hour. Both positive and
negative load directions should be considered in determination of the limit loads.

2.3.5 If a stability augmentation system is utilised to reduce the gust loads, consideration
should be given to theéction of flight time that the system may be inoperative.
The flight profiles of paragraph 2.3.1 should include flight with the system
inoperative for this fraction of the flight time. When a stability augmentation
system is included in the analysis, tfect of system notinearities on loads at
the limit load level should be realistically or conservatively accounted for.

Supplementary Design Envelope Analysis addition to the limit loads defined by
paragraph 2.3, limit loads should also be er@ined in accordance with paragraph 2.2,
modified as follows:
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=18-3 m/s (60 ft/s) true inthe interval 0 to 9144 m (30 000 ft) altitude and is linearly
decreased t@-6 m/s (25 ft/s) true at 24 384 m (80 000 ft) altitude.

2.4.2In paragraph 2.2, the reference to paragraphs 2.2.3a. to 2.2.3c. should be
understood as referring to the paragraph as modified by paragraph 2.4.

L
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FIGURE 2b1 AND k» VALUES AMC 25.345(a)

CS 25.343 Design fuel and oil loads

ED Decision 2003/2/RM

(@) The disposable load combinations must include each fuel and oil load in the range from zero
fuel and oil to the selected maximum fuel and oil load. A structwsdrve fuel condition, not
exceeding 45 minutes of fuel under operating condition€$125.1001(fmay be selected.

(b) If a structural reserve fuel condition is selected, it must be used as the minimum fueltweigh
condition for showing compliance with the flight load requirements as prescribed in this
Subpart. In additior

(1) The structure must be designed for a condition of zero fuel and oil in the wing at limit
loads corresponding tqQ

() A manoeuvring loadctor of +2-25; and

(i)  The gust conditions oES 25.341(aput assuming 85% of the design velocities
prescribed inCS 25.341(a)(4)

(2) Fatigue evaluation of the structumaust account for any increase in operating stresses
resulting from the design condition of sygaragraph (b)(1) of this paragraph; and

(3) The flutter, deformation, and vibration requirements must also be met with zero fuel.
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CS 25.345 High lift devices

@)

(b)

(©

(d)

EDDecision 2003/2/RM

If wingflaps are to be used during taksf, approach, or landing, at the design flap speeds
established for these stages of flight und&S25.335(e)and with the wingflaps in the
correspnding positions, the aeroplane is assumed to be subjected to symmetrical manoeuvres
and gusts. The resulting limit loads must correspond to the conditions determined as follows:

(1) Manoeuvring to a positive limit load factor of 2-0; and

(2) Positive andhegative gusts of 7.62 m/sec (25 ft/sec) EAS acting normal to the flight path
in level flight. Gust loads resulting on each part of the structure must be determined by
rational analysis. The analysis must take into account the unsteady aerodynamic
characteistics and rigid body motions of the aircraft. (2edC 25.345(a) The shape of
the gust must be as described@$ 25.341(a)(2xcept thatg

Ugs =7.62 m/sec (25 ft/secEAS;
H =12.5c;and
c =mean geometric chord of the wing (metres (feet)).

The aeroplane must be designed for the conditions prescribed irpatdgraph (a) of this
paragraph except that the aeroplane load factor need not exceed 1.0, tatm@ccount, as
separate conditions, the effects of

(1) Propeller slipstream corresponding to maximum continuous power at the design flap
speeds Y and with takeoff power at not less than 1-4 times the stalling speed for the
particular flap positiorand associated maximum weight; and

(2) A headon gust of 7.62m/sec (25 fps) velocity (EAS).

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 flap design speed emdesr 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(h)and
(2) The discrete vertical gust criteria@8 25.341(ajSeeAMC 25.345(c)

The aeroplane must be designed for a manoeuvring load factor of 1.5 g at the maximasm tak
off weight with the wingflaps and similar high lift devices in the landing configurations.

ED Decision 2003/2/RM

Compliance witlCS 25.345(amay be demonstrate 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
account of the effects of structural flexibility on a quiskible basis (i.e. using aerodynamic
derivatives and load distributions corresponding to the distorted structure under maximum gust load).
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ED Decision 2003/2/RM

1 Enroute conditions are flight segments other than tas#, approachand landing. As applied
to the use of high lift devices the following flight phases are to be included irowe
conditions:

1. holding in designated areas outside the terminal area of the airport, and
2. flight with flaps extended from top of descent.
Thefollowing flight phases are not to be included inmute conditions:

3. portion of the flight corresponding to standard arrival routes preceding the interception of
the final approach path, and

4. holding at relatively low altitude close to the airport.

2 To apply CS 25.341(agust conditions toCS 25.345(cthe speeds M and \p should be
determined for the flap positions selected in-esute conditions.

These procedures shinliensure proper speed margins for flap retraction in the case of severe
turbulence when the aeroplane is in a low speedeute holding configuration.

3 The manoeuvre oS 25.345(c)(I9to be considered as alanced condition. (Se€S 25.331(b)
for definition.)

CS 25.349 Rolling conditions

ED Decision 2003/2/RM

The aeroplane must be designed for loads resulting from the rolling conditions specified-in sub

paragraphs (pand (b) of this paragraph. Unbalanced aerodynamic moments about the centre of

gravity must be reacted in a rational or conservative manner, considering the principal masses
furnishing the reacting inertia forces.

(@) Manoeuvring. The following conditios, speeds, and aileron deflections (except as the
deflections may be limited by pilot effort) must be considered in combination with an aeroplane
load factor of zero and of twthirds of the positive manoeuvring factor used in design. In
determining the reuired aileron deflections, the torsional flexibility of the wing must be
considered in accordance witBS 25.301(b)

(1) Conditions corresponding to steady rolling velocities must be investigated. In addition,
conditions corresponding to maximum angular acceleration must be investigated for
aeroplanes with engines or other weight concentrations outboard of the fuselage. For
the angular acceleration conditions, zero rolling velocity may be assumed in the absence
of a rational time history investigation of the manoeuvre.

(2) At V, a sudden deflection of 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 (gR) of this paragraph.

(4) At\p, the aileron deflection must be that required to produce a rate of roll not less than
one-third of that in subparagraph (a)(2) of this paragraph.

(b) Unsymmetrical gustg.he aeroplane is assumed to be subjected to unsytrioad vertical gusts
in level flight. The resulting limit loads must be determined from either the wing maximum
airload derived directly fronCS 25.341(adr the wing maximum airload derived indirectly from
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the vertical load factor calculated fror@S 25.341(ajt must be assumed that 100 percent of
the wing airload acts on one side of the aeroplane and 80 percent of the wing airload acts on
the other side.

CS 25.351 Yaw maeuvre conditions

ED Decision 2003/2/RM

The aeroplane must be designed for loads resulting from the yaw manoeuvre conditions specified in
subparagraphs (a) through (d) of this paragraph at speeds frgatolNp. Unbalanced aerodynamic
moments about the cetre of gravity must be reacted in a rational or conservative manner considering
the aeroplane inertia forces. In computing the tail loads the yawing velocity may be assumed to be
zero.

(@) With the aeroplane in unaccelerated flight at zero yaw, it isiamsd that the cockpit rudder
control is suddenly displaced to achieve the resulting rudder deflection, as limited by:

(1) the control system or control surface stops; or

(2) alimit pilot force of 1335 N (300 Ibf) from,¥to V, and 890 N (200 Ibf) fromgM cto
Vp/M p, with a linear variation betweenand \GM .

(b) With the cockpit rudder control deflected so as always to maintain the maximum rudder
deflection available within the limitations specified in subparagraph (a) of this paragraph, it is
assumedhat the aeroplane yaws to the overswing sideslip angle.

(c) With the aeroplane yawed to the static equilibrium sideslip angle, it is assumed that the cockpit
rudder control is held so as to achieve the maximum rudder deflection available within the
limitations specified in suparagraph (a) of this paragraph.

(d) With the aeroplane yawed to the static equilibrium sideslip angle ofpgulagraph (c) of this
paragraph, it is assumed that the cockpit rudder control is suddenly returned to neutral.
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CS 25.361 Engine and APU torgque

ED Decision 2003/2/RM

(@) Each engine mount and its supporting structures must be designed for engine torque effects
combined withc

(1) A limit engine torque corresponding to taldf power and propeller geed acting
simultaneously with 75% of the limit loads from flight condition £8f25.333(b)

(2) A limit engine torque as specified in sparagraph (c) of this paragraph acting
simultaneously with the limit loaglfrom flight condition A o€S 25.333(band

(3) For turbepropeller installations, in addition to the conditions specified in subparagraphs
(a)(1) and (2) of this paragraph, a limit engine torque correspondirighkeoff power
and propeller speed, multiplied by a factor accounting for propeller control system
malfunction, including quick feathering, acting simultaneously with 1 g level flight loads.
In the absence of a rational analysis, a factor of 1-6 mussed.u

(b) For turbine engines and auxiliary power unit installations, the limit torque load imposed by
sudden stoppage due to malfunction or structural failure (such as a compressor jamming) must
be considered in the design of engine and auxiliary powenuaunts and supporting structure.

In the absence of better information a sudden stoppage must be assumed to occur in 3 seconds.

(c) The limit engine torque to be considered under fqaragraph (a)(2) of this paragraph is
obtained by multiplying the mearotque by a factor of 1-25 for turbaropeller installations.

(d) When applyindCS 25.361(ad turbo-jet engines, the limit engine torque must be equal to the
maximum accelerating torque for the case considerede (84C 25.301(b)

CS 25.363 Side load on engine and auxiliary power unit mounts

ED Decision 2003/2/RM

(@) Each engine and auxiliary power unit mount and its supporting structure must be designed for
a limit load factor in a lateral direction, for the side load on the engine and auxiliary power unit
mount, at least equal to the maximum load factor obtained in the yawing conditions but not
less tharg

Q) 1-33;o0r
(2) Onethird of the limit load factor for flight corilon A as prescribed i€S 25.333(b)

(b) The side load prescribed in sphragraph (a) of this paragraph may be assumed to be
independent of other flight conditions.

CS 25.365 Pressurised compartment loads

ED Degiion 2003/2/RM

For aeroplanes with one or more pressurised compartments the following apply:

(@) The aeroplane structure must be strong enough to withstand the flight loads combined with
pressure differential loads from zero up to the maximum reliefe/altting.

(b) The external pressure distribution in flight, and stress concentrations and fatigue effects must
be accounted for.
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(d)

()

()

(¢)]

If landings may be made with the compartment pressurised, landing loads must be combined
with pressure differential loadsom zero up to the maximum allowed during landing.

The aeroplane structure must be strong enough to withstand the pressure differential loads
corresponding to the maximum relief valve setting multiplied by a factor of 1-33, omitting other
loads.

Any structure, component or part, inside or outside a pressurised compartment, the failure of
which could interfere with continued safe flight and landing, must be designed to withstand the
effects of a sudden release of pressure through an opening in ampartment at any
operating altitude resulting from each of the following conditions:

(1) The penetration of the compartment by a portion of an engine following an engine
disintegration.

(2)  Any opening in any pressurised compartment up to the size Hguiare feet; however,
small compartments may be combined with an adjacent pressurised compartment and
both considered as a single compartment for openings that cannot reasonably be
expected to be confined to the small compartment. The size Ho must be cechjoyt
the following formula:

O 00
where,
H, = maximum opening in square feet, need not exceed 20 square feet.

P =— 8t¢r1

As =maximum cross sectional area of the pressurised shell normal to the longitudinal
axis, in square feet; and

(3) The maximum opning caused by aeroplane or equipment failures not shown to be
extremely improbable. (Se&€MC 25.365(e)

In complying with sulparagraph (e) of this paragraph, the fadglfe features of the design may

be congilered in determining the probability of failure or penetration and probable size of
openings, provided that possible improper operation of closure devices and inadvertent door
openings are also considered. Furthermore, the resulting differential preseads Imust be
combined in a rational and conservative manner with 1 g level flight loads and any loads arising
from emergency depressurisation conditions. These loads may be considered as ultimate
conditions; however, any deformation associated with theseditions must not interfere with
continued safe flight and landing. The pressure relief provided by the intercompartment venting
may also be considered.

Bulkheads, floors, and partitions in pressurised compartments for occupants must be designed
to withstand conditions specified in sygaragraph (e) of this paragraph. In addition, reasonable
design precautions must be takento minimise the probability of parts becoming detached and
injuring occupants while in their seats.

ED Decision 2003/2/RM

The computed opening size froB®b.365(e)(2%hould be considered only as a mathematical means of
developing ultimate pressure design loads to prevent secondary structural filNieeconsideration

need be given to the actual shape of the opening, nor to its exact location on the pressure barrier in
the compartment. The damage and loss of strength at the opening location should not be considered.
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A hazard assessment should detémmwhich structures should be required to withstand the resulting
differential pressure loads. The assessment of the secondary consequences of failures of these
structures should address those events that have a reasonable probability of interferingaféth

flight and landing, for example failures of structures supporting critical systems. For this assessment
the risk of impact on the main structure from non critical structures, such as fairings, detached from
the aircraft due to decompression need na¢ bonsidered.

CS 25.367 Unsymmetrical loads due to engine failure

ED Decision 2003/2/RM

(@) The aeroplane must be designed for the unsymmetrical loads resulting from the failure of the
critical engine. Turbpropeller aeroplanes must be designed for tfilowing conditions in
combination with a single malfunction of the propeller drag limiting system, considering the
probable pilot corrective action on the flight controls:

(1) At speeds betweenytand \b, the loads resulting from power failure becaudefeel
flow interruption are considered to be limit loads.

(2) At speeds betweenytand \¢, the loads resulting from the disconnection of the engine
compressor from the turbine or from loss of the turbine blades are considered to be
ultimate loads.

(3) The time history of the thrust decay and drag build occurring as a result of the
prescribed engine failures must be substantiated by test or other data applicable to the
particular enginepropeller combination.

(4) The timing and magnitude of the probalpéot corrective action must be conservatively
estimated, considering the characteristics of the particular engirgpelleraeroplane
combination.

(b) Pilot corrective actiomaybe assumed to be initiated at the time maximum yawing velocity is
reached,but not earlier than two seconds after the engine failure. The magnitude of the
corrective action may be based on the control forces specifi€i?5.397(l@xcept that lower
forces may be assumed where it is slmoly analysis or test that these forces can control the
yaw and roll resulting from the prescribed engine failure conditions.

CS 25.371 Gyroscopic loads

ED Decision 2003/2/RM

The structure supporting any engine or auxiliary power unit must be designetddoads, including

the gyroscopic loads, arising from the conditions specifie@3n25.33125.341(a)25.349 25.351
25.473 25.47%nd 25.481 with the engine or auxiliary power unit at the maximum rpm appropriate
to the condition. For the purposes of compliance with this paragraph, the pitch manoeuvre in
CS25.331(c)(1)must be carried out until the positive limit manoeuvring load factor (pointirA

CS25.333(b) is reached.

CS 25.373 Speed control devices

ED Decision 2003/2/RM

If speed control devices (such as spoilers and drag flaps) are installed for useitesoonditionsg

(@) The aeroplane must be designed for the symntetkrmanoeuvres prescribed @S 25.33and
25.337 the yawing manoeuvres prescribed @5 25.35hnd the vertical and laterajust
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conditions prescribed iI€S 25.341(aat each setting and the maximum speed associated with
that setting; and

(b) Ifthe device has automatic operating or load limiting features, the aeroplane must be designe
for the manoeuvre and gust conditions prescribed in-pabagraph (a) of this paragraph, at the
speeds and corresponding device positions that the mechanism allows.
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CONTROSURFACENDSYSTENMOADS

ED Decision@®3/2/RM

The control surfaces must be designed for the limit loads resulting from the flight conditions in
CS25.33] 25.341(a) and (hR5.349and25.35] considering the requirements for:

(@) Loads parallel to hinge line, @5 25.393
(b) Pilot effort effects, iInrCS 25.397

(c) Trim tab effects, ilCS 25.407

(d) Unsymmetrical loads, i@S 25.427and

(e) Auxiliary aerodynamic surfaces,% 25.445

CS 25.393 Loads parallel to hinge line

ED Decision 2003/2/RM

(@) Control surfaces and supporting hinge brackets must be designed for inertia loads acting parallel
to the hinge line. (SeAMC 25.393(a)

(b) Inthe absence of more rational data, the inertia loads may be assumed to be equal to KW,
wherec

(1) K=24for vertical surfaces;
(2) K =12 for horizontal surfaces; and
(3) W =weight of the movable surfaces.

ED Decision 2003/2/RM

The loads parallel to the hinge line on primary control surfaces and other movable surfaces, such as
tabs, spoilers, speedbrakes, flaps, slats anginalling tailplanes, should take account of axial play
between thesurface and its supporting structure in complying Wil 25.393(aJor the rational
analysis, the critical airframe acceleration time history in the direction of the hinge line from all flight
and ground designanditions (except the emergency landing conditionsG8 25.56/1should be
considered. The play assumed in the control surface supporting structure, should include the
maximum tolerable nominal play and the effsof wear.

CS 25.395 Control system

ED Decision 2003/2/RM

(@) Longitudinal, lateral, directional and drag control systems and their supporting structures must
be designed for loads corresponding to 125% of the computed hinge moments of the movable
control surface in the conditions prescribed@s 25.391

(b) The system limit loads of paragraph (a) need not exceed the loads that can be produced by the
pilot (or pilots) and by automatic or power devices opengtthe controls.

(c) The loads must not be less than those resulting from application of the minimum forces
prescribed inCS 25.397(c)

Powered by EASA eRules Pagel63of 602 Nov 201€



http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢< SUBPARTCSTRUCTU!
) ot E ASA (Initial issue) CONTROL SURFACE AND S

LOAD:

CS 25.397 Control system loads

@)

(b)

ED Decision 2003/2/RM

General.The maximumand minimum pilot forces, specified in sphragraph (c) of this
paragraph, are assumed to act at the appropriate control grips or pads (in a manner simulating
flight conditions) and to be reacted at the attachment of the control system to the control
surface horn.

Pilot effort effectsin the control surface flight loading condition, the air loads on movable
surfaces and the corresponding deflections need not exceed those that would result in flight
from the application of any pilot force within thranges specified in sytaragraph (c) of this
paragraph. Twahirds of the maximum values specified for the aileron and elevator may be
used if control surface hinge moments are based on reliable data. In applying this criterion, the
effects of servo mech@sms, tabs, and automatic pilot systems, must be considered.

Limit pilot forces and torque3.he limit pilot forces and torques are as follows:

Aileron:

Stick 445 N (100 Ibf) 178 N (40 Ibf)
Wheel* 356 DNm (80 D in.Ib)** 178 DNm (40 D in.lbf)
Elevator:

Stick 1112 N (250 Ibf) 445 N (100 Ibf)
Wheel (symmetrical) 1335N(300 Ibf) 445 N(100 Ibf)

2 KSSt o6dzyaavyy!: 445 N (100 |bf)
Rudder 1335 N (300 Ibf) 578 N 130 Ibf

*The critical parts of the aileron control system must be designed for a single tangential force with a limit
value equal to 1-25 times the couple force determined from these criteria.

*»*D = wheel diameter in m (inches)

UEKS dzyae YYSi NN @plied at e dithedér mayrdmigrip @oibts dn the periphery of the
control wheel.

CS 25.399 Dual control system

(@)

(b)

ED Decision 2003/2/RM

Each dual control system must be designed for the pilots operating in opposition, using
individual pilot forces noless tharr

(1) 0-75times those obtained under JAR 25.395; or
(2) The minimum forces specified @S 25.397(c)

The control system must be designed for pilot forces applied in the same direction, using
individual pilot forces not less than 0-75 times those obtained urg®r25.395

CS 25.405 Secondary control system

ED Decision 2003/2/RM

Secondary controls, such as wheel brake, spoiler, and tab controls, must aetefr the maximum
forces that a pilot is likely to apply to those controls. The following values may be used:

PILOT CONTROL FORCE LIMITS (SECONDARY CONTROLS).

Limit pilot forces
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Miscellaneous: pY , -

*Crank, wheel, or lever. (o) ®G ¢ g L T LNQ
butnotless than222 N (50 Ibf) nor more than 667 N (150 Ibf) (R = radit
(Applicable to any angle within 26f plane of contral).

Twist 15 Nm (133 in.lbf)

Pushpull To be chosen by applicant.

*Limited to flap, tabstabiliser, spoiler, and landing gear operation controls.

CS 25.407 Trim tab effects

ED Decision 2003/2/RM

The effects of trim tabs on the control surface design conditions must be accounted for only where
the surface loads are limited by maximum pikdgfort. In these cases, the tabs are considered to be
deflected in the direction that would assist the pilot, and the deflectionsare

(@) For elevator trim tabs, those required to trim the aeroplane at any point within the positive
portion of the pertirent flight envelope irCS 25.333(bexcept as limited by the stops; and

(b) For aileron and rudder trim tabs, those required to trim the aeroplane in the critical
unsymmetrical power and loading conditions, wittppeopriate allowance for rigging
tolerances.

CS 25.409 Tabs

ED Decision 2003/2/RM

(@) Trimtabs.Trimtabs must be designed to withstand loads arising from all likely combinations of
tab setting, primary control position, and aeroplane speed (obtainalibout exceeding the
flight load conditions prescribed for the aeroplane as a whole), when the effect of the tab is
opposed by pilot effort forces up to those specifiedCi 25.397(b)

(b) Balancing tabsBalancig tabs must be designed for deflections consistent with the primary
control surface loading conditions.

(c) Servo tabsServo tabs must be designed for deflections consistent with the primary control
surface loading conditions obtainable within the piloinoeuvring effort, considering possible
opposition from the trim tabs.

CS 25.415 Ground gust conditions

ED Decision 2003/2/RM

(@) The flight control systems and surfaces must be designed for the limit loads generated when
the aircraft is subjected to horizontal 33.44 m/sec (65 knots) ground gust from any direction,
while taxying with the controls locked and unlocked and while parked with the controls locked.

(b) The control system and surface loads due to ground gust may be assumed to be statiatbads a
the hinge moments H, in Newton metres (foot pounds), must be computed from the formula:

0 0PI O®Y
where:
K hinge moment factor for ground gusts derived in subparagraph (c) of this paragraph
"o = density of air at sea level = 12gkg/n?) (0.0023769 (slugsA} =0.0023769 (ked/ ft4)
\% 33.44 m/sec (65 knots = 109.71 fps) relative to the aircraft
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(€)

(d)

()

()

(¢)]

1.

S = area of the control surface aft of the hinge line?jr(ft?)
¢ = mean aerodynamic chord of the control surface aftrad hinge line (m) (ft)

The hinge moment factor K for ground gusts must be taken from the following table:

(a) Aileron 0.75 Control column locked or lashed in mpdsition.
(b)Aileron *+0.50 Ailerons at full throw.

(c)Elevator *+0.75 Elevator full down.

(d)Elevator *+0.75 Elevator full up.

(e) Rudder 0.75 Rudder in neutral.

(f) Rudder 0.75 Rudder at full throw.

* A positive value of K indicates a moment tending to depress the surface, while a negatevefualu
indicates a momentending to raise the surface.

The computed hinge moment of subparagraph (b) must be used to determine the limit loads
due to ground gust conditions for the control surface. A 1.25 factor on the computed hinge
moments must be sed in calculating limit control system loads.

Where control system flexibility is such that the rate of load application in the ground gust
conditions might produce transient stresses appreciably higher than those corresponding to
static loads, in thebsence of a rational analysis an additional factor of 1.60 must be applied to
the control system loads of subparagraph (d) to obtain limit loads. If a rational analysis is used,
the additional factor must not be less than 1.20.

For the condition ofte control locks engaged, the control surfaces, the control system locks
and the parts of the control systems (if any) between the surfaces and the locks must be
designed to the respective resultant limit loads. Where control locks are not provided tken th
control surfaces, the control system stops nearest the surfaces and the parts of the control
systems (if any) between the surfaces and the stops must be designed to the resultant limit
loads. If the control system design is such as to allow any pahnteofontrol system to impact

with the stops due to flexibility, then the resultant impact loads must be taken into account in
deriving the limit loads due to ground gust.

For the condition of taxying with the control locks disengaged, the following/appl

(1) The control surfaces, the control system stops nearest the surfaces and the parts of the
control systems (if any) between the surfaces and the stops must be designed to the
resultant limit loads.

(2) The parts of the control systems between the stopearest the surfaces and the cockpit
controls must be designed to the resultant limit loads, except that the parts of the control
system where loads are eventually reacted by the pilot need not exceed:

(i)  The loads corresponding to the maximum pilotdeanCS 25.397(6r each pilot
alone; or

(i)  0.75times these maximum loads for each pilot when the pilot forces are applied
in the same direction

ED Decision 2003/2/RM

PURBSEThis AMC sets forth acceptable methods of compliance with the provisions2&f CS
dealing with the certification requirements for ground gust conditions. Guidance information is
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provided for showing compliance witbS 25.415relating to structural design of the control
surfaces and systems while taxying with control locks engaged and disengaged and when
parked with control locks engaged. Other methods of compliance with the requirements may
be acceptable.

2.  RELATED CS PARAGRAPHS
CS25.416 DNR dzy R Ddzad / 2YyRAGAZ2Yya&aé d
CS 25518 W O 1 AyR2&WRt NIABA AA2Y &€

3.  BACKGROUND

a. The requirement to consider the effectsf ground gusts has been applied to
large/transport aeroplanes since 1950. The purpose of the requirement was to protect
the flight control system from excessive peak ground wind loads while the aeroplane is
parked or while taxying downwind. For developitige original regulation, the control
surface load distribution was considered to be triangular with the peak at the trailing
edge representing reversed flow over the control surface. This assumption, along with
assumptions about the wind approach angle aypical control surface geometries were
developed into a table of hinge moment factors and set forth in the regulation. These
hinge moment factors have been carried forward to the existing tab{eSri25.415Tre
maximum design wind speed was originally set at 96 km/h (88 feet per second (52 knots))
under the presumption that higher speeds were predictable storm conditions and the
aircraft owner could take additional precautions beyond engaging the standard gust
locks.

b.  The conditions o€S 25.518quire consideration of the aeroplane in a moored or jacked
condition in wind speeds up to 120 km/h (65 knots). In order to be consistent in the
treatment of ground windsthe wind speeds prescribed IS 25.415oncerning ground
gust conditions on control surfaces, was increased to 120 km/h (65 knots) at Change 15
of JAR25.

C. There have been several incidents and accidentseadby hidden damage that had
previously occurred in ground gust conditions. Although many of these events were for
aeroplanes that had used the lower wind speeds from the earlier rules, analysis indicates
that the most significant contributor to the damagvas the dynamic load effect. The
dynamic effects were most significant for control system designs in which the gust locks
were designed to engage the control system at locations far from the control surface
horn. Based on these events additional factare defined for use in those portions of
the system and surface that could be affected by dynamic effects.

d.  The flight control system and surface loads prescribe@$y25.418re limit loads based
on a peak wd speed of 120 km/h (65 knots) EAS. In operation, the peak wind speed
would most often be caused by an incremental fluctuation in velocity imposed on top of
a less rapidly changing mean wind speed. Therefore, an appropriate peak wind speed
limitation shauld be reflected in the applicable documents, when there is a potential risk
of structural damage.

4. COMPLIANCE

a. The ground gust requirements take into account the conditions of the aeroplane parked
with controls locked, and taxying with controlshedr locked or unlocked. In either of the
locked conditions the control surface loads are assumed to be reacted at the control
system locks. In the unlocked condition the pilot is assumed to be at the controls and the
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controls are assumed to be powered ajpplicable. In the latter condition, the control
surface loads are assumed to be reacted, if necessary, at the cockpit controls by the
pilot(s) up to the limits of the maximum pilot forces and torques givebSn25397(c)

Where loads are eventually reacted at the cockpit controls, the loads in those parts of the
control system between the control system stops nearest the control surfaces and the
cockpit controls need not exceed those that would result from #mpplication of the
specified maximum pilot effort effects. However, higher loads can be reacted by the
control system stops. Those parts of the control system from the control surfaces to the
control system stops nearest the surfaces should be designgetieesultant limit loads
including dynamic effects, if applicable, and regardless of pilot effort limitations.
Similarly, pilot effort limitations would not apply to parts of control systems where the
loads are not eventually reacted at the cockpit catdr for example an aileron control
system where the right hand side aileron loads are reacted by the left hand side aileron,
without participation by the pilot(s).

In either the taxying condition (controls locked or unlocked) or the parked condition
(controls locked), if the control system flexibility is such that the rate of load application
in the ground gust conditions might produce transient stresses appreciably higher than
those corresponding to static loads, the effects of this rate of applinatie required to

be considered. Manually powered control systems and control systems where the gust
lock is located remotely from the control surface are examples of designs that might fall
in this category. In such cases the control system loads aréreeqy CS 25.415(ddp

be increased by an additional factor over the standard factor of 1.25.

CS 25.427 Unsymmetrical loads

ED Decision 2003/2/RM

(@) In designing the aeroplane for lateral gust, yaw manoeuvre @fidnanoeuvre conditions,
account must be taken of unsymmetrical loads on the empennage arising from effects such as
slipstream and aerodynamic interference with the wing, vertical fin and other aerodynamic
surfaces.

(b) The horizontal tail must be assenh to be subjected to unsymmetrical loading conditions
determined as follows:

1)

)

100% of the maximum loading from the symmetrical manoeuvre conditio@$sd?5.331
and the vertical gust conditions @S 25.341(acting separately on the surface on one
side of the plane of symmetry; and

80% of these loadings acting on the other side.

(c) For empennage arrangements where the horizontal tail surfaces have dihedral anggésr g
than plus or minus 10 degrees, or are supported by the vertical tail surfaces, the surfaces and
the supporting structure must be designed for gust velocities specifi€Bia5.341 (acting in
any orientatian at right angles to the flight path.

CS 25.445 Outboard fins

ED Decision 2003/2/RM

(@) When significant, the aerodynamic influence between auxiliary aerodynamic surfaces, such as
outboard fins and winglets, and their supporting aerodynamic surfaces beigaken into
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account for all loading conditions including pitch, roll and yaw manoeuvres, and gusts as
specified inCS 25.341(acting at any orientation at right angles to the flight path.

(b) To provide for unsyimetrical loading when outboard fins extend above and below the
horizontal surface, the critical vertical surface loading (load per unit area) determined under
CS 25.391nust also be applied as follows:

(1) 100% to the area of the vertical surfaces above (or below) the horizontal surface.
(2) 80% to the area below (or above) the horizontal surface.

CS 25.457 Winflaps

ED Decision 2003/2/RM

Wing flaps, their operating mechanisms, and their supporting strestanust be designed for critical
loads occurring in the conditions prescribedG® 25.345accounting for the loads occurring during
transition from one wingflap position and airspeed to another.

CS 25.459 Spal devices

ED Decision 2003/2/RM

The loading for special devices using adynamic surfaces (such as slots, slats and spoilers) must be
determined from test data.
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GROUNDLOADS

CS 25.471 General

@

(b)

(©

ED Decision 2003/2/RM
Loads and equilibriuntor Imit ground loads;

(1) Limit ground loads obtained under this Subpart are considered to be external forces
applied to the aeroplane structure; and

(2) Ineach specified ground load condition, the external loads must be placed in equilibrium
with the linear and angular inertia loads in a rational or conservative manner.

Critical centres of gravityl.he critical centres of gravity within the range for which certification

is requested must be selected so that the maximum design loads are obtained itaadicty

gear element. Fore and aft, vertical, and lateral aeroplane centres of gravity must be considered.
Lateral displacements of the centre of gravity from the aeroplane centreline which would result
in main gear loads not greater than 103% of theicait design load for symmetrical loading
conditions may be selected without considering the effects of these lateral centre of gravity
displacements on the loading of the main gear elements, or on the aeroplane structure
provided¢

(1) The lateral displageent of the centre of gravity results from random passenger or cargo
disposition within the fuselage or from random unsymmetrical fuel loading or fuel usage;
and

(2) Appropriate loading instructions for random disposable loads are included under the
providgons of CS 25.1583(c)(1d ensure that the lateral displacement of the centre of
gravity is maintained within these limits.

Landing gear dimension datBigure 1 oAppendix Acontains the basic landing gear dimension
data.

CS 25.473 Landing load conditions and assumptions

(@)

(b)

(©

ED Decision 2003/2/RM

For the landing conditions specified@% 25.47® 25.485 the aeroplane is assumed to contact
the ground:

(D)In the attitudes defined IS 25.47andCS 25.481

(2) With a limit descent velocity of 85 m/sec (10 fps) at the design landing weight (the
maximum weight for landing conditions at maximum descent velocity); and

(3) With a limit descent velocity of 1-83 m/sec (6 fps) at the design-tdikeveight (the
maximum weight for landing conditions atreduced descent velocity).

(4) The prescribed descent velocities may be modified if it is shown that the aeroplane has
design features that make it impossible to develop these velocities.

Aeroplane lift, not exceeding aeroplane weight, may be assunumtess the presence of
systems or procedures significantly affects the lift.

The method of analysis of aeroplane and landing gear loads must take into account at least the
following elements:

(1) Landing gear dynamic characteristics.
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(2) Spinup andspring back.

(3) Rigid body response.
(4) Structural dynamic response of the airframe, if significant.
(d) The landing gear dynamic characteristics must be validated by tests as defid8®in 723(a)

(e) The codficient of friction between the tyres and the ground may be established by considering
the effects of skidding velocity and tyre pressure. However, this coefficient of friction need not
be more than 0-8.

CS 25.477 Landing gear arrangement

ED Decision 2008RM

CS 25.47%0 25.485apply to aeroplanes with conventional arrangements of main and nose gears, or
main and tail gears, when normal operating techniques are used.

C25.479 Level landing conditions

ED Decision 2003/2/RM

(@) In the level attitude, the aeroplane is assumed to contact the ground at forward velocity
components, ranging fromyto 1-25 V,parallel to the ground under the conditions prescribed
in CS 25.47%ith:

(1) V.1 equal to L{TAS) at the appropriate landing weight and in standard-leeel
conditions; and

(2) Vi, equal to ¥(TAS) at the appropriate landing weight and altitudes in a hot day
temperatureof 22.8C (42F) above standard.

(3) The effects of increased contact speed must be investigated if approval of downwind
landings exceeding 19 km/h (10 knots) is requested.

(b) For the level landing attitude for aeroplanes with tail wheels, the conditgpecified in this
paragraph must be investigated with the aeroplane horizontal reference line horizontal in
accordance with Figure 2 éppendix Aof CS25.

(c) For the level landing attitude for aeroplanes witbse wheels, shown in Figure 2Agpendix A
of C&5, the conditions specified in this paragraph must be investigated assuming the following
attitudes:

(1) An attitude in which the main wheels are assumed totaohthe ground with the nose
wheel just clear of the ground; and

(2) If reasonably attainable at the specified descent and forward velocities an attitude in
which the nose and main wheels are assumed to contact the ground simultaneously.

(d) Inaddition bthe loading conditions prescribed in sparagraph (a) of this paragraph, but with
maximum vertical ground reactions calculated from paragraph (a), the following apply:

(1) The landing gear and directly affected structure must be designed for the maximum
vertical ground reaction combined with an aft acting drag component of not less than
25% of this maximum vertical ground reaction.

(2) The most severe combination of loads that are likely to arise during a lateral drift landing
must be taken into accountn absence of a more rational analysis of this condition, the
following must be investigated:
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(i) A vertical load equal to 75% of the maximum ground reactio8%f25.473(a)(2)
must be considered in combination Wita drag and side load of 40% and 25%,
respectively, of that vertical load.

(i) The shock absorber and tyre deflections must be assumed to be 75% of the
deflection corresponding to the maximum ground reactio&5.473(a)(2) This
load case need not be considered in combination with flat tyres.

(3) The combination of vertical and drag components is considered to be acting at the wheel
axle centreline.

CS 25.481 Tailown landing conditions

ED Decision 2003/2/RM

(@) Inthe taitldown attitude, the aeroplane is assumed to contact the ground at forward velocity
components, ranging from Yto V,,, parallel to the ground under the conditions prescribed in
CS 25.47%ith:

(1) W equal to \4 (TAS) at the appropriate landing weight and in standard sealevel
conditions; and

(2) Vizequal to \4 (TAS) at the appropriate landing weight and altitudes in a-daot
temperature of 22.8C (42F) above standard.

The combination of wtical and drag components is considered to be acting at the main wheel
axle centreline.

(b) For the tatdown landing condition for aeroplanes with tail wheels, the main and tail wheels
are assumed to contact the ground simultaneously, in accordanceRigtire 3 oAppendix A
Ground reaction conditions on the tail wheel are assumed tazact

(1) Vertically; and
(2) Up and aft through the axle at 4%o the ground line.

(c) For the taildown landing condition floaeroplanes with nose wheels, the aeroplane is assumed
to be at an attitude corresponding to either the stalling angle or the maximum angle allowing
clearance with the ground by each part of the aeroplane other than the main wheels, in
accordance with Fige 3 ofAppendix Awhichever is less.

CS 25.483 Ongear landing conditions

ED Decision 2003/2/RM

For the onegear landing conditions, the aeroplane is assumed to be in the level attitude and to contact
the ground on one main landing gear, in accordance with Figure Appendix Aof C&5. In this
attitude ¢

(@) The ground reactions must be the same as those obtained on that side @®1€6.479(d)(1)
and

(b) Each unbalanced external load must be reacted by aeroplane inertia in a rational or
conservative manner.

CS 25.485 Side load conditions

ED Decision 2003/2/RM

In addition toCS 2579(d)(2)he following conditions must be considered:
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(@) For the side load condition, the aeroplane is assumed to be in the level attitude with only the
main wheels contacting the ground, in accordance with Figurefppéndix A

(b) Side loads of 0-8 of the vertical reaction (on one side) acting inward and 0-6 of the vertical
reaction (on the other side) acting outward must be combined with-bakl of the maximum
vertical ground reactions obtained in ttevel landing conditions. These loads are assumed to
be applied at the ground contact point and to be resisted by the inertia of the aeroplane. The
drag loads may be assumed to be zero.

CS 25.487 Rebound landing condition

ED Decision 2003/2/RM

(@) The laming gear and its supporting structure must be investigated for the loads occurring
during rebound of the aeroplane from the landing surface.

(b) With the landing gear fully extended and not in contact with the ground, a load factor of 20-0
must act on thaunsprung weights of the landing gear. Thisload factor must actin the direction
of motion of the unsprung weights as they reach their limiting positions in extending with
relation to the sprung parts of the landing gear.

CS 25.489 Ground handling conditis

ED Decision 2003/2/RM

Unless otherwise prescribed, the landing gear and aeroplane structure must be investigated for the
conditions inCS 25.49to 25.509with the agoplane at the design ramp weight (the maximum weight

for ground handling conditions). No wing lift may be considered. The shock absorbers and tyres may
be assumed to be in their static position.

CS 25.491 Taxi, takeoff and landing roll

ED Decision 2003RM

Within the range of appropriate ground speeds and approved weights, the aeroplane structure and
landing gear are assumed to be subjected to loads not less than those obtained when the aircraft is
operating over the roughest ground that may reasonabéy expected in normal operation. (See
AMC25.491)

ED Decision 2003/2/RM

=

PURPOSHhis AMC sets forth acceptable methods of compliance with the provisions2&f CS
dealing with the certification requirements for taxy, takéf and landing roll design loads.
Guidance information is provided for showing compliance Wigh25.491relating to structural
design for aeroplane operain on paved runways and taxyays normally used in commercial
operations. Other methods of compliance with the requirements may be acceptable.

RELATED CS PARAGRAPHES contents of this AMC are considered by the Agency in
determining compliance witleS 25.491Related paragraphs afeS 25.305(&@ndCS 25.235

BACKGROUND

N

w

a. All paved runways and taxyays have an inhent degree of surface unevenness, or
roughness. This is the result of the normal tolerances of engineering standards required
for construction, as well as the result of events such as uneven settlement and frost
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heave. In addition, repair of surfaces on active runway or taxyvay can result in
temporary ramped surfaces. Many countries have developed criteria for runway surface
roughness. The Intamational Civil Aviation Organisation (ICAO) standards are published
in ICAO Annex 14.

b. In the late 1940'sas aeroplanes became larger, more flexible, and operated at higher
ground speeds, consideration of dynamic loads during taxy, landing rollout, andffake
became important in aeroplane desighS 25.235CS 25.494ndCS 25.305(apply.

C. Several approaches had been taken by different manufacturers in complying with the
noted regulations. If dynamic effects due to rigid badgdes or airframe flexibility during
taxy were not considered critical, some manufacturers used a simplified static analysis
where a static inertia force was applied to the aeroplane using a load factor of 2.0 for
single axle gears or 1.7 for multiple aglears. The lower 1.7 factor was justified based
on an assumption that there was a load alleviating effect resulting from rotation of the
beam, on which the forward and aft axles are attached, about the central pivot point on
the strut. The static load faer approach was believed to encompass any dynamic effects
and it had the benefit of a relatively simple analysis.

d. As computers became more powerful and dynamic analysis methods became more
sophisticated, it was found that dynamic effects sometimesilted in loads greater than
those which were predicted by the static criterion. Some manufacturers performed
calculations using a series of harmonic bumps to represent a runway surface, tuning the
bumps to excite various portions of the structure at a gigpeed. U.S. Military Standard
8862 defines amplitude and wavelengths efdsine bumps intended to excite low speed
plunge, pitch and wing first bending modes.

e. Some manufacturers used actual runway profile data to calculate loads. The runway
profiles of the San Francisco Runway 28R or Anchorage Runway 24, which were known
to cause high loads on aeroplanes and were the subject of pilot complaints until
resurfaced, have been used in a series alit@ctional constant speed analytical runs to
determineloads. In some cases, accelerated runs have been used, starting from several
points along the runway. The profiles of those runways are described in NASA Reports
CR119 and TN B703. Such deterministic dynamic analyses have in general proved to
be satisfatory.

f. Some manufacturers have used a statistical power spectral density (PSD) approach,
especially to calculate fatigue loads. Extensive PSD runway roughness data exist for
numerous world runways. The PSD approach is not considered practical fdatautof
limit loads.

g. Because the various methods described above produce different results, the guidance
information given in paragraphs 4, 5, and 6 of this AMC should be used when
demonstrating compliance witgS 25.491

4.  RUNWAY PROFILE CONDITION

a. Consideration of airframe flexibility and landing gear dynamic characteristics is necessary
in most cases. A deterministic dynamic analysis, based on the San Francisco Runway 28R
(before it was resurfacedjlescribed in Table 1 of this AMC, is an acceptable method for
compliance. As an alternative means of compliance, the San Francisco Runway 28R
(before it was resurfaced) may be used with the severe bump from 1530 to 1538 feet
modified per Table 2. The mddations to the bump reflect the maximum slope change
permitted in ICAO Annex 14 for temporary ramps used to transition asphalt overlays to
existing pavement. The points affected by this modification are outlined in Table 1.
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Aeroplane design loads shid be developed for the most critical conditions arising from
taxy, takeoff, and landing run. The aeroplane analysis model should include significant
aeroplane rigid body and flexible modes, and the appropriate landing gear and tyre
characteristics. Unks the aeroplane has design features that would result in significant
asymmetric loads, only the symmetric cases need be investigated.

Aeroplane steady aerodynamic effects should normally be included. However, they may
be ignored if their deletion ishewn to produce conservative loads. Unsteady
aerodynamic effects on dynamic response may be neglected.

Conditions should be run at the maximum tad# weight and the maximum landing
weight with critical combinations of wing fuel, payload, and extreofeentre of gravity
(c.g.) range. For aeroplanes with trimable stabilisers, the stabiliser should be set at the
appropriate setting for takeff cases and at the recommended final approach setting for
landing cases. The elevator should be assumed faglative to the stabiliser throughout

the takeoff or landing run, unless other normal procedures are specified in the flight
manual.

A series of constant speed runs should be made in both directions from 37 km/h (20
knots) up to the maximum ground spds expected in normal operationg{Wefined at
maximum altitude and temperature for takeff conditions, 1.25 )\ for landing
conditions). Sufficiently small speed increments should be evaluated to assure that
maximum loads are achieved. Constant speedsrshould be made because using
accelerated runs may not define the speed/roughness points which could produce peak
dynamic loads. For maximum takéf weight cases, the analysis should account for
normal takeoff flap and control settings and consider batero and maximum thrust.

For maximum landing weight cases, the analysis should account for normal flap and
spoiler positions following landing, and steady pitching moments equivalent to those
produced by braking with a coefficient of friction of 0.3 waiid without reverse thrust.

The effects of automatic braking systems that reduce braking in the presence of reverse
thrust may be taken into account.

5. DISCRETE LOAD CONDITODS of the following discrete limit load conditions should be

evaluated:

a.

With all landing gears in contact with the ground, the condition of a vertical load equal to
1.7 times the static ground reaction should be investigated under the most adverse
aeroplane loading distribution at maximum také weight, with and without thust from

the engines;

As an alternative to paragraph 5.a. above, it would be acceptable to undertake dynamic
analyses under the same conditions considered in paragraph 4 of this AMC considering
the aircraft response to each of the following pairsd#ritical and contiguous-g¢osine
upwards bumps on an otherwise smooth runway:

() Bump wavelengths equal to the mean longitudinal distance between nose and
main landing gears, or between the main and tail landing gears, as appropriate;
and separately:
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(i)  Bump wavelengths equal to twice this distance.

The bump height in each case should be defined as:
0 6 6umd
Where:
H = the bump height
L = the bump wavelength
A=1.2,B=0.023ifHand L are expressed in inches
A =30.5, B =0.116 if H an@re expressed in millimetres

6. COMBINED LOAD CONDITWdbndition of combined vertical, side and drag loads should be
investigated for the main landing gear. In the absence of a more rational analysis a vertical load
equal to 90% of the ground reaoti from paragraph 5 above should be combined with a drag
load of 20% of the vertical load and a side load of 20% of the vertical load. Side loads acting
either direction should be considered.

7. TYRE CONDITIONBe calculation of maximum gear loads ic@dance with paragraphs 4, 5,
and 6, may be performed using fully inflated tyres. For multiple wheel units, the maximum gear
loads should be distributed between the wheels in accordance with the crite@& 511
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ED Decision 2003/2/RM
TABLE 1
SAN FRANCISCO RUNWAY 28R

ONE TRACK

LENGTH: 3880 FEET

NUMBER OF POINTS: 1941

POINT SPACING: 2 FEET

ELEVATIONS: FEET

REFERENCE SOURCE: REPORT TO NASA (EFFECTS OF RUNWAY UNEVENNESS ON THE DYNAMRCSREEPIBRABSISRBRTHEIULY 1964, U. OF CALIF.
BERKELEY.

RUNWAY ELEVATION POINTS IN FEET (READ ROW WISE):

| _Dist._| Elev. | Dist | Elev. | Dist. | Elev. | Dist | Elev. | Dist_| Elev. | Dist. [ Elev. | Dist._| Elev. | Dist_] Elev.|

0.00 10.30 2.00 10.31 4.00 10.30 6.00 10.30 8.00 1031 10.00 10.32 12.00 10.33 14.00 10.34
16.00 1035 18.00 10.36 20.00 1036 22.00 1037 24.00 1037 26.00 1037 28.00 10.38 30.00 10.39
32.00 1040 34.00 1040 36.00 1041 38.00 1041 40.00 1042 4200 1043 4400 1043 46.00 10.44
48.00 1044 50.00 1044 5200 1044 5400 1044 56.00 1045 58.00 1046 60.00 1047 62.00 1047
64.00 1048 66.00 1049 68.00 1049 70.00 1050 72.00 1050 7400 1050 76.00 1050 78.00 10.50
80.00 1050 82.00 1049 84.00 1049 86.00 1049 88.00 1049 90.00 1050 92.00 1050 9400 10.51
96.00 1051 98.00 10.52 100.00 10.52 102.00 10.52 104.00 10.53 106.00 10.53 108.00 10.54 110.00 10.54
112.00 10.55 114.00 10.55 116.00 1055 118.00 10.55 120.00 10.54 122.00 10.55 124.00 1055 126.00 10.56
128.00 10.57 130.00 10.57 132.00 1057 134.00 1057 136.00 1057 138.00 10.58 140.00 10.57 142.00 10.57
144.00 10.58 146.00 10.57 148.00 10.56 150.00 10.56 152.00 10.56 154.00 10.56 156.00 10.56 158.00 10.56
160.00 10.56 162.00 10.56 164.00 1055 166.00 10.55 168.00 10.55 170.00 1056 172.00 1057 174.00 10.57
176.00 10.57 178.00 10.57 180.00 10.56 182.00 10.55 184.00 10.55 186.00 10.55 188.00 10.55 190.00 10.55
192.00 10.56 194.00 10.56 196.00 10.56 198.00 10.56 200.00 10.55 202.00 10.54 204.00 10.53 206.00 10.52
208.00 10.52 210.00 10,52 212.00 10.52 214.00 1052 216.00 10.52 218.00 10.53 220.00 10.52 222.00 10.52
22400 1051 226.00 1052 228.00 10.52 230.00 1051 23200 1052 234.00 1052 236.00 10.53 238.00 10.53
240.00 10.53 242.00 10.53 244.00 1053 246.00 10.53 248.00 10.53 250.00 10.53 252.00 10.53 254.00 10.52
256.00 10.53 258.00 10.54 260.00 1054 262.00 10.54 264.00 1054 266.00 10.54 268.00 10.54 270.00 10.55
272.00 1055 274.00 1054 276.00 1055 278.00 10.55 280.00 10.56 282.00 10.57 284.00 10.58 286.00 10.59
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288.00 10.60 290.00 10.61 292.00 10.62 294.00 10.63 296.00 10.65 298.00 10.66 300.00 10.66 302.00 10.67
304.00 10.66 306.00 10.67 308.00 10.67 310.00 10.67 312.00 10.67 314.00 10.67 316.00 10.66 318.00 10.66
320.00 10.65 322.00 10.65 324.00 10.65 326.00 10.65 328.00 10.66 330.00 10.67 332.00 10.67 334.00 10.67
336.00 10.68 338.00 10.68 340.00 10.68 342.00 10.69 344.00 10.69 346.00 10.69 348.00 10.70 350.00 10.71
352.00 10.71 354.00 10.72 356.00 10.72 358.00 10.71 360.00 10.72 362.00 10.72 364.00 10.72 366.00 10.71
368.00 10.72 370.00 10.72 372.00 10.73 374.00 10.73 376.00 10.74 378.00 10.75 380.00 10.75 382.00 10.78
384.00 10.77 386.00 10.78 388.00 10.79 390.00 10.80 392.00 10.81 394.00 10.81 396.00 10.82 398.00 10.83
400.00 10.84 402.00 10.85 404.00 10.86 406.00 10.86 408.00 10.86 410.00 10.86 412.00 10.85 414.00 10.86
416.00 10.86 418.00 10.87 420.00 10.87 422.00 10.87 42400 10.87 426.00 10.87 428.00 10.86 430.00 10.85
432.00 10.84 434.00 10.84 436.00 10.83 438.00 10.83 440.00 10.84 442.00 10.85 444.00 10.86 446.00 10.87
448.00 10.87 450.00 10.88 452.00 10.89 454.00 10.90 456.00 10.92 458.00 10.93 460.00 10.94 462.00 10.95
464.00 10.95 466.00 10.95 468.00 1095 470.00 10.95 47200 10.95 474.00 1096 476.00 1097 478.00 10.98
480.00 10.98 482.00 10.99 484.00 10.99 486.00 10.99 488.00 11.00 490.00 11.01 492.00 11.01 49400 11.01
496.00 11.01 498.00 10.98 500.00 1096 502.00 10.95 504.00 10.95 506.00 10.95 508.00 10.96 510.00 10.97
512.00 10.97 514.00 1098 516.00 10.97 518.00 10.97 520.00 10.98 522.00 10.99 524.00 11.00 526.00 11.01
528.00 11.03 530.00 11.03 532.00 11.03 534.00 11.03 536.00 11.03 538.00 11.03 540.00 11.03 542.00 11.03
54400 11.02 546.00 11.02 548.00 11.03 550.00 11.04 55200 11.05 554.00 11.05 556.00 11.04 558.00 11.06
560.00 11.07 562.00 11.07 564.00 11.08 566.00 11.08 568.00 11.09 570.00 11.10 572.00 11.12 574.00 11.13
576.00 11.14 578.00 11.14 580.00 11.15 582.00 11.16 584.00 11.17 586.00 11.17 588.00 11.17 590.00 11.17
592.00 11.17 594.00 11.18 596.00 11.18 598.00 11.18 600.00 11.17 602.00 11.17 604.00 11.17 606.00 11.17
608.00 11.19 610.00 11.17 612.00 11.18 614.00 11.18 616.00 11.18 618.00 11.19 620.00 11.19 622.00 11.19
624.00 1120 626.00 11.21 628.00 1121 630.00 1121 632.00 1120 634.00 1120 636.00 11.20 638.00 11.19
640.00 11.18 642.00 11.18 644.00 11.17 646.00 11.16 648.00 11.15 650.00 11.14 652.00 11.14 654.00 11.14
656.00 11.12 658.00 11.11 660.00 11.09 662.00 11.09 664.00 11.09 666.00 11.09 668.00 11.09 670.00 11.09
672.00 11.09 674.00 11.09 676.00 11.09 678.00 11.09 680.00 11.09 682.00 11.09 684.00 11.09 686.00 11.08
688.00 11.08 690.00 11.08 692.00 11.08 694.00 11.07 696.00 11.06 698.00 11.05 700.00 11.04 702.00 11.03
704.00 11.02 706.00 11.01 708.00 11.00 710.00 10.99 712.00 10.99 714.00 1098 716.00 10.99 718.00 10.98
720.00 10.98 722.00 10.98 724.00 1098 726.00 10.98 728.00 10.98 730.00 10.99 732.00 10.99 734.00 11.00
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736.00 11.00 738.00 11.00 740.00 11.00 742.00 11.00 744.00 11.01 746.00 11.02 748.00 11.02 750.00 11.02
752.00 11.02 754.00 11.02 756.00 11.02 758.00 11.01 760.00 11.01 762.00 11.00 764.00 11.00 766.00 11.00
768.00 11.00 770.00 11.00 772.00 11.00 774.00 10.99 776.00 10.99 778.00 10.98 780.00 10.99 782.00 10.99
784.00 11.00 786.00 11.01 788.00 11.01 790.00 11.01 79200 11.03 794.00 11.04 796.00 11.03 798.00 11.05
800.00 11.06 802.00 11.07 804.00 11.06 806.00 11.07 808.00 11.08 810.00 11.08 812.00 11.08 814.00 11.09
816.00 11.09 818.00 11.08 820.00 11.08 822.00 11.08 824.00 11.08 826.00 11.08 828.00 11.08 830.00 11.07
832.00 11.08 834.00 11.08 836.00 11.08 838.00 11.08 840.00 11.09 842.00 11.08 844.00 11.08 846.00 11.07
848.00 11.07 850.00 11.06 852.00 11.05 854.00 11.05 856.00 11.04 858.00 11.05 860.00 11.04 862.00 11.04
864.00 11.04 866.00 11.04 868.00 11.04 870.00 11.04 87200 11.04 874.00 11.03 876.00 11.03 878.00 11.03
880.00 11.03 882.00 11.02 884.00 11.02 886.00 11.02 888.00 11.02 890.00 11.02 892.00 11.02 894.00 11.03
896.00 11.03 898.00 11.04 900.00 11.05 902.00 11.05 904.00 11.06 906.00 11.06 908.00 11.06 910.00 11.07
912.00 11.07 914.00 11.07 916.00 11.07 918.00 11.07 920.00 11.08 922.00 11.08 924.00 11.07 926.00 11.07
928.00 11.07 930.00 11.06 932.00 11.06 934.00 11.06 936.00 11.06 938.00 11.06 940.00 11.07 942.00 11.07
94400 11.08 946.00 11.08 948.00 11.09 950.00 11.09 95200 11.09 954.00 11.09 956.00 11.10 958.00 11.09
960.00 11.09 962.00 11.09 964.00 11.09 966.00 11.08 968.00 11.08 970.00 11.07 972.00 11.07 974.00 11.06
976.00 11.07 978.00 11.09 980.00 11.10 982.00 11.10 984.00 11.11 986.00 11.11 988.00 11.12 990.00 11.12
992.00 11.12 994.00 11.11 996.00 11.11 998.00 11.11 100000 11.11 100200 11.11 100400 11.10 100600 11.11
100800 11.11 101000 11.12 101200 11.12 101400 11.12 101600 11.11 101800 11.11 102000 11.12 102200 11.11
102400 11.11 102600 11.11 1028@ 11.10 103000 11.10 103200 11.12 103400 11.13 103600 11.15 103800 11.16
104000 11.17 104200 11.18 104400 11.18 104600 11.19 104800 11.19 105000 11.20 105200 11.22 105400 11.22
105600 11.23 105800 11.23 106000 11.23 106200 11.24 106400 11.25 106600 11.25 106800 11.26 107000 11.24
107200 11.27 107400 11.28 107600 11.28 107800 11.30 108000 11.31 108200 11.32 108400 11.33 108600 11.34
108800 11.34 109000 11.34 109200 11.34 109400 11.33 109600 11.32 109800 11.32 110000 1131 110200 11.32
110400 11.32 110600 11.31 110800 11.31 111000 11.31 111200 11.32 111400 11.31 111600 11.32 111800 11.33
112000 11.34 112200 11.35 112400 11.35 112600 11.36 112800 11.36 113000 11.36 113200 11.37 113400 11.37
113600 1137 113800 11.37 114000 11.38 114200 11.38 114400 11.38 114600 11.38 114800 11.38 115000 11.38
115200 11.38 115400 11.38 115600 11.38 115800 11.37 116000 11.37 116200 11.37 116400 11.37 1166.00 11.38
116800 11.38 117000 11.39 117200 11.38 117400 11.38 117600 11.39 117800 11.40 118000 11.41 118200 11.41
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118400 1142 118600 1143 118800 11.44 119000 11.44 119200 1145 119400 1146 119600 11.46 119800 11.46
120000 11.46 120200 11.47 120400 11.48 120600 11.48 120800 11.48 121000 11.49 121200 11.50 121400 11.50
121600 1150 121800 11.50 122000 11.50 122200 1150 122400 11.49 122600 11.49 122800 11.49 123000 11.48
123200 11.47 123400 11.46 123600 11.46 123800 11.48 124000 11.46 124200 11.47 124400 11.47 124600 11.47
124800 11.47 125000 11.46 125200 11.45 125400 11.45 125600 11.45 125800 11.46 126000 11.46 126200 11.46
126400 11.45 126600 1145 126800 11.45 127000 11.45 127200 1145 127400 1146 127600 11.46 127800 11.46
128000 11.48 128200 11.47 128400 11.47 128600 11.48 128800 11.48 129000 11.48 129200 11.48 129400 11.49
129600 11.49 129800 11.50 130000 11.51 130200 11.52 130400 1152 130600 11.52 130800 11.52 131000 11.52
131200 11.52 131400 11.52 131600 11.53 1318® 11.52 132000 11.52 132200 11.52 132400 11.53 132600 11.53
132800 11.53 133000 11.53 133200 11.53 133400 1153 133600 1154 133800 11.53 134000 11.52 134200 11.52
134400 1151 134600 11.53 134800 11.52 135000 11.54 135200 11.53 135400 11.54 135600 11.53 135800 11.54
136000 11.53 136200 11.54 136400 11.55 136600 1154 136800 1154 137000 11.54 137200 11.54 137400 11.53
137600 1152 137800 11.51 138000 11.50 138200 11.49 138400 11.49 138600 11.49 138800 11.49 139000 11.49
139200 11.48 139400 11.47 139600 11.47 139800 11.47 140000 11.46 140200 11.47 140400 11.47 140600 11.48
140800 11.47 141000 11.46 141200 11.46 141400 11.46 141600 11.46 141800 11.46 142000 11.47 142200 11.47
142400 11.47 142600 1146 142800 11.46 143000 11.44 143200 11.43 143400 11.41 143600 11.40 143800 11.39
144000 11.38 144200 11.37 144400 11.36 144600 11.36 144800 11.35 145000 11.35 145200 11.35 145400 11.35
145600 11.35 145800 11.34 146000 11.34 146200 11.33 146400 11.32 146600 11.32 146800 11.32 147000 11.31
147200 11.31 147400 11.30 147600 11.29 147800 11.29 148000 11.28 148200 11.28 148400 11.28 148600 11.28
148800 11.28 149000 11.27 149200 11.27 149400 11.27 149600 11.26 149800 11.26 150000 11.25 150200 11.25
150400 11.24 150600 11.23 150800 11.22 151000 11.21 151200 11.19 151400 11.18 151600 11.17 151800 11.17
152000 11.15 152200 11.13 152400 11.12 152600 11.10 152800 11.10 153000 11.18 153200 11.17 153400 11.14
153600 11.14 153800 11.12 154000 11.00 154200 10.97 154400 10.95 154600 10.94 154800 10.92 155000 10.91
155200 10.92 155400 10.92 155600 10.91 155800 10.93 156000 10.93 156200 10.93 156400 10.93 1566.00 10.93
156800 10.93 157000 10.93 157200 10.93 157400 1093 157600 10.93 157800 10.93 158000 10.94 158200 10.94
158400 10.94 158600 10.94 158800 10.95 159000 10.94 159200 10.93 159400 10.94 159600 10.94 159800 10.93
160000 10.92 160200 10.92 160400 10.92 160600 10.91 1608@® 1091 161000 10.91 161200 10.91 161400 10.90
161600 10.89 161800 10.88 162000 10.87* 162200 10.89 162400 10.88 162600 10.88 162800 10.88 163000 10.87
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163200 10.86 163400 10.85 163600 10.86 163800 10.86 164000 10.85 164200 10.85 164400 10.85 164600 10.84
164800 10.84 165000 10.84 165200 10.83 165400 10.83 165600 10.82 165800 10.82 166000 10.81 166200 10.81
166400 10.80 166600 10.79 166800 10.79 167000 10.79 167200 10.79 167400 10.79 167600 10.79 167800 10.80
168000 10.80 168200 10.81 168400 10.82 168600 10.82 168800 10.83 169000 10.84 169200 10.85 169400 10.85
169600 10.85 169800 10.87 170000 10.87 170200 10.88 170400 10.87 170600 10.88 170800 10.87 171000 10.87
171200 10.87 171400 10.87 171600 10.86 171800 10.85 172000 10.84 172200 10.84 172400 10.84 172600 10.84
172800 10.84 173000 10.83 173200 10.82 173400 10.82 173600 10.82 173800 10.82 174000 10.82 174200 10.82
174400 10.83 174600 10.82 174800 10.83 175000 10.82 175200 10.82 175400 10.82 175600 10.82 175800 10.81
176000 10.81 176200 10.81 176400 10.81 176600 10.82 176800 10.82 177000 10.82 177200 10.83 177400 10.83
177600 10.83 177800 10.84 178000 10.84 178200 10.85 178400 10.86 178600 10.86 178800 10.86 179000 10.88
179200 10.87 179400 10.86 179600 10.86 179800 10.86 180000 10.87 180200 10.87 180400 10.86 1806.00 10.85
180800 10.85 181000 10.89 181200 10.91 181400 1091 181600 10.92 181800 10.92 182000 10.93 182200 10.93
182400 10.93 182600 10.94 182800 10.94 183000 10.95 183200 10.94 183400 10.93 183600 10.93 183800 10.92
184000 10.93 184200 10.91 184400 10.91 184600 1090 184800 10.90 185000 10.90 185200 10.91 185400 10.91
185600 10.89 185800 10.90 186000 10.91 186200 1091 186400 1091 186600 10.92 186800 10.93 187000 10.94
187200 10.94 187400 1094 187600 10.94 187800 10.94 188000 10.95 188200 10.93 188400 10.93 188600 10.93
188800 10.93 189000 10.92 189200 10.93 189400 10.93 189600 10.93 189800 10.93 190000 10.91 190200 10.90
190400 1091 190600 10.91 190800 10.91 191000 1091 191200 1091 191400 1091 191600 10.91 191800 10.90
192000 10.90 192200 10.89 192400 10.90 192600 10.90 192800 1090 193000 1091 193200 10.90 193400 10.91
193600 10.89 193800 10.89 194000 10.89 194200 10.89 194400 10.89 194600 10.88 194800 10.88 195000 10.87
195200 10.87 195400 10.87 195600 10.86 195800 10.88 196000 10.87 196200 10.86 196400 10.87 1966.00 10.87
196800 10.86 197000 10.85 197200 10.85 197400 10.85 197600 10.86 197800 10.85 198000 10.86 198200 10.86
198400 10.86 198600 10.87 198800 10.87 199000 10.87 199200 10.87 199400 10.87 199600 10.88 199800 10.87
200000 10.88 200200 10.87 200400 10.88 200600 1088 200800 10.88 201000 10.88 201200 10.88 201400 10.89
201600 10.90 201800 10.89 202000 10.89 202200 10.89 202400 10.89 202600 10.90 202800 10.89 203000 10.89
203200 10.88 203400 10.87 203600 10.88 203800 10.87 204000 10.87 204200 10.87 204400 10.87 204600 10.88
204800 10.88 205000 10.88 205200 10.88 205400 10.88 205600 10.88 205800 10.89 206000 10.89 206200 10.89
206400 10.89 206600 10.89 206800 10.89 207000 10.89 207200 10.88 207400 10.88 207600 10.89 207800 10.88
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208000 10.89 208200 10.88 208400 10.88 208600 10.88 208800 10.88 209000 10.88 209200 10.87 209400 10.87
209600 10.87 209800 10.87 210000 10.87 210200 10.88 210400 10.88 210600 10.88 210800 10.89 211000 10.89
211200 10.90 211400 10.91 211600 10.92 211800 10.92 212000 10.93 212200 10.92 212400 10.92 212600 10.92
212800 1092 213000 10.92 213200 10.92 213400 10.92 213600 10.93 213800 10.93 214000 10.93 214200 10.93
214400 10.93 214600 10.94 214800 10.93 215000 10.93 215200 10.93 215400 10.93 215600 10.93 215800 10.92
216000 1092 216200 10.91 216400 10.90 216600 10.92 216800 1091 217000 10.91 217200 10.90 217400 10.90
217600 1090 217800 10.88 218000 10.88 218200 10.86 218400 10.85 218600 10.85 218800 10.84 219000 10.84
219200 10.84 219400 10.84 219600 10.85 219800 10.85 220000 10.85 220200 10.85 220400 10.85 220600 10.85
220800 10.86 221000 10.86 221200 10.86 221400 10.87 221600 10.88 221800 10.88 222000 10.89 222200 10.90
2224® 1091 222600 10.91 222800 10.92 223000 10.92 223200 10.93 223400 10.94 223600 10.94 223800 10.95
224000 10.96 224200 10.96 224400 10.97 224600 10.99 224800 10.99 225000 10.99 225200 10.99 225400 11.00
225600 11.00 225800 11.00 226000 11.01 226200 11.01 226400 11.02 226600 11.02 226800 11.02 227000 11.04
227200 11.05 227400 11.05 227600 11.06 227800 11.06 228000 11.05 228200 11.04 228400 11.03 228600 11.03
228800 11.02 229000 11.03 229200 11.03 229400 11.04 229600 1105 229800 11.06 230000 11.07 230200 11.09
230400 11.10 230600 11.10 230800 11.11 231000 11.12 231200 11.14 231400 11.14 231600 11.15 231800 11.16
232000 11.16 232200 11.16 232400 11.15 232600 11.15 232800 11.16 233000 11.15 233200 11.14 233400 11.14
233600 11.14 233800 11.14 234000 11.14 234200 11.14 234400 11.15 234600 11.15 234800 11.15 235000 11.15
235200 11.15 235400 11.15 235600 11.16 235800 11.16 236000 11.15 236200 11.15 236400 11.16 236600 11.16
236800 11.16 237000 11.16 237200 11.16 237400 11.16 237600 11.16 237800 11.16 238000 11.17 238200 11.17
238400 11.17 238600 11.17 238800 11.17 239000 11.17 239200 11.17 239400 11.16 239600 11.15 239800 11.15
240000 11.14 240200 11.14 240400 11.14 240600 11.13 240800 11.12 241000 11.12 241200 11.12 241400 11.12
241600 11.12 241800 11.12 242000 11.13 242200 11.13 242400 11.14 242600 11.15 242800 11.16 243000 11.17
243200 11.18 243400 11.19 243600 1120 243800 11.20 244000 11.22 244200 11.23 244400 11.24 244600 11.24
244800 11.25 245000 11.26 245200 11.27 245400 11.28 245600 11.28 245800 11.29 246000 11.30 246200 11.30
246400 11.30 246600 11.31 246800 11.30 247000 11.31 247200 11.31 247400 11.31 247600 11.31 247800 11.30
248000 11.30 248200 11.30 248400 11.29 248600 11.29 248800 11.29 249000 11.29 249200 11.29 249400 11.29
249600 11.29 249800 11.29 250000 11.29 250200 11.30 250400 11.30 250600 11.31 250800 11.31 251000 11.32
251200 11.32 2514® 11.33 251600 11.33 251800 11.34 252000 11.35 252200 11.35 252400 11.35 252600 11.35
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252800 11.35 253000 11.35 253200 11.36 253400 11.36 253600 11.35 253800 11.35 254000 11.35 254200 11.35
254400 11.35 254600 11.35 254800 11.34 255000 11.34 255200 11.34 255400 11.34 255600 11.35 255800 11.35
256000 11.35 256200 11.34 256400 11.33 256600 11.33 256800 11.33 257000 11.33 257200 11.33 257400 11.33
257600 11.33 257800 11.32 258000 11.33 258200 11.33 258400 11.33 258600 11.33 258800 11.33 259000 11.34
259200 11.34 259400 11.34 259600 11.35 259800 1135 260000 1135 260200 11.35 260400 11.35 260600 11.35
260800 11.35 261000 11.35 261200 11.36 261400 1136 261600 11.36 261800 11.35 262000 11.35 262200 11.35
262400 11.35 262600 11.35 262800 11.35 263000 11.36 263200 11.36 263400 11.36 263600 11.36 263800 11.36
264000 11.37 264200 11.38 264400 11.38 264600 11.39 264800 11.39 265000 11.40 265200 11.41 265400 11.42
265600 11.42 265800 11.43 266000 11.43 266200 1142 266400 1142 266600 11.43 266800 1143 267000 11.43
267200 11.43 267400 11.43 267600 11.43 267800 11.44 268000 11.44 268200 11.45 268400 11.46 268600 11.46
268800 11.47 269000 11.48 269200 11.48 269400 11.49 269600 11.49 269800 11.50 270000 11.50 270200 11.51
270400 11.52 270600 11.52 270800 11.52 271000 11.52 271200 11.52 271400 11.52 271600 11.52 271800 11.52
272000 11.52 272200 11.52 272400 1151 272600 1151 272800 1151 273000 11.50 273200 1150 273400 11.50
273600 11.50 273800 11.51 274000 1151 274200 1151 274400 1152 274600 11.52 274800 11.52 275000 11.52
275200 11.53 275400 11.53 275600 11.53 275800 1152 276000 11.52 276200 11.52 276400 1152 276600 11.52
276800 11.52 277000 11.53 277200 1153 277400 1153 277600 1154 277800 11.53 278000 1153 278200 11.54
278400 11.54 278600 1154 278800 11.54 279000 1153 279200 11.53 279400 11.53 279600 1153 279800 11.54
280000 11.54 280200 11.54 2804® 1155 280600 1155 280800 11.55 281000 11.56 281200 11.55 281400 11.55
281600 1155 281800 11.55 282000 11.54 282200 11.53 282400 11.53 282600 11.53 282800 11.51 283000 11.52
283200 1152 283400 11.53 283600 11.53 283800 11.54 284000 11.55 284200 11.56 284400 11.56 284600 11.57
284800 11.57 285000 11.57 285200 11.58 285400 11.58 285600 11.58 285800 11.58 286000 11.58 286200 11.58
286400 1159 286600 11.59 286800 11.59 287000 11.59 287200 11.58 287400 11.57 287600 1157 287800 11.58
288000 11.57 288200 11.57 288400 11.57 288600 11.58 288800 11.58 289000 11.59 289200 11.60 289400 11.62
289600 11.61 289800 11.61 290000 11.61 290200 11.61 290400 11.61 290600 11.62 290800 11.63 291000 11.64
291200 1165 291400 11.66 291600 11.67 291800 11.67 292000 11.67 292200 11.68 292400 11.70 292600 11.72
292800 11.73 293000 11.74 293200 11.76 293400 11.77 293600 11.78 293800 11.80 294000 11.82 294200 11.82
294400 11.82 294600 11.83 294800 11.82 295000 11.82 295200 11.83 295400 11.84 295600 11.83 295800 11.83
296000 11.83 296200 11.83 296400 11.83 296600 11.83 296800 11.84 297000 11.85 297200 11.86 297400 11.87
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297600 11.88 297800 11.88 298000 11.89 298200 11.90 298400 11.90 298600 11.90 298800 11.90 299000 11.90
299200 1190 299400 11.91 299600 11.91 299800 11.90 300000 1191 300200 11.91 300400 11.91 300600 11.91
300800 11.90 301000 11.91 301200 1191 301400 1192 301600 1192 301800 11.92 302000 11.92 30200 11.92
302400 1192 302600 11.92 302800 11.91 303000 1191 303200 11.92 303400 11.91 303600 11.91 303800 11.91
304000 1191 304200 11.90 304400 1190 304600 11.90 304800 11.90 305000 11.90 305200 11.90 305400 11.90
305600 11.90 305800 11.90 306000 11.90 306200 1191 306400 1192 306600 11.92 306800 11.92 307000 11.93
307200 11.93 307400 11.93 307600 11.93 307800 1194 308000 11.94 308200 11.95 308400 11.95 308600 11.95
308800 11.96 309000 11.96 309200 1196 3094® 1196 309600 11.96 309800 11.96 310000 11.95 310200 11.94
310400 11.93 310600 11.92 310800 11.92 311000 11.92 311200 1192 311400 11.92 311600 11.92 311800 11.92
312000 11.92 312200 11.92 312400 11.92 312600 11.92 312800 1191 313000 11.90 313200 11.90 313400 11.90
313600 11.90 313800 11.90 314000 11.90 314200 11.90 314400 1190 314600 11.90 314800 11.90 315000 11.90
315200 11.90 315400 11.90 315600 11.90 315800 11.90 316000 1190 316200 11.89 316400 11.88 316600 11.88
316800 11.87 317000 11.87 317200 11.86 317400 1186 317600 11.85 317800 11.85 318000 11.84 318200 11.84
318400 11.84 318600 11.84 318800 11.84 319000 11.85 319200 11.87 319400 11.89 319600 11.89 319800 11.90
320000 11.89 320200 1192 320400 11.95 320600 11.95 320800 11.95 321000 11.94 321200 11.94 321400 11.93
321600 11.92 321800 11.92 322000 11.91 322200 11.90 322400 1190 322600 11.89 322800 11.88 323000 11.87
323200 11.86 323400 11.85 323600 11.84 323800 11.84 324000 11.84 324200 11.83 324400 11.82 324600 11.82
324800 11.81 325000 11.83 325200 11.83 325400 11.83 325600 11.84 325800 11.84 326000 11.84 326200 11.84
326400 11.82 326600 11.83 326800 11.82 327000 11.83 327200 11.83 327400 11.84 327600 11.84 327800 11.84
328000 11.85 328200 11.84 328400 11.84 328600 11.84 328800 11.85 329000 11.85 329200 11.85 329400 11.86
329600 11.86 329800 11.84 330000 11.84 330200 11.84 330400 11.84 330600 11.84 330800 11.84 331000 11.84
331200 11.84 331400 11.84 331600 11.84 331800 11.84 332000 11.84 332200 11.83 332400 11.83 332600 11.83
332800 11.82 333000 11.83 333200 11.83 333400 11.83 333600 11.82 333800 11.82 334000 11.83 334200 11.82
334400 11.83 334600 11.83 334800 11.84 335000 11.84 335200 11.83 335400 11.83 335600 11.83 335800 11.83
336000 11.83 336200 11.84 336400 11.84 336600 11.84 336800 11.85 337000 11.85 337200 11.85 337400 11.85
337600 11.84 337800 11.84 338000 11.85 338200 11.85 3384®m 1186 338600 11.86 338800 11.87 339000 11.87
339200 11.87 339400 11.87 339600 11.87 339800 11.86 340000 11.87 340200 11.87 340400 11.88 340600 11.89
340800 11.89 341000 11.89 341200 11.91 341400 11.91 341600 11.92 341800 11.93 342000 11.95 342200 11.95

Powered by EASA eRules Pagel84of 602 Nov 201¢


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes -2%¢gitial SUBPARTCSTRUCTU
) ot E ASA Issue) GROUND LOA

342400 11.96 342600 11.96 342800 11.96 343000 11.96 343200 11.95 343400 11.96 343600 11.96 343800 11.96
344000 11.96 344200 11.95 344400 11.95 344600 11.94 344800 11.96 345000 11.98 345200 11.99 345400 12.01
345600 12.03 345800 12.04 346000 12.05 346200 12.05 346400 12.05 346600 12.05 346800 12.05 347000 12.05
347200 12.04 347400 12.06 347600 12.06 347800 12.07 348000 12.07 348200 12.07 348400 12.07 348600 12.06
348800 12.07 349000 12.07 349200 1208 349400 12.08 349600 12.08 349800 12.09 350000 12.09 350200 12.08
350400 12.08 350600 12.08 350800 12.08 351000 12.08 351200 12.09 351400 12.10 351600 12.10 351800 12.10
352000 12.10 352200 12.10 352400 12.11 352600 12.11 352800 12.12 353000 12.13 353200 12.13 353400 12.13
353600 12.13 353800 12.14 354000 12.14 354200 12.13 354400 12.13 354600 12.13 354800 12.11 355000 12.10
355200 12.07 355400 12.06 355600 12.07 355800 12.08 356000 12.09 356200 12.10 356400 12.11 356600 12.11
356800 12.12 357000 12.06 357200 12.01 357400 12.03 357600 12.04 357800 12.05 358000 12.05 358200 12.06
358400 12.06 358600 12.05 358800 12.04 359000 12.03 359200 12.02 359400 12.02 359600 12.02 359800 12.02
360000 12.01 360200 11.99 360400 11.98 360600 1194 360800 1194 361000 11.93 361200 11.93 361400 11.92
361600 1191 361800 11.90 362000 11.90 362200 1190 362400 1190 362600 11.90 362800 1191 363000 11.90
363200 11.88 363400 11.87 363600 11.87 363800 11.86 364000 11.86 364200 11.85 364400 11.86 364600 11.86
364800 11.85 365000 11.85 365200 11.85 365400 11.86 365600 11.86 365800 11.87 366000 11.86 366200 11.86
366400 11.85 366600 11.84 366800 11.85 367000 1185 367200 1187 3674® 11.89 367600 11.88 367800 11.88
368000 11.88 368200 11.89 368400 11.90 368600 1191 368800 1191 369000 11.91 369200 11.91 369400 11.92
369600 1192 369800 11.93 370000 11.94 370200 1194 370400 1195 370600 11.95 370800 11.95 371000 11.95
371200 11.95 371400 11.96 371600 11.95 371800 11.95 372000 11.96 372200 11.97 372400 11.98 372600 11.98
372800 11.99 373000 12.00 373200 12.00 373400 11.99 373600 11.99 373800 11.99 374000 12.00 374200 12.00
374400 12.01 374600 12.02 374800 12.02 375000 12.03 375200 12.04 375400 12.05 375600 12.06 375800 12.06
376000 12.06 376200 12.06 376400 12.06 376600 12.06 376800 12.06 377000 12.06 377200 12.07 377400 12.08
377600 12.09 377800 12.10 378000 12.09 378200 1212 378400 12.13 378600 12.14 378800 12.13 379000 12.14
379200 12.14 379400 12.14 379600 12.15 379800 12.15 380000 12.16 380200 12.16 380400 12.17 380600 12.17
380800 12.17 381000 12.15 381200 12.14 381400 12.13 381600 12.12 381800 12.11 382000 12.10 382200 12.09
382400 12.09 382600 12.09 382800 12.08 383000 12.07 383200 12.07 383400 12.06 383600 12.05 383800 12.03
384000 12.03 384200 12.02 384400 12.01 3846.00 12.02 384800 12.01 385000 12.01 385200 12.01 385400 12.01
385600 12.02 385800 12.02 386000 12.01 386200 12.00 386400 12.00 3866.
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*The National Aeronautics and Space Administration (NASA) Repait@iBentifies an elevation of 10.97 feet at 1620 feet. This is considered a typographical error and
hasbeen corrected in Table 1. The elevation is 10.87 feet.
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TABLE 2
SF28R SEVERE BUMP MODIFICATIONS PER ICAO ANNEX 14, SPECIFICATION 9.4.15

Distance Original Elevation (ft) Modified Elevation (ft)

1530 11.18 11.10
1532 11.17 11.11
1534 11.14 11.11
1536 11.14 11.07
1538 11.12 11.04
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CS 25.493 Braked roll conditions

@)

(b)

(©

(d)

()

ED Decision 2003/2/RM

An aeroplane with a tail wheel is assumed to be in the level attitude with the load on the main
wheels, in accordance with Figure 6Agbpendix A The limit vertical load factor is 1-2 at the
design landing weight, and 1-0 at the design ramp weight. A drag reaction equal to the vertical
reaction multiplied by a coefficient of friction of 0-8, must be camld with the vertical ground
reaction and applied at the ground contact point.

For an aeroplane with a nose wheel, the limit vertical load factor is 1-2 at the design landing
weight, and 1-0 at the design ramp weight. A drag reaction equal to thecaéreaction,
multiplied by a coefficient of friction of 0-8, must be combined with the vertical reaction and
applied at the ground contact point of each wheel with brakes. The following two attitudes, in
accordance with Figure 6 8ppendix Amust be considered:

(1) The level attitude with the wheels contacting the ground and the loads distributed
between the main and nose gear. Zero pitching acceleration is assumed.

(2) The level attitude with only the main gecontacting the ground and with the pitching
moment resisted by angular acceleration.

A drag reaction lower than that prescribed in this paragraph may be used if it is substantiated
that an effective drag force of 0-8 times the vertical reaction cabe attained under any likely
loading condition.

An aeroplane equipped with a nose gear must be designed to withstand the loads arising from
the dynamic pitching motion of the aeroplane due to sudden application of maximum braking

force. The aeroplamis considered to be at design takeoff weight with the nose and main gears

in contact with the ground, and with a steady state vertical load factor of 1-0. The steady state
nose gear reaction must be combined with the maximum incremental nose gear Vertica

reaction caused by sudden application of maximum braking force as described -in sub

paragraphs (b) and (c) of this paragraph.

In the absence of a more rational analysis, the nose gear vertical reaction prescribed in
subparagraph (d) of this paragraphust be calculated in accordance with the following
formula:
, W, Q00
W =0 T—= .
0O O o o “0

Where:

Vn = Nose gear vertical reaction

Wr = Design takeoff weight

A = Horizontal distance between the c.g. of the aeroplane and theerwheel.

B =Horizontal distance between the c.g. of the aeroplane and the line joining the centres of
the main wheels.

E = Vertical height of the c.g. of the aeroplane above the ground in the 1-0 g static condition.
i = Coefficient of fricton of 0-8.

f = Dynamic response factor; 2-0 is to be used unless a lower factor is substantiated.
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In the absence of other information, the dynamic response factor f may be defined by the
equation.

(§)

Q p Qwr
p U
2 KSNBY v Aa GKS ONRGAOIT RFEYLAY3I NIXiGA2 2F GK
gear effective ground contact point.

CS 25.495 Turning

ED Decision 2003/2/RM

In the static position, in accordance with Figuref Appendix Athe aeroplane is assumed to execute

a steady turn by nose gear steering, or by application of sufficient differential power, so that the limit
load factors applied at the centre of gravity are leftically and 0-5 laterally. The side ground reaction
of each wheel must be 0-5 of the vertical reaction.

CS 25.497 Taiheel yawing

ED Decision 2003/2/RM
(@) A vertical ground reaction equal to the static load on the tail wheel, in combination witlea si
component of equal magnitude, is assumed.

(b) Ifthere is a swivel, the tail wheel is assumed to be swivelled®he aeroplane longitudinal
axis with the resultant load passing through the axle.

(c) Ifthereis a lock, steering device, or shimmy gemthe tail wheel is also assumed to be in the
trailing position with the side load acting at the ground contact point.

CS 25.499 Noseheel yaw and steering

ED Decision 2003/2/RM

(@) A verticalload factor of 1-0 at the aeroplane centre of gravity,aaside component at the nose
wheel ground contact equal to 0-8 of the vertical ground reaction at that point are assumed.

(b)  With the aeroplane assumed to be in static equilibrium with the loads resulting from the use of
brakes on one side of the main @ing gear, the nose geatr, its attaching structure, and the
fuselage structure forward of the centre of gravity must be designed for the following loads:

(1) A vertical load factor at the centre of gravity of 1-0.

(2) A forward acting load at the aeroplamentre of gravity of 0-8 times the vertical load on
one main gear.

(3) Side and vertical loads at the ground contact point on the nose gear that are required for
static equilibrium.

(4) Aside load factor at the aeroplane centre of gravity of zero.

(c) Ifthe loads prescribed in syiaragraph (b) of this paragraph result in a nose gear side load
higher than 0-8 times the vertical nose gear load, the design nose gear side load may be limited
to 0-8 times the vertical load, with unbalanced yawing momentsrassuto be resisted by
aeroplane inertia forces.

(d) For other than the nose gear, its attaching structure, and the forward fuselage structure the
loading conditions are those prescribed in qaaragraph (b) of this paragraph, except tlgat
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(1) A lower dragreaction may be used if an effective drag force of 0-8 times the vertical
reaction cannot be reached under any likely loading condition; and

(2) The forward acting load at the centre of gravity need not exceed the maximum drag
reaction on one main geargtermined in accordance witGS 25.493(b)

(e) With the aeroplane at design ramp weight, and the nose gear in any steerable position, the
combined application of full normal steering torque and vertical force etmal 33 times the
maximum static reaction on the nose gear must be considered in designing the nose geatr, its
attaching structure and the forward fuselage structure.

CS 25.503 Pivoting

ED Decision 2003/2/RM

(@) The aeroplane is assumed to pivot about aige of the main gear with the brakes on that side
locked. The limit vertical load factor must be 1-0 and the coefficient of friction 0-8.

(b) The aeroplane is assumed to be in static equilibrium, with the loads being applied at the ground
contact points,n accordance with Figure 8 Appendix A

CS 25.507 Reversed braking

ED Decision 2003/2/RM

(@) The aeroplane must be in a three point static ground attitude. Horizontal reactions parallel to
the ground and dected forward must be applied at the ground contact point of each wheel
with brakes. The limit loads must be equal to 0-55 times the vertical load at each wheel or to
the load developed by 1-2 times the nominal maximum static brake torque, whicheves. is les

(b) For aeroplanes with nose wheels, the pitching moment must be balanced by rotational inertia.

(c) For aeroplanes with tail wheels, the resultant of the ground reactions must pass through the
centre of gravity of the aeroplane.

CS 25.509 Towing Loads

ED Decision 2003/2/RM

(@) The towing loads specified in sphragraph (d) of this paragraph must be considered
separately. These loads must be applied at the towing fittings and must act parallel to the
ground. In additiorg

(1) A vertical load factor eal to 1-0 must be considered acting at the centre of gravity;
(2) The shock struts and tyres must be in their static positions; and
(3) With W; as the design ramp weight, the towing loaggkis¢

@ 0.3 Wfor Wrless than 3@0O0 pounds;

(i) ———————— for Wr between 30000 and 10@00 pounds; and

(i)  0-15 W for Wr over 100000 pounds.

(b) For towing points not on the landing gear but near the plane of symmetry of the aeroplane, the
drag and side tow load components specified floe auxiliary gear apply. For towing points
located outboard of the main gear, the drag and side tow load components specified for the
main gear apply. Where the specified angle of swivel cannot be reached, the maximum
obtainable angle must be used.
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(c) The towing loads specified in sygaragraph (d) of this paragraph must be reacted as follows:

(1) The side component of the towing load at the main gear must be reacted by a side force
at the static ground line of the wheel to which the load is applied.

(2) The towing loads at the auxiliary gear and the drag components of the towing loads at
the main gear must be reacted as follows:

(i)  Areactionwith a maximum value equal to the vertical reaction must be applied at
the axle of the wheel to which the load applied. Enough aeroplane inertia to
achieve equilibrium must be applied.

(i)  The loads must be reacted by aeroplane inertia.

(d) The prescribed towing loads are as specified in the following Table:

Load
Tow Point Position . . :
- Magnitude | No. | Direction

Forward, parallel to dragaxis

Forward, at 30to drag axis

Aft, parallel to drag axis

Aft, at 3C°to drag axis

Forward

Aft

Forward

Aft

Swivelled 45from 9 Forward, in plane of wheel

forward 05 10 Aft, in plane of wheel
Pl 11  Forward, in plane of wheel

12  Aft, in plane of wheel

0-75 Fowper

Main gear main gear unit

Swivelled forward
1:0 Fow
Swivelled aft

co~N OO A WN P

Auxiliary gear

Swivelled 4%from aft

CS 25.511 Ground load: unsymmetrical loads on multipleeel

units

ED Decision 2003/2/RM

(@) General Multiple-wheel landing gear units are assumed to be subjected to the limit ground
loads prescribed in this Subpart under sudragraphs (b) through (f) of this paragraph. In
addition ¢

(1) Atandem strut gear arrangemeis a multiplewheel unit; and

(2) In determining the total load on a gear unit with respect to the provisions of sub
paragraphs (b) through () of this paragraph, the transverse shift in the load centroid, due
to unsymmetrical load distribution on theheels, may be neglected.

(b) Distribution of limit loads to wheels; tyres inflatékhe distribution of the limit loads among the
wheels of the landing gear must be established for each landing, taxying, and ground handling
condition, taking into accountie effects of the following factors:

(1) The number of wheels and their physical arrangements. For truck type landing gear units,
the effects of any sesaw motion of the truck during the landing impact must be
considered in determining the maximum desigads for the fore and aft wheel pairs.

(2) Any differentials in tyre diameters resulting from a combination of manufacturing
tolerances, tyre growth, and tyre wear. A maximum tgiameter differential equal to
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two-thirds of the most unfavourable combitian of diameter variations that is obtained
when taking into account manufacturing tolerances, tyre growth and tyre wear, may be
assumed.

(3) Any unequal tyre inflation pressure, assuming the maximum variation to be +5% of the
nominal tyre inflation presge.

(4) Arunway crown of zero and a runway crown having a convex upward shape that may be
approximated by a slope of 1-5% with the horizontal. Runway crown effects must be
considered with the nose gear unit on either slope of the crown.

(5) The aeroplanattitude.
(6) Any structural deflections.

(c) DeflatedtyresThe effect of deflated tyres on the structure must be considered with respect to
the loading conditions specified in splaragraphs (d) through (f) of this paragraph, taking into
account the plgsical arrangement of the gear components. In additon

(1) The deflation of any one tyre for each multiple wheel landing gear unit, and the deflation
of any two critical tyres for each landing gear unit using four or more wheels per unit,
must be considred; and

(2) The ground reactions must be applied to the wheels with inflated tyres except that, for
multiple-wheel gear units with more than one shock strut, a rational distribution of the
ground reactions between the deflated and inflated tyres, accimgntor the differences
in shock strut extensions resulting from a deflated tyre, may be used.

(d) Landing conditionsFor one and for two deflated tyres, the applied load to each gear unit is
assumed to be 60% and 50%, respectively, of the limit loadeab each gear for each of the
prescribed landing conditions. However, for the drift landing conditio@$f25.485100% of
the vertical load must be applied.

(e) Taxying and ground handling conditioR®r ane and for two deflated tyreg

(1) The applied side or drag load factor, or both factors, at the centre of gravity must be the
most critical value up to 50% and 40%, respectively, of the limit side or drag load factors,
or both factors, corresponding tihe most severe condition resulting from consideration
of the prescribed taxying and ground handling conditions.

(2) For the braked roll conditions @S 25.493(a) and (b)(2he drag loads on each inflated
tyre may not be less than those at each tyre for the symmetrical load distribution with no
deflated tyres;

(3) The vertical load factor at the centre of gravity must be 60% and 50% respectively, of the
factor with no deflated tyres, except that it may not be ldsasn 1 g; and

(4) Pivoting need not be considered.

()  Towing conditionsFor one and for two deflated tyres, the towing loagh & must be 60% and
50% respectively, of the load prescribed.

CS 25.519 Jacking and-t@wn provisions

ED Decision 2003/2/RM

(@) GeneralThe aeroplane must be designed to withstand the limit load conditions resulting from
the static ground load conditions of sygaragraph (b) of this paragraph and, if applicable - sub
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paragraph (c) of this paragraph at the most critical comtame of aeroplane weight and centre
of gravity. The maximum allowable load at each jack pad must be specified.

(b) Jacking The aeroplane must have provisions for jacking and must withstand the following limit
loads when the aeroplane is supported onljsic

(1) For jacking by the landing gear at the maximum ramp weight of the aeroplane, the
aeroplane structure must be designed for a vertical load of 1-33 times the vertical static
reaction at each jacking point acting singly and in combination with adwtal load of
0-33 times the vertical static reaction applied in any direction.

(2) For jacking by other aeroplane structure at maximum approved jacking weight:

()  The aeroplane structure must be designed for a vertical load of 1-33 times the
vertical reaction at each jacking point acting singly and in combination with a
horizontal load of 0-33 times the vertical static reaction applied in any direction.

(i)  The jacking pads and local structure must be designed for a vertical load of 2:-0
times the verti@al static reaction at each jacking point, acting singly and in
combination with a horizontal load of 0-33 times the vertical static reaction applied
in any direction.

(c) Tiedown.If tie-down points are provided, the main tdown points and local structe must
withstand the limit loads resulting from a 120 km/h (BBot) horizontal wind from any
direction.
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EMERGEN@ANDINGCONDITIONS

ED Decision 2003/2/RM

(@) The aeroplane, although it may be damaged in emergency landing conditidasd or water,
must be designed as prescribed in this paragraph to protect each occupant under those
conditions.

(b) The structure must be desighed to give each occupant every reasonable chance of escaping
serious injury in a minor crash landing when

(1) Proper use is made of seats, belts, and all other safety design provisions;
(2) The wheels are retracted (where applicable); and

(3) The occupant experiences the following ultimate inertia forces acting separately relative
to the surrounding structure

(i) Upward, 3-0g

(i) Forward, 9-0g

(i)  Sideward, 3-0g on the airframe and 4-0g on the seats and their attachments
(iv) Downward, 6-0g

(v) Rearward, 1-5g (SeeVIC 25.561(b)(3)

(c) For equipment, cargo in theagsenger compartments and any other large masses, the following
apply:
(1) These items must be positioned so that if they break loose they will be unlikely to:
(i)  Cause direct injury to occupants;

(i)  Penetrate fuel tanks or lines or cause fire or egfgn hazard by damage to
adjacent systems; or

(i) Nullify any of the escape facilities provided for use after an emergency landing.

(2) When such positioning is not practical (e.g. fuselage mounted engines or auxiliary power
units) each such item of maswust be restrained under all loads up to those specified in
subparagraph (b)(3) of this paragraph. The local attachments for these items should be
designed to withstand 1-33 times the specified loads if these items are subject to severe
wear and tear though frequent removal (e.g. quick change interior items).

(d) Seats and items of mass (and their supporting structure) must not deform under any loads up
to those specified in suparagraph (b)(3) of this paragraphin any manner that would impede
subsequenrapid evacuation of occupants. (S&C 25.561(d)

ED Decision 2003/2/RM

In complying with the provisions @S 25.561(b) & (dhe loads arising from the restraint of seats and
items of equipment etc. should be taken into the structure to a point where the stresses can be
dissipated (e.g. for items attached to the fuselage floor, the |oaiths from the attachments through

to the fuselage primary structure should be taken into account).
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ED Decision 2003/2/RM

Commercial accommodation equipment complying only with FAR 25.561 need additiona
substantiation by analysis, tests or combination thereof to cover the 1-33 factor for their attachments

as specified €S 25.561(c)

ED Decision 2003/2/RM

For the local attachments of seafind items of mass it should be shown by analysis and/or tests that
under the specified load conditions, the intended retaining function in each direction is still available.

CS 25.562 Emergency landing dynamic conditions

ED Decision 2003/2/RM

(@) The gat and restraint system in the aeroplane must be designed as prescribed in this paragraph
to protect each occupant during an emergency landing condition vwhen

(1) Proper use is made of seats, safety belts, and shoulder harnesses provided for in the
design; and

(2) The occupant is exposed to loads resulting from the conditions prescribed in this
paragraph.

(b) With the exception of flight deck crew seats, each seat type design approved for occupancy
must successfully complete dynamic tests or be demonettdly rational analysis based on
dynamic tests of a similar type seat, in accordance with each of the following emergency landing
conditions. The tests must be conducted with an occupant simulated by a 77kg (170 Ib)
anthropomorphic, test dummy sitting irhé normal upright position:

1 ! OKFIy3aS Ay R2gyéFNR OSNIAOIt @St20ra0eécx

ok

F SNRBLX I ySQa f2y3IAddRAYFE FEA&E OFyiSR R26y 6.

plane and with the wings level. Peak floorcdéeration must occur in not more than 0-08
seconds after impact and must reach a minimum of 14 g.

2 ! OKIFIy3aS Ay TF2NBI NR tzya)\ﬁdgﬁ)\yl-f @St 20A0¢8
FSNRLX FySQa f2y3AddRRAYI € | & aither rigix NARIéft2 v G |- f
whichever would cause the greatest likelihood of the upper torso restraint system (where
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deceleration must occur in not more than 0-09 seconds dftgract and must reach a
minimum of 16 g. Where floor rails or floor fittings are used to attach the seating devices
to the test fixture, the rails or fittings must be misaligned with respect to the adjacent set
of rails or fittings by at least 10 degreesrtically (i.e. out of parallel) with one rolled 10
degrees.

(c) The following performance measures must not be exceeded during the dynamic tests
conducted in accordance with sygaragraph (b) of this paragraph:

(1) Where upper torso straps are used tamsiloads in individual straps must not exceed
794kg. (1750Ib) If dual straps are used for restraining the upper torso, the total strap
tension loads must not exceed 907kg (2000 Ib)).

(2) The maximum compressive load measured between the pelvis and thmturolumn of
the anthropomorphic dummy must not exceed 680 kg. (1500Ib)
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shoulder during the impact.
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(5) Each occupant must be protected from serious head injury under the conditions
prescribed in sulparagraph (b) of this paragraph. Where head contact with seats or
other structure can occur, protection must be provided so that the head impaes dot
exceed a Head Injury Criterion (HIC) of 1000 units. The level of HIC is defined by the
equationg

8
‘D06 o o 3 o WoQo

Whereg

t, is the initial integration time,

t, is the final integration time, and

a(t) is the total acceleration vs. time curve for the head strike, and where
(t) isin seconds, and (a) is in units of gravity ().

(6) Where leg injuries may result from contact with seats or other structure, protection must
be provided to prevent axially compressive loads exceeding 1021 kg (2250 Ib) in each
femur.

(7) The seat must remin attached at all points of attachment, although the structure may
have yielded.

(8) Seats must not yield under the tests specified in-gabagraphs (b)(1) and (b)(2) of this
paragraph to the extent they would impede rapid evacuation of the aeroplacepamts.

CS 25.563 Structural ditching provisions

ED Decision 2003/2/RM

Structural strength considerations of ditching provisions must be in accordancE€®i#tb.801(e)
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CS 25.571 Damagelerance and fatigue evaluation of structure

ED Decision 2003/2/RM

(@) General.An evaluation of the strength, detail design, and fabrication must show that
catastrophic failure due to fatigue, corrosion, or accidental damage, will be avoided throughout
the gperational life of the aeroplane. This evaluation must be conducted in accordance with the
provisions of sulparagraphs (b) and (e) of this paragraph, except as specified -pesalgraph
(c) of this paragraph, for each part of the structure which couldtrifoute to a catastrophic
failure (such as wing, empennage, control surfaces and their systems, the fuselage, engine
mounting, landing gear, and their related primary attachments). (@d€ 25.571(a), (b) and
(e)) For turbine engine powered aeroplanes, those parts which could contribute to a
catastrophic failure must also be evaluated under -pabagraph (d) of this paragraph. In
addition, the following apply:

(1) Each evaluation required by this paragraph mustudec
(i)  The typical loading spectra, temperatures, and humidities expected in service;

(i)  The identification of principal structural elements and detail design points, the
failure of which could cause catastrophic failure of the aeroplane; and

(i)  An analysis, supported by test evidence, of the principal structural elements and
detail design points identified in stgaragraph (a)(1)(ii) of this paragraph.

(2) The service history of aeroplanes of similar structural design, taking due account of
differences in operating conditions and procedures, may be used in the evaluations
required by this paragraph.

(3) Based on the evaluations required by this paragraph, inspections or other procedures
must be established as necessary to prevent catastrophigéaiand must be included
in the Airworthiness Limitations Section of the Instructions for Continued Airworthiness
required byCS 25.1529

(b) Damagetolerance (faisafe) evaluation The evaluation must include determination of the
probable locations and modes of damage due to fatigue, corrosion, or accidental damage. The
determination must be by analysis supported by test evidence and (if available) service
experience. Damage at multiple sites due to prioigae exposure must be included where the
design is such that this type of damage can be expected to occur. The evaluation must
incorporate repeated load and static analyses supported by test evidence. The extent of
damage for residual strength evaluatiot any time within the operational life must be
consistent with the initial detectability and subsequent growth under repeated loads. The
residual strength evaluation must show that the remaining structure is able to withstand loads
(considered as statictinate loads) corresponding to the following conditions:

(1) The limit symmetrical manoeuvring conditions specifiedCh 25.331p to \tand in
CS25.345

(2) The limt gust conditions specified I6S 25.34at the specified speeds up ta-¥nd in
CS25.345

(3) The limit rolling conditions specified @5 25.348nd the limit unsymmetrical conditions
specified inCS 25.36@ndCS 25.427(a) through (&t speeds up toV
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(d)

()

(4) The limit yaw manoeuvring cditions specified irCS 25.35at the specified speeds up
to Ve

(5) For pressurised cabins, the following conditions:

()  The normal operating differential pressure combined with the expected external
aerodynamt pressures applied simultaneously with the flight loading conditions
specified in sulparagraphs (b)(1) to (b)(4) of this paragraph if they have a
significant effect.

(i)  The maximum value of normal operating differential pressure (including the
expectedexternal aerodynamic pressures during 1 g level flight) multiplied by a
factor of 1-15 omitting other loads.

(6) For landing gear and directbffected airframe structure, the limit ground loading
conditions specified €S 25.473CS 25.49andCS 25.493

If significant changes in structural stiffness or geometry, or both, follow from a structural
failure, or partial failure, th effect on damage tolerance must be further investigated.
(SeeAMC 25.571(b) and (¢)The residual strength requirements of this qdragraph

(b) apply, where the critical damage is not readily detectable. Omther hand, in the

case of damage which is readily detectable within a short period, smaller loads than those
of subparagraphs (b)(1) to (b)(6) inclusive may be used by agreement with the Authority.
A probability approach may be used in these latter ass®ents, substantiating that
catastrophic failure is extremely improbable. (S€&C 25.571(a), (b) and (paragraph
2.1.2)

Fatigue (safdife) evaluation Compliance with the damagelerance requirements of u-
paragraph (b) of this paragraphis not required if the applicant establishes that their application
for particular structure is impractical. This structure must be shown by analysis, supported by
test evidence, to be able to withstand the repeated loatigariable magnitude expected during

its service life without detectable cracks. Appropriate ddtescatter factors must be applied.

Sonic fatigue strengtht must be shown by analysis, supported by test evidence, or by the
service history of a®planes of similar structural design and sonic excitation environment,
that ¢

(1) Sonic fatigue cracks are not probable in any part of the flight structure subject to sonic
excitation; or

(2) Catastrophic failure caused by sonic cracks is not probablem@sg that the loads
prescribed in suparagraph (b) of this paragraph are applied to all areas affected by
those cracks.

Damagetolerance (discrete source) evaluatidiime aeroplane must be capable of successfully
completing a flight during which likestructural damage occurs as a result of

(1) Bird impact as specified @S 25.631

(2) Reserved

(3) Reserved

(4) Sudden decompression of compartments as specifigdiSpb.365(e) and (f)

The damaged structure must be able to withstand the static loads (considered as ultimate loads)
which are reasonably expected to occur at the time of the occurrence and during the
completion of the flight. Dynamic effects on these stalbads need not be considered.
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Corrective action to be taken by the pilot following the incident, such as limiting manoeuvres,
avoiding turbulence, and reducing speed, may be considered. If significant changes in structural
stiffness or geometry, or bothpllow from a structural failure or partial failure, the effect on
damage tolerance must be further investigated. (2edC 25.571(a), (b) and (garagraph

2.7.2 andAMC25.571(b) and (e)

ED Decision 2003/2/RM

1 Introduction

1.1 The contents of this AMC are considered by the Agency in determining compliance with
the damagetolerance and fague requirements oS 25.571

1.1.1 Although a uniform approach to the evaluation required®g 25.57is desirable,
it is recognised that in such a complex fieleMndesign features and methods of
fabrication, new approaches to the evaluation, and new configurations could
necessitate variations and deviations from the procedures described in this AMC.

1.1.2 Damagetolerance design is required, unless it entailsrsgomplications that an
effective damageolerant structure cannot be achieved within the limitations of
geometry, inspectability, or good design practice. Under these circumstances, a
design that complies with the fatigue evaluation (shfie) requiremerts is used.
Typical examples of structure that might not be conducive to dartapeance
design are landing gear, engine mounts, and their attachments.

1.1.3 Experience with the application of methods of fatigue evaluation indicate that a
test backgrounghould exist in order to achieve the design objective. Even under
the damageli 2f SNI yOS YSG K2R RA &OdzokrériRe (faly LI NJ
al ¥FS0 S@Fftdd A2y Qx AG A& GKS ISYSNI £ LN
tolerance tests for design infmation and guidance purposes. Damage location
and growth data should also be considered in establishing a recommended
inspection programme.

1.1.4 Assessing the fatigue characteristics of certain structural elements, such as major
fittings, joints, typicéskin units, and splices, to ensure that the anticipated service
life can reasonably be attained, is needed for structure to be evaluated under
CS25.571(c)

1.2 Typical Loading Spectra Expected in Ser¥ibe lading spectrum should be based on
measured statistical data of the type derived from government and industry load history
studies and, where insufficient data are available, on a conservative estimate of the
anticipated use of the aeroplane. The princigaads that should be considered in
establishing a loading spectrum are flight loads (gust and manoeuvre), ground loads
(taxiing, landing impact, turning, engine runup, braking, and towing) and pressurisation
loads. The development of the loading spectruntiudes the definition of the expected
flight plan which involves climb, cruise, descent, flight times, operational speeds and
altitudes, and the approximate time to be spent in each of the operating regimes.
Operations for crew training, and other pertiniefactors, such as the dynamic stress
characteristics of any flexible structure excited by turbulence, should also be considered.
For pressurised cabins, the loading spectrum should include the repeated application of
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1.3

1.4

1.5

the normal operating differential pssure, and the superimposed effects of flight loads
and external aerodynamic pressures.

Components to be Evaluatelsh assessing the possibility of serious fatigue failures, the
design should be examined to determine probable points of failure inicgerin this
examination, consideration should be given, as necessary, to the results of stress
analyses, static tests, fatigue tests, strain gauge surveys, tests of similar structural
configurations, and service experience. Service experience has shatnspacial
attention should be focused on the design details of important discontinuities, main
attachment fittings, tension joints, splices, and cutouts such aswindows, doors and other
openings. Locations prone to accidental damage (such as that dogéet with ground
servicing equipment near aeroplane doors) or to corrosion should also be considered.

Analyses and Testnless it is determined from the foregoing examination that the
normal operating stresses in specific regions of the structuesofisuch a low order that
serious damage growth is extremely improbable, repeated load analyses or tests should
be conducted on structure representative of components or-saimponents of the
wing, control surfaces, empennage, fuselage, landing gear ttaid related primary
attachments. Test specimens should include structure representative of attachment
fittings, major joints, changes in section, cutouts, and discontinuities. Any method used
in the analyses should be supported, as necessary, by teserwice experience.
Generally it will be required to substantiate the primary structure against the provisions
of CS 25.571(b) and (by representative testing. The nature and extent of tests on
complete structure or on portions of the primary structure will depend upon applicable
previous design and structural tests, and service experience with similar structures. The
scope of the analyses and supporting test programmes should be agreed with the Agency.

Repated Load Testingn the event of any repeated load testing necessary to support
the damage tolerance or safige objectives oCS 25.571(b) and {espectively not being
concluded at the issuance of type cedi#te, at least one year of safe operation should
be substantiated at the time of certification. In order not to invalidate the certificate of
airworthiness the fatigue substantiation should stay sufficiently ahead of the service
exposure of the lead aeraphe.

2 Damagetolerance (Faikafe) Evaluation

2.1

GeneralThe damagéolerance evaluation of structure is intended to ensure that should
serious fatigue, corrosion, or accidental damage occur within the operational life of the
aeroplane, the remainingtiicture can withstand reasonable loads without failure or
excessive structural deformation until the damage is detected. Included are the
considerations historically associated with fdlffe design. The evaluation should
encompass establishing the commoris which are to be designed as damdglerart,
defining the loading conditions and extent of damage, conducting sufficient
representative tests and/or analyses to substantiate the design objectives (such as life to
crackinitiation, crack propagation ta and residual strength) have been achieved and
establishing data for inspection programmes to ensure detection of damage.
Interpretation of the test results should take into account the scatter in crack propagation
rates as well as in lives to craicitiation. Test results should be corrected to allow for
variations between the specimen and the aeroplane component thickness and sizes. This
evaluation applies to either single or multiple load path structure.

2.1.1 Design features which should be conselérin attaining a damagwmlerant
structure include the following:
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Multiple load path construction and the use of crack stoppers to control the
rate of crack growth, and to provide adequate residual static strength;

Materials and stress levels thaafter initiation of cracks, provide a
controlled slow rate of crack propagation combined with high residual
strength. For single load path discrete items, such as control surface hinges,
wing spar joints or stabiliser pivot fittings the failure of whicbuld be
catastrophic, it should be clearly demonstrated that cracks starting from
material flaws, manufacturing errors or accidental damage (including
corrosion) have been properly accounted for in the crack propagation
estimate and inspection method,;

Arrangement of design details to ensure a sufficiently high probability that a
failure in any critical structural element will be detected before the strength
has been reduced below the level necessary to withstand the loading
conditions specified iI€S 25.571(lgo as to allow replacement or repair of
the failed elements; and

Provisions to limit the probability of concurrent multiple damage,
particularly after long service, which could conceivably contributeato
common fracture path. The achievement of this would be facilitated by
ensuring sufficient life to craekitiation. Examples of such multiple damage
arec

i. A number of small cracks which might coalesce to form a single long
crack;

ii. Failures, or grtial failures, in adjacent areas, due to the redistribution
of loading following a failure of a single element; and

iii.  Simultaneous failure, or partial failure, of multiple load path discrete
elements, working at similar stress levels.

In practice itmay not be possible to guard against the effects of
multiple damage and faglafe substantiation may be valid only up to
a particular life which would preclude multiple damage.

The aeroplane may function safely with an element missing. This feature
would be admitted only, provided its separation will not prevent continued
safe flight and landing and the probability of occurrence is acceptably low.

2.1.2 In the case of damage which is readily detectable within a short period (50 flights,
say) for whthCS 25.571(lgllows smaller loads to be used, this relates to damage
which is large enough to be detected by obvious visual indications during walk
around, or by indirect means such as cabin pressure loss, calsa, or fuel
leakage. In such instances, and in the absence of a probability approach the
residual load levels except for the trailing edge flaps may be reduced to not less
than the following:

a.

The maximum normal operating differential pressure (idolg the
expected external aerodynamic pressures under 1g level flight) multiplied by
a factor of 1-10 omitting other loads.

85% of the limit flight manoeuvre and ground conditionsC& 25.571(b)(1)
to (6) inclusive, excluding (5)(ii) and separately 75% of the limit gust
velocities (vertical or lateral) as specified at speeds up to iV
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2.2

CS25.571(b)(2) and (b)(5)(ion the other hand if the probability approach

is usedhe residual load levels may not in any case be lower than the values
given in paragraph 2.7.2 of this AMC for one flight exposure. In the case
where fatigue damage is arrested at a readily detectable size following rapid
crack growth or a sudden load pathilure under the application of high
loads, the structure must be able to withstand the loads defined in
CS25.571(b)(1) to (Ghclusive up to that size of damage. For the subsequent
growth of that damage, lowedbpads as stated above may be used.

Identification of Principal Structural ElemenBincipal structural elements are those
which contribute significantly to carrying flight, ground, and pressurisation loads, and
whose failure could result in cataspbic failure of the aeroplane. Typical examples of
such elements are as follows:

2.2.1 Wing and empennage
a. Control surfaces, slats, flaps and their attachment hinges and fittings;
b Integrally stiffened plates;
c Primary fittings;
d. Principal sptes;
e Skin or reinforcement around cutouts or discontinuities;
f Skinstringer combinations;
g. Spar caps; and
h. Spar webs.
2.2.2 Fuselage
a. Circumferential frames and adjacent skin;
b Door frames;
c Pilot window posts;
d.  Pressure bulkheas]
e Skin and any single frame or stiffener element around a cutout;
f Skin or skin splices, or both, under circumferential loads;
Skin or skin splices, or both, under faxed-aft loads;

> @

Skin around a cutout;
i Skin and stiffener combinatisnunder foreand-aft loads; and

J- Window frames.

2.3 Extent of DamageEach particular design should be assessed to establish appropriate

damage criteria in relation to inspectability and damageension characteristics. In any
damage determination, ncluding those involving multiple cracks, it is possible to
establish the extent of damage in terms of detectability with the inspection techniques
to be used, the associated initially detectable crack size, the residual strength capabilities
of the strucure, and the likely damagextension rate considering the expected stress
redistribution under the repeated loads expected in service and with the expected
inspection frequency. Thus, an obvious partial failure could be considered to be the
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2.4

2.5

2.6

extent of the dmage or residual strength assessment, provided a positive determination
is made that the fatigue cracks will be detectable by the available inspection techniques
at a sufficiently early stage of the crack development. In a pressurised fuselage, an
obviouspartial failure might be detectable through the inability of the cabin to maintain
operating pressure or controlled decompression after occurrence of the damage. The
following are typical examples of partial failures which should be considered in the
evabliation:

2.3.1 Detectable skin cracks emanating from the edge of structural openings or cutouts;

2.3.2 A detectable circumferential or longitudinal skin crack in the basic fuselage
structure;

2.3.3 Complete severence of interior frame elements or stifen in addition to a
detectable crack in the adjacent skin;

2.3.4 A detectable failure of one element where dual construction is utilised in
components such as spar caps, window posts, window or door frames, and skin
structure;

2.3.5 The presence of a tlectable fatigue failure in at least the tension portion of the
spar web or similar element; and

2.3.6 The detectable failure of a primary attachment, including a control surface hinge
and fitting.

Inaccessible Areagvery reasonable effort shoulé Imade to ensure inspectability of all
structural parts, and to qualify them under the damatgpterance provisions. In those
cases where inaccessible and uninspectable blind areas exist, and suitable damage
tolerance cannot practically be provided to allaw extension of damage into detectable
areas, the structure should be shown to comply with the fatigue (sfferequirements

in order to ensure its continued airworthiness. In this respect particular attention should
be given to the effects of corrasi.

Testing of Principal Structural Elemeni$ie nature and extent of tests on complete
structures or on portions of the primary structure will depend upon applicable previous
design, construction, tests, and service experience, in connection witlasistructures.
Simulated cracks should be as representative as possible of actual fatigue damage. Where
it is not practical to produce actual fatigue cracks, damage can be simulated by cuts made
with a fine saw, sharp blade, guillotine, or other suiabheans. In those cases where
bolt failure, or its equivalent, is to be simulated as part of a possible damage configuration
in joints or fittings, bolts can be removed to provide that part of the simulation, if this
condition would be representative of aactual failure under typical load. Where
accelerated crack propagation tests are made, the possibility of creep cracking under real
time pressure conditions should be recognised especially as the crack approaches its
critical length.

Identification of Locations to be Evaluatedhe locations of damage to structure for
damagetolerances evaluation should be identified as follows:

2.6.1 Determination of General Damage Locatiohke location and modes of damage
can be determined by analysis or by faggtests on complete structures or
subcomponents. However, tests might be necessary when the basis for analytical
prediction is not reliable, such as for complex components. If less than the
complete structure is tested, care should be taken to ensure ttatnternal loads
and boundary conditions are valid. Any tests should be continued sufficiently
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beyond the expected service life to ensure that, as far as practicable, the likely
locations and extent of crack initiation are discovered.

a.

If a determinaton is made by analysis, factors such as the following should
be taken into account:

i. Strain data on undamaged structure to establish points of high stress
concentration as well as the magnitude of the concentration;

. Locations where permanent deforation occurred in static tests;

iii.  Locations of potential fatigue damage identified by fatigue analysis;
and

iv. Design details which service experience of similarly designed
components indicate are prone to fatigue or other damage.

In addition,the areas of probable damage from sources such as corrosion,
disbonding, accidental damage or manufacturing defects should be
determined from a review of the design and past service experience.

2.6.2 Selection of Critical Damage Ared@ke process of agally locating where damage
should be simulated in principal structural elements identified in paragraph 2.2 of
this AMC should take into account factors such as the following:

a.
b.

d.

Review analysis to locate areas of maximum stress and low margin of safety;

Selecting locations in an element where the stresses in adjacent elements
would be the maximum with the damage present;

Selecting partial fracture locations in an element where high stress
concentrations are present in the residual structure; and

Selecting locations where detection would be difficult.

2.7 Damagetolerance Analysis and Testsshould be determined by analysis, supported by
test evidence, that the structure with the extent of damage established for residual
strength evaluatia can withstand the specified design limit loads (considered as ultimate
loads), and that the damage growth rate under the repeated loads expected in service
(between the time at which the damage becomes initially detectable and the time at
which the exten of damage reaches the value for residual strength evaluation) provides
a practical basis for development of the inspection programme and procedures described
in paragraph 2.8 of this AMC. The repeated loads should be as defined in the loading,
temperature, and humidity spectra. The loading conditions should take into account the
effects of structural flexibility and rate of loading where they are significant.

2.7.1 The damagéolerance characteristics can be shown analytically by reliable or
conservatie methods such as the following:

a.

By demonstrating quantitative relationships with structure already verified
as damage tolerant;

By demonstrating that the damage would be detected before it reaches the
value for residual strength evaluation; or

By demonstrating that the repeated loads and limit load stresses do not
exceed those of previously verified designs of similar configuration,
materials and inspectability.
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2.7.2 The maximum extent of immediately obvious damage from discrete sourcekishou
be determined and the remaining structure shown to have static strength for the
maximum load (considered as ultimate load) expected during the completion of
the flight. In the absence of a rational analysis the following ultimate loading
conditions shold be covered:

a. At the time of the incident

i. The maximum normal operating differential pressure (including the
expected external aerodynamic pressures during 1 g level flight)
multiplied by a factor 1-1 combined with 1 g flight loads.

. The aerplane, assumed to be in 1g level flight should be shown to be
able to survive the overswing condition due to engine thrust
asymmetry and pilot corrective action taking into account any damage
to the flight controls which it is presumed the aeroplane hasised.

b. Following the incident70% limit flight manoeuvre loads and, separately,
40% of the limit gust velocity (vertical or lateral) as specified-aip\Mo the
maximum likely operational speed following failure, each combined with the
maximum appopriate cabin differential pressure (including the expected
external aerodynamic pressures). Further, any loss in structural stiffness
which might arise should be shown to result in no dangerous reduction in
freedom from flutter up to speed YM .

2.8 InspectionDetection of damage before it becomes dangerous is the ultimate control in
ensuring the damag#olerance characteristics of the structure. Therefore, the applicant
should provide sufficient guidance information to assist operators in establighig
frequency, extent, and methods of inspection of the critical structure, and this kind of
information must, underCS 25.571(a)(3)e included in the maintenance manual
required by CS 25.1529Due to the inherent complex interactions of the many
parameters affecting damage tolerance, such as operating practices, environmental
effects, load sequence on crack growth, and variations in inspection methods, related
operatioral experience should be taken into account in establishing inspection
procedures. It is extremely important to ensure by regular inspection the detection of
damage in areas vulnerable to corrosion or accidental damage. However for crack
initiation arisingfrom fatigue alone, the frequency and extent of the inspections may be
reduced during the period up to the demonstrated crdide life of the part of the
structure, including appropriate scatter factors (see paragraph 3.2). Comparative analysis
can be usd to guide the changes from successful past practice when necessary.
Therefore, maintenance and inspection requirements should recognise the dependence
on experience and should be specified in a document that provides for revision as a result
of operationd experience, such asthe one containing the Manufacturers Recommended
Structural Inspection Programme.

3 Fatigue (Safé.ife) Evaluation
3.1 Reserved
3.2 Fatigue (Safe life) evaluation

3.2.1 General The evaluation of structure under the following taie (safdife) strength
evaluation methods is intended to ensure that catastrophic fatigue failure, as a
result of the repeated loads of variable magnitude expected in service, will be
I 92ARSR GKNRBdAK2dzi (KS adNUzO( daeBh@a 2 LISN
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fatigue life of the structure should be determined. The evaluation should include

the following:

a.  Estimating, or measuring the expected loading spectra for the structure;

b. Conducting a structural analysis including consideration of the stress
concentration effects;

C. Performing fatigue testing of structure which cannot be related to a test
background to establish response to the typical loading spectrum expected
in service;

d. Determining reliable replacement times by interpreting the logdinistory,
variable load analyses, fatigue test data, service experience, and fatigue
analysis;

e. Evaluating the possibility of fatigue initiation from sources such as corrosion,

stress corrosion, disbonding, accidental damage and manufacturing defects
based on a review of the design, quality control and past service experience;
and

Providing necessary maintenance programmes and replacement times to
the operators. The maintenance programme should be included in
Instructions for Continued Airworthinegs accordance wititS 25.1529

3.2.2 Scatter Factor for Safeife Determinationln the interpretation of fatigue analyses
and test data, the effect of variability should, undg® 25.571(che accounted for
by an appropriate scatter factor. In this process it is appropriate that the applicant
justify the scatter factor chosen for any sdifie part. The following guidance is
provided (see Figure 1):

a.

The base scattdactors applicable to test results are: BSE.0, and BSE
(see paragraph 3.2.2(e) of this ACJ). If the applicant can meet the
requirements of 3.2.2(c) of this AMC he may use, BERt his option, BSF

The base scatter factor, BSHs associ@d with test results of one
representative test specimen.

Justification for use of BSBSEmay only be used if the following criteria
are met:

i. Understanding of load paths and failure mod&ervice and test
experience of similar #service components that were designed using
similar design criteria and methods should demonstrate that the load
paths and potential failure modes of the components are well
understood.]

[ii.  Control of design, material, and manufacturing process qudliithe
applicant should demonstrate that his quality system (e.g. design,
process control, and material standards) ensures the scatter in fatigue
properties is controlled, and that the design of the fatigue critical
areas of the part account for the material scatter.

ii. Representativeness of the test specimen.

A. The test article should be full scale (component or-sub
component) and represent that portion of the production
aircraft requiring test. All differences between the test article
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and production article shdd be accounted for either by
analysis supported by test evidence or by testing itself.

B. Construction details, such as bracket attachments, clips, etc.,
should be accounted for, even though the items themselves
may be nodoad bearing.

C. Points of lad application and reaction should accurately reflect
those of the aircraft, ensure correct behaviour of the test
article, and guard against uncharacteristic failures.

D. Systems used to protect the structure against environmental
degradation can have aegative effect on fatigue life and
therefore should be included as part of the test article.

d. Adjustments to base scatter factor BSHaving satisfied the criteria of
paragraph 3.2.2(c), justifying the use of B##e base value of 3.0 should be
adjusted to account for the following considerations, as necessary, where
not wholly taken into account by design analysis. As a result of the
adjustments, the final scatter factor may be less than, equal to, or greater
than 3.0.

i. Material fatigue scatterMaterial properties should be investigated
up to a 99% probability of survival and a 95% level of confidence.

. Spectrum severitylest load spectrum should be derived based on a
spectrum sensitive analysis accounting for variations in both
utilisation(i.e. aircraft weight, cg etc.) and occurrences / size of loads.
The test loads spectrum applied to the structure should be
demonstrated to be conservative when compared to the usage
expected in service.

ii.  Number of representative test specimewllestablished statistical
methods should be used that associate the number of items tested
with the distribution chosen, to obtain an adjustment to the base
scatter factor.

e. If the applicant cannot satisfy the intent of all of paragraph 3.2.2(c) of this
AMC, BSFshould be used.

i. The applicant should propose scatter factor BS&sed on careful
consideration of the following issues: the required level of safety, the
number of representative test specimens, how representative the test
is, expected fatige scatter, type of repeated load test, the accuracy
of the test loads spectrum, spectrum severity, and the expected
service environmental conditions.

ii. In no case should the value of BBE less than 3.0.

f. Resolution of test loadings to actual thags. The applicant may use a
number of different approaches to reduce both the number of load cycles
and number of test setips required. Due to the modifications to the flight
by-flight loading sequence, the applicant should propose either analytical or
empirical approaches to quantify an adjustment to the number of test cycles
which represents the difference between the test spectrum and assumed
flight-by-flight spectrum. In addition, an adjustment to the number of test
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cycles may be justified by raigitor lowering the test load levels as long as
FLILINBLINRAF GS REGF  adzZdlR2 NI GKS  F LILX AOL
considered are different failure locations, different response to fretting
conditions, temperature effects, etc. The analytical approaabuksh use

well established methods or be supported by test evidence.
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SCATTER FACTOR FLOW CHART

1
Have the criteria of 3.2.2(c) been met:
- service and test experience of similar
components,
- QA system ensuring fatigue scatter lies
within certain limits,
- representativeness of test specimen

2
All criteria met

4
Use BSF1=3.0

6
Have the elements of 3.2.2(d) been
accounted for in design:
- Fatigue scatter to account for P=99%
and C=95%
- Spectrum severity

3
Some criteria missed

? |

5
Use BSF2 > 3.0

7
BSF2 determined from analysis and test:
- Required level of safety
- Number of specimens tested
- Representativeness of test
- Fatigue scatter to account for P=99%
and C=95%
- Type of repeated load test
- Accuracy of test load spectrum

- Spectrum severity
- Service environmental conditions
8 9 MINIMUM VALUE =>3.0
All elements Some elements Adjust BSF2 for resolution of test loads to
met missed actual loads.
|
11 14
? Safe Life = Test cycles / Adjusted BSF
15 13
Adjust BSF1 for: Adjust BSF1 for:
- Number of specimens - Fatigue scatter
tested - Spectrum severity
- Resolution of test - Number of specimens
loads to actual loads tested

- Resolution of test loads
to actual loads

16
Safe Life = Test cycles / Adjusted BSF

Figure 1
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3.3

3.4

Replacement Timefkeplacement times should be established for parts with
established saféives and should, unde€CS 25.571(a)(3e included in the
information prepared underCS 25.1529These replacement times can be
extended if additional data indicates an extension is warranted. Important factors
which should be considered for suckiensions include, but are not limited to, the
following:

3.3.1 Comparison of original evaluation with service experience;

3.3.2 Recorded Load and Stress DaRecorded load and stress data entails
instrumenting aeroplanes in service to obtain a regmtstive sampling of
actual loads and stresses experienced. The data to be measured includes
airspeed, altitude, and load factor versus time data; or airspeed, altitude and
strain ranges versus time data; or similar data. This data, obtained by
instrumentng aeroplanes in service, provides a basis for correlating the
estimated loading spectrum with the actual service experience;

3.3.3 Additional Analyses and Teslktest data and analyses based on repeated
load tests of additional specimens are obtained reevaluation of the
established safdife can be made;

3.3.4 Tests of Parts Removed from Servitepeated load tests of replaced parts
can be utilised to revaluate the established safde. The tests should
closely simulate service loading camulis. Repeated load testing of parts
removed from service is especially useful where recorded load data obtained
in service are available since the actual loading experienced by the part prior
to replacement is known; and

3.3.5 Repair or Rework of ther8cture.In some cases, repair or rework of the
structure can gain further life.

Type Design Developments and Chandi@s. design developments, or design
changes, involving structural configurations similar to those of a design already
shown to comfy with the applicable provisions d€S 25.571(c)t might be
possible to evaluate the variations in critical portions of the structure on a
comparative basis. Typical examples would be redesign of the wing steuiciu
increased loads, and the introduction in pressurised cabins of cutouts having
different locations or different shapes, or both. This evaluation should involve
analysis of the predicted stresses of the redesigned primary structure and
correlation ofthe analysis with the analytical and test results used in showing
compliance of the original design wi@t 25.571(c)

ED Decision 2003/2/RM

In the abave mentioned conditions the dynamic effects are included except that if significant changes
in stiffness and/or geometry follow from the failure or partial failure the response should be further

investigated.
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LIGHTNINGROTECTION

CS 25.581 Lightning pratgon

ED Decision 2003/2/RM

(a)The aeroplane must be protected against catastrophic effects from lightningC&ex.89and

(b)

(©

AMC 25.58))

For metallic componentscompliance with sulparagraph (a) of this paragraph may be shown
by ¢

(1) Bonding the components properly to the airframe; or

(2) Designing the components so that a strike will not endanger the aeroplane.

For nonmetallic components, compliance witdubparagraph (a) of this paragraph may be
shown byg

(1) Designing the components to minimise the effect of a strike; or

(2) Incorporating acceptable means of diverting the resulting electrical current so as not to
endanger the aeroplane.

ED Decision 2003/2/RM

External Metal Parts
1.1 External metal parts should either ke
a. Electricallypbonded to the main earth system by primary bonding paths, or

b.  So designed and/or protected that a lightning discharge to the @&ag. a radio
aerial) will cause only local damage which will not endanger the aeroplane or its
occupants.

1.2 In addition, where internal linkages are connected to external parts (e.g. control
surfaces), the linkages should be bonded to main earthrfniaane by primary bonding
paths as close to the external part as possible.

1.3 Where a primary conductor provides or supplements the primary bonding path across an
operating jack (e.g. on control surfaces or nose droop) it should be of such animpedance
and so designed as to limit to a safe value the passage of current through the jack.

1.4 In considering external metal parts, consideration should be given to all flight
configurations (e.g. lowering of landing gear and wiags) and also the possibjlitof
damage to the aeroplane electrical system due to surges caused by strikes to
protuberances (such as pitot heads) which have egtions into the electrical system.

External Nommetallic Parts
2.1 External noametallic parts should be so designeddanstalled thatg

a. They are provided with effective lightning diverters which will safely carry the
lightning discharges described in EUROCAE documen84EQRncluding
Amendment N°1 dated 06/09/99) titled: Aircraft Lightning Environment and
Related Tst Waveforms, or equivalent SAE ARP5412 document.
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b. Damage to them by lightning discharges will not endanger the aeroplane or its
occupants, or

c.  Alightning strike on the insulated portion is improbable because of the shielding
afforded by other poribns of the aeroplane.

Where lightning diverters are used the surge carrying capacity and mechanical
robustness of associated conductors should be at least equal to that required for
primary conductors.

2.2 Where unprotected normetallic parts are fitte@xternally to the aeroplane in situations
where they may be exposed to lightning discharges (e.g. radomes) the risks include the
following:

a. The disruption of the materials because of rapid expansion of gases within them
(e.g. water vapour),

b.  The raid build up of pressure in the enclosures provided by the parts, resulting in
mechanical disruption of the parts themselves or of the structure enclosed by
them,

C. Fire caused by the ignition of the materials themselves or of the materials
contained wihin the enclosures, and

d. Holes in the nommetallic part which may present a hazard at high speeds.

2.3 The materials used should not absorb water and should be of high dielectric strength in
order to encourage surface flaglver rather than puncture. dminates made entirely
from solid material are preferable to those incorporating laminations of cellular material.

2.4 Those external nometallic part which is not classified as primary structure should be
protected by primary conductors.

2.5 Where damag to an external nometallic part which is not classified as primary
structure may endanger the aeroplane, the part should be protected by adequate
lightning diverters.

2.6 Confirmatory tests may be required to check the adequacy of the lightning piotect
provided (e.g. to confirm the adequacy of the location and size of bonding strips on a
large radome.)
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SUBPARD ¢ DESIGNDCONSTRUCTION
GENERAL

CS 25.601 General

ED Decision 2003/2/RM

The aeroplane may not have design features or details that exsqpesihas shown to be hazardous or
unreliable. The suitability of each questionable design detail and part must be established by tests.

CS 25.603 Materials

ED Decision 2003/2/RM

(For CompositéVaterials seéAMC Nol andNo. 2 to 25.603

The suitability and durability of materials used for parts, the failure of which could adversely affect
safety, must;

(@) Be established on the basis of experience or tests;

(b) Conform b approved specifications, that ensure their having the strength and other properties
assumed in the design data (S&kIC 25.603(h)and

(c) Take into account the effects of environmental conditions, such as¢eatpre and humidity,
expected in service.

ED Decision 2003/2/RM

1 Purpose This AMC sets forth an acceptable means, but not the only means, of showing
compliance with the provisions of @S regarding mworthiness type certification
requirements for composite aircraft structures, involving filbeinforced materials, e.g. carbon
(graphite), boron, aramid (Kevlar), and gtessforced plastics. Guidance information is also
presented on associated qualitontrol and repair aspects.

This AMC material is identical, apart from minor editing, to the structural content of FAA
Advisory Circular AC 20.107A, dated 25 April 1984.

The individual CS paragraphs applicable to each AMC paragraph are listed inGfabie AMC.
2 Definitions
For the purpose of Subpart D, the following definitions apply:

2.1 Design valuesMaterial, structural element, and structural detail properties that have
been determined from test data and chosen to assure a high degremnbfifience in the
integrity of the completed structure (s€€S 25.613(l)

2.2 Allowables Material values that are determined from test data at the laminate or lamina
level on a probability basis (e.g. A or B bzagies).

2.3 Laminate level design values or allowablEstablished from mulply laminate test data
and/or from test data at the lamina level and then established at the laminate level by
test validated analytical methods.
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2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11
2.12

2.13

2.14

2.15

2.16

Lamina level material pperties Established from test data for a singlly or multiply
singledirection oriented lamina layp.

Point designAn element or detail of a specific design which is not considered generically
applicable to other structure for the purpose oftmtiantiation (e.g. lugs and major joints).
Such a design element or detail can be qualified by test or by a combination of test and
analysis.

Environment External, noraccidental conditions (excluding mechanical loading),
separately or in combinatigrthat can be expected in service and which may affect the
structure (e.g. temperature, moisture, UV radiation, and fuel).

Degradation The alteration of material properties (e.g. strength, modulus, coefficient of
expansion) which may result from datibns in manufacturing or from repeated loading
and/or environmental exposure.

DiscrepancyA manufacturing anomaly allowed and detected by the planned inspection
procedure. They can be created by processing, fabrication or assembly procedures.

Flaw A manufacturing anomaly created by processing, fabrication or assembly
procedures.

Damage A structural anomaly caused by manufacturing (processing, fabrication,
assembly or handling) or service usage. Usually caused by trimming, fasteniatinsta
or foreign object contact.

Impact damage A structural anomaly created by foreign object impact.

Coupon A small test specimen (e.g. usually a flat laminate) for evaluation of basic lamina
or laminate properties or properties of generstructural features (e.g. bonded or
mechanically fastened joints).

Element A generic element of a more complex structural member (e.g. skin, stringers,
shear panels, sandwich panels, joints, or splices).

Detail A nongeneric structural elem of a more complex member (e.g. specific design
configured joints, splices, stringers, stringer runouts, or major access holes).

Subcomponent A major threedimensional structure which can provide complete
structural representation of a section tfe full structure (e.g. stubox, section of a spatr,
wing panel, wing rib, body panel, or frames).

Component A major section of the airframe structure (e.g. wing, body, fin, horizontal
stabiliser) which can be tested as a complete unit to quatiéydtructure.

3 General

3.1

3.2

This AMC is published to aid the evaluation of certification programmes for composite
applications and reflects the current status of composite technology. It is expected that
this AMC will be modified periodically to refleetchnology advances.

The extent of testing and /or analysis and the degree of environmental accountability
required will differ for each structure depending upon the expected service usage, the
material selected, the design margins, the failure crdethe data base and experience
with similar structures, and on other factors affecting a particular structure. It is expected
that these factors will be considered when interpreting this AMC for use on a specific
application.
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4

Material and Fabricatioevelopment

4.1

4.2

4.3

4.4

4.5

To provide an adequate design data base, environmental effects on the design properties
of the material system should be established.

Environmental design criteria should be developed that identify the most critical
environmental expsures, including humidity and temperature, to which the material in
the application under evaluation may be exposed. This is not required where existing data
demonstrate that no significant environmental effects, including the effects of
temperature and masture, exist for material systems and construction details, within the
bounds of environmental exposure being considered. Experimental evidence should be
provided to demonstrate that the material design values or allowables are attained with
a high degreef confidence in the appropriate critical environmental exposures to be
expected in service. The effect of the service environment on static strength, fatigue and
stiffness properties should be determined for the material system through tests (e.g.
acceleated environmental tests, or from applicable service data). The effects of
environmental cycling (i.e. moisture and temperature) should be evaluated. Existing test
data may be used where it can be shown directly applicable to the material system.

Thematerial system design values or allowables should be established on the laminate
level by either test of the laminate or by test of the lamina in conjunction with a test
validated analytical method.

For a specific structural configuration of an idual component (point design), design
values may be established which include the effects of appropriate design features (holes,
joints, etc.).

Impact damage is generally accommodated by limiting the design strain level.

Proof of Structureg Static

5.1

5.2

5.3

5.4

The static strength of the composite design should be demonstrated through a
programme of component ultimate load tests in the appropriate environment, unless
experience with similar designs, material systems and loadings is available to
demonstrae the adequacy of the analysis supported by subcomponent tests, or
component tests to agreed lower levels.

The effects of repeated loading and environmental exposure which may result in material
property degradation should be addressed in the stdtierggth evaluation. This can be
shown by analysis supported by test evidence, by tests at the coupon, element or
subcomponent level, or alternatively by relevant existing data.

Static strength structural substantiation tests should be conducted on stemcture
unless the critical load conditions are associated with structure that has been subjected
to repeated loading and environmental exposure. In this case egher

a. The static test should be conducted on structure with prior repeated loading and
environmental exposure, or

b.  Coupon/Element/Subcomponent test data should be provided to assess the
possible degradation of static strength after application of repeated loading and
environmental exposure, and this degradation accounted for in the diedtoor in
the analysis of the results of the static test of the new structure.

The component static test may be performed in an ambient atmosphere if the effects of
the environment are reliably predicted by subcomponent and/or coupon tests and are
accounted for in the static test or in the analysis of the results of the static test.
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5.5

5.6

5.7

5.8

The static test articles should be fabricated and assembled in accordance with production
specifications and processes so that the test articles are representédtipmduction
structure.

When the material and processing variability of the composite structure is greater than
the variability of current metallic structures, the difference should be considered in the
static strength substantiation by

a. Derivingproper allowables or design values for use in the analysis, and the analysis
of the results of supporting tests, or

b.  Accounting for it in the static test when static proof of structure is accomplished
by component test.

Composite structures thatdve high static margins of safety may be substantiated by
analysis supported by subcomponent, element and/or coupon testing.

It should be shown that impact damage that can be realistically expected from
manufacturing and service, but not more than testablished threshold of detectability

for the selected inspection procedure, will not reduce the structural strength below
ultimate load capability. This can be shown by analysis supported by test evidence, or by
tests at the coupon, element or subcompnt level.

6 Proof of Structurg Fatigue/Damage Tolerance

6.1

6.2

The evaluation of composite structure should be based on the applicable requirements
of CS 25.571The nature and extent of analysis or tests on plate structures and/or
portions of the primary structure will depend upon applicable previous fatigue/damage
tolerant designs, construction, tests, and service experience on similar structures. In the
absence of experience with similar designs, approvegctiral development tests of
components, subcomponents, and elements should be performed. The following
considerations are unique to the use of composite material systems and should be
observed for the method of substantiation selected by the applicéfiten selecting the
damage tolerance or safe life approach, attention should be given to geometry,
inspectability, good design practice, and the type of damage/degradation of the structure
under consideration.

Damage Tolerance (F&hfe) Evaluation

6.2.1 Structural details, elements, and subcomponents of critical structural areas should
be tested under repeated loads to define the sensitivity of the structure to damage
growth. This testing can form the basis for validating @rwth approach to the
damage tolerance requirements. The testing should assess the effect of the
environment on the flaw growth characteristics and thegrowth validation. The
environment used should be appropriate to the expected service usage. The
repeated loading should beepresentative of anticipated service usage. The
repeated load testing should include damage levels (including impact damage)
typical of those that may occur during fabrication, assembly, and in service,
consistent with the inspection techniques employddthe damage tolerance test
articles should be fabricated and assembled in accordance with production
specifications and processes so that the test articles are representative of
production structure.

6.2.2 The extent of initially detectable damage should dstablished and be consistent
with the inspection techniques employed during manufacture and in service.
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6.3

Flaw/damage growth data should be obtained by repeated load cycling of intrinsic
flaws or mechanically introduced damage. The number of cycles dpplialidate

a nogrowth concept should be statistically significant, and may be determined by
load and/or life considerations. The growth or no growth evaluation should be

performed by analysis supported by test evidence, or by tests at the coupon,
element or subcomponent level.

6.2.3 The extent of damage for residual strength assessments should be established.
Residual strength evaluation by component or subcomponent testing or by
analysis supported by test evidence should be performed consideringléimage.

The evaluation should demonstrate that the residual strength of the structure is
equal to or greater than the strength required for the specified design loads
(considered as ultimate). It should be shown that stiffness properties have not
changed kyond acceptable levels. For the-gmwth concept, residual strength
testing should be performed after repeated load cycling.

6.2.4 An inspection programme should be developed consisting of frequency, extent,
and methods of inspection for inclusion inettmaintenance plan. Inspection
intervals should be established such that the damage will be detected between the
time it initially becomes detectable and the time at which the extent of damage
reaches the limits for required residual strength capability. the case of ne
growth design concept, inspection intervals should be established as part of the
maintenance programme. In selecting such intervals the residual strength level
associated with the assumed damage should be considered.

6.2.5 The structureshould be able to withstand static loads (considered as ultimate
loads) which are reasonably expected during the completion of the flight on which
damage resulting from obvious discrete sources occur (i.e. uncontained engine
failures, etc.). The extent @amage should be based on a rational assessment of
service mission and potential damage relating to each discrete source.

6.2.6 The effects of temperature, humidity, and other environmental factors which may
result in material property degradation shoulde addressed in the damage
tolerance evaluation.

Fatigue (Saféife) Evaluation Fatigue substantiation should be accomplished by
component fatigue tests or by analysis supported by test evidence, accounting for the
effects of the appropriate environant. The test articles should be fabricated and
assembled in accordance with production specifications and processes so that the test
articles are representative of production structure. Sufficient component,
subcomponent, element or coupon tests should ferformed to establish the fatigue
scatter and the environmental effects. Component, subcomponent and/or element tests
may be used to evaluate the fatigue response of structure with impact damage levels
typical of those that may occur during fabricati@ssembly, and in service, consistent
with the inspection procedures employed. The component fatigue test may be
performed with an asnanufactured test article if the effects of impact damage are
reliably predicted by subcomponent and/or element tests amd accounted for in the
fatigue test or in analysis of the results of the fatigue test. It should be demonstrated
during the fatigue tests that the stiffness properties have not changed beyond acceptable
levels. Replacement lives should be established dbasethe test results. An appropriate
inspection programme should be provided.
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7 Proof of Structure Flutter. The effects of repeated loading and environmental exposure on
stiffness, mass and damping properties should be considered in the verificatiomegfity
against flutter and other aeroelastic mechanisms. These effects may be determined by analysis
supported by test evidence, or by tests of the coupon, element or subcomponent level.

8 Additional Considerations

8.1 Impact DynamicsThe present apmach in airframe design is to assure that occupants
have every reasonable chance of escaping serious injury under realistic and survivable
impact conditions. Evaluation may be by test or by analysis supported by test evidence.
Test evidence includes, bigt not limited to, element or subcomponent tests and service
experience. Analytical comparison to conventional structure may be used where shown
to be applicable.

8.2 Flammability.(See appropriate CS requirements in Table 1 of this AMC.)
8.3 Lightning PPotection. (See appropriate CS requirements in Table 1 of this AMC.)

8.4 Protection of StructuréNVeathering, abrasion, erosion, ultraviolet radiation, and chemical
environment (glycol, hydraulic fluid, fuel, cleaning agents, etc.) may cause deterioration
in a composite structure. Suitable protection against and/or consideration of degradation
in material properties should be provided for and demonstrated by test.

8.5 Quality ControlAn overall plan should be established and should involve all relevant
disciplines (i.e. engineering, manufacturing and quality control). This quality control plan
should be responsive to special engineering requirements that arise in individual parts or
areas as a result of potential failure modes, damage tolerance and flawtly
requirements, loadings, inspectability, and local sensitivities to manufacture and
assembly.

8.6 Production SpecificationsSpecifications covering material, material processing, and
fabrication procedures should be developed to ensure a basialioicating reproducible
and reliable structure. The discrepancies permitted by the specifications should be
substantiated by analysis supported by test evidence, or tests at the coupon, element or
subcomponent level.

8.7 Inspection and Maintenanc&laintenance manuals developed by manufacturers should
include appropriate inspection, maintenance and repair procedures for composite
structures.

8.8 Substantiation of RepairWhen repair procedures are provided in maintenance
documentation, it should be demotrated by analysis and/or test, that methods and
techniques of repair will restore the structure to an airworthy condition.

9 Change of composite materialalscAMC No. 2 to CS 25.603

9.1 For composite structes a change of material is defined as any of the following situations
(even though the structural design remains unchanged).

a. Any change in the basic constituents.
b.  The same basic constituents but any change of the impregnation method.
c.  The samamaterial, but modification of the processing route.

9.2 For any material change the showing of compliance Wigh 25.603hould cover AMC
paragraphs 9.2.1 t0 9.2.5 in detail.

9.2.1 The nature and extent of thematerial change should be clearly defined.
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9.2.2 Substantiation should be based on a comparability study between the structural
performances of the material accepted for type certification and the replacement
material. An acceptable approach would be t®lect from the original
substantiating testing those tests that are to be repeated and to justify the
omission of others. The extent of testing required will depend on the airworthiness
significance of the part and the nature of the material change.

9.2.3 Pass/fail targets should be established as part of the test programme. Any
properties that show a significant change in the replacement material should be
given special consideration.

9.2.4 The test substantiation selected should interrogate the critiaéure modes of the
component.

9.2.5 Design allowables should be established to the same level of statistical confidence
for the replacement material.

TABLE 1

AMC Paragraphs and related CS texts
AMC Paragraphs CS25 Paragraphs

1 Purpose

2 Definitions

3 General

4 Material and Fabrication Development

5 Proof of Structure Static

6 Proof of Structure FatiguéDamage Tolerance
7 Proof of Structure Flutter

8 Additional Considerations

8.1 Impact Dynamics

8.2 Flammability

No releszant CS paragraph
No relevant CS paragraph
No relevant CS paragraph

25.603
25.605
25.613
25.619

25.305
25.307(a)

25.571
25.629

25.561

25.601

25.721
25.783(c) and (g)
25.785
25.787(a)and (b)
25.789

25.801

25.809
25.963(d) and (e)
25.609(a)
25.853

25.855

25.859

25.863

25.865

25.867
25.903(c)(2)
25.967(e)
25.1121(c)
25.1181
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AMC Paragraphs and related CS texts

AMC Paragraphs CS25 Paragraphs

25.1182
25.1183

25.1185
25.1189(a)(2)
25.1191
25.1193(c), (d) and (e)
8.3 Lightning Protection 25.581 (sedMC 25.89®aragraph 6)
25.609
25.899 (sedMC 25.89®aragraph 6)
25.954 (sedMC 25.89®aragraph 6)

8.4 Protection Structure 25.609
25.1529

8.5 Quality Control o

8.6 Production Specifications 25.603
25.605

**Guidance material on quality control for composites is under consideration.

ED Decision 2003/2/RM
1 PURPOSE

This Acceptable Meand cCompliance (AMC) provides guidance for theceetification of
composite structures that, in production, use a different material from that proposed and
substantiated at the time of certification of the original structure. Like all advisory materigl, thi
document is not, in itself, mandatory and does not constitute a regulation. It is issued to provide
guidance and to outline an acceptable method of showing complianceG#tA5.603

2 SCOPE

The AMC only addsses already certificated composite structureswhere there is no change to
the design and use other than the material change. Components that have a change in geometry
or design loading may need to be addressed in a different way.

3 BACKGROUND

The showng of compliance of a new material wits 25.603as an alternative to the previously
selected material, should normally involve the following steps:

- identify the key material parameters governing performances,
- define the appropriate tests able to measure these parameters,
- define pass/fail criteria for these tests.

The problem with composites is much more complex than with metallic materials, because their
performance is much more process dependant. So, umél are capable of accurately
identifying the key material parameters governing processability, there will be a need for tests
directly interrogating material performance through specimens representative of the actual
design details of the composite struce.

Today, showing the suitability of a composite material for its anticipated use, requires a large
amount of test data ranging from the coupon level to specimens representative of the most
complex features of the structure design. The time needed tégom all these tests and the
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associated costs are the reasons why, in most cases, only one material can be proposed for type
certification.

Such diversity of testing is required with composites because these materials develop their
mechanical propertiesnly when the component is processed (or at least, the resin cured) i.e.
that the design of the structure and the associated production processes govern these
properties.

To give a more technical interpretation of this specific character of compositssnéicessary

to go back to the general principles for dimensioning a structure. Theoretically the strength of
a structure could be calculated with analytical models capable, from the knowledge of relevant
material properties, of anticipating the mechanicbehaviour of complex design details.
Unfortunately with composites these analytical models are still insufficiently precise at the level
of failure prediction and require a step by step testing verification with more and more complex
ALISOAYSYAY ARKK § LEINRNIOK U ®

Moreover, as the design and the associated manufacturing process can affect the eventual

properties, the failure modes along with composite failure prediction models can vary from one
material to another. Consequently, they both need toebemined for any material change.

WLY K2dzaSQ O2YLRAAGS YIFIGSNRAIFE Wljdd ft AFTAOFGARZY
involve specifications covering:

- physical plus, in some cases, chemical properties,
- mechanical properties measured at the coupevel,
- reproducibility (checked by testing several batches).

But interchangeability for a structural application is not guaranteed between two materials
meeting the same manufacture specification (as it could be for materials that are much less
process épendant, metallic materials for instance). Under these circumstances, a material that
YSSia (GKS Wiljdad t ATAOFGA2YyQ NBIdANBR o6& | aLISO.
components.
4 DEFINITION OF MATERIAL CHANGE
There is a material change any of the following situations:
A ¢ A change in one or both of the basic constituents
- resin,
- fibre (including sizing or surface treatment alone).
B ¢ Same basic constituents but any change of the impregnation method
- prepregging process (e.golvent bath to hot melt coating),
- tow size (3k, 6k, 12k) with the same fibre areal weight,

- prepregging machine at the same supplie¢ssupplier change for a same
material (licensed supplier),

- etc.

C ¢ Same material but modification of the prossy route (if the modification to the
processing route governs eventual composite mechanical properties):

- curing cycle,
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- tooling,
- lay-up method,
- environmental parameters of the laying room.
A cIassifi(iation is to tge madp betV\Leen a new material whidhtended to beva replica of the i
FT2NYSNI 2yS o600l asa WwYW.Q 2N WY Q0 FyR | Wia Ndzt e Yy S
. WLRSYGAOFE YIFIGSNAIfAQ Ay OFAS 2F F NBLX
- WIEGSNYFGADS YFEGSNRAEFEAQ F2NJ GNUZ & ySg Yl
2 A0KAY GKS WA RS QU ®bdsiicatian lcin SéNdatle between a change of the
prepregging machine alone at the supplier and licensed production elsewhere. For the time

being, a change to a new fibre produced under a licensed process and reputed to be a replica
of KS F2NIXYSNJ 2ySs gAtf 06S RSIfd 6AGK Fa +y WIf

Some changes within this class may not interact with structural performances (e.g. prepreg
release papers, some bagging materials etc..) and should not be submitted to an agency
approval. Havever the manufacturers (or the supplier) should develop a proper system for
screening those changes, with adequate proficiency at all relevant decision levels.

/+asS wiQ o6FtGSNYFGADGS YFGSNRAFEO aKz2dA R gl &
recommended to try a sublassification according to the basic constituents being changed, as
material behaviour (e.g. sensitivity to stress concentrations) may be governed by interfacial
properties which may be affected either by a fibre or a resin change

5 SUBSTANTIATION METHOD
Only the technical aspects of substantiation are addressed here.
a. Compliance philosophy

Substantiation should be based on a comparability study between the structural
performances of the material accepted for type certifioa, and the second material.

Whatever the modification proposed for a certificated item, the revised margins of safety
should remain adequate. Any reduction in the previously demonstrated margin should
be investigated in detail.

Identical material (cé& W. Q | yR W/ QoY

- allowables and design values, whatever the level of investigation; material or
design, should remain valid,

- calculation modelg, including failure prediction should remain the same,

- the technical content of the procurement specificationOF a S W. Q0 & K 2 dz
changed.

lfGSNYFGADGS YFGSNRAEFE o00FaS Wl Quy
- new allowables and design values for all relevant properties should be determined,

- analytical models, including failure prediction models, should be reviewed and, if
necessary, substamtied by tests,

- the procurement specification should be evaluated (or a new specification suited
to the selected material should be defined) to ensure control quality variations are
adequately controlled,
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- example changing from 1st to 2nd generation oftzar fibres may improve tensile
strength properties by more than 20%: so keeping the same acceptability threshold
in the process specification would not allow the detection of quality variations.

b.  Teststo be performed

The pyramid of tests (building ldk approach) illustrated in Figure 1 is a consistent way

to prepare and present structural substantiation for approval. Each stage of this pyramid
refers to an investigation level in terms of specimen category (coupon, element, detali,
subcomponent and coponent) as they are defined in th®MC No. 1 to CS 25.603
Coupons and elements are generic specimens which form the data base and can be
common to several pyramids. The ngeneric specimens (detail, subcomponent,
component) are specific to each composite item.

Under these circumstances substantiation to be provided for a changed material cannot
be independent from the structural item concerned and a universal list of tests cannot
be established. The approach waddahen consist in selecting, within each pyramid, those
tests that are to be duplicated with the second material for the component under
examination and the justification of the omission of others.

As a first approach, the investigation level might bernieted to the generic specimens
for an identical material, but for an alternative material nganeric ones should be
included.

Typically, substantiation should always cover the inherent structural behaviour of
composites. The test programme should beéadédished considering the material change
proposed and the airworthiness significance of the part. An example list of tests is given
in Table 1.

This table applies also for a change in the process route Case C. In some instances (e.g. a
cure cycle chang@pssible consequences can be assessed by tests on generic specimens

only. For other changes like those involving tooling (e.g. from a full bag process to
thermo-expansive cores) the assessment should include an evaluation of the component

itself (sometim@ Ol f f SR GKS WwWi22f LINR2FT (1SaiQuoe Ly
inspection procedure should be required for the first items to be produced. This should

be supplemented; if deemed necessargo @ WOdzi dz2.JQ aALISOAYSya FNJ
component for physical or mechanical investigations.

C. Number of batches

The purpose for testing a number of batches is the demonstration of an acceptable
reproducibility of material characteristics. The number of batches required should take
into account:

- material classification (identical or alternative),
- the investigation level (negeneric or generic specimen)
- the source of supply,
- the property under investigation.
d. Pass/Fail Criteria

Target pass/fail criteria should be established as part of thegesiramme. As regards
strength considerations for instance, a statistical analysis of test data should demonstrate
that new allowables derived for the second material provide an adequate margin of
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safety. Therefore, provision should be made for a sufficremmber of test specimens to
allow for such analysis. At the ngeneric level, when only one test article is used to
assess a structural feature, the pass criteria should be a result acceptable with respect to
design ultimate loads. In the cases wherstteesults show lower margins certification
documentation will need to be revised.

e. Other considerations

For characteristics other than strength (all those listedAiRIC No. 1 to CS 25.603
paragraphs 7 and 8) éhsubstantiation should also ensure an equivalent level of safety.
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