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EASA eRules: aviation rules for the 21st century

Rules and regulations are the core of the European Union civil aviation system. The aim of the EASA
eRules project is to make them accessible in an efficient and reliable way to stakeholders.

EASA eRules will be a comprehensive, single system for the drafting, sharing and storing of rules. It
will be the single source for all aviation safety rules applicable to European airspace users. It will offer
easy (online) access to all rules and regulations as well as new and innovative applications such as
rulemaking process automation, stakeholder consultation, cross-referencing, and comparison with
ICAO and third countries’ standards.

To achieve these ambitious objectives, the EASA eRules project is structured in ten modules to cover
all aviation rules and innovative functionalities.

The EASA eRules system is developed and implemented in close cooperation with Member States and
aviation industry to ensure that all its capabilities are relevant and effective.

Published November 2018

! The published date represents the date when the consolidated version of the document was generated.
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DISCLAIMER

This version is issued by the European Aviation Safety Agency (EASA) in order to provide its
stakeholders with an updated and easy-to-read publication. It has been prepared by putting together
the certification specifications with the related acceptable means of compliance. However, this is not
an official publication and EASA accepts no liability for damage of any kind resulting from the risks
inherent in the use of this document.
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NOTE FROM THE EDITOR

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

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

Certification specification

ED decision

ED decision

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

CS/AMC (ED DECISIONS)
CS/AMC Issue No, AmendmentNo Applicability date
ED Decision 2003/2/RM CS-25/ Initial issue 17/10/2003

Note: To access the official versions, please click on the hyperlinks provided above.
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SUBPART A — GENERAL

ED Decision 2003/2/RM

(a)  This Airworthiness Code is applicable to turbine powered Large Aeroplanes.
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GENERAL AMCs

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 guidance, control, or decision-making 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 AC 25-11 dated 16 July 1987.
Scope

The material provided in this AMC consists of guidance relatedto pilot displays and specifications for
CRTs in the cockpit of commercial transport aeroplanes. 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 attention-getting
requirements; 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 system
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 electronic display
systems to company test pilots, Agency test pilots, and customer pilots. Certification of
the displays came at the end of this process. Because of this pre-certification exposure,
the Agency had a high degree of confidence that these displays were 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 using the electromechanical
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 certification environment 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
AS
(O
DOT
EASA
ED
EFIS
EHSI

EUROCAE

FAA
FAR
HSI
ILS
INS
MEL
PFD
RNAV
ROM
RTCA
RTO
SAE
STC
TSO
VOR

Aerospace Recommended Practice (SAE)
Aerospace Standard (SAE) CDI Course Deviation Indicator
Certification Specification
Department of Transportation
European Aviation Safety Agency
EUROCAE Document
ElectronicFlight Instrument System
Electronic Horizontal Situation Indicator
The European Organisation for Civil Aviation Equipment
Federal Aviation Administration
Federal Aviation Regulations
Horizontal Situation Indicator
Instrument Landing System
Inertial Navigation System
Minimum Equipment List
PrimaryFlight Display
Area Navigation
Read Only Memory
Radio Technical Commission for Aeronautics
Rejected Take-off
Society of Automotive Engineers
Supplemental Type Certificate
Technical Standard Order
Very High Frequency Omnirange Station

3 RELATED REQUIREMENTS AND DOCUMENTS

a.

Requirements

Compliance with many paragraphsof CS-25 may be related to, or dependent on, cockpit
displays, even though the regulations may not explicitly state display requirements. Some
applicable paragraphs of CS-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
25.672
25.677
25.699
25.703
25.729
25.771
25.777
25.783
25.812
25.841
25.857
25.858
25.859

Stall warning.

Stability augmentationandautomatic and power-operated systems.
Trimsystems.

Liftand drag device indicator.

Take-off warning system.

Retracting mechanism.

Pilot compartment.

Cockpit controls.

Doors.

Emergency lighting.

Pressurised cabins.

Cargo compartment classification.

Cargo compartment fire detection systems.
Combustionheater fire protection.
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25.863 Flammable fluid fire protection.
25.901 Powerplantinstallation.

25.903 Engines.

25.1019 Oil strainer or filter.

25.1141 Powerplant controls: general.
25.1165 Engineignitionsystems.

25.1199 Extinguishing agent containers.
25.1203 Fire detector systems.

25.1301 Equipment: functionand installation.
25.1303 Flightand navigation instruments.
25.1305 Powerplantinstruments.

25.1309 Equipment, systems, andinstallations.
25.1321 Arrangementand visibility.

25.1322 Warning, caution, andaduvisory lights.
25.1323 Airspeed indicatingsystem.

25.1326 Pitot heatindicationsystems.
25.1329 Automatic pilot system.

25.1331 Instruments using a powersupply.
25.1333 Instrument systems.

25.1335 Flightdirectorsystems.

25.1337 Powerplantinstruments.

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

25.1381 Instrument lights.

25.1383 Landinglights.

25.1431 Electronicequipment.

25.1435 Hydraulic systems.

25.1441 Oxygen equipmentandsupply.
25.1457 Cockpitvoicerecorders.

25.1459 Flightrecorders.

25.1501 Operating limitations andinformation: general.
25.1523 Minimum flight crew.

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

25.1553 Fuel quantity indicator.

25.1555 Control markings.

25.1581 Aeroplaneflight manual: general.
25.B1305 APUinstruments

CS-AWO All Weather Operations (Subpart 2 Cat Il Operations and Subpart 3 Cat llI
Operations)

Operational regulations relative to instrument and equipment requirements
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b. Aavisory Circulars, AMCs

AC 20-88A Guidelines on the Marking of Aircraft Powerplant Instruments (Displays).
AMC 25.1309-1 System Design Analysis.
AMC25.1329 Automatic Pilot Systems Approval.
AC 90-45A Approval of Area Navigation Systems for Useinthe U.S. National Airspace
System.
AMC25.1322 Alerting Systems
C. Technical Standard Orders

ETSO-C113 Airborne Multipurpose Electronic Displays.

d. Industry Documents

(1)  The following documents are available from the EUROCAE 11, rue Hamelin 75783,
Paris Cedex 16, France:

ED14B/RTCADO-160B Environmental Conditions and Test Procedures for Airborne
Equipment.

ED12A/RTCADO-178A Software Considerations in Airborne Systems and Equipment
Certification.

ED58 Minimum Operational Performance Specification for Airborne
Area Navigation Equipment using Multi-sensor Inputs.

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

ARP 268F LocationandActuation of Flight Deck Controls for Transport Aircraft.

AS 4258 Nomenclature and Abbreviations, Flight Deck Area.

ARP4102-4 Flight Deck Alerting System.

ARP 926A Fault/Failure Analysis Procedure.

ARP 1068B Flight Deck Instrumentation, Display Criteria and Associated Controls
for Transport Aircraft.

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

ARP 1161 Crew Station Lighting—Commercial Aircraft.

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

ARP 1874 Design Objectives for CRT Displays for Part 25 (Transport) Aircraft.

AS 8034 Minimum Performance Standards for Airborne Multipurpose

Electronic Displays

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

ARP 1782 Photometricand Colormetric Measurement Procedures for Direct
View CRT Display 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 aeroplaneinstallations.

e. Research Reports. The following documents are available through the National Technical
Information Service, Springfield, Virginia 22161, USA:
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DOT/FAA/RD-81/38.11  Aircraft Alerting Systems Standardization Study Volume Il Aircraft

Alerting Systems Design Guidelines.

DOT/FAA/PM-85-19 The Development and Evaluation of Color Systems for Airborne

Applications.

4 GENERAL CERTIFICATION CONSIDERATIONS

Introductory Note: When Improbable means Extremely Remote the latteris used, otherwise it
means Remote.

a.

Display Function Criticality. The 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 much greater 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 criticality of display functions may become
more complex. This determination should refer to the display function and include all
causes that could affect the display of that function, not only the display equipment. ‘Loss
of display,” for example, means ‘loss of capability to display’.

(1)

Criticality of flight and navigation data displayed should be evaluatedin accordance
with the requirements in CS 25.1309 and 25.1333. AMC 25.1309-1 clarifies the
meaning of these requirements and the types of analyses that are appropriate to
show that systems meet them. AMC 25.1309-1 also provides criteria to correlate
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 displays. AMC 25.1309-1 recommends
that the flight test pilot —

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

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

Software-based 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 software is outlined in ED12A/D0O-178A. 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.

Past certification programs have resulted 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 suitable warning.

(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)

(iii)

(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
CS 25.1333(b). * Loss of primary airspeed display for both pilots must be
Improbable. Displaying hazardously misleading airspeed simultaneously on
both pilots’ displays, coupled with the loss of stall warning or overspeed
warning functions, must be Extremely Improbable.

Barometric Altitude. Display of altitude in the cockpit is a critical function.
Loss of all altitude display, including standby, must be assessed in
accordance with CS 25.1333(b). * Loss of primary altitude display for both
pilots must be Improbable. Displaying hazardously misleading altitude
simultaneously on both pilots’ displays must be Extremely Improbable.

* General interpretation is that it must be Extremely Remote.

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

Rate-of-Turn Indication. The rate-of-turn indication is a non-essential
function and is not required if the requirements of paragraph 4a(3)(i) are
met.

NOTE: Operational rules mayrequiretheinstallation of a rate-of-turn indicator.

Slip/Skid Indication. The 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.
Displaying hazardously misleading heading information on both pilots’
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 with CS 25.1333(b). *

* General Interpretation is that it must 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 misleading
navigational or positional information simultaneously on both pilots’
displays must be Improbable.

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

Judgement of what is ‘hazardously misleading’ navigation information is
clearly a difficult area. Failures, which could potentially fall in this category,
need to be identified as early as possible. Nevertheless it is necessary that
interpretation of what is ‘hazardously misleading’ be agreed with the
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(ix)

certification Agency and this may depend on the type of navigation 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 on both pilots’ displays must be Extremely Remote. Previous
certifications have shown that, inthe traditional ATC environment, this level
of safety has been achieved by simultaneous display of raw radio navigation
data in addition to any multi-sensor computed data.

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 parameter for 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 loss of 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
anysingle, required powerplant parameter displays for more thanone
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 be agreed by the Agency.

(E)  Nosingle 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 displayed continuously
must be automatically displayed when any inhibited parameter
exceeds an operating limit or threshold, including fuel tank low-fuel
advisory or maximum imbalance limit, unless concurrent failure
conditions are identified where crew attention 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 operation 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 normal 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)

(xi)

(xii)

Crew alerting 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 maybe an
essential function. Where this is so, loss of crew alerting should be
Improbable (see AMC 25.1322).

Flight crew Procedures. The display of hazardously misleading flight crew
procedures caused by display system failure, malfunction, or mis-design
must be Improbable.

Weather Radar. Display 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 functioning of weather
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 compensation. Thus, what some pilots might
find acceptable and approvable, otherswould reject as being unusable and unsafe.
Aeroplane displays must be effective when used by pilots who cover the entire
spectrum of variability. Relying on a requirement of ‘train to proficiency’ may be
unenforceable, economically impracticable, or unachievable by some pilots
without excessive mental workload as compensation.

(i)

(ii)

The test programme should include sufficient flight and simulation time,
using a representative population of pilots, 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 equipment that 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 regarding new 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.

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
thatincorporate unproven features, evaluation by a greater number of pilots
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(iii)

(iv)

should be considered. To help the Agency certification team gain assurance
of a sufficiently broad exposure base, the electronic display manufacturer or
installer should develop a test programme with the Agencythat gathersdata
from Agency test pilots, company test pilots, and customer pilots who will
use the display. A reasonable amount of time for the pilot to 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 manual aeroplane control.

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
systems’ integration in the aeroplane, taking into account the operational
aspects, which may require further detailed systems failure analysis (where
‘system’ means the display, driving electronics, sensors and sources of
information).

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 simulation with motion, 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 elements that 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 the pilot that are attendant
to actual aeroplane flight, have a profound effect on the pilot’s perception
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

(i)

Itis assumed that all display equipment has met the requirements set forth
in SAE Document AS 8034 or guidance provided in ETSO-C113. Therefore,
the purpose of the following guidance is to ensure compatibility of the flight-
qualified 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 of CS-25 are
applicable to critical, essential, and nonessential systems, and should be
determined on a case-by-case basis by the Agency based on the specific
circumstances.

(A)  Analysis and testing shall be conducted toensure proper operation of
the display at the maximum unpressurised altitude for which the
equipment is likely to be exposed.

Powered by EASA eRules

Page 31 of 602| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes  (CS-25) SUBPART A — GENERAL
) S E A S A (Initial issue) GENERAL AMCs

—_

B) Electromagneticinterference analysis and testing shall be conducted
to show —

(1) Thattheinstalled systemis not susceptible to interference from
other aeroplane systems, considering both interference of
signal and power systems; and from external environment; and

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

—_

C) Ifimproper operation of the display system canresult from failures of
the cooling function, then the cooling function must be addressed by
analysis and test/demonstration.

(i)  Pilot-initiated pre-flight tests may be used to reduce failure exposure times
associated with the safety analysis required under CS 25.1309(d). However,
expecting an equipment pre-flight test to be conducted prior to each flight
may not be conservative. 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 the pre-flight
testis conveniently and acceptablyimplemented. An automatic-test feature
designed to preclude the need for pilot initiated pre-flight tests may receive
credit in the safety analysis.

5 INFORMATION SEPARATION

a. Colour Standardisation

(1)

(2)

(3)

Although colour standardisation is desirable, during the initial certification of
electronic displays colour standards for symbology were not imposed (except for
cautions and warnings in CS 25.1322). At that time the expertise did not exist
within industry or the 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 major certifications 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 thatisthe case, information transfer problems may begin to occur that
have significant safety implications. To preclude this, the following colours are
being recommended based on current-day common usage. Deviations may be
approved with acceptable justification.

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

(i) Display features should be colour coded as follows:

Red
Flight envelope and Red
system limits
Cautions, abnormal Amber/Yellow
sources

Tan/Brown
Engaged modes 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:

| | colourset1 | cColourset2 |
White Vellow*

White Green

White Cyan

Green Cyan
Magenta** Cyan
Magenta White

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

**In colour Set 1, magentaisintended to be associated with those analogue
parameters that constitute ‘fly to’ or ‘keep centred’ type information.

(iii)  Precipitation and turbulence areas should be coded as follows:

Precipitation 0-1 mm/hr Black
1-4 ‘ Green
4-12 ‘ Amber/Yellow
12 -50 ‘ Red
Above 50 ‘ Magenta
Turbulence White or Magenta

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

(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 electro-mechanical instruments should be considered.

(5) The Agency does not intend to limit 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 studies indicate 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 are maintained 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 guidance provided 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 electro-mechanical instruments.

b. Colour Perception vs. 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
assighments that differ from other displays in use, either electromechanical or
electronic, or that differ 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 on shape 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 licence regulations. 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 coded in more 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 should 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 the display interpretation times so long that the pilot
perceives a cluttered display.

C. Standard Symbology. Many 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 elementsand proposing suitable standards. Future revisions of this AMC
may incorporate the results of such industry efforts.

d. Symbol Position

(1)

The position of a message or symbol within a display conveys meaning tothe 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 symbols and parameters should be position consistent:

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

(iv)  All sensor failure flags. (Where appropriate, 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 evaluation 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 no tendency 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 co-pilot displays may have minor differences in format, but all such
differences should be evaluated specifically to ensure that no potential for
interpretation error exists when pilots make cross-side display comparisons.

(4)  If the display incorporates slow rate ‘dithering’ to reduce phosphor burn from
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/or variety of
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 time. A related 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 format design 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 may be desirable, particularly in the case of
navigational displays, as long as the basic display modes remain uncluttered after pilot
de-selection of secondary data. Automatic de-selection of data has been allowed in the
past to enhance the pilot’s performance in certain emergency conditions (de-selection of
AFCS engaged mode annunciation and flight director in extreme attitudes).

f. Interpretation of Two-Dimensional Displays. Modern electro-mechanical attitude
indicators are three-dimensional devices. Pointers overlay scales; the fixed aeroplane
symbol overlays the flight director single cue bars which, in turn, overlay a moving
background. The three-dimensional aspect of a display plays an important role in
interpretation of instruments. Electronic flight instrument 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 quick-glance interpretation,
especially for attitude. For displays using conventional, 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 can be gained 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 elements but is 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 horizon. 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-dimensional electro-mechanical displays.

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

Attention-Getting Requirements

(1) Some electronic display functions are intended to 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 few examples. For
the displayed information to be effective as an attention-getter, 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
adequatein low light levels or during laboratory demonstrations but become much
less effective at high ambient light levels. Motion is an excellent attention-getting
device. Symbol shape changes are also effective, such as placing a box around
freshly changed information. Short-term flashing symbols (approximately 10
seconds or flash until acknowledge) are effective attention-getters. A permanent
or long-term flashing symbol that is non-cancellable should not be used.

(2) In some operations, continued operation with inoperative equipment is allowed
(under provisions of an MEL). The display designer should consider the applicant’s
MEL desires, because in some cases a continuous strong alert may be too
distracting for continued dispatch.

Colour Drive Failure. Following 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 information due 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 as red flags.

6 DISPLAY VISUAL CHARACTERISTICS

a.

Visual Display Characteristics. The 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 engineer of those characteristicsthat do not
meet the guidelines contained in the referenced documents.

Chromaticity and Luminance

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

(i) 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 shirts, which are
reflected in the CRT (a function for the CRT front plate filter).

(iii)  Sun above the forward horizon and above a cloud deck in the pilot’s eyes
(usually a prolonged situation and the most critical of these four).
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(4)

(iv)  Night and/or dark environment. Brightness should be controllable to a dim
enough setting such that outside vision is not impaired while maintaining an
acceptable presentation.

When displays are evaluated in these critical lighting situations, the display should
be adjusted to a brightness level representative of that expected at the end of the
CRT’s normal useful life (5000 to 20000 hours), or adjusted to a brightness level
selected by the manufacturer as the minimum acceptable output and measurable
by some readily accomplished 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 level is a 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.

Large fields used in colour displays 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 quick glance.

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 under extreme lighting conditions, the following guidelines may be
used:

(i) The symbols that convey quick-glance attitude and flight path control
information (e.g., horizon line, pitch scale, fixed aeroplane symbol and/or
flight path symbol, sky pointer and bank 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 to relative motion of a dynamic display, move adjacent to
each otherand use colour asan aid for symbol separation (e.g. flight director
bars and fixed aeroplane symbol), should render each symbol distinctly
identifiable in the worst case juxtaposition.

(iii)  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 with their 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 from adjacent normal
state or alphanumeric characters.

(iv)  Analogue scale displays (heading, air data, engine data, CDls, or course lines)
should each have adequate brightness with its respective background to
allow it to be easily and clearly discernible. Coloured warning and caution
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markings on scales should retain colour discrimination. Symbols used as
targetsand 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 conveying 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 raster areas 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 lifetime. 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 be retainedto 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 the evaluation.

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 Documents ARP 1874 and AS 8034. Anyfeatures,
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 special attention 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 temporal variation in display luminance of a symbol, group
of symbols, or a luminous field. Flicker can cause mild fatigue and reduced crew
efficiency. Since it is a subjective phenomena, the criteria cannot be ‘no flicker’; but
because of the potential deleterious 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
parametersare phosphor persistence 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 non-interlaced 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 data update
ratesfor 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 greaterthan 15 Hz. Any
lag introduced by the display system should be consistent with the aeroplane control task
associated with that parameter. In particular, display system lag (including the sensor) for
attitude should not exceed a first order equivalent time constant of 100 milliseconds for
aeroplanes with conventional control system response. Evaluation should be conducted
in worst-case 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 acceptable on some
aeroplanes.

7 INFORMATION DISPLAY

Display elements and symbology used inreal-time ‘tactical’ aeroplane control should be natural,
intuitive, and not dependent on training or adaptation for correct interpretation.

d.

Basic T

The established basic T relationships of CS 25.1321 should be retained. Deviations from
this rule, as by equivalent safety findings, cannot be granted without human factors
substantiation based on wellfounded research or extensive service 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:

(i) Airspeed and altitude instruments external to the attitude display drooped
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.

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

(2)  Airspeed and altitude within the electronic display should be arrangedso that the
present value of the displayed parameter is located as close as possible to 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 critical ranges where the present value (or pointer position) for those
rangesis within 15 degrees of a horizontal line from the attitude display fixed
aeroplane reference; e.g. take-off speeds (highly dynamic) and cruise speeds
(long exposure). For aeroplanes with a large speed differential between
take-off and cruise, the linear trade-off with speed resolution may preclude
meeting this objective. In these cases, the manufacturer should prove that
instrument scan, cross-check, and readability are acceptable for all expected
normal and abnormal manoeuvres and applicable failure states of the
aeroplane, including variability of the user pilot population.
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(3)

(iii)  Multiple range, fixed airspeed scales with moving pointers should be
designed so that take-off and approach 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 detrimental to
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 adjacent air data instruments, such asa 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 displays where 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 of 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 centre of the airspeed and altimeter.

The acceptability of a so-called ‘cruise’” mode in which the upper EADI and lower
EHSI display formats may be transposed will be considered on a case-by-case basis
by the Agency.

Instrument landing system glideslope raw data 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 as specified in SAE Document ARP
1068B. If the scale or its location is multifunctional, then it should be labelled and
contain some unambiguous symbolic attribute related to the indicator’s function.

Compliance with CS 25.1333 normally requires separate displays of standby
attitude, air data, and heading. Since these displays are only used after a failure
relatedto the primary instruments, the basic T arrangement requirements do not
apply. However, all the standby instruments should be arranged to be easily usable
by one of the pilots. CS 25.1321(a) requires 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)

The term ‘compacted format’, as used in this AMC, refers to a reversionary display
mode where selected display components of a two-tube 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, it has been 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 have different
locations and perhaps different logic governing when they appear. The flight test
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evaluation should ensure the proper operation of all the electronic display
functions in the compacted format, including annunciation of navigation and
guidance modes if 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. In all 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
instrumentation, then a note in the AFM stating that the compacted display is an
airworthy mode would be acceptablein order to allow dispatch with a failed lower
tube configuration.

c. Test Functions

The electronic display should incorporate a pilot selectable or automatic 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 test is also a maintenance function. The test mode (or a 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 flags and alerts. 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 configuration.

Note: It is understood that a pilot selectable test needs to be provided, even if the system failure
analysisis notdependenton sucha modeto enable the pilot to become familiar with the various

failureflags andannunciations whichmay appear. Itis considered thatsucha requirement could
also be satisfied by an appropriate system training facility off the aircraft.

d. Primary Flight Displays

(1)  Aside-by-side or over-under arrangement of large primary displays may integrate
many air data, attitude, 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 AMC must be adhered to, particularly those relating to
the use of colour and symbology for information separation (paragraph5). The raw
data aeroplane parameters necessary for manual control (attitude, airspeed,
altitude, and heading) must still reside in a conventional basic T arrangement
conducive to effective instrument crosscheck. This means that heading and
attitude must be presented on the same display for a side-by-side CRT
arrangement.

(2)  Scale Markings

(i) Air data displays have a requirement similar to attitude in that they must be
able to convey to the pilot a quick-glance sense of the present speed or
altitude. Conventional round-dial moving pointer displays inherently give
some of this sense that may be difficult to duplicate on moving scales. Scale
length is one attribute related to this quick-glance 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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(ii)

(iii)

(iv)

(vi)

scale attributes and aeroplane operational speed range, variations from this
should be verified for acceptability. Altimeters present special design
problems in that —

(A)  The ratio of totalusable 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, as well as enough scale length and
markings to reinforce the pilot’s sense of altitude and to allow
sufficient look-ahead room to adequately predict and accomplish
level-off. Addition of radio altimeterinformation on the scale so that
it is visually related to 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 quick-glance sense of speed. The markings should be
predominant enough to confer the quick-glance sense information,
but not so predominant as to be distracting when operating normally
near those speeds (e.g. stabilised approach operating between stall
warning and flap limit speeds).

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/angle-of-attack
reference marks (bugs) such as Vg, Vsan Warning, Vq, Vi, V,, 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 flight guidance system. This has been required
in the past for some systems that have complex speed selection algorithms,
in order togive the pilot adequate information required by CS 25.1309(c) for
system monitoring.

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.

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

Adjacent scale markings that have potential for interfering with each other
(such as V4, Vg, V, in close proximity) must be presented so that the intended
reference values remain distinct and unambiguous.

At the present time, scale units marking for air data displays incorporated
into PFDs are not required (‘knots’, ‘airspeed’ for airspeed, ‘feet’, ‘altitude’
for altimeters) as long as the content 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 display should consist of a
separate present value readout that does include units marking.

(vii)  Airspeed scale graduations found to be acceptable have been in 5-knot
increments with graduations labelled at 20-knot intervals. If trend or
acceleration cues are used, or a digital present value readout is
incorporated, scale markings at 10-knot intervals have been found
acceptable. Minimum altimeter graduations should be in 30 m (100-foot)
increments with a present value readout, or 15 m (50-foot) increments with
a present value index only. Due to operational requirements, it is expected
that aeroplanes without either 20-foot scale graduations, or a readout of
present value, will not be eligible for Category Il low visibility operation with
barometrically determined decision heights.

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 increasing
energy or speed results in upward motion of the cue. To be consistent with this
convention, airspeed scales with these cues should have the high-speed numbers
at the top. Speed, altitude, or vertical rate trend indicators should have appropriate
hysteresis and damping to be useful and non-distracting. Evaluation should include
turbulence expected in service.

The integration of many parameters into one upper display makes necessary an
evaluation of the effect of failure (either misleading or total loss) of a display at the
most critical time for the pilot. The sudden loss of multiple parameterscangreatly
impact the ability of the pilot to cope with immediate aeroplane control tasks in
certainflight regimessuch as during take-off rotation. If such failures 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 displays on the
side with the failure.

e. Attitude

(1)

An accurate, easy, quick-glance interpretation of attitude should be possible for all
expected unusual attitude situations and command guidance display
configurations. The pitch attitude display scaling should be such that during normal
manoeuvres (such as take-off at high thrust-to-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 EADI at extreme 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 quick-glance interpretation of attitude. The attitude
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 type of evaluation, accurate laboratory simulations must be used.

* See AMC 25.1303 (b)(5) paragraph 1.6

Both fixed aeroplane reference and fixed earth reference bank pointers (‘sky’
pointers) have been approved. A 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 long-standing policy of not accepting digital only displays of control
parameters. The reason was the belief that only analogue data in the form 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 digital-only or combinations of digital and analogue displays of air 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 asanalogue displays of the same parameters. Simulator studies 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 knobs 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 out-of-view heading bug to a CRT displayed number. Controls
for this purpose should 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 display 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 requirements of CS 25.777, where applicable.

h. Full-Time vs. Part-Time Displays

Some aeroplane parameters or status indications are required by the CS-25 and
operational regulations to be displayed; yet they may only be necessary or required in
certain phases of flight. If it is desired to inhibit some parametersfrom full-time display,
an equivalent level of safety to full-time display must be demonstrated. Criteria to be
considered include the following:

(1) Continuous 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 value indicates 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 displayed when required, the failure effect and
compounding effects must meet the requirements of CS 25.1309.

(6) The automatic, or requested, display of the inhibited parameter should not create
unacceptable clutter on the display; simultaneous multiple ‘pop-ups’ must be
considered.

(7) If the presence of the new parameter is not sufficiently self-evident, suitable
alerting must accompany the automatic presentation.
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8 SWITCHING AND ANNUNCIATION

Switching and annunciation 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 transients due to engine
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 take-off will
simultaneously create a roll rate acceleration, new pitch attitude requirements,
and an electrical transient. Attitude information is paramount; transfer to standby
attitude or transfer 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 the control 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 a significantly 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 reasonably evaluated 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 a simultaneous 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 by normal load switching
(hydraulic pump actuation, ovens, generator paralleling, etc.) should cause no
visible effect on the display. Expected abnormal bus transients (i.e. generator
failure not caused by engine failure) should not initiate a power up initialisation or
cold start process.

The large electrical loads required to restart some engine types should not affect
more than one pilot’s display.

b. Reversionary Switching (Electronic Display Failure States)

(1)

(2)

The acceptability of a so-called ‘cruise’ mode in which the upper EADI and lower
EHSI display formats may be transposed will be considered on a case-by-case basis
by the Agency.

In case of a symbol generator failure, both the pilot’s and the co-pilot’s displays
may be driven from a single remaining 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 information presented on the primaryflight 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 attitude, heading, and air data sources are required for the pilot and
co-pilot primarydisplays. As long asindependent sources are selected, there would
ordinarily be no needfor annunciation of these sources. If sources tothe electronic
displays can be switched in such a fashion that the flight crew becomes vulnerable
to hazardously misleading information on both sides of the cockpit as aresult of a
common failure, then this switching configuration should be accomplished by a
cautionary alert in clear view of both pilots.

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 responsible for
the HSI navigation data, then this source need not be annunciated.

If a crew member can select from multiple, similar, navigation sources, such as
multiple VORs or multiple, long-range navigation systems, then the display of the
selected source datainto 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
non-normal source selection is immediately apparent. In addition, when both
crewmembers have selected the same navigation source, this condition should be
annunciated; for example, the co-pilot has offside VOR selected, with VOR 1
annunciated in amber/yellow in the co-pilot’s electronic display. Exceptions to this
non-normal annunciation requirement can be constructed. If the similar navigation
sources are two navigation computers that ensure position and stored route
identically through a cross-talk channel, electronic display of normal or non-normal
source annunciation would not be required provided a system disparity 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.

The increased flexibility offered by modern avionics systems may cause flightcrews
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 proper navigation source has been selected. Inorder to reduce the
potential for the pilot selecting a non-approach-qualified navigation source (such
as INS) for an instrument approach, the Agency has approved the use of a discrete
colour, in addition to labelling, for data from non-approach-qualified navigation
sources when displayed on a CDI.

If the primary heading display can be presented as true or grid heading or track —

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

(i)  Eitherthe display or heading source should provide a cautionaryalert to the
crew prior to entry into a terminal area with other than magnetic heading
displayed. Examples of acceptable implementations include a simple alert
when below 3048 m (10 000 feet) and in true heading mode, or a display
alert generated by complex logic that detectsthe initiation of a descent from
cruise altitude while still in true heading mode.
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(6)  There are situations where it may be desirable 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 display the 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
desirable. If the electronic display cannot display this ‘corrected’ geometric
bearing, then some display attribute should make it clear to the flight crew that
the displayed geometry is not correct.

(7) Mode andsource select annunciations on electronic displays should be compatible
(this does not mean that the labels have to 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 flight control system mode
switching is provided by the electronic display, selected modes should be clearly
annunciated with some inherent attention-getting 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
differentiation be made between the failure of a parameter and a ‘no computed data’
parameter, e.g. non-reception of radio navigation data.

9 MAP MODE CONSIDERATIONS

d.

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

Evaluation of maps 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 presentedin a map format, it should 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 asallowable in EUROCAE DOCUMENT ED 58. ED 58 discusses flight technical error
and relates methods of accounting for piloting accuracy.

Ifinstrument approachesare to be flown using a map format, previous certifications have
included an AFM limitation requiring at least one pilot to monitor a raw data
presentation. For ILSapproaches, raw localiser and glide slope deviation presentedin 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 display for conducting
the approach, providing the AFM limitations prescribe the allowable display mode
configurations for proper raw data monitoring. Additional considerations include
evaluation of crew time andtask demands to configure the map/navigation computer for
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 performance
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 givento the compelling 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 reinforces 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 DISPLAYS (See AMC 25.1322)

a.

A ‘warning’ should be generated when immediate recognition and corrective or
compensatory action is required; the associated colour is red. A ‘caution’ should be
generated when immediate crew awareness is required and subsequent crew action will
be required; the associated colour is amber/yellow. An ‘advisory’ should be generated
when crew awareness is required and subsequent crew action may be required; the
associated colour should be unique, preferably not amber/yellow. Report No.
DOT/FAA/RD-81-38, Il, stressesthe 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 integrated caution 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 relatedto caution and warning functions is
not prohibited but should be minimised to prevent diminishing the attention-getting
characteristics of true warnings and cautions.

Caution and warning displays are necessarily related to aural alerts and master caution
and warning attention-getting devices. If the electronic display provides caution and
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 features outlined
below are provided —

(1)  Visual and aural master caution attention-getting 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 eitherimmediate or future action. Ifthe auralalert occurs because of
the landing gear configuration warning, overspeed warning, take-off configuration
warning, or ground proximity warning, the aural alert must sound continually while
the conditions exist. The landing gear configuration warning may be automatically
inhibited in those flight regimeswhere the warning is clearly unnecessary. Special
means may be provided to cancel these aural warningsduring selected non-normal
procedures. If any one warning is cancelled, the remaining warnings must still be
available. Other aural alerts 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 scheme increases safety. For example, systems have
been approved that inhibit most alerts during (and immediately after) the take-off.
The safety objective is to reduce the incidence of unnecessary high-speed rejected
take-offs (RTO). Toward this end, the more effective type of system uses airspeed
sensing to automatically begin the inhibit function. Systems requiring manual
inhibition prior to initiation of take-off have been approved, but have the
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undesirable effect of suppressing alertsthat should properly instigate a low-speed
RTO. Enabling of alerts should be automatic after an altitude gain appropriate to
the type of aeroplane.

A separate and distinct visual warning, caution, or advisory message is
conspicuously displayed for each warning, caution, or advisory 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 system must comply with
CS 25.1322.

(4), (5) & (6) Reliability and Integrity (see AMC 25.1322, 8).

(7)

The aural alerting is audible to the flight crew under worst-case 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

d.

b.

For purposes of the following discussion, checklist displays are divided into three types:
those modifiable by the flight crew, those modifiable only on the ground by maintenance
procedure, and those containing information ‘hardwired’ into the system or in ROM
(unchangeable read-only-memory).

(1)

(3)

Data modifiable by the flight crew. The responsibility 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, in 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 means to 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.

Data modifiable by maintenance procedure. The display system should lend itself
to a means for the flight crew to easily determine the change level of the checklist
contents.

Data prepared by the manufacturer and containedin ROM. 1t has been previously
statedin 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
Agencyto provide acceptable proceduresto the operator, it is the responsibility of
the operator to identify any checklist changes that may be made necessary by
aeroplane modification. 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 required crew procedures in a manner that could
be hazardously misleading would require the corresponding change tobe made to
the checklist or the display to be disabled entirely.

The wide variety of configurations and corresponding AFM supplements within a single
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 would then
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 basic aeroplane. 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 accomplished, 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 display.

Electronic checklists should be consistent in the level of detail among the various
procedures. Checklist content that the crew may rely on for normal day-to-day
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 hard-copy
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 integrating an
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 formats. The 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) provides guidance for the certification and use of
reduced thrust (power) for take-off and derated take-off thrust (power) on turbine powered
transport category aeroplanes. It consolidates CS guidance concerning this subject and serves
as a ready reference for those involved with aeroplane certification and operation. These
procedures should be considered during aeroplane type certification and supplemental type
certification activities when less than engine rated take-off thrust (power) is used for take-off.

2 Applicable Certification Specifications (CS)
The applicable regulations are CS 25.101, 25.1521 and 25.1581.

3 Background

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

4 Definitions

Customarily, the terms ‘thrust’ and ‘power’ are used, respectively, in reference to turbojet and
turboprop installations. For simplicity, only the term ‘thrust’ is used throughout this AMC. For
turboprop installations, the term ‘power’ should be substituted. For purposes of this AMC the
following definitions apply:

a. Take-off Thrust

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

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

b. Deratedtake-off thrust, for anaeroplane, is a take-off thrust less than the maximum take-
off thrust, for which exists in the AFM a set of separate and independent, or clearly
distinguishable, take-off limitations and performance data that complies with all the take-
off requirements of CS-25. When operating with a derated take-off thrust, the value of

Powered by EASA eRules Page 51 of 602| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes  (CS-25) SUBPART A — GENERAL
) S E A S A (Initial issue) GENERAL AMCs

the thrust setting parameter, which establishes thrust for take-off, is presented in the
AFM and is considered a normal take-off operating limit.

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

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

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

5 Reduced Thrust: (Acceptable Means Of Compliance)

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

a. The reduced take-off thrust setting —

(1) Does notresult in loss of systems or functions that are normally operative for take-
off such as automatic spoilers, engine failure warning, configuration warning,
systems dependent on engine bleed air, or any other required safety related
system.

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

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

(4) Is at least 75% of the take-off thrust, or derated take-off thrust if such is the
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 conditions and is limited to at least 75% take-
off thrust.

(6) Enables compliance with CS-25 Appendix |in the event of an engine failure during
take-off, for aeroplanes equipped with an Automatic Reserve Performance system.

b. Relevant speeds (Vg, Ve, Vi, and V,) used for reduced thrust take-offs are not less than
those which will comply with the required airworthiness controllability criteria when
using the take-off thrust (or derated take-off thrust, if such is the performance basis) for
the ambient conditions, including the effects of an Automatic Reserve Performance (ARP)
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system. It should be noted, as statedin paragraphc. below, that in determining the take-
off weight limits, credit can be given for an operable ARP system.

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

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

e. A periodic take-off demonstration is conducted using the aeroplane’s take-off thrust
setting without ARP, if fitted, and the event is logged in the aeroplane’s permanent
records. An approved engine maintenance procedure or an approved engine condition-
monitoring programme may be used to extend the time interval between take-off
demonstrations.

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

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

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

Examples of these are —

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

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

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

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

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

g. The AFM states that —

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

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

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

i Training procedures are developed by the operator for the use of reduced take-off thrust.
Derated Thrust (Acceptable Means Of Compliance)

For approval of derated take-off thrust provisions, the limitations, procedures, and other
information prescribed by CS 25.1581, as applicable for approval of a changein thrust, should
be included as a separate Appendix in the AFM. The AFM limitations section should indicate
that when operating with derated thrust, the thrust setting parameter should be considered a
take-off operating limit. However, in-flight take-off thrust (based on the maximum take-off
thrust specified in the basic AFM) may be used in showing compliance with the landing and
approach climb requirements of CS 25.119 and 25.121(d), provided that the availability of take-
off thrust upon demand is confirmed by using the thrust-verification checks specified in
paragraph 5.e. above.

ED Decision 2003/2/RM

Requirements

1

PURPOSE
This AMC is similar to FAA Advisory Circular AC 25-19 dated 28 November 1994.

This Acceptable Means of Compliance (AMC) provides guidance on the selection,
documentation and control of Certification Maintenance Requirements (CMRs). For those
aeroplanes whose initial maintenance programme is developed under the Maintenance Review
Board (MRB) process, this document also provides a rational basis for coordinating the
Maintenance Review Board (MRB) and CMR selection processes in order to minimise the impact
of CMRs on aeroplane operators. It is recognised that, for those aeroplanes whose initial
maintenance programme is developed under a different process, the coordination and
documentation aspects have to be adaptedto the particular case. Like all acceptable means of
compliance, this AMC is not, in itself, mandatory, and does not constitute a requirement. It is
issued to describe an acceptable means, but not the only means, for selecting, documenting
and managing CMRs. Terms such as ‘shall’ and ‘must’ are used only in the sense of ensuring
applicability of this particular method of compliance when the acceptable method of
compliance described herein is used.

APPLICABLE CERTIFICATION SPECIFICATIONS
CS 25.1309 and CS 25.1529 of the Certification Specifications (CS).

RELATED DOCUMENTS

a. AC 25.1309-1A, System Design and Analysis.

b. Acceptable Means of Compliance AMC 25.1309-1, System Design and Analysis.
C. AC 121-22A, Maintenance Review Board (MRB) Procedures.

d. ATA Maintenance Steering Group (MSG-3), Airline/Manufacturer Maintenance Program
Development Document, available from the Air Transport Association of America, 1301
Pennsylvania Avenue — Suite 1100, Washington, DC 20004—-1707.

e. AC 120-17A, Maintenance Program Management through Reliability Methods.
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4 BACKGROUND

CMRs have been in use since the early 1970’s, when the industry began using quantitative
approaches to certify systems to the requirements of CS 25.1309 and other requirements
requiring safety analyses. CMRs have been established on several aeroplanes certified in Europe
and in other countries, and are being planned for use on aeroplanes currently under
development.

5 CMR DEFINITION

A CMR is a required periodic task, established during the design certification of the aeroplane
asan operating limitation of the type certificate. CMRs are a subset of the tasks identified during
the type certification process. CMRs usually result from a formal, numerical analysis conducted
to show compliance with Catastrophic and Hazardous Failure Conditions as defined in
paragraph 6b, below. There are two types of CMRs, as defined in paragraph 12 of this AMC.

a. ACMR is intended to detect safety-significant latent failures which would, in combination
with one or more other specific failures or events, result in a Hazardous or Catastrophic
Failure Condition.

b. It is important to note that CMRs are derived from a fundamentally different analysis
process than the maintenance tasks and intervals which result from Maintenance
Steering Group (MSG-3) analysis associated with Maintenance Review Board (MRB)
activities. MSG—3 analysis activity produces maintenance tasks which are performed for
safety, operational, or economic reasons, involving both preventative maintenance tasks,
which are performed before failure occurs (and are intended to prevent failures), as well
as failure-finding tasks. CMRs, on the other hand, are failure-finding tasks only, and exist
solely to limit the exposure to otherwise hidden failures. Although CMR tasks are failure-
finding tasks, use of potential failure-finding tasks, such as functional checks and
inspections, may also be appropriate.

C. CMRs are designed to verify that a certain failure has or has not occurred, and do not
provide any preventative maintenance function. CMRs ‘restart the failure clock to zero’
for latent failures by verifying that the item has not failed, or cause repair if it has failed.
Because the exposure time to a latent failure is a key element in the calculations used in
a safety analysis performed to show compliance with CS 25.1309, limiting the exposure
time will have a significant effect onthe resultant overall failure probability of the system.
The CMR task interval should be designated in terms of flight hours, cycles, or calendar
time, as appropriate.

d. The type certification process assumes that the aeroplane will be maintained in a
condition or airworthiness at least equal to its certified or properly altered condition. The
process described in this AMCis not intended to establish normal maintenance tasks that
should be defined through the MSG-3 analysis process. Also, this process is not intended
to establish CMRs for the purpose of providing supplemental margins of safety for
concerns arising late in the type design approval process. Such concerns should be
resolved by appropriate means, which are unlikely to include CMRs not established via
normal safety analyses.

e. CMRs should not be confused with required structuralinspection programmes, which are
developed by the type certificate applicant to meet the inspection requirements for
damage tolerance, as required by CS25.571 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 tothe system design and analysis requirements of CS 25.1309(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 25.1309-1A and/or
the EASA Acceptable Means of Compliance AMC 25.1309-1). AC 25.1309-1Aand AMC 25.1309-
1 are periodically revised by the FAA/EASA and are the controlling documents for definition of
these terms. The terms listed below are derived from this guidance material and are included
to assist in the use of this document.

a.

Failure
A loss of function, or a malfunction, of a system or a part thereof.
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
environmental conditions. Failure Conditions may be classified according to their
severities as follows:

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

(2)  Major Failure Conditions: Failure Conditions which would reduce the capability of
the aeroplane or the ability of the crew to cope with adverse operating conditions
to the extent that there would be, for example, a significant reduction in safety
margins or functional capabilities, a significant increase in crew workload or in
conditions impairing crew efficiency, or discomfort to occupants, possibly including
injuries.

(3) Hazardous Failure Conditions: Failure Conditions, which would reduce the
capability of the aeroplane or the ability of the crew to cope with adverse
operating, conditions to the extent that there would be:

(i) A large reduction in safety margins or functional capabilities;

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

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

(4)  Catastrophic Failure Conditions: Failure Conditions, which would prevent the
continued safe flight and landing of the aeroplane.

Probability Terms

When using qualitative or quantitative assessments to determine compliance with
CS 25.1309(b), the following descriptions of the probability terms used in the
requirement and in the acceptable means of compliance listed above have become
commonly accepted aids to engineering judgment:

(1)  Probable Failure Conditions: Probable Failure Conditions are those anticipated to
occur one or more times during the entire operational life of each aeroplane.
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Probable Failure Conditions are those having a probability of the order of 1 x 10
or greater. Minor Failure Conditions may be probable.

(2)  Improbable Failure Conditions: Improbable Failure Conditions are divided into two
categories as follows:

(i) Remote: Unlikely to occur to each aeroplane during its total life but may
occur several times when considering the total operational life of a number
of aeroplanes of the same type. Improbable (Remote) Failure Conditions are
those having a probability of the order of 1 x 10> or less, but greater than of
the order of 1 x 107. Major Failure Conditions must be no more frequent
than Improbable (Remote).

(i)  Extremely Remote. Unlikely to occur when considering the total operational
life of allaeroplanes 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 1077 or less, but greater than of
the order of 1 x 10°. Hazardous Failure Conditions must be no more frequent
than Improbable (Extremely Remote).

(3) Extremely Improbable Failure Conditions: Extremely Improbable Failure Conditions
are those so unlikely that they are not anticipated to occur during the entire
operational life of all aeroplanes of one type, and have a probability of the order
of 1 x 10~ or less. Catastrophic Failure Conditions must be shown to be Extremely
Improbable.

Qualitative

Those analytical processes that assess system and aeroplane safety in a subjective, non-
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(b) provides general requirements for a logical and acceptable inverse relationship
betweenthe probability and severity of each Failure Condition, and CS 25.1309(d) requires that
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 safety-critical functions
performed by systems. This increase in complexity has led to the use of structured means for
showing compliance with the requirements of CS 25.1309.

a.

CS 25.1309(b) and (d) specify required safety levels in qualitative terms, and require that
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 Failure Condition.
These techniques include the use of service experience data of similar, previously
approved systems, and thorough qualitative analyses.

In addition, difficulties have been experienced in assessing the acceptability of some
designs, especially those of systems, or parts of systems, that are complex, that have a
high degree of integration, that use new technology, or that perform safety-critical
functions. These difficulties led to the selective use of rational analyses to estimate
quantitative probabilities, and the development of related criteria based on historical
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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
CS 25.1309(b), became commonly accepted for evaluating the quantitative analyses that
are often used in such cases to support experienced engineering and operational
judgment and to supplement qualitative analyses and tests.

NOTE: See Acceptable Means of Compliance 25.1309, System Design and Analysis, for a
complete description of the inverse relationship between the probability and severity of
Failure Conditions, and the various methods of showing compliance with CS 25.1309.

DESIGN CONSIDERATIONS RELATED TO CANDIDATE CMRs

A decision to create a candidate CMR should follow the guidelines given in AMC 25.1309-1 (i.e.
the use of candidate CMRs in lieu of practical and reliable failure monitoring and warning
systems to detect significant latent failures when they occur does not comply with CS 25.1309(c)
and (d)(4). A practicalfailure monitoring and warning system is one, which is considered to be
within the state of the art. Areliable failure monitoring and warning system is one, which would
not result in either excessive failures of a genuine warning, or excessive or untimely false
warnings, which can sometimes be more hazardous than lack of provision for, or failures of,
genuine but infrequent warnings. Experienced judgement should be applied when determining
whether or not a failure monitoring and warning system would be practical and reliable.
Comparison with similar, previously approved systems is sometimes helpful. Appendix 1
outlines some design considerations that should be observed in any decision to create a
candidate CMR.

IDENTIFICATION OF CANDIDATE CMRs (CCMRs)

a. Figure 1 illustrates the relationship between the certification process and the MRB
process in establishing scheduled maintenance tasks. Those tasks related to the
certification process, as well asthose derived through MSG—3 analysis, must be identified
and documented as illustrated. The details of the process to be followed in defining,
documenting, and handling CMRs are given in paragraphs 9b through 12 below.

b. Candidate CMRs

(1) Tasksthat are candidatesfor selection as CMRs usually come from safety analyses
(e.g. System Safety Assessments (SSA), which may establish the need for tasks to
be carried out periodically to comply with CS 25.1309 and other requirements
requiring this type of analysis). Tasks may be selected from those intended to
detect latent failures, which would, in combination with one or more specific
failures or events, lead to a Hazardous or Catastrophic Failure Condition.

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

CERTIFICATION MAINTENANCE COORDINATION COMMITTEE (CMCC)

a. Inorder togrant operators of the aeroplane an opportunity to participate inthe selection
of CMRs and to assess the candidate CMRs and the proposed MRB tasks and intervals in
an integrated process, the type certificate (TC) applicant should convene a Certification
Maintenance Coordination Committee (CMCC) (see Figure 1). This committee should be
made up of manufacturers, operator representatives designated by the Industry Steering
Committee (ISC) Chairperson, Agency Certification Specialist(s) and the MRB Chairperson.
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As earlyas possible in the design phase of the aeroplane programme, and atintervals as
necessary, the CMCC should meet to review candidate CMRs, their purpose, criticality,
and other relevant factors. During the CMCC's discussions, participants’ experience may
suggest alternatives to a given CMR, which would satisfy the intent of the CMR, while
allowing reduced operational impact. In addition, where multiple tasks result from a
quantitative analysis, it may be possible to extend a given interval at the expense of one
or more other intervals, in order to optimise the required maintenance activity. However,
if a decision is made to create a CMR, then the CMR task interval shall be based solely on
the results of the safety analysis.

The CMCC would function as an advisory committee for the TC applicant. The results of
the CMCC (proposed CMRs to be included on the type design definition and proposed
revisions to MRB tasks and/or intervals) would be forwarded by the TC applicant to the
ISC for their consideration. Revisions to proposed MRB tasks and/or intervals accepted
by the ISC will be reflectedin the MRB report proposal. Revisions to proposed MRB tasks
and/or intervals rejected by the ISC will result in CMR tasks. Subsequent to the ISC's
consideration, the TC applicant will submit the CMR document, as defined in paragraph
12 of this AMC, to the Agency for final review and approval.

11 SELECTION OF CMRs

a.

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

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

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

(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 Two Star status:

(i) 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.

(iii)  The margin between safety analysis calculated maximum interval and the
interval selected through the MRB process.

(iv)  The sensitivity of the Failure Condition probability to interval escalation.
(v)  The proximity of the calculated maximum interval to the aeroplane life.

For operators with approved escalation practices or an approved reliability programme,
data collection and analytical techniques are used to make adjustments to an operator’s
maintenance programme. It has been demonstrated that the management of a
maintenance programme does not give rise to undue escalations. Therefore, escalation
of Two Star CMR task intervals within an operator’s maintenance programme ensures
that Two Star CMRs will be properly managed by the operator with adequate controls.
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12

13

DOCUMENTATION AND HANDLING OF CMRs

CMRs should be listed in a separate CMR document, which is referenced in the Type Certificate
Data Sheet. The latest version of the CMR document should be controlled by a EASA-approved
log of pages. Inthis way, changesto CMRs following certification will not require anamendment
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 cannot be
changed, escalated, or deleted without the approval of the Agency.

Two Star CMRs (**) — Task intervals may be adjusted in accordance with an operator’s
approved escalation practices or an approved reliability programme, but the task may
not be changed or deleted without prior Agency approval.

All minimum initial scheduled maintenance tasks, and CMRs, should reside in an MRB
report to ensure that the operator’s maintenance planning personnel are aware of all
requirements. The CMR document should be included as Appendix 1 or A (the first
appendix) to the MRB report. The MRB report should include a note indicating that the
CMR document is the controlling document for all CMR tasks. When a CMR task
corresponds to an MRB task, whatever the respective intervals, this fact should be
highlighted, for example, by flagging the task in the CMR appendix of the MRB report.

Since CMRs are based on statistical averages and reliability rates, an exceptional short-
term extension for a single CMR interval may be made on one aeroplane for a specific
period of time without jeopardising safety. Any extensions to CMR intervals (both one
star and two star) must be defined and fully explained in the CMR document. The local
authority must be notified as soon as practicable if any short-term extension allowed by
the CMR document has taken place.

(1) The term ‘exceptional short-term extension’ is defined as an increase in a CMR
interval which may be needed to cover an uncontrollable or unexpected situation.
Any allowable increase must be defined either as a percent of the normal interval,
or a stated number of flight hours, flight cycles, or calendar days. If no short-term
extension is to be allowed for a given CMR, this restriction should be stated in the
CMR document.

(2) Repeateduse of extensions, either on the same aeroplane or on similar aeroplanes
in an operator’s fleet, should not be used as a substitute for good management
practices. Short-term extensions must not be used for fleet CMR escalation.

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

POST-CERTIFICATION CHANGES TO CMRs

Any post-certification changesto CMRs should be reviewed by the CMCC, and must be approved
by the Agency, which approved the type design.

a.

Since the purpose of a CMR is to limit the exposure time to a given significant latent
failure as part of an engineering analysis of overall system reliability, instances of a CMR
task repeatedly finding that no failure has occurred may not be sufficient justification for
deleting the task or increasing the time between repetitive performances of the CMR
task. In general, One Star CMRs are not good candidates for escalation under an
operator’s reliability programme. 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 conservative, and a re-calculation of system reliability with revised failure rates of
certain components reveals that the task or interval may be changed.

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

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

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

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

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

a. What is the magnitude of the changesto the system and/or aeroplane needed toadd a reliable
monitoring or warning device that would expose the hidden failure? What is the cost in added
system complexity?

b. Is it possible to introduce a self-test on power-up?

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

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

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

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

g. Is the proposed CMR task labour intensive or time consuming? Can it be done without having
to ‘gain access’ and/or without workstands? Without test equipment? Can the CMR task be
done without removing equipment from the aeroplane? Without having to re-adjust
equipment? Without leak checks and/or engine runs?

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

i Is there ‘added value’ to the proposed task (i.e. will the proposed task do more harmthan good
if the aeroplane must be continually inspected)?

j. Have all alternatives been evaluated?
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SUBPART B - FLIGHT
GENERAL

CS 25.20 Scope

ED Decision 2003/2/RM

(a)  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 sub-paragraph (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 unprepared runway surfaces.

(c) Iftheaeroplane is equipped with anengine control system that automatically resetsthe power
or thrust on the operating engine(s) when any engine fails during take-off, additional
requirements pertaining to aeroplane performance and limitations and the functioning and
reliability of the system, contained in Appendix |, must be complied with.

CS 25.21 Proof of compliance

ED Decision 2003/2/RM

(a)  Each requirement of this Subpart must be met at each appropriate combination of weight and
centre of gravity within the range of loading conditions for which certificationis requested. This
must be shown —

(1) By tests upon an aeroplane of the type for which certification is requested, or by
calculations based on, and equal in accuracy to, the results of testing; and

(2)  Bysystematicinvestigation of each probable combination of weight and centre of gravity,
if compliance cannot be reasonably inferred from combinations investigated.

(b) Reserved

(c)  The controllability, stability, trim, and stalling characteristics of the aeroplane must be shown
for each altitude up to the maximum expected in operation.

(d)  Parameterscritical for the test being conducted, such as weight, loading (centre of gravity and
inertia), airspeed, power, and wind, must be maintained within acceptable tolerances of the
critical values during flight testing.

(e) If compliance with the flight characteristics requirements is dependent upon a stability
augmentation system or upon any other automatic or power-operated system, compliance
must be shown with CS 25.671 and 25.672.

(f) In meeting the requirements of CS 25.105(d), 25.125, 25.233 and 25.237, the wind velocity must
be measured at a height of 10 metres above the surface, or corrected for the difference
between the height at which the wind velocity is measured and the 10-metre height.
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ED Decision 2003/2/RM

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

2 In areas of critical handling or stability, notwithstanding the tolerance of CS 25.21(d) (7% total
travel), aft centre of gravitytests should be flown ata centre of gravity not more forward than
the certificate aft centre of gravity limit. Tests which are critical on the forward centre of gravity
limit should be flown at centres of gravity at least as forward as the certificate forward limit.

CS 25.23 Load distribution limits

ED Decision 2003/2/RM

(a) Ranges of weights and centres of gravity within which the aeroplane may be safely operated
must be established. If a weight and centre of gravity combination is allowable only within
certain load distribution limits (such as spanwise) that could be inadvertently exceeded, these
limits and the corresponding weight and centre of gravity combinations must be established.

(b)  The load distribution limits may not exceed —
(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 weights. Maximum weights corresponding to the aeroplane operating conditions
(such as ramp, ground taxi, take-off, en-route and landing) environmental conditions (such as
altitude and temperature), and loading conditions (such as zero fuel weight, centre of gravity
position and weight distribution) must be established so that they are not more than —

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

(2)  Thehighest weight at which compliance with each applicable structuralloading and flight
requirement is shown.

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

(b)  Minimum weight. The minimum weight (the lowest weight at which compliance with each
applicable requirement of this CS-25 is shown) must be established so that it is not less than —

(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 CS-25 is shown); or

(3) Thelowest weight at which compliance with each applicable flight requirement is shown.
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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 —

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

(c)  The extremes within which compliance with each applicable flight requirement is shown.

CS 25.29 Empty weight and corresponding centre of gravity

ED Decision 2003/2/RM

(a) The empty weight and corresponding centre of gravity must be determined by weighing the
aeroplane with —

(1)  Fixed ballast;
(2)  Unusable fuel determined under CS 25.959; and
(3)  Full operating fluids, including —

(i) oil

(i)  Hydraulic fluid; and

(iii)  Other fluids required for normal operation of aeroplane systems, except potable
water, lavatory pre-charge water, and fluids intended for injection in the engine.

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

CS 25.31 Removable ballast

ED Decision 2003/2/RM

Removable ballast may be used in showing compliance with the flight requirements of this Subpart.

CS 25.33 Propeller speed and pitch limits

ED Decision 2003/2/RM

(a)  The propeller speed and pitch must be limited to values that will ensure —
(1)  Safe operation under normal operating conditions; and

(2)Compliance with the performance requirements in CS 25.101 to 25.125.

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

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

(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 operating at the maximum take-off torque limit for turbopropeller engine-
powered aeroplanes.
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PERFORMANCE

CS 25.101 General

ED Decision 2003/2/RM

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

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

(1) 80%, at and below standard temperatures; and
(2) 34%, at and above standard temperatures plus 10°C (50°F).
Between these two temperatures, the relative humidity must vary linearly.

(c)  The performance must correspond to the propulsive thrust available under the particular
ambient atmospheric conditions, the particular flight condition, and the relative humidity
specified in sub-paragraph (b) of this paragraph. The available propulsive thrust must
correspond to engine power or thrust, not exceeding the approved power or thrust, less —

(1)  Installation losses; and

(2)  The power or equivalent thrust absorbed by the accessories and services appropriate to
the particular ambient atmospheric conditions and the particular flight condition. (See
AMCs No 1 and No 2 to CS 25.101(c).)

(d)  Unless otherwise prescribed, the applicant must select the take-off, en-route, approach, and
landing configuration for the aeroplane.

(e)  The aeroplane configurations may vary with weight, altitude, and temperature, to the extent
they are compatible with the operating procedures required by sub-paragraph (f) of this
paragraph.

(f) Unless otherwise prescribed, in determining the accelerate-stop distances, take-off flight paths,
take-off distances, and landing distances, changes in the aeroplane’s configuration, speed,
power, and thrust, must be made in accordance with procedures established by the applicant
for operation in service.

(g) Procedures for the execution of balked landings and missed approaches associated with the
conditions prescribed in CS 25.119 and 25.121(d) must be established.

(h)  The procedures established under sub-paragraphs (f) and (g) of this paragraph must —
(1) Be able to be consistently executed in service by crews of average skill,
(2)  Use methods or devices that are safe and reliable, and

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

(i) The accelerate-stop and landing distances prescribed in CS 25.109 and 25.125, respectively,
must be determined with all the aeroplane wheel brake assemblies at the fully worn limit of
their allowable wear range. (See AMC 25.101(i).)
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ED Decision 2003/2/RM

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

ED Decision 2003/2/RM

The variation of take-off, climb and landing performance with weight may be extrapolated without
conservatism to a weight greater, by up to 10%, than the maximum weight tested and to a weight
lower, by up to 10%, than the lowest weight tested. These ranges may not be applicable if there are
significant discontinuities, or unusual variations, in the scheduling of the relevant speeds with weight,
in the weight ranges covered by extrapolation.

ED Decision 2003/2/RM

1 GENERAL - CS 25.101

1.1  Explanation - Propulsion System Behaviour. CS 25.101(c) requires that aeroplane
“performance must correspond to the propulsive thrust available under the particular
ambient atmospheric conditions, the particular flight condition, . . .” The propulsion
system’s (i.e., turbine engines and propellers, where appropriate) installed performance
characteristics are primarily a function of engine power setting, airspeed, propeller
efficiency (where applicable), altitude, and ambient temperature. The effects of each of
these variables must be determined in order to establish the thrust available for
aeroplane performance calculations.

1.2  Procedures.

1.2.1 Theintent is to develop a model of propulsion system performance that covers the
approved flight envelope. Furthermore, it should be shown that the combination
of the propulsion system performance model and the aeroplane performance
model are validated by the takeoff performance test data, climb performance
tests, and tests used to determine aeroplane drag. Installed propulsion system
performance characteristics may be established via the following tests and
analyses:

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

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

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

ii. Lapse rate characteristics should be validated by takeoff
demonstrations at the maximum airport altitude for which takeoff
approval is being sought. Alternatively, if overboost (see paragraph (i)
above) is used to simulate the thrust setting parameters of the
maximum airport altitude for which takeoff approval is sought, the
takeoff demonstrations of lapse rate characteristics can be performed
at an airport altitude up to 915 m (3,000 feet) lower than the
maximum airport altitude.

Thrust calculation substantiation. Installed thrust should be calculated viaa
mathematical model of the propulsion system, or other appropriate means,
adjusted as necessary to match the measured inflight performance
characteristics of the installed propulsion system. The propulsion system
mathematical model should define the relationship of thrust to the power
setting parameter over the range of power setting, airspeed, altitude, and
temperature for which approval is sought. For turbojet aeroplanes, the
propulsion system mathematical model should be substantiated by ground
tests in which thrust is directly measured via a calibrated load cell or
equivalent means. For turbopropeller aeroplanes, the engine power
measurements should be substantiated by a calibrated dynamometer or
equivalent means, the engine jet thrust should be established by an
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acceptable engine model, and the propeller thrust and power characteristics
should be substantiated by wind tunnel testing or equivalent means.

d. Effects of ambient temperature. The flight tests of paragraph1.2.1.a. above
will typically provide data over a broad range of ambient temperatures.
Additional data may also be obtained from other flight or groundtests of the
same type or series of engine. The objective is to confirm that the propulsion
system model accuratelyreflectsthe effects of temperature over the range
of ambient temperatures for which approval is being sought (operating
envelope). Because thrust (or power) data can usually be normalised versus
temperature using either dimensionless variables (e.g., theta exponents) or
a thermodynamic cycle model, it is usually unnecessary to obtain data over
the entire ambient temperature range. There is no need to conduct
additional testing if:

i The data show that the behaviour of thrust and limiting parameters
versus ambient temperature can be predicted accurately; and

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

1.2.2 Extrapolation of propulsion system performance datato 915 m (3,000 feet) above
the highest airport altitude tested (up to the maximum takeoff airport altitude to
be approved) is acceptable, provided the supporting data, including flight test and
propulsion system operations data (e.g., engine and propeller control, limits
exceedence, and surge protection devices scheduling), substantiates the proposed
extrapolation procedures. Considerations for extrapolation depend upon an
applicant's determination, understanding, and substantiation of the critical
operating modes of the propulsion system. This understanding includes a
determination and quantification of the effects that propulsion system installation
and variations in ambient conditions have on these modes.

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

2.1

2.2

2.3

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

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

Note that certification testing for operation at airportsthat are above 2438 m (8,000 feet)
should also include functional tests of the cabin pressurisation system. Consideration
should be given toany other systems whose operation may be sensitive to, or dependent
upon airport altitude, such as: engine and APU starting, passenger oxygen, autopilot,
autoland, autothrottle system thrust set/operation."
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ED Decision 2003/2/RM

CS 25.109(a) and (b) require the accelerate-stop distance toinclude a distance equivalent to 2 seconds
at V, in addition to the demonstrated distance to accelerateto V; and then bring the aeroplane to a
full stop. This additional distance is not intended to allow extra time for making a decision to stop as
the aeroplane passes through V4, but is to account for operational variability in the time it takes pilots
to accomplish the actions necessary to bring the aeroplane to a stop. It allows for the typical
requirement for up to three pilot actions (i.e. brakes — throttles — spoilers) without introducing
additional time delays tothose demonstrated. Ifthe procedures require more thanthree pilot actions,
an allowance for time delays must be made in the scheduled accelerate-stop distance. These delays,
which are applied in addition to the demonstrated delays, are to be 1 second (or 2 seconds if a
command to another crew member to take the action is required) for each action beyond the third
action. This is illustrated in Figure 1.

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
Ver Vs
Flight Manual . Dista atent
i i * nce equivalel
E{::&'ﬂ@& — Al ——— AL, —bfe— Al —b— at,+1sec 10 2 sec. atV, _"

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

FIGURE 1. ACCELERATE-STOP TIME DELAYS
where:—

Vg is the calibratedairspeed selected by the applicant at which the critical engine is assumed to fail.
The relationship between Vg and V; is defined in CS 25.107.

At,..1 = the demonstrated time interval between engine failure and activation of the first deceleration
device. This time interval is defined as beginning at the instant the critical engine is failed and ending
when the pilot recognises and reacts to the engine failure, as indicated by the pilot’s application of
the first retarding means during accelerate-stop tests. A sufficient number of demonstrations should
be conducted using both applicant and Agency test pilots to assure that the time increment is
representative and repeatable. The pilot’s feet should be on the rudder pedals, not the brakes, during
the tests. For AFM data expansion purposes, in order to provide a recognitiontime increment that can
be executed consistently in service, this time increment should be equal to the demonstratedtime or
1 second, whichever is greater. If the aeroplane incorporates an engine failure warning light, the
recognition time includes the time increment necessary for the engine to spool down to the point of
warning light activation, plus the time increment from light ‘on’ to pilot action indicating recognition
of the engine failure.

At.: » = the demonstrated time interval between activation of the first and second deceleration
devices.

At,.: 3 = the demonstrated time interval between activation of the second and third deceleration
devices.
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At,: 45, = the demonstrated time interval between activation of the third and fourth (and any
subsequent) deceleration devices. For AFM expansion, a 1-second reaction time delay to account for
in-service variations should be added to the demonstrated activationtime interval betweenthe third
and fourth (and any subsequent) deceleration devices. If a command is required for another crew
member to actuate a deceleration device, a 2-second delay, in lieu of the 1-second delay, should be
applied for eachaction. For automatic deceleration devices that are approved for performance credit
for AFM data expansion, established systems actuationtimes 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 the range
of wear and energy levels to enable correction of the flight test results to the 100% worn level. The
only aircraft test that should be carried out at a specific brake wear state is the maximum kinetic
energy rejected take-off test of CS 25.109(i), for which all brakes should have not more than 10% of
the allowable brake wear remaining.

CS 25.103 Stall speed

ED Decision 2003/2/RM

(a) The reference stall speed Vg is a calibrated airspeed defined by the applicant. Vsz may not be
less than a 1-g stall speed. Vs is expressed as:

VSR > VCLMAX

nZW

where —

Vcvax = Calibrated airspeed obtained when the loadfactor-corrected lift coefficient (nqu;W) is

first a maximum during the manoeuvre prescribed in sub-paragraph (c) of this paragraph.
In addition, when the manoeuvre is limited by a device that abruptly pushes the nose
down at a selected angle of attack (e.g. a stick pusher), Vcimax may not be less than the
speed existing at the instant the device operates;

n,w = Load factor normal to the flight path at V¢ vax;
W = Aeroplane gross weight;
S= Aerodynamic reference wing area; and
g= Dynamic pressure.
(b)  Vcimax is determined with:

(1) Engines idling, or, if that resultant thrust causes an appreciable decrease in stall speed,
not more than zero thrust at the stall speed;

(2)  Propeller pitch controls (if applicable) in the take-off position;

(3) The aeroplane in other respects (such as flaps and landing gear) in the condition existing
in the test or performance standard in which Vs is being used;

(4) The weight used when Vs 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 value of reference stall speed,
and

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

(c)  Starting from the stabilised trim condition, apply the longitudinal control to decelerate the
aeroplane so that the speed reduction does not exceed 0.5 m/s? (one knot per second). (See
AMC 25.103(b) and (c)).

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

ED Decision 2003/2/RM

The airplane should be trimmed for hands-off flight at a speed 13 percent to 30 percent above the
anticipated Vsz with the engines at idle and the airplane in the configuration for which the stall speed
is being determined. Then, using only the primary longitudinal control for speed reduction, a constant
deceleration (entry rate) is maintained until the airplane is stalled, as defined in CS 25.201(d).
Following the stall, engine thrust may be used as desired to expedite the recovery.

The analysis to determine V¢ vax should disregard any transient or dynamic increases in recorded load
factor, such as might be generated by abrupt control inputs, which do not reflect the lift capability of
the aeroplane. The load factor normal to the flight path should be nominally 1.0 until V¢ uax is reached.

ED Decision 2003/2/RM

The stall entryrateis defined as the meanrate of speed reduction (in m/s? (knots CAS/second)) in the
decelerationtothe stall in the particular stall demonstration, from a speed 10% above that stall speed,
i.e.

1-1Vermax — 10 Vermax
Time to decelerate from 1-1 Vepprax t0 Vermax

Entry Rate = (m/s? (knots CAS/sec))

ED Decision 2003/2/RM

In the case where a device that abruptly pushes the nose down at a selected angle of attack (e.g. a
stick pusher) operates after C wax, the speed at which the device operates, statedin CS 25.103(d), need
not be corrected to 1g.

Test procedures should be in accordance with AMC 25.103(b) to ensure that no abnormal or unusual
pilot control input is used to obtain an artificially low device activation speed.

CS 25.105 Take-off

ED Decision 2003/2/RM

(a)  Thetake-off speeds described in CS 25.107, the accelerate-stop distance describedin CS 25.109,
the take-off path described in CS 25.111, and the take-off distance and take-off run described
in CS 25.113, must be determined —
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(1) Ateach weight, altitude, and ambient temperature within the operational limits selected
by the applicant; and

(2)  Inthe selected configuration for takeoff.

(b)  No take-off made to determine the data required by this paragraph may require exceptional
piloting skill or alertness.

(c)  The take-off data must be based on:
(1)  Smooth, dry and wet, hard-surfaced runways; and

(2) At the option of the applicant, grooved or porous friction course wet, hardsurfaced
runways.

(d)  The take-off data must include, within the established operational limits of the aeroplane, the
following operational correction factors:

(1)  Not morethan 50% of nominal wind components along the take-off path opposite to the
direction of take-off, and not less than 150% of nominal wind components along the take-
off path in the direction of take-off.

(2)  Effective runway gradients.

CS 25.107 Take-off speeds

ED Decision 2003/2/RM

(a) Vi must be established in relation to V¢ as follows:

(1) Vg is the calibrated airspeed at which the critical engine is assumed to fail. Vg must be
selected by the applicant, but may not be less than Vs determined under CS 25.149(e).

(2) V4, in terms of calibratedairspeed, is selected by the applicant; however, V; may not be
less than Vg plus the speed gained with the critical engine inoperative during the time
interval betweenthe instant at which the critical engine is failed, and the instant at which
the pilot recognises and reactsto the engine failure, as indicated by the pilot’s initiation
of the first action (e.g. applying brakes, reducing thrust, deploying speed brakes) to stop
the aeroplane during accelerate-stop tests.

(b)  Vomm, interms of calibrated airspeed, may not be less than —
(1) 1-13 Vg for—
(i) Two-engined and three-engined turbo-propeller powered aeroplanes; and

(i)  Turbojet powered aeroplanes without provisions for obtaining a significant
reduction in the one-engineinoperative power-on stall speed;

(2) 1-08 Vg for—
(i) Turbo-propeller powered aeroplanes with more than three engines; and

(i)  Turbojet powered aeroplanes with provisions for obtaining a significant reduction
in the one-engine-inoperative power-on stall speed: and

(3) 1-10times Vyc established under CS 25.149.
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(c)

(e)

(f)

V,, in terms of calibrated airspeed, must be selected by the applicant to provide at least the
gradient of climb required by CS 25.121(b) but may not be less than —

(1)
()

(3)

Vomg

Vg plus the speed increment attained (in accordance with CS 25.111(c)(2)) before
reaching a height of 11 m (35 ft) above the takeoff surface; and

A speed that provides the manoeuvring capability specified in CS 25.143(g).

Vwmuis the calibratedairspeed at and above which the aeroplane can safely lift off the ground,
and continue the take-off. Vy, speeds must be selected by the applicant throughout the range

of thrust-to-weight ratios to be certificated. These speeds may be established from free air data
if these data are verified by ground take-off tests. (See AMC 25.107(d).)

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

(1)

(2)

(3)

(4)

Vr may not be less than —
(i) Vi,
(ll) 105% of VMC;

(iii)  The speed (determinedin accordance with CS 25.111(c)(2)) that allows reaching V,
before reaching a height of 11 m (35 ft) above the take-off surface; or

(iv) A speedthat,iftheaeroplaneis rotatedatits maximum practicable rate, will result
ina V or Of not less than -

(A)  110% of Vyy in the allengines-operating condition, and 105% of Vyy
determined at the thrust-to-weight ratio corresponding to the one-engine-
inoperative condition; or

(B) If the Vyy attitude is limited by the geometry of the aeroplane (i.e., talil
contact with the runway), 108% of V\,, in the all-engines-operating condition
and 104% of Vy, determined at the thrust-to-weight ratio corresponding to
the one-engine-inoperative condition. (See AMC 25.107(e)(1)(iv).)

For any given set of conditions (such as weight, configuration, and temperature), a single
value of Vg, obtained in accordance with this paragraph, must be used to show
compliance with both the one-engine-inoperative and the all-engines-operating take-off
provisions.

It must be shown that the one-engine-inoperative take-off distance, using a rotation
speed of 9.3 km/h (5 knots) less than Vi established in accordance with sub-paragraphs
(e)(1) and (2) of this paragraph, does not exceed the corresponding one-engine-
inoperative take-off distance using the established V. The take-off distances must be
determined in accordance with CS 25.113(a)(1). (See AMC 25.107(e)(3).)

Reasonably expected variations in service from the established take-off procedures for
the operation of the aeroplane (such as over-rotation of the aeroplane and out-of-trim
conditions) may not result in unsafe flight characteristics or in marked increases in the
scheduled take-off distances established in accordance with CS 25.113(a). (See AMC No.
1to CS 25.107(e)(4) and AMC No. 2 to CS 25.107(e)(4).)

Vi or is the calibrated airspeed at which the aeroplane first becomes airborne.
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(g8)  Vero, in terms of calibrated airspeed, must be selected by the applicant to provide at least
the gradient of climb required by CS 25.121(c), but may not be less than —

(1) 1.18Vg; and
(2)  Aspeed that provides the manoeuvring capability specified in CS 25.143(g).

ED Decision 2003/2/RM

1 If cases are encountered where it is not possible to obtain the actual Vyy at forward centre of
gravity with aeroplanes having limited elevator power (including those aeroplanes which have
limited elevator power only over a portion of the take-off weight range), it will be permissible
to test with a more aft centre of gravity and/or more than normal nose-up trim to obtain Vyy.

1.1  When V) is obtained in this manner, the values should be corrected to those which
would have been attained at forward centre of gravity if sufficient elevator power had
been available. The variation of Vy, with centre of gravity may be assumed to be the
same as the variation of stalling speed in free air with centre of gravityfor this correction.

1.2 Insuch caseswhere Vy has been measured with a more aft centre of gravity and/or with
more than normal nose-up trim, the Vi selected should (in addition to complying with the
requirements of CS 25.107(e)) be greater by an adequate margin than the lowest speed
at which the nose wheel can be raised from the runway with centre of gravity at its most
critical position and with the trim set to the normal take-off setting for the weight and
centre of gravity.

NOTE: A margin of 9,3 km/h (5 kt) between the lowest nose-wheel raising speed and Vg
would normally be considered to be adequate.

2 Take-offs made to demonstrate V\,y should be continued until the aeroplane is out of ground
effect. The aeroplane pitch attitude should not be decreased after lift-off.

ED Decision 2003/2/RM

Vi Testing for Geometry Limited Aeroplanes.

1 For aeroplanes that are geometry limited (i.e., the minimum possible V\,, speeds are limited by
tail contact with the runway), CS 25.107(e)(1)(iv)(B) allows the Vyyto V o speed margins to be
reduced to 108% and 104% for the all-engines-operating and one-engineinoperative conditions,
respectively. The Vy,y, demonstrated must be sound and repeatable.

2 One acceptable means for demonstrating compliance with CS 25.107(d) and 25.107(e)(1)(iv)
with respect to the capability for a safe lift-off and fly-away from the geometry limited condition
is to show that at the lowest thrust-to-weight ratio for the all-engines-operating condition:

2.1 Duringthe speed range from 96 to 100% of the actual lift-off speed, the aft under-surface
of the aeroplane should be in contact with the runway. Because of the dynamic nature of
the test, it is recognised that contact will probably not be maintained during this entire
speed range, and some judgement is necessary. It has been found acceptable for contact
to exist approximately 50% of the time that the aeroplane is in this speed range.

2.2 Beyond the point of lift-off to a height of 11m (35 ft), the aeroplane’s pitch attitude should
not decrease below that at the point of lift-off, nor should the speed increase more than
10%.
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2.3 The horizontal distance from the start of the take-off to a height of 11 m (35 ft) should
not be greater than 105% of the distance determined in accordance with CS 25.113(a)(2)
without the 115% factor.

ED Decision 2003/2/RM

In showing compliance with CS 25.107(e)(3) -

a. Rotation at a speed of Vz-9,3 km/h (5 kt) should be carried out using, up to the point of lift-off,
the same rotation technique, in terms of control input, as that used in establishing the one-
engine-inoperative distance of CS 25.113(a)(1);

b. The engine failure speed used in the Vz-9,3 km/h (5 kt) demonstration should be the same as
that used in the comparative take-off rotating at Vg;

c. The testsshould be carried out both at the lowest practical weight (such that V-9,3 km/h (5 kt)
is not less than Vycg) and at a weight approaching take-off 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 take-off procedures should be evaluated
in respect of out-of-trim conditions during certification flight test programmes. For example, normal
take-off should be made with the longitudinal control trimmed to its most adverse position within the
allowable take-off trim band.

ED Decision 2003/2/RM

1 CS 25.107(e)(4) statesthat there must be no marked increase in the scheduled take-off distance
when reasonably expected service variations, such as over-rotation, are encountered. This can
be interpreted as requiring take-off tests with all engines operating with an abuse on rotation
speed.

2 The expression ‘markedincrease’ in the take-off distance is defined as any amount in excess of
1% of the scheduled take-off distance. Thus the abuse test should not result in a field length
more than 101% of the scheduled field length.

3 For the early rotation abuse condition with all engines operating and at a weight as near as
practicable tothe maximum sea-level take-off weight, it should be shown by test that when the
aeroplaneis rotated rapidly at a speed which is 7% or 19 km/h (10 kt), whichever is lesser, below
the scheduled Vi speed, no ‘marked increase’ in the scheduled field length would result.

CS 25.109 Accelerate-stop distance

ED Decision 2003/2/RM

(a) (See AMC 25.109(a)and (b).) The accelerate-stop distance on a dry runway is the greater of the
following distances:

(1)  The sum of the distances necessary to —
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(i) Accelerate the aeroplane from a standing start with all engines operating to Vg for
take-off from a dry runway;

(i)  Allow the aeroplane to accelerate from Vg to the highest speed reached during the
rejected take-off, assuming the critical engine fails at Vg and the pilot takes the
first action to reject the take-off at the V, for take-off from a dry runway; and

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

(iv)  Adistance equivalent to 2 seconds at the V; for 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 take-off, assuming the pilot takes the
first action to reject the take-off 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 sub-paragraph (a)(2)(i) of this paragraph; plus

(iii) A distance equivalent to 2 seconds at the V, for take-off from a dry runway.

(b)  (See AMC 25.109(a) and (b).) The accelerate-stop distance on a wet runway is the greater of the
following distances:

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

(2)  The accelerate-stop distance determined in accordance with sub-paragraph (a) of this
paragraph, except that the runway is wet and the corresponding wet runway values of
Vgand V; are used. Indetermining the wet runway accelerate-stop distance, the stopping
force from the wheel brakes may never exceed:

(i) The wheel brakes stopping force determined in meeting the requirements of
CS 25.101(i) and sub-paragraph (a) of this paragraph; and

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

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

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

Figure 1):
Tyre Pressure Maximum Braking Coefficient (tyre-to-ground)

(psi)

50 We/emax = —O- 0350(L)3+0'306(V) -0 851( )+o 883

3 2

100 Me/gmax = —O- 0437( ) +0- 320( ) -0- 805( )+0-804
200 We/emax = ~O- 0331(%)3 +0 252(%)2 (%)w- 692
300 Me/gmax = —0- 0401(1%)3+0 263(1%)2—0 611(12—0)+0-614

Figure 1
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where:

Tyre Pressure = maximum aeroplane operating tyre pressure (psi)

Higmax = maximum tyre-to-ground braking coefficient

V = aeroplane true ground speed (knots); and

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

(2)  (See AMC 25.109(c)(2) The maximum tyre-to-ground wet runway braking coefficient of
friction must be adjusted to take into account the efficiency of the anti-skid system on a
wet runway. Anti-skid system operation must be demonstrated by flight testing on a
smooth wet runway and its efficiency must be determined. Unless a specific anti-skid
system efficiency is determined from a quantitative analysis of the flight testing on a
smooth wet runway, the maximum tyre-to-ground wet runway braking coefficient of
friction determined in sub-paragraph (c)(1) of this paragraph must be multiplied by the
efficiency value associated with the type of anti-skid system installed on the aeroplane:

Type of anti-skid system Efficiency value

On-off 0- 30
Quasi-modulating 0-50
Fully modulating 0- 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 grooved and porous friction course runways,

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

(2)  (See AMC 25.109(d)(2).) The wet runway braking coefficient of friction defined in sub-
paragraph (c) of this paragraph, except that a specific anti-skid efficiency, if determined,
is appropriate for a grooved or porous friction course wet runway and the maximum tyre-
to-ground wet runway braking coefficient of friction is defined as (see Figure 2):

Tyre (Pres)s ure Maximum Braking Coefficient (tyre-to-ground)
si
Zo We/gmax = O- 147(%)5 1. 05(%)4 +2. 673(1%)3 -2 683(1%)2 10 403(1%) +0- 859
100 Me/gmax = O- 1106(%)5 -0- 813(1%0)4 +2. 13(1%0)3 -2. 20(1%0)2 +0- 317(1%) +0- 807
200 We/gvax = 0° 0498(1%)5 -0 398(%)4 1. 14(L)3 -1 285(L)2 +0- 140(%) +0.701
300 Me/gmax = O- 0314(1%)5 -0 247(1‘; ) +0: 703( ) -0 779( ) -0 00954(%) 4
Figure 2 ool

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

V = aeroplanetrue 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 sub-paragraph (f)(1) of this paragraph, means other than wheel brakes
may be used to determine the accelerate-stop distance if that means —

(1) Is safe and reliable;

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

(3)  Issuch that exceptional skill is not required to control the aeroplane.
(f)  The effects of available reverse thrust —

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

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

AMC 25.109(f).)

(g) The landing gear must remain extended throughout the accelerate-stop distance.

(h)  If the accelerate-stop distance includes a stopway with surface characteristics substantially
different from those of the runway, the take-off data must include operational correction
factors for the accelerate-stop distance. The correction factors must account for the particular
surface characteristics of the stopway and the variations in these characteristics with seasonal
weather conditions (such astemperature, rain, snow andice) within the established operational
limits.

(i) A flight test demonstration of the maximum brake kinetic energy accelerate-stop distance must
be conducted with not more than 10% of the allowable brake wear range remaining on each of
the aeroplane wheel brakes.

ED Decision 2003/2/RM

Propeller pitch position. For the one-engine-inoperative accelerate-stop distance, the critical engine’s
propeller should be in the position it would normally assume when an engine fails and the power
levers are closed. For dry runway one-engine-inoperative accelerate-stop distances, the high drag
ground idle position of the operating engines’ propellers (defined by a pitch setting that results in not
less than zero total thrust, i.e. propeller plus jet thrust, at zero airspeed) may be used provided
adequate directional control is available on a wet runway and the related operational procedures
comply with CS 25.109(f) and (h). Wet runway controllability may either be demonstrated by using
the guidance available in AMC 25.109(f) at the appropriate power level, or adequate control can be
assumed to be available at ground idle power if reverse thrust creditis approved for determining the
wet runway accelerate-stop distances. For the all-engines-operating accelerate-stop distances on a
dry runway, the high drag ground idle propeller position may be used for all engines (subject to
CS 25.109(f) and (h)). For criteria relating to reverse thrust credit for wet runway accelerate-stop

distances, see AMC 25.109(f).
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ED Decision 2003/2/RM

CS 25.109(c)(2) identifies 3 categories of anti-skid system and provides for either the use of a default
efficiency value appropriate to the type of system or the determination of a specific efficiency value.
Paragraph 1 of this AMCgives a description of the operating characteristics of each categorytoenable
the classification of a particular system to be determined. Paragraph 2 gives an acceptable means of
compliance with the requirement for flight testing and use of default efficiency valuesin accordance
with CS 25.109(c)(2). These values are appropriate where the tuning of the anti-skid system is largely
qualitative and without detailed quantitative analysis of system performance. Where detailed data
recording and analysis is used to optimise system tuning, an efficiency value somewhat higher than
the default value might be obtained and determined. Typically, a value of 40% might be achieved with
an On/Off system. The quasi-modulating category covers a broad range of systems with varying
performance levels. The best quasi-modulating systems might achieve an efficiency up to
approximately 80%. Fully modulating systems have been tuned to efficiencies greater than 80% and
up to a maximum of approximately 92%, which is considered to be the maximum efficiency on a wet
runway normally achievable with fully modulating digital anti-skid systems. Paragraph 3 gives an
acceptable means of compliance with CS 25.109(c)(2) where the applicant elects to determine a
specific efficiency value.

In Paragraph 4 of this AMC, guidance is given on the use of 2 alternative methods for calculating
antiskid system efficiency from the recorded data. One method is based on the variation of brake
torque throughout the stop, while the other is based on wheel speed slip ratio. Finally, Paragraph 5
gives guidance on accounting for the distribution of the normal load between braked and unbraked
wheels.

1 Classification of anti-skid system types

1.1 For the purposes of determining the default anti-skid efficiency value under
CS 25.109(c)(2), anti-skid systems have been grouped into three broad classifications;
on/off, quasi-modulating and fully modulating. These classifications represent evolving
levels of technology and performance capabilities on both dry and wet runways.

1.2  On/off systems are the simplest of the three types of anti-skid systems. For these
systems, fully metered brake pressure (as commanded by the pilot) is applied until wheel
locking is sensed. Brake pressure is then released to allow the wheel to spin back up.
When the system senses that the wheel is accelerating back to synchronous speed (i.e.
ground speed), full metered pressure is again applied. The cycle of full pressure
application/complete pressure release is repeated throughout the stop (or until the
wheel ceases to skid with brake pressure applied).

1.3 Quasi-modulating systems attempt to continuously regulate brake pressure as a function
of wheel speed. Typically, brake pressure is released when the wheel deceleration rate
exceeds a preselected value. Brake pressure is re-applied at a lower level after a length
of time appropriate to the depth of skid. Brake pressure is then gradually increased until
another incipient skid condition is sensed. In general, the corrective actions taken by
these systems to exit the skid condition are based on a pre-programmed sequence rather
than the wheel speed time history.

1.4  Fully modulating systems are a further refinement of the quasi-modulating systems. The
major difference betweenthese twotypes of anti-skid 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 askid. Also, higher fidelity transducers and upgraded control systems
are used, which respond more quickly.

1.5 In addition to examining the control system differences noted above, a time history of
the response characteristics of the anti-skid system during a wet runway stop should be
used to help identify the type of anti-skid system. Comparing the response characteristics
from wet and dry runway stops can also be helpful.

Figure 1 shows an example of the response characteristics of a typical on-off system on both
wet and dry runways. In general, the on-off system exhibits a cyclic behaviour of brake pressure
application until a skid is sensed, followed by the complete release of brake pressure to allow
the wheel to spin back up. Full metered pressure (as commanded by the pilot) is thenre-applied,
starting the cycle over again. The wheel speed trace exhibits deep and frequent skids (the
troughs in the wheel speed trace), and the average wheel speed is significantly less than the
synchronous speed (which is represented by the flat topped portions of the wheel speed trace).
Note that the skids are deeper and more frequent on a wet runway than on a dry runway. For
the particular example shown in Figure 1, the brake becomes torque-limited toward the end of
the dry runway stop and is unable to generate enough torque to cause further skidding.
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FIGURE 1. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS On-Off System

The effectiveness of quasi-modulating systems can vary significantly depending on the
slipperiness of the runway and the design of the particular control system. On dry runways,
these systems typically perform very well; however, on wet runways their performance is highly
dependent on the design and tuning of the particular system. An example of the response
characteristics of one such system is shown in Figure 2. On both dry and wet runways, brake
pressure is released to the extent necessary to control skidding. As the wheel returns to the
synchronous speed, brake pressure is quickly increased to a pre-determined level and then
graduallyramped up to the full metered brake pressure. On a dry runway, this type of response
reduces the depth and frequency of skidding compared to an on-off system. However, on a wet
runway, skidding occurs at a pressure below that at which the gradual ramping of brake
pressure occurs. As a result, on wet runways the particular system shown in Figure 2 operates
very similarly to an on-off system.
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FIGURE 2. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS Quasi-Modulating System
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FIGURE 3. ANTI-SKID SYSTEM RESPONSE CHARACTERISTICS Fully Modulating System

When properly tuned, fully modulating systems are characterised by much smaller variations in
brake pressure around a fairly high average value. These systems can respond quickly to
developing skids and are capable of modulating brake pressure to reduce the frequency and
depth of skidding. As a result, the average wheel speed remains much closer to the synchronous
wheel speed. Figure 3 illustrates an example of the response characteristics of a fully
modulating system on dry and wet runways.

2 Demonstration of anti-skid system operation when using the anti-skid efficiency values specified
in CS 25.109(c)(2)

2.1

2.2

2.3

2.4

2.5

2.6

2.7

If the applicant elects to use one of the anti-skid efficiency values specified in
CS 25.109(c)(2), a limited amount of flight testing must still be conducted to verify that
the anti-skid system operates in a manner consistent with the type of anti-skid system
declared by the applicant. This testing should also demonstrate that the anti-skid system
has been properly tuned for operation on wet runways.

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

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 enoughtoresult in a number of cycles
of anti-skid activity, but should not cause hydroplaning.

Before taxy and with cold tyres, the tyre pressure should be set to the highest value
appropriate to the take-off weight for which approval is being sought.

The tyres and brakes should not be new, but need not be in the fully worn condition. They
should be in a condition considered representative of typical in-service operations.

Sufficient data should be obtained to determine whether the system operates in a
manner consistent with the type of anti-skid system declared by the applicant, provide
evidence that full brake pressure is being applied upstream of the anti-skid valve during
the flight test demonstration, determine whether the anti-skid valve is performing as
intended and show that the anti-skid system has been properly tuned for a wet runway.

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

(i)  The hydraulic pressure at each brake (i.e. the hydraulic pressure downstream of
the anti-skid valve, or the electrical input to each anti-skid valve).

(iii)  The hydraulic pressure at each brake metering valve (i.e. upstream of the anti-skid
valve).

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

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

(i)  The gear is free of unusual dynamics; and
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(iii) The aeroplane tracks essentially straight, even though runway seams, water
puddles and wetter patches may not be uniformly distributed in location or extent.

3 Determination of a specific wet runway anti-skid system efficiency

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

If the applicant elects to derive the anti-skid system efficiency from flight test
demonstrations, sufficient flight testing, with adequate instrumentation, must be
conducted to ensure confidence in the value obtained. An anti-skid efficiency of 92% (i.e.
a factor of 0-92) is considered to be the maximum efficiency on a wet runway normally
achievable with fully modulating digital anti-skid systems.

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

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 toresult in a number of cycles
of anti-skid activity, but should not cause hydroplaning.

Before taxy and with cold tyres, the tyre pressure should be set to the highest value
appropriate to the take-off weight for which approval is being sought.

The tyresand brake should not be new, but need not be in the fully worn condition. They
should be in a condition considered representative of typical in-service operations.

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

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

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

The wet runway anti-skid efficiency value should be determined as described in
Paragraph 4 of this AMC. The test instrumentation and data collection should be
consistent with the method used.

4 Calculation of anti-skid system efficiency

4.1

4.2

Paragraph 3 above provides guidance on the flight testing required to support the
determination of a specific anti-skid system efficiency value. The following paragraphs
describe 2 methods of calculating an efficiency value from the data recorded. These two
methods, which yield equivalent results, are referred to as the torque method and the
wheel slip method. Other methods may also be acceptable if they can be shown to give
equivalent results.

Torque Method

Under the torque method, the anti-skid system efficiency is determined by comparing
the energyabsorbed by the brake during an actual wet runway stop to the energy thatis
determined by integrating, over the stopping distance, a curve defined by connecting the
peaks of the instantaneous brake force curve (see figure 4). The energy absorbed by the
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brake during the actual wet runway stop is determined by integrating the curve of
instantaneous brake force over the stopping distance.

— — — Instantaneous Brake Force
Peak Brake Force

Brake
Force V

' . e B -

Time Intervals

-+
4

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:
B (Tp + al)

p =
R tyre

where:

F, = brake force

T, = brake torque

o = wheel acceleration

I = wheel moment of inertia; and
Riyre = tyre radius

For brake installations where measuring brake torque directly is impractical, torque may
be determined from other parameters (e.g. brake pressure) if a suitable correlation is
available. Wheel acceleration is obtained from the first derivative of wheel speed.
Instrumentation recording rates and data analysis techniques for wheel speed and torque
data should be well matchedtothe anti-skid response characteristics to avoid introducing
noise and other artifacts of the instrumentation system into the data.

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

Both the instantaneous brake force and the peak brake force should be integrated over
the stopping distance. The anti-skid efficiency value for determining the wet runway
accelerate-stop distance is the ratio of the instantaneous brake force integral tothe peak
brake force integral:

_ [ instantaneous brake force.ds
= [peak brake force.ds
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4.3

where:
n = anti-skid efficiency; and
s = stopping distance

The stopping distance is defined as the distance travelled during the specific wet runway
stopping demonstration, beginning when the full braking configuration is obtained and
ending at the lowest speed at which anti-skid cycling occurs (i.e. the brakesare not torque
limited), except that this speed need not be less than 19 km/h (10 kt). Any variation in
the anti-skid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance.
If significant variations are noted, this variation should be reflected in the braking force
used to determine the accelerate-stop distances (either by using a variable efficiency or
by using a conservative single value).

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 respect to the aeroplane’s ground speed. As the amount
of tyre slip increases, the brake force also increases until an optimal slip is reached. If the
amount of slip continues to increase past the optimal slip, the braking force will decrease.

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

For eachwheel and ground speed data point, the instantaneous anti-skid 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. ANTI-SKID EFFICIENCY — WHEEL SLIP RELATIONSHIP

. . wheel speed
WSR = wheel slipratio=1 — (—p)
ground speed

OPS =optimalslipratio; and

ni = instantaneous anti-skid efficiency
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To determine the overall anti-skid efficiency value for use in calculating the wet runway
accelerate-stop distance, the instantaneous anti-skid efficiencies should be integrated
with respect to distance and divided by the total stopping distance:

_ f‘r]i.ds

1 S

where:
n = anti-skid efficiency; and
s = stopping distance

The stopping distance is defined as the distance travelled during the specific wet runway
stopping demonstration, beginning when the full braking configuration is obtained and
ending at the lowest speed at which anti-skid cycling occurs (i.e. the brakes are not torque
limited), except that this speed need not be less than 19 km/h (10 kt). Any variation in
the anti-skid efficiency with speed should also be investigated, which can be
accomplished by determining the efficiency over segments of the total stopping distance.
If significant variations are noted, this variation should be reflected in the braking force
used to determine the accelerate-stop distances (either by using a variable efficiency or
by using a conservative single value).

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

Brake
Force

Wheel

Slip

Ratio
Optimal ——

Time

FIGURE 6. SUBSTANTIATION OF THE OPTIMAL SLIP VALUE
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4.4 For dispatch with an inoperative anti-skid system (if approved), the wet runway
acceleratestop distances should be based on an efficiency no higher thanthat allowed by

CS 25.109(c)(2) for an on-off type of anti-skid system. The safety of this type of operation
should be demonstrated by flight tests conducted in accordance with Paragraph 2 of this

AMC.

5 Distribution of normal load between braked and unbraked wheels

In addition to taking into account the efficiency of the anti-skid system, CS 25.109(b)(2)(ii) also
requires adjusting the braking force for the effect of the distribution of the normal load between
braked and unbraked wheels at the most adverse centre of gravity position approved for take-
off. The stopping force due to braking is equal to the braking coefficient multiplied by the
normal load (i.e. weight) on each braked wheel. The portion of the aeroplane’s weight being
supported by the unbraked wheels (e.g. unbraked nose wheels) does not contribute to the
stopping force generated by the brakes. This effect must be taken into account for the most
adverse centre of gravity position approved for take-off, considering any centre of gravity shifts
that occur due to the dynamics of the stop. The most adverse centre of gravity position is the
position that results in the least load on the braked wheels.

ED Decision 2003/2/RM

Properly designed, constructed and maintained grooved and PFC runways can offer significant
improvements in wet runway braking capability. A conservative level of performance credit is
provided by 25.109(d) to reflect this performance improvement and to provide an incentive for
installing and maintaining such surfaces.

In accordance with CS 25.105(c) and 25.109(d), applicants may optionally determine the
acceleratestop distance applicable to wet grooved and PFC runways. These data would be included in
the AFM in addition to the smooth runway accelerate-stop distance data. The braking coefficient for
determining the accelerate-stop distance on grooved and PFC runways is defined in CS 25.109(d) as
either 70% of the braking coefficient used to determine the dry runway accelerate-stop distances, or
a curve based on ESDU 71026 data and derived in a manner consistent with that used for smooth
runways. In either case, the brake torque limitations determined on a dry runway may not be
exceeded.

Using a simple factor applied to the dry runway braking coefficient is acceptable for grooved and PFC
runways because the braking coefficient’s variation with speed is much lower on these types of
runways. On smooth wet runways, the braking coefficient varies significantly with speed, which makes
it inappropriate to apply a simple factor to the dry runway braking coefficient. For applicants who
choose to determine the grooved/PFC wet runway accelerate-stop distances in a manner consistent
with that used for smooth runways, CS 25.109(d)(2) provides the maximum tyre-to-ground braking
coefficient applicable to grooved and PFC runways. This maximum tyre-to-ground braking coefficient
must be adjusted for the anti-skid system efficiency, either by using the value specified in
CS 25.109(c)(2) appropriate to the type of anti-skid system installed, or by using a specific efficiency
established by the applicant. As anti-skid system performance depends on the characteristics of the
runway surface, a system that has been tuned for optimum performance on a smooth surface may
not achieve the same level of efficiency on a grooved or porous friction course runway, and vice versa.
Consequently, if the applicant elects to establish a specific efficiency for use with grooved or PFC
surfaces, anti-skid efficiency testing should be conducted on a wet runway with such a surface, in
addition to testing on a smooth runway. Means other than flight testing may be acceptable, such as
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using the efficiency previously determined for smooth wet runways, if that efficiency is shown to be
representative of, or conservative for, grooved and PFC runways. The resulting braking force for
grooved/PFC wet runways must be adjusted for the effect of the distribution of the normal load
between braked and unbraked wheels. This adjustment will be similar to that used for determining
the braking force for smooth runways, except that the braking dynamics should be appropriate tothe
braking force achieved on grooved and PFC wet runways. Due to the increased braking force on
grooved and PFC wet runways, an increased download on the nose wheel and corresponding
reduction in the download on the main gear is expected.

ED Decision 2003/2/RM

In accordance with CS 25.109(f), reverse thrust may not be used to determine the accelerate-stop
distances for a dry runway. For wet runway accelerate-stop distances, however, CS 25.109(f) allows
credit for the stopping force provided by reverse thrust, if the requirements of CS 25.109(e) are met.
In addition, the procedures associated with the use of reverse thrust, which CS 25.101(f) requires the
applicant to provide, must meet the requirements of CS 25.101(h). The following criteria provide
acceptable means of demonstrating compliance with these requirements:

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

2 It should be demonstrated that using reverse thrust during a rejected take-off complies with
the engine operating characteristics requirements of CS 25.939(a). No adverse engine operating
characteristics should be exhibited. The reverse thrust procedures may specify a speed at which
the reverse thrust is to be reduced to idle in order to maintain safe engine operating
characteristics.

3 The time sequence for the actions necessary to obtain the recommended level of reverse thrust
should be demonstrated by flight test. The time sequence used to determine the accelerate-
stop distances should reflect the most critical case relative to the time needed to deploy the
thrust reversers. For example, on some aeroplanesthe outboard thrust reversers are locked out
if an outboard engine fails. This safety feature prevents the pilot from applying asymmetric
reverse thrust on the outboard engines, but it may also delay the pilot’s selection of reverse
thrust on the operable reversers. In addition, if the selection of reverse thrust is the fourth or
subsequent pilot action to stop the aeroplane (e.g., after manual brake application,
thrust/power reduction, and spoiler deployment), a one second delay should be added to the
demonstrated time to select reverse thrust. (See figure 1 of AMC 25.101(h)(3).)

4 The response times of the affected aeroplane systems to pilot inputs should be taken into
account. For example, delays in system operation, such as thrust reverser interlocks that
prevent the pilot from applying reverse thrust until the reverser is deployed, should be taken
into account. The effects of transient response characteristics, such as reverse thrust engine
spin-up, should also be included.

5 To enable a pilot of average skill to consistently obtain the recommended level of reverse thrust
under typical in-service conditions, a lever position that incorporates tactile feedback (e.g., a
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detent or stop) should be provided. If tactile feedback is not provided, a conservative level of
reverse thrust should be assumed.

6 The applicant should demonstrate that exceptional skill is not required to maintain directional
control on a wet runway with a 19 km/h (ten knot) crosswind from the most adverse direction.
For demonstration purposes, a wet runway may be simulated by using a castering nosewheel
on a dry runway. Symmetric braking should be used during the demonstration, and both all-
engines-operating and critical-engine-inoperative reverse thrust should be considered. The
brakes and thrust reversers may not be modulated to maintain directional control. The reverse
thrust procedures may specify a speed at which the reverse thrust is reducedto idle in order to
maintain directional controllability.

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

8 The number of thrust reversers used to determine the wet runway accelerate-stop distance
data provided in the AFM should reflect the number of engines assumed to be operating during
the rejected take-off along with any applicable system design features. The all-engines-
operating accelerate-stop distances should be based on all thrust reversers operating. The one-
engine-inoperative accelerate-stop distances should be based on failure of the critical engine.
For example, if the outboard thrust reversers are locked out when an outboard engine fails, the
one-engine-inoperative accelerate stop distances can only include reverse thrust from the
inboard engine thrust reversers.

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

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

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

12 For turbo-propeller powered aeroplanes, the criteria of paragraphs 1 to 11 above remain
generally applicable. Additionally, the propeller of the inoperative engine should be in the
position it would normally assume when an engine fails and the power lever is closed. Reverse
thrust may be selected on the remaining engine(s). Unless this is achieved by a single action to
retard the power lever(s) from the take-off setting without encountering a stop or lockout, it
must be regarded as an additional pilot action for the purposes of assessing delay times. If this
is the fourth or subsequent pilot action to stop the aeroplane, a one second delay should be
added to the demonstrated time to select reverse thrust.
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CS 25.111 Take-off path

(a)

(c)

(d)

ED Decision 2003/2/RM

The take-off path extendsfrom a standing start toa point in the take-off at which the aeroplane
is 457 m (1500 ft) above the take-off surface, or at which the transition from the take-off to the
en-route configurationis completed and V¢ is reached, whichever point is higher. Inaddition —

(1)
()

(3)

The take-off path must be based on the procedures prescribed in CS 25.101(f);

The aeroplane must be accelerated onthe groundto Vg, at which point the critical engine
must be made inoperative and remain inoperative for the rest of the take-off; and

After reaching Vg, the aeroplane must be accelerated to V,.

During the accelerationto speed V,, the nose gear may be raised off the ground at a speed not
less than V. However, landing gear retraction may not be begun until the aeroplane is airborne.

(See AMC 25.111(b).)

During the take-off path determination in accordance with sub-paragraphs (a) and (b) of this
paragraph —

(1)
()

(3)

(4)

The slope of the airborne part of the take-off path must be positive at each point;

The aeroplane must reachV, before it is 11 m (35 ft) above the take-off surface and must
continue at a speed as close as practical to, but not less than V, until it is 122 m (400 ft)
above the take-off surface;

At each point along the take-off path, starting at the point at which the aeroplane reaches
122 m (400 ft) above the take-off surface, the available gradient of climb may not be less
than—

(i) 1-2% for two-engined aeroplanes;
(i)  1-5% for three-engined aeroplanes; and
(iii)  1-7% for four-engined aeroplanes, and

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, untilthe aeroplaneis 122 m (400 ft) above the take-off surface.

The take-off path must be determined by a continuous demonstrated take-off or by synthesis
from segments. If the take-off path is determined by the segmental method —

(1)

()

(3)

The segments must be clearly defined and must relate to the distinct changes in the
configuration, power or thrust, and speed;

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

The flight path must be based on the aeroplane’s performance without ground effect;
and

The take-off path data must be checked by continuous demonstrated take-offs up to the
point at which the aeroplane is out of ground effect and its speed is stabilised, to ensure
that the path is conservative to the continuous path.

The aeroplane is considered to be out of the ground effect when it reaches a height equal
to its wing span.
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(e)  Not required for CS-25.

ED Decision 2003/2/RM

The height references in CS 25.111 should be interpreted as geometrical heights.

ED Decision 2003/2/RM

1 Rotation speed, Vj, is intended to be the speed at which the pilot initiates action to raise the
nose gear off the ground, during the acceleration to V,; consequently, the take-off path
determination, in accordance with CS 25.111(a) and (b), should assume that pilot actionto raise
the nose gear off the ground will not be initiated until the speed Vg has been reached.

2 The time between lift-off and the initiation of gear retraction during take-off distance
demonstrations should not be less than that necessaryto establish an indicated positive rate of
climb plus one second. For the purposes of flight manual expansion, the average demonstrated
time delay between lift-off and initiation of gear retraction may be assumed; however, this
value should not be less than 3 seconds.

CS 25.113 Take-off distance and take-off run

ED Decision 2003/2/RM

(a)  Take-off distance on a dry runway is the greater of —

(1)  The horizontal distance along the take-off path from the start of the take-off to the point
at which the aeroplane is 11 m (35 ft) above the take-off surface, determined under
CS 25.111 for a dry runway; or

(2)  115% of the horizontal distance along the take-off path, with all engines operating, from
the start of the take-off to the point at which the aeroplaneis 11 m (35 ft) above the take-
off surface, as determined by a procedure consistent with CS25.111. (See
AMC 25.113(a)(2), (b)(2) and (c)(2).)

(b)  Take-off distance on a wet runway is the greater of —

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

(2)  The horizontal distance along the take-off path from the start of the take-off to the point
at which the aeroplane is 4,6 m (15 ft) above the take-off surface, achieved in a manner
consistent with the achievement of V, before reaching 11 m (35 ft) above the take-off
surface, determined under CS 25.111 for a wet runway. (See AMC 113(a)(2), (b)(2) and

(€)(2).)
(c) If the take-off distance does not include a clearway, the take-off run is equal to the take-off
distance. If the take-off distance includes a clearway —

(1)  The take-off run on a dry runway is the greater of —

(i) The horizontal distance along the take-off path from the start of the takeoff toa
point equidistant between the point at which Vo is reached and the point at which
the aeroplane is 11 m (35 ft) above the take-off surface, as determined under
CS 25.111 for a dry runway; or
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(i)  115% of the horizontal distance along the take-off path, with all engines operating,
from the start of the take-off to a point equidistant between the point at which
VLOF is reached and the point at which the aeroplane is 11 m (35 ft) above the
take-off surface, determined by a procedure consistent with CS25.111. (See
AMC 25.113(a)(2), (b)(2) and (c)(2).)

(2)  The take-off run on a wet runway is the greater of —

(i) The horizontal distance along the take-off path from the start of the takeoff to the
point at which the aeroplane is 4,6 m (15 ft) above the take-off surface, achieved
in a manner consistent with the achievement of V, before reaching 11 m (35 ft)
above the take-off surface, determined under CS 25.111 for a wet runway; or

(i)  115% of the horizontal distance along the take-off path, with all engines operating,
from the start of the take-off to a point equidistant between the point at which
Vi oris reached and the point at which the aeroplane is 11 m (35 ft) above the take-
off surface, determined by a procedure consistent with CS25.111. (See
AMC 25.113(a)(2).)

ED Decision 2003/2/RM

In establishment of the take-off distance and take-off run, with all engines operating, in accordance
with CS 25.113(a), (b) and (c), the flight technique should be such that —

a. A speed of not less thanV, is achieved before reaching a height of 11 m (35 ft) above the take-
off surface,

b. It is consistent with the achievement of a smooth transition to a steady initial climb speed of
not less than V, + 19 km/h (10 kt) at a height of 122 m (400 ft) above the take-off surface.

CS 25.115 Take-off flight path

ED Decision 2003/2/RM

(a)  The take-off flight path must be considered to begin 11 m (35 ft) above the take-off surface at
the end of the take-off distance determined in accordance with CS 25.113(a) or (b) as
appropriate for the runway surface condition.

(b)  The net take-off flight path data must be determined so that they represent the actual take-off
flight paths (determined in accordance with CS 25.111 and with sub-paragraph (a) of this
paragraph) reduced at each point by a gradient of climb equal to —

(1)  0-8% for two-engined aeroplanes;
(2)  0-9% for three-engined aeroplanes; and
(3) 1-0% for four-engined aeroplanes.

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

ED Decision 2003/2/RM

Compliance with the requirements of CS 25.119and 25.121 must be shown at each weight, altitude,
and ambient temperature within the operational limits established for the aeroplane and with the
most unfavourable centre of gravity for each configuration.

CS 25.119 Landing climb: all-engines-operating

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

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

setting (see AMC 25.119(a)); and
(b)  Aclimb speed whichis —
(1) Not less than—

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

(i)  1-13 Vs for all other aeroplanes;
(2) Notless than Vy; and
(3)  Not greater than Vgg.

ED Decision 2003/2/RM
In establishing the thrust specified in CS 25.119(a), either —

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

i. Altitude;

ii. Airspeed;

iii. Engine bleed;

iv. Engine power off-take;

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

b. The thrust specified in CS 25.119(a) should be established as a function of these parameters.
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CS 25.121 Climb: one-engine-inoperative

(a)

()

ED Decision 2003/2/RM

Take-off; landing gear extended. (See AMC 25.121(a).) In the critical take-off configuration
existing along the flight path (between the points at which the aeroplane reaches V or and at
which the landing gear is fully retracted) andin the configuration used in CS 25.111 but without
ground effect, the steady gradient of climb must be positive for two-engined aeroplanes, and
not less than 0-3% for three-engined aeroplanes or 0-5% for fourengined aeroplanes, at V o and
with —

(1)  Thecritical engine inoperative and the remaining enginesat the power or thrust available
when retraction of the landing gearis begun in accordance with CS 25.111 unless there
is a more critical power operating condition existing later along the flight path but before
the point at which the landing gear is fully retracted (see AMC 25.121(a)(1)); and

(2)  The weight equal to the weight existing when retraction of the landing gear is begun
determined under CS 25.111.

Take-off; landing gear retracted. Inthe take-off configuration existing at the point of the flight
path at which the landing gearis fully retracted, andin the configuration used in CS 25.111 but
without ground effect, the steady gradient of climb may not be less than 2-4% for two-engined
aeroplanes, 2:7% for three-engined aeroplanesand 3-0% for four-engined aeroplanes, at V, and
with —

(1)  The critical engine inoperative, the remaining engines at the take-off power or thrust
available at the time the landing gear is fully retracted, determined under CS 25.111,
unless there is a more critical power operating condition existing later along the flight
path but before the point where the aeroplane reaches a height of 122 m (400 ft) above
the take-off surface (see AMC 25.121(b)(1)) ; and

(2) The weight equal to the weight existing when the aeroplane’s landing gear is fully
retracted, determined under CS 25.111.

Final take-off. In the en-route configuration at the end of the take-off path determined in
accordance with CS 25.111, the steady gradient of climb may not be less than 1-2% for two-
engined aeroplanes, 1-5% for three-engined aeroplanes, and 1-7% for four-engined aeroplanes,
at Vero and with —

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

(2) Theweight equal tothe weight existing at the end of the take-off path, determined under
CS 25.111.

Approach. In a configuration corresponding to the normal all-engines-operating procedure in
which Vs for this configuration does not exceed 110% of the Vg for the related all-engines-
operating landing configuration, the steady gradient of climb may not be less than 2-1% for two-
engined aeroplanes, 2:-4% for three-engined aeroplanes and 2-7% for four-engined aeroplanes,
with —

(1)  The critical engine inoperative, the remaining engines at the go-around 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 V; and
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(4) Landing gear retracted.

ED Decision 2003/2/RM

1 In showing compliance with CS 25.121it is acceptedthat bank angles of up to 2° to 3° toward
the operating engine(s) may be used.

2 The height references in CS 25.121 should be interpreted as geometrical heights.

ED Decision 2003/2/RM

The configuration of the landing gear used in showing compliance with the climb requirements of CS
25.121(a) may be that finally achieved following ‘gear down’ selection.

ED Decision 2003/2/RM

A ‘power operating condition’ more critical than that existing at the time when retraction of the
landing gear is begun would occur, for example, if water injection were discontinued prior to reaching
the point at which the landing gear is fully retracted.

ED Decision 2003/2/RM

A ‘power operating condition” more critical than that existing at the time the landing gear is fully
retracted would occur, for example, if water injection were discontinued prior to reaching a gross
height of 122 m (400 ft).

CS 25.123 En-route flight paths

ED Decision 2003/2/RM

(a)  For the en-route configuration, the flight paths prescribed in sub-paragraphs (b) and (c) of this
paragraph must be determined at each weight, altitude, and ambient temperature, within the
operating limits established for the aeroplane. The variation of weight along the flight path,
accounting for the progressive consumption of fuel and oil by the operating engines, may be
included in the computation. The flight paths must be determined at any selected speed, with —

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

(4)  The means for controlling the engine-cooling air supply in the position that provides
adequate cooling in the hot-day condition.

(b)  The one-engine-inoperative net flight path data must represent the actual climb performance
diminished by a gradient of climb of 1-1% for two-engined aeroplanes, 1-4% for three-engined
aeroplanes, and 1-6% for four-engined aeroplanes.

(c)  For three- or four-engined aeroplanes, the two-engine-inoperative net flight path data must
represent the actual climb performance diminished by a gradient climb of 0-3% for three-
engined aeroplanes and 0-5% for four-engined aeroplanes.
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ED Decision 2003/2/RM

If, in showing compliance with CS 25.123, any credit is to be taken for the progressive use of fuel by
the operating engines, the fuel flow rate should be assumed to be 80% of the engine specification flow
rate at maximum continuous power, unless a more appropriate figure has been substantiated by flight
tests.

CS 25.125 Landing

ED Decision 2003/2/RM

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

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

(2)  Astabilised approach, witha calibrated airspeed of Vggr, must be maintained down to the
15 m (50 ft) height. Vgg may not be less than —

(I) 1.23 VSRO;
(i)  VmcL established under CS25.149(f); and
(iii) A speed that provides the manoeuvring capability specified in CS25.143(g).

(3) Changesin configuration, power or thrust, and speed, must be made in accordance with
the established procedures for service operation. (See AMC 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 must be determined on a level, smooth, dry, hard-surfaced runway. (See
AMC 25.125(b).) In addition —

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

(2)  The brakes may not be used so as to cause excessive wear of brakes or tyres (see
AMC 25.125(b)(2)); and

(3) Means other than wheel brakes may be used if that means —
(i) Is safe and reliable;
(i)  Isused sothat consistent results can be expected in service; and
(iii)  Is such that exceptional skill is not required to control the aeroplane.
(c)  Not required for CS-25.
(d)  Not required for CS-25.

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

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 geartotouch down safely, the brakes maybe applied with only the main wheels firmly on
the ground. Otherwise, the brakes should not be applied until all wheels are firmly on the
ground.

2 This is not intended to prevent operation in the normal way of automatic braking systems
which, for instance, permit brakes to be selected on before touchdown.

ED Decision 2003/2/RM

To ensure compliance with CS 25.125(b)(2), a series of six measured landings should be conducted on
the same set of wheel brakes and tyres.
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CONTROLLABILITY AND MANOEUVRABILITY

CS 25.143 General

(a)

(b)

(c)

(d)

(e)

(f)

ED Decision 2003/2/RM

(See AMC 25.143(a).) The aeroplane must be safely controllable and manoeuvrable during —
(1) Take-off;

(2)  Climb;

(3) Levelflight;

(4) Descent; and

(5) Landing.

(See AMC 25.143(b).) It must be possible to make a smooth transition from one flight condition
to any other flight condition without exceptional piloting skill, alertness, or strength, and
without danger of exceeding the aeroplane limit-load factor under any probable operating
conditions, including —

(1)  The sudden failure of the critical engine. (See AMC 25.143(b)(1).)

(2)  For aeroplanes with three or more engines, the sudden failure of the second critical
engine when the aeroplane is in the en-route, approach, or landing configuration and is
trimmed with the critical engine inoperative; and

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

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

(See AMC 25.143(c)):

Force, in newton (pounds), applied to the Ya
control wheel or rudder pedals W

For shortterm application for pitch and roll

control —two hands available for control ERR (7] 2B -
For shorttermappllcat!on forpitch and roll 222 (50) 111 (25) _
control—onehand available for control

For shortterm application foryaw control - - 667 (150)
For longterm application 44,5 (10) 22 (5) 89 (20)

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

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

When manoeuvring at a constant airspeed or Mach number (up toV:./M¢c), the stick forces and
the gradient of the stick force versus manoeuvring load factor must lie within satisfactory limits.
The stick forces must not be so great asto make excessive demands on the pilot’s strength when
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manoeuvring the aeroplane (see AMC No. 1 to CS 25.143(f)), and must not be so low that the
aeroplane can easily be overstressed inadvertently. Changes of gradient that occur with
changes of load factor must not cause undue difficulty in maintaining control of the aeroplane,
and local gradients must not be so low as toresult in a danger of over-controlling. (See AMC No.
2 to CS 25.143(f)).

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

CONFIGURATION MANOEUVRING BANK ANGLE THRUST/POWER SETTING
IN A COORDINATED TURN

TAKE-OFF ASYMMETRIC WAT-LIMITED ®

TAKE-OFF Vo +xx @ 40° ALL ENGINES OPERATING CLIMB ©

EN-ROUTE Vero 40° ASYMMETRIC WAT-LIMITED @

LANDING Vrer 40° SYMMETRIC FOR —3° FLIGHT PATH
ANGLE

(1) A combination of weight, altitude and temperature (WAT) such that the thrust or power
setting produces the minimum climb gradient specified in CS 25.121 for the flight
condition.

(2)  Airspeed approved for all-engines-operating initial climb.

(3)  That thrust or power setting which, in the event of failure of the critical engine and
without any crew action to adjust the thrust or power of the remaining engines, would
result in the thrust or power specified for the take-off condition at V,, or anylesser thrust
or power setting that is used for all-engines-operating initial climb procedures.

ED Decision 2003/2/RM

In showing compliance with the requirements of CS 25.143(a) and (b) account should be taken of
aeroelastic effects and structural dynamics (including aeroplane response torough runways and water
waves) which may influence the aeroplane handling qualities in flight and on the surface. The
oscillation characteristics of the flightdeck, in likely atmospheric conditions, should be such that there
is no reduction in ability to control and manoeuvre the aeroplane safely.

ED Decision 2003/2/RM

1 An acceptable means of showing compliance with CS 25.143(b)(1) is to demonstrate that it is
possible toregainfull control of the aeroplane without attaining a dangerous flight condition in
the event of a sudden and complete failure of the critical engine in the following conditions:

a. At each take-off flap setting at the lowest speed recommended for initial steady climb
with all engines operating after take-off, with —

i All engines, prior to the critical engine becoming inoperative, at maximum take-off
power or thrust;

ii. All propeller controls in the take-off position;

ii.  Thelanding gear retracted,
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iv.  The aeroplane in trim in the prescribed initial conditions; and
b. With wing-flaps retracted at a speed of 1.23 Vg, with —

i All engines, prior to the critical engine becoming inoperative, at maximum
continuous power or thrust;

ii. All propeller controls in the en-route position;
iii.  Thelanding gear retracted,
iv.  The aeroplane in trim in the prescribed initial conditions.

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

ED Decision 2003/2/RM

The maximum forces given in the table in CS 25.143(c) for pitch and roll control for short term
application are applicable to manoeuvres in which the control force is only needed for a short
period. Where the manoeuvre is such that the pilot will need to use one hand to operate other
controls (such as the landing flare or go-around, or during changes of configuration or power
resulting in a change of control force that must be trimmed out) the single-handed maximum
control forces will be applicable. In other cases (such as take-off rotation, or manoeuvring
during en-route flight) the two handed maximum forces will apply.

Short term and long term forces should be interpreted as follows:—

Short term forces are the initial stabilised control forces that result from maintaining the
intended flight path during configuration changes and normal transitions from one flight
condition to another, or from regaining control following a failure. It is assumed that the pilot
will take immediate action to reduce or eliminate such forces by re-trimming or changing
configuration or flight conditions, and consequently short term forces are not considered to
exist for any significant duration. They do not include transient force peaks that may occur
during the configuration change, change of flight condition or recovery of control following a
failure.

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

ED Decision 2003/2/RM

An acceptable means of compliance with the requirement that stick forces may not be excessive when
manoeuvring the aeroplane, isto demonstrate that, ina turn for 0-5g incremental normal acceleration
(0-3g above 6096 m (20 000 ft)) at speeds up to Vic/Mgc, 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 of CS 25.143(f) is to ensure that the limit strength of any critical component on
the aeroplane would not be exceeded in manoeuvring flight. In much of the structure the load
sustained in manoeuvring flight can be assumed to be directly proportional to the load factor
applied. However, this may not be the case for some parts of the structure, e.g., the tail and
rear fuselage. Nevertheless, it is accepted that the aeroplane load factor will be a sufficient
guide to the possibility of exceeding limit strength on any critical component if a structural
investigation is undertaken whenever the design positive limit manoeuvring load factor is
closely approached. If flight testing indicates that the design positive limit manoeuvring load
factor could be exceeded in steady manoeuvring flight with a 222 N (50 Ibf) stick force, the
aeroplane structure should be evaluated for the anticipated load ata 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 limit 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 Astick force of at least 222 N (50 Ibf) to reach limit strength in steady manoeuvres or
wind up turns is considered acceptable to demonstrate adequate minimum force at limit
strengthin the absence of deterrent buffeting. If heavy buffeting occurs before the limit
strength condition is reached, a somewhat lower stick force at limit strength may be
acceptable. The acceptability of a stick force of less than 222 N (50 Ibf) at the limit
strength condition will depend upon the intensity of the buffet, the adequacy of the
warning margin (i.e., the load factor increment between the heavy buffet and the limit
strength condition) and the stick force characteristics. In determining the limit strength
condition for each critical component, the contribution of buffet loads to the overall
manoeuvring loads should be taken into account.

2.2 This minimum stick force applies in the en-route configuration with the aeroplane
trimmed for straight flight, at all speeds above the minimum speed at which the limit
strength condition can be achieved without stalling. No minimum stick force is specified
for other configurations, but the requirements of CS 25.143(f) are applicable in these
conditions.

3 Stick Force Characteristics

3.1 At all points within the buffet onset boundary determined in accordance with
CS 25.251(e), but not including speeds above Vic/Mg, the stick force should increase
progressively with increasing load factor. Any reduction in stick force gradient with
change of load factor should not be so large or abrupt as to impair significantly the ability
of the pilot to maintain control over the load factor and pitch attitude of the aeroplane.

3.2 Beyond the buffet onset boundary, hazardous stick force characteristics should not be
encountered within the permitted manoeuvring envelope as limited by paragraph3.3. It
should be possible, by use of the primary longitudinal control alone, to pitch the
aeroplane rapidly nose down so astoregainthe initial trimmed conditions. The stick force
characteristics demonstrated should comply with the following:

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

3.3 Inflight tests to satisfy paragraph 3.1 and 3.2 the load factor should be increased until
either —

a.

The level of buffet becomes sufficient to provide a strong and effective deterrent
to further increase of load factor; or

Further increase of load factor requires a stick force in excess of 667 N (150 Ibf) (or
in excess of 445 N (100 Ibf) when beyond the buffet onset boundary) or is
impossible because of the limitations of the control system; or

The positive limit manoeuvring load factor established in compliance with

CS 25.337(b) is achieved.
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4 Negative Load Factors

Itis notintended that a detailed flight test assessment of the manoeuvring characteristics under
negative load factors should necessarily be made throughout the specified range of conditions.
An assessment of the characteristics in the normal flight envelope involving normal
accelerations from 1 g to 0 g will normally be sufficient. Stick forces should also be assessed
during other required flight testing involving negative load factors. Where these assessments
reveal stick force 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 supported by adequate 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 stall warning required by CS 25.143(g) can
normally be assumed where the scheduled operating speeds are not less than —

1.08 Vsw for V,
1.16 VSW for Vz + XX, VFTO and VREF

where Vs is the stall warning speed determined at idle power and at 1g in the same conditions
of configuration, weight and centre of gravity, all expressed in CAS. Neverthless, a limited
number of turning flight manoeuvres should be conducted to confirm qualitatively that the
aeroplane does meet the manoeuvre bank angle objectives (e.g. for an aeroplane with a
significant Mach effect on the C /a relationship) and does not exhibit other characteristics which
might interfere with normal manoeuvring.

2 The effect of thrust or power is normally a function of thrust to weight ratio alone and,
therefore, it is acceptable for flight test purposes to use the thrust or power setting that is
consistent with a WAT-limited climb gradient at the test conditions of weight, altitude and
temperature. However, if the manoeuvre margin to stall warning (or other relevant
characteristic that might interfere with normal manoeuvring) is reduced with increasing thrust
or power, the critical conditions of both thrust or power and thrust-to-weight ratio must be
taken into account when demonstrating the required manoeuvring capabilities.

CS 25.145 Longitudinal control

ED Decision 2003/2/RM

(@) (See AMC 25.145(a).) It must be possible at any point between the trim speed prescribed in
CS 25.103(b)(6) and stall identification (as defined in CS 25.201(d)), to pitch the nose downward

so that the acceleration to this selected trim speed is prompt with —

(1)  The aeroplane trimmed at the trim speed prescribed in CS 25.103(b)(6);
(2)  The landing gear extended;

(3) The wing-flaps (i) retracted and (ii) extended; and

(4)  Power (i) off and (ii) at maximum continuous power on the engines.

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

(1)  With power off, wing-flaps retracted, and the aeroplane trimmed at 1-3 V4, extend the
wing-flaps as rapidly as possible while maintaining the airspeed at approximately 30%
above the reference stall speed existing at eachinstant throughout the manoeuvre. (See
AMC 25.145(b)(1), (b)(2) and (b)(3).)

(2)  Repeatsub-paragraph (b)(1) of this paragraph except initially extend the wing-flaps and
then retract them as rapidly as possible. (See AMC 25.145(b)(2) and AMC 25.145(b)(1),
(b)(2) and (b)(3).)

(3) Repeat sub-paragraph (b)(2) of this paragraph except at the go-around power or thrust
setting. (See AMC 25.145(b)(1), (b)(2) and (b)(3).)

(4)  With power off, wing-flaps retracted and the aeroplane trimmed at 1:3 Vg4, rapidly set
go-around power or thrust while maintaining the same airspeed.

(5)  Repeat sub-paragraph (b)(4) of this paragraph except with wing-flaps extended.

(6)  With power off, wing-flaps extended and the aeroplane trimmed at 1:3 Vs, obtain and
maintain airspeeds between Vs and either 1-6 Vg4, or Vi, whichever is the lower.

It must be possible, without exceptional piloting skill, to prevent loss of altitude when complete
retraction of the high lift devices from any position is begun during steady, straight, level flight
at 1-08 V4, for propeller powered aeroplanes or 1-13 Vg4, for turbo-jet powered aeroplanes,
with —

(1)  Simultaneous movement of the power or thrust controls to the go-around power or
thrust setting;

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

(See AMC 25.145(e).) If gated high-lift device control positions are provided, sub-paragraph (c)
of this paragraph applies to retractions of the high-lift devices from any position from the
maximum landing position to the first gated position, between gated positions, and from the
last gated position tothe fully retracted position. The requirements of sub-paragraph (c) of this
paragraph also apply to retractions from each approved landing position to the control
position(s) associated with the high-lift device configuration(s) used to establish the go-around
procedure(s) from that landing position. In addition, the first gated control position from the
maximum landing position must correspond with a configuration of the high-lift devices used
to establish a go-around procedure from a landing configuration. Each gated control position
must require a separate and distinct motion of the control to pass through the gated position
and must have features to prevent inadvertent movement of the control through the gated
position. It must only be possible to make this separate and distinct motion once the control
has reached the gated position.
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ED Decision 2003/2/RM

1 CS 25.145(a) requires that there be adequate longitudinal control to promptly pitch the
aeroplane nose down from at or near the stall to returnto the original trim speed. The intent is
to ensure sufficient pitch control for a prompt recoveryif the aeroplane is inadvertently slowed
tothe point of the stall. Although this requirement must be met with power off and at maximum
continuous power, thereis no intention to require stall demonstrations at engine powers above
that specified in CS 25.201(a)(2). Instead of performing a full stall at maximum continuous
power, compliance may be assessed by demonstrating sufficient static longitudinal stability and
nose down control margin when the decelerationis ended at least one second past stall warning
during a 0.5 m/s? (one knot per second) deceleration. The static longitudinal stability during the
manoeuvre and the nose down control power remaining at the end of the manoeuvre must be
sufficient to assure compliance with the requirement.

2 The aeroplane should be trimmed at the speed for each configuration as prescribed in
CS 25.103(b)(6). The aeroplane should then be decelerated at 0.5 m/s? (1 knot per second) with
wings level. For tests at idle power, it should be demonstrated that the nose can be pitched
down from any speed between the trim speed and the stall. Typically, the most critical point is
at the stall when in stall buffet. The rate of speed increase during the recovery should be
adequate to promptly return to the trim point. Data from the stall characteristics test can be
used to evaluate this capability at the stall. For tests at maximum continuous power, the
manoeuvre need not be continued for more than one second beyond the onset of stall warning.
However, the static longitudinal stability characteristics during the manoeuvre and the nose
down control power remaining at the end of the manoeuvre must be sufficient to assure thata
prompt recovery to the trim speed could be attainedif the aeroplaneis slowed to the point of
stall.

ED Decision 2003/2/RM

Where high lift devices are being retracted and where large and rapid changes in maximum lift occur
as a result of movement of high-lift devices, some reduction in the margin above the stall may be
accepted.

ED Decision 2003/2/RM

The presence of gated positions on the flap control does not affect the requirement to demonstrate
full flap extensions and retractions without changing the trim control.

ED Decision 2003/2/RM

If gates are provided, CS 25.145(e) requires the first gate from the maximum landing position to be
located at a position corresponding to a go-around configuration. If there are multiple go-around
configurations, the following criteria should be considered when selecting the location of the gate:

a. The expected relative frequency of use of the available go-around configurations.

b. The effects of selecting the incorrect high-lift device control position.
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C. The potential for the pilot to select the incorrect control position, considering the likely
situations for use of the different go-around positions.

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

CS 25.147 Directional and lateral control

ED Decision 2003/2/RM

(@)  Directional control; general. (See AMC 25.147(a).) It must be possible, with the wings level, to
yaw into the operative engine and to safely make a reasonably sudden change in heading of up
to 15° in the direction of the critical inoperative engine. This must be shown at 1:3 V4, for
heading changes up to 15° (except that the heading change at which the rudder pedal force is
667 N (150 Ibf) need not 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 1.3 Vg4, but not more than maximum continuous
power;

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

(5) Wing-flaps in the approach position; and
(6)  Maximum landing weight.

(b)  Directional control; aeroplanes with four or more engines. Aeroplanes with four or more engines
must meet the requirements of sub-paragraph (a) of this paragraph except that —

(1)  The two critical engines must be inoperative with their propellers (if applicable) in the
minimum drag position;

(2) Reserved; and
(3) The wing-flaps must be in the most favourable climb position.

(c) Lateral control; general. 1t must be possible to make 20° banked turns, with and against the
inoperative engine, from steady flight at a speed equal to 1:3 V¢4, with —

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

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

(4) Landing gear both retracted and extended;

(5)  Wing-flaps in the most favourable climb position; and
(6) Maximum take-off weight;

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

or travel. (See AMC 25.147(d).)

(e) Lateral control; aeroplanes with four or more engines. Aeroplanes with four or more engines
must be able to make 20° banked turns, with and against the inoperative engines, from steady
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flight at a speed equal to 1:3 Vg4, with maximum continuous power, and with the aeroplane in
the configuration prescribed by sub-paragraph (b) of this paragraph.

(f) Lateral control; all engines operating. With the engines operating, roll response must allow
normal manoeuvres (such as recovery from upsets produced by gusts and the initiation of
evasive manoeuvres). There must be enough excess lateral control in sideslips (up to sideslip
angles that might be required in normal operation), to allow a limited amount of manoeuvring
and to correct for gusts. Lateral control must be enough at any speed up to Vi/M¢ to provide
a peak roll rate necessary for safety, without excessive control forces or travel. (See

AMC 25.147(f).)

ED Decision 2003/2/RM

The intention of the requirement is that the aircraft can be yawed as prescribed without the need for
application of bank angle. Small variations of bank angle that are inevitable in a realistic flight test
demonstration are acceptable.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance with CS 25.147(d) is as follows:

With the aeroplane in trim, all as nearly as possible,in trim, for straight flight at V,, establish a steady
30° banked turn. It should be demonstrated that the aeroplane can be rolled to a 30° bank angle in
the other direction in not more than 11 seconds. In this demonstration, the rudder may be used to
the extent necessary to minimise sideslip. The demonstration should be made in the most adverse
direction. The manoeuvre may be unchecked. Care should be taken to prevent excessive sideslip and
bank angle during the recovery.

Conditions: Maximum take-off weight.
Most aft c.g. position.
Wing-flaps in the most critical take-off position.
Landing Gear retracted.
Yaw SAS on, and off, if applicable.
Operating engine(s) at maximum take-off power.

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

Note: Normal operation of a yaw stability augmentation system (SAS) should be considered in
accordance with normal operating procedures.

ED Decision 2003/2/RM

An acceptable method of demonstrating that roll response and peak roll rates are adequate for
compliance with CS 25.147(f) is as follows:

It should be possible in the conditions specified below to roll the aeroplane from a steady 30° banked
turn through an angle of 60° so as to reverse the direction of the turn in not more than 7 seconds. In
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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:

(a) En-route: Airspeed. All speeds between the minimum value of the scheduled all-engines-
operating climb speed and Vyo/Mwo.

Wing-flaps. En-route position(s).
Air Brakes. All permitted settings from Retracted to Extended.
Landing Gear. Retracted.

Power. All engines operating at all powers from flight idle up to maximum
continuous power.

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

(b)  Approach: Airspeed. Either the speed maintained down to the 15 m (50 ft) height in
compliance with CS 25.125(a)(2), or the target threshold speed determined in
accordance with CS 25.125(c)(2)(i) as appropriate to the method of landing
distance determination used.

Wing-flaps. In each landing position.
Air Brakes. In the maximum permitted extended setting.
Landing Gear. Extended.

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

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

CS 25.149 Minimum control speed

ED Decision 2003/2/RM

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

(b)  Vmcis 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 stillinoperative, and maintain
straight flight with an angle of bank of not more than 5°.

()  Vmc may not exceed 1:13 Vg with —
(1)  Maximum available take-off power or thrust on the engines;
(2)  The most unfavourable centre of gravity;
(3) The aeroplane trimmed for take-off;
(4)  The maximum sea-level take-off weight (or any lesser weight necessary to show Vyc);

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

(iii)  Feathered, if the aeroplane has an automatic feathering device acceptable for
showing compliance with the climb requirements of CS 25.121.

The rudder forces required to maintain control at Vy,c may not exceed 667 N (150 Ibf) nor may
it be necessary to reduce power or thrust of the operative engines. During recovery, the
aeroplane may not assume any dangerous attitude or require exceptional piloting skill,
alertness, or strength to prevent a heading change of more than 20°.

Vmce, the minimum control speed on the ground, is the calibrated airspeed during the take-off
run at which, when the critical engine is suddenly made inoperative, it is possible to maintain
control of the aeroplane using the rudder control alone (without the use of nose-wheel
steering), as limited by 667 N of force (150 Ibf), and the lateral control to the extent of keeping
the wings level to enable the take-off to be safely continued using normal piloting skill. In the
determination of Vg, assuming that the path of the aeroplane accelerating with all engines
operating is along the centreline of the runway, its path from the point at which the critical
engine is made inoperative to the point at which recovery to a direction parallel to the
centreline is completed, may not deviate more than 9.1 m (30 ft) laterally from the centreline
at any point. Vycg must be established, with —

(1) The aeroplane in each take-off configuration or, at the option of the applicant, in the
most critical take-off configuration;

(2)  Maximum available take-off power or thrust on the operating engines;

(3)  The most unfavourable centre of gravity;

(4) The aeroplane trimmed for take-off; and

(5)  The most unfavourable weight in the range of take-off weights. (See AMC 25.149(e).)

(See AMC 25.149(f)) Vmcr, the minimum control speed during approach and landing with all
engines operating, isthe calibrated airspeed at which, when the critical engine is suddenly made
inoperative, it is possible to maintain control of the aeroplane with that engine still inoperative,
and maintain straight flight with an angle of bank of not more than 5°. VMt must 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 most unfavourable centre of gravity;
(3) The aeroplane trimmed for approach with all engines operating;
(4)  The most unfavourable weight, or, at the option of the applicant, asa function of weight;

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

(6) Go-around power or thrust setting on the operating engine(s).
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(g) (See AMC 25.149(g)) For aeroplanes with three or more engines, VycL.2, the minimum control
speed during approach and landing with one critical engine inoperative, is the calibrated
airspeed at which, when a second critical engine is suddenly made inoperative, it is possible to
maintain control of the aeroplane with both engines still inoperative, and maintain straight
flight with an angle of bank of not more than 5°. Vyc.., must 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 one critical engine inoperative;

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

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

(6)  The power or thrust on the operating engine(s) necessary to maintainan approach path
angle of 3° when one critical engine is inoperative; and

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

(i) Minimum power or thrust; and
(i)  Go-around power or thrust setting.
(h)  Indemonstrations of Vyc and Ve —
(1)  The rudder force may not exceed 667 N (150 Ibf);

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

(3) Lateralcontrol must be sufficient to roll the aeroplane, from an initial condition of steady
straight flight, through an angle of 20° in the direction necessary to initiate a turn away
from the inoperative engine(s), in not more than 5 seconds (see AMC 25.149(h)(3)); and

(4)  For propeller aeroplanes, hazardous flight characteristics must not be exhibited due to
any propeller position achieved when the engine fails or during any likely subsequent
movements of the engine or propeller controls (see AMC 25.149(h)(4)).

ED Decision 2003/2/RM

1 The determination of the minimum control speed, Vyc, and the variation of V¢ with available
thrust, may be made primarily by means of ‘static’ testing, in which the speed of the aeroplane
is slowly reduced, with the thrust asymmetry already established, until the speed is reached at
which straight flight can no longer be maintained. A small number of ‘dynamic’ tests, in which
sudden failure of the critical engine is simulated, should be made in order to checkthat the Vs
determined by the static method are valid.

2 When minimum control speed data are expanded for the determination of minimum control
speeds (including Ve, Vmcs and Ve ) for all ambient conditions, these speeds should be based
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on the maximum values of thrust which can reasonably be expectedfrom a production engine
in service.

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

ED Decision 2003/2/RM

During determination of Vg, engine failure recognition should be provided by:

The pilot feeling a distinct change in the directional tracking characteristics of the aeroplane, or

The pilot seeing a directional divergence of the aeroplane with respect to the view outside the
aeroplane.

ED Decision 2003/2/RM

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

The resulting value of V¢, (1 out) may be used in determining the recommended procedures
and speeds for a one-engine-inoperative approach and landing.

ED Decision 2003/2/RM

At the option of the applicant, a two-engine-inoperative landing minimum control speed,
VmcL-2 (2 out) may be determinedin the conditions appropriate toan approach and landing with
two engines having failed before the start of the approach. In this case, only those
configurations recommended for use during an approach and landing with two engines
inoperative need be considered. The propellers of the inoperative engines, if applicable, may
be feathered throughout.

The values of Vycio or Vmews (2 out) should be used as guidance in determining the
recommended procedures and speeds for a two-engines-inoperative approach and landing.

ED Decision 2003/2/RM

The 20° lateral control demonstration manoeuvre may be flown as a bank-to-bank roll through wings

ED Decision 2003/2/RM

Where an autofeather or other drag limiting system is installed and will be operative at approach
power settings, its operation may be assumed in determining the propeller position achieved when
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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 closing the power lever of the
failed engine in conjunction with maintaining the go-around power setting on the operating engine(s).
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CS 25.161 Trim

(a)

(e)

ED Decision 2003/2/RM

General. Each aeroplane must meet the trim requirements of this paragraph after being
trimmed, and without further pressure upon, or movement of, either the primary controls or
their corresponding trim controls by the pilot or the automatic pilot.

Lateral and directional trim. The aeroplane must maintain lateral and directional trim with the
most adverse lateral displacement of the centre of gravity within the relevant operating
limitations, during normally expected conditions of operation (including operationat any speed
from 1:3 Vg1, to Vmo/Mumo).

Longitudinal trim. The aeroplane must maintain longitudinal trim during —

(1) A climb with maximum continuous power at a speed not more than 1:3 Vg4, with the
landing gear retracted, and the wing-flaps (i) retracted and (ii) in the take-off position;

(2)  Eithera glide with power off at a speed not more than1:3 Vs,, oranapproach within the
normal range of approach speeds appropriate to the weight and configuration with
power settings corresponding to a 3° glidepath, whichever is the most severe, with the
landing gear extended, the wing-flaps retracted and extended, and with the most
unfavourable combination of centre of gravity position and weight approved for landing;
and

(3) Levelflight at any speed from 1:3 Vg1, to Vio/Muo, with the landing gear and wing-flaps
retracted, and from 1-3 Vg, to Ve with the landing gear extended.

Longitudinal, directional, and lateral trim. The aeroplane must maintain longitudinal,
directional, and lateral trim (and for lateral trim, the angle of bank may not exceed 5°) at
1-3 Vg1, during the climbing flight with —

(1)  The critical engine inoperative;

(2)  The remaining engines at maximum continuous power; and

(3) Thelanding gear and wing-flaps retracted.

Aeroplanes with four or more engines. Each aeroplane with four or more engines must also
maintain trimin rectilinear flight with the most unfavourable centre of gravity and at the climb
speed, configuration, and power required by CS 25.123(a) for the purpose of establishing the
en-route flight path with two engines inoperative.
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CS 25.171 General

ED Decision 2003/2/RM

The aeroplane must be longitudinally, directionally and laterally stable in accordance with the
provisions of CS 25.173 to 25.177. In addition, suitable stability and control feel (static stability) is
required in any condition normally encountered in service, if flight tests show it is necessary for safe
operation.

CS 25.173 Static longitudinal stability

ED Decision 2003/2/RM

Under the conditions specified in CS 25.175, the characteristics of the elevator control forces
(including friction) must be as follows:

(a) A pull must be required to obtain and maintain speeds below the specified trim speed, and a
push must be required to obtain and maintain speeds above the specified trim speed. This must
be shown at any speed that can be obtained except speeds higher thanthe landing gear or wing
flap operating limit speeds or Vic/Mgc, whichever is appropriate, or lower than the minimum
speed for steady unstalled flight.

(b)  The airspeed must return to within 10% of the original trim speed for the climb, approach and
landing conditions specified in CS 25.175(a), (c) and (d), and must return to within 7-5% of the
original trim speed for the cruising condition specified in CS 25.175(b), when the control force
is slowly released from any speed within the range specified in sub-paragraph (a) of this
paragraph.

(c) The average gradient of the stable slope of the stick force versus speed curve may not be less
than 4 N (1 pound) for each 11,2 km/h (6 kt). (See AMC 25.173(c).)

(d)  Within the free return speed range specified in sub-paragraph (b) of this paragraph, it is
permissible for the aeroplane, without control forces, to stabilise on speeds above or below the
desired trim speeds if exceptional attention on the part of the pilot is not required to return to
and maintain the desired trim speed and altitude.

ED Decision 2003/2/RM

The average gradient is taken over each half of the speed range between 0-85 and 1:15 Vyn.

CS 25.175 Demonstration of static longitudinal stability

ED Decision 2003/2/RM

Static longitudinal stability must be shown as follows:

(a) Climb. The stick force curve must have a stable slope at speeds between85% and 115% of the
speed at which the aeroplane —

(1)  Istrimmed with —
(i) Wing-flaps retracted;

(i)  Landing gear retracted;
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()

(iii)  Maximum take-off weight; and

(iv)  The maximum power or thrust selected by the applicant as an operating limitation
for use during climb; and

Is trimmed at the speed for best rate-of-climb except that the speed need not be less
than1-3 VSRl-

(b)  Cruise. Static longitudinal stability must be shown in the cruise condition as follows:

(1)

()

(3)

With the landing gear retracted at high speed, the stick force curve must have a stable
slope at all speeds within a range which is the greater of 15% of the trim speed plus the
resulting free returnspeed 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 Vg1 nor speeds greater than Vee/Mgc, nor speeds that require a stick
force of more than 222 N (50 Ibf)), with —

(i)  The wing-flaps retracted,;
(i)  The centre of gravity in the most adverse position (see CS 25.27);

(iii)  The most critical weight between the maximum take-off and maximum landing
weights;

(iv)  The maximum cruising power selected by the applicant as an operating limitation
(see CS 25.1521), except that the power need not exceed that required at
Vmo/Mwo; and

(v)  The aeroplane trimmed for level flight with the power required in sub-paragraph
(iv) above.

With the landing gear retracted at low speed, the stick force curve must have a stable
slope at all speeds within a range which is the greater of 15% of the trim speed plus the
resulting free return speed range, or 93 km/h (50 kt) plus the resulting free return speed
range, above and below the trim speed (except that the speed range need not include
speeds less than 1:3 Vgq nor speeds greater than the minimum speed of the applicable
speed range prescribed in subparagraph (b)(1) of this paragraph, nor speeds that require
a stick force of more than 222 N (50 Ibf)), with —

(i) Wing-flaps, centre of gravity position, and weight as specified in sub-paragraph (1)
of this paragraph;

Vmo+13Vsr1

(i)  Power required for level flight at a speed equal to > and

(iii)  The aeroplane trimmed for level flight with the power required in sub-paragraph
(ii) above.

With the landing gear extended, the stick force curve must have a stable slope at all
speeds within a range which is the greater of 15% of the trim speed plus the resulting
free return 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 V1, nor speeds greater than Vg, nor speeds that require a stick force of
more than 222 N (50 Ibf)), with —

(i) Wing-flap, centre of gravity position, and weight as specified in sub-paragraph
(b)(1) of this paragraph;
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(i)  The maximum cruising power selected by the applicant as an operating limitation,
except that the power need not exceed that required for level flight at V¢; and

(iii)  The aeroplane trimmed for level flight with the power required in sub-paragraph
(ii) above.

(c)  Approach. The stick force curve must have a stable slope at speeds between Vs, and 1:7 Vg,
with —

(1)  Wing-flaps in the approach position;
(2) Landing gear retracted;
(3) Maximum landing weight; and

(4)  The aeroplane trimmed at 1-3 Vsy, with enough power to maintain level flight at this
speed.

(d)  Landing. The stick force curve must have a stable slope and the stick force may not exceed 356
N (80 Ibf) at speeds between Vgy, and 1:7 Vo With —

(1)  Wing-flaps in the landing position;

(2) Landing gear extended;

(3) Maximum landing weight;

(4) The aeroplane trimmed at 1:3 Vo with —
(i) Power or thrust off, and

(i)  Power or thrust for level flight.

CS 25.177 Static directional and lateral stability

ED Decision 2003/2/RM

(a)  The staticdirectional stability (as shown by the tendency to recover from a skid with the rudder
free) must be positive for any landing gear and flap position and symmetrical power condition,
at speeds from 1:13 Vsgq, up to Vg, Vig, or Vie/Mec (as appropriate).

(b)  The static lateral stability (as shown by the tendency to raise the low wing in a sideslip with the
aileron controls free) for any landing gear and wingflap position and symmetric power
condition, may not be negative at any airspeed (except that speeds higher than Vi need not be
considered for wingflaps extended configurations nor speeds higher than V; for landing gear
extended configurations) in the following airspeed ranges (see AMC 25.177(b)):

(1)  From 1:13 Vg; to Vyo/Muo..

(2)  From Vpo/Muo to Vie/Mgc, unless the divergence is —
(i) Gradual;
(i)  Easily recognisable by the pilot; and
(iii)  Easily controllable by the pilot

(c)In straight, steady, sideslips over the range of sideslip angles appropriate to the operation of the
aeroplane, but not less than those obtained with onehalf of the available rudder control input
or a rudder control force of 801 N (180 Ibf) , the aileron and rudder control movements and
forces must be substantially proportional tothe angle of sideslip in a stable sense; andthe factor
of proportionality must lie between limits found necessary for safe operation This requirement
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must be met for the configurations and speeds specified in sub-paragraph (a) of this paragraph.
(See AMC 25.177(c).)

(d)  For sideslip angles greaterthanthose prescribed by sub-paragraph (c) of this paragraph, up to
the angle at which full rudder control is used or a rudder control force of 801 N (180 Ibf) is
obtained, the rudder control forces may not reverse, and increased rudder deflection must be
needed for increased angles of sideslip. Compliance with this requirement must be shown using
straight, steady sideslips, unless full lateral control input is achieved before reaching either full
rudder controlinput or a rudder control force of 801 N (180 Ibf) ; a straight, steady sideslip need
not be maintained after achieving full lateral controlinput. This requirement must be met at all
approved landing gear and wingflap positions for the range of operating speeds and power
conditions appropriate to each landing gear and wing-flap position with all engines operating.

(See AMC 25.177(d).)

ED Decision 2003/2/RM

1 CS 25.177(c) requires, in steady, straight sideslips throughout the range of sideslip angles
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 pedalinput) or a rudder control force of 801 N
(180 Ibf), that the aileron and rudder control movements 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(c) states, by cross-reference to CS 25.177(a), that these steady,
straight sideslip criteria must be met for all landing gear and flap positions and symmetrical
power conditions at speeds from 1.13 Vg, to Vi, Vi, or Vie/Mec, as appropriate for the
configuration.

2 Sideslip Angles Appropriate to the Operation of the Aeroplane

2.1  Experience has shown that an acceptable method for determining the appropriate
sideslip angle for the operation of a transport category aeroplane is provided by the
following equation:

R =arcsin (30/V)
where

R = Sideslip angle, and
V = Airspeed (KCAS)

Recognising that smaller sideslip angles are appropriate as speed is increased, this
equation provides sideslip angle as a function of airspeed. The equation is based on the
theoretical sideslip value for a 56 km/h (30-knot) crosswind, but has been shown to
conservatively represent (i.e., exceed) the sideslip angles achieved in maximum
crosswind take-offs and landings and minimum static and dynamic control speed testing
for a variety of transport category aeroplanes. Experience has also shown that a
maximum sideslip angle of 15 degrees is generally appropriate for most transport
category aeroplanes even though the equation may provide a higher sideslip angle.
However, limiting the maximum sideslip angle to 15 degrees may not be appropriate for
aeroplanes with low approach speeds or high crosswind capability.

2.2 A lower sideslip angle than that provided in paragraph 2.1 may be used if it is
substantiated that the lower value conservatively covers all crosswind conditions, engine
failure scenarios, and other conditions where sideslip may be experienced within the
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approved operating envelope. Conversely, a higher value should be used for aeroplanes
where test evidence indicates that a higher value would be appropriate to the operation
of the aeroplane.

3 For the purposes of showing compliance withthe requirement out to sideslip angles associated
with one-half of the available rudder control input, there isno needto consider a rudder control
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 flight condition is reached before the
rudder control reaches onehalf of its available travel. In such cases, further rudder control input
would not result in additional rudder surface deflection.

4 Steady, straight sideslips

4.1

4.2

4.3

1.1

1.2

Steady, straight sideslips should be conducted in each direction to show that the aileron
and rudder control movements and forces are substantially proportional to the angle of
sideslip in a stable sense, and that the factor of proportionality is within the limits found
necessary for safe operation. These tests should be conducted at progressively greater
sideslip angles up tothe sideslip angle appropriate tothe operation of the aeroplane (see
paragraph 2.1) or the sideslip angle associated with one-half of the available rudder
control input, whichever is greater.

When determining the rudder and aileron control forces, the controls should be relaxed
at each point to find the minimum force needed to maintain the control surface
deflection. If excessive friction is present, the resulting low forces will indicate the
aeroplane does not have acceptable stability characteristics.

In lieu of conducting each of the separate qualitative tests required by CS 25.177(a)and
(b), the applicant may use recorded quantitative data showing aileron and rudder control
force and position versus sideslip (left and right) to the appropriate limits in the steady
heading sideslips conducted to show compliance with CS 25.177(c). If the control force
and position versus sideslip indicates positive dihedral effect and positive directional
stability, compliance with CS 25.177(a) and (b) will have been successfully
demonstrated."

ED Decision 2003/2/RM

At sideslip angles greater thanthose appropriate for normal operation of the aeroplane,
up to the sideslip angle at which full rudder control is used or a rudder control force of
801 N (180 Ibf) is obtained, CS 25.177(d) requires that the rudder control forces may not
reverse and increased rudder deflection must be needed for increased angles of sideslip.
The goals of this higher-than-normal sideslip angle test are to show that at full rudder, or
at maximum expected pilot effort: (1) the rudder control force does not reverse, and (2)
increased rudder deflection must be needed for increased angles of sideslip, thus
demonstrating freedom from rudder lock or fin stall, and adequate directional stability
for manoeuvres involving large rudder inputs.

Compliance with this requirement should be shown using straight, steady sideslips.
However, if full lateral control input is reached before full rudder control travel or a
rudder control force of 801 N (180 Ibf) is reached, the manoeuvre may be continued in a
non-steady heading (i.e., rolling and yawing) manoeuvre. Care should be takento prevent
excessive bank angles that may occur during this manoeuvre.
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1.3

CS 25.177(d) states that the criteria listed in paragraph 1.1 must be met atall approved
landing gear and flap positions for the range of operating speeds and power conditions
appropriate to each landing gearand flap position with all engines operating. The range
of operating speeds and power conditions appropriate to each landing gear and flap
position with all engines operating should be consistent with the following:

a. For take-off configurations, speeds from V,+xx (airspeed approved for all-engines-
operating initial climb) to Ve or V¢, as appropriate, and take-off power/thrust;

b. For flaps up configurations, speeds from 1.23 Vsz to Vg or Vpo/Mwo, asappropriate,
and power from idle to maximum continuous power/thrust;

c. For approach configurations, speeds from 1.23 Vszto Vi or V g, asappropriate, and
power from idle to go-around power/thrust; and

d. For landing configurations, speeds from Vgg-9.3 km/h (5 knots) to Ve or Vg, as
appropriate, with power from idle to go-around power/thrust at speeds from Ve
to Vee/Vyg, and idle power at Vgg-9.3 km/h (5 knots) (to cover the landing flare).

2 Full Rudder Sideslips

2.1

2.2

Rudder lock is that condition where the rudder over-balances aerodynamically and either
deflects fully with no additional pilot input or does not tend to return to neutral when
the pilot input is released. It is indicated by a reversal in the rudder control force as
sideslip angle is increased. Full rudder sideslips are conducted to determine the rudder
control forces and deflections out to sideslip angles associated with full rudder control
input (or as limited by a rudder control force of 801 N (180 Ibf)) to investigate the
potential for rudder lock and lack of directional stability.

To check for positive directional stability and for the absence of rudder lock, conduct
steady heading sideslips at increasing sideslip angles until obtaining full rudder control
input or a rudder control force of 801 N (180 Ibf). If full lateral control is reached before
reaching the rudder control limit or 801 (180 Ibf) of rudder control force, continue the
test to the rudder limiting condition in a non-steady heading sideslip manoeuvre.

3 The control limits approved for the aeroplane should not be exceeded when conducting the
flight tests required by CS 25.177.

4 Flight Test Safety Concerns. In planning for and conducting the full rudder sideslips, items
relevant to flight test safety should be considered, including:

a.

b.

> @ -

Inadvertent stalls,

Effects of sideslip on stall protection systems,

Actuation of stick pusher, including the effects of sideslip onangle-of-attack sensor vanes,
Heavy buffet,

Exceeding flap loads or other structural limits,

Extreme bank angles,

Propulsion system behaviour (e.g., propeller stress, fuel and oil supply, andinlet stability),
Minimum altitude for recovery,

Resulting roll rates when aileron limit is exceeded, and

Position errors and effects on electronic or augmented flight control systems, especially
when using the aeroplane’s production airspeed system.
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CS 25.181 Dynamic stability

(a)

(b)

ED Decision 2003/2/RM

Any short period oscillation, not including combined lateral-directional oscillations, occurring
between 1:13 Vs and maximum allowable speed appropriate to the configuration of the
aeroplane must be heavily damped with the primary controls —

(1)  Free; and
(2)  Ina fixed position.

Any combined lateral-directional oscillations (‘Dutch roll’) occurring between 1-13 Vg and
maximum allowable speed appropriate to the configuration of the aeroplane must be positively
damped with controls free, and must be controllable with normal use of the primary controls
without requiring exceptional pilot skill.

ED Decision 2003/2/RM

The requirements of CS 25.181 are applicable at all speeds between the stalling speed and Vg, Vs or
Vie/Mec, as appropriate.

Powered by EASA eRules Page 125 of 602 | Nov 2018


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes  (CS-25) SUBPART B — FLIGHT
X E A S A (Initial issue) STALLS

STALLS

CS 25.201 Stall demonstration

ED Decision 2003/2/RM

(a)  Stalls must be shown in straight flight and in 30° banked turns with —
(1)  Power off; and

(2)  The power necessary to maintain level flight at 1-5 Vg, (Wwhere VSg; corresponds to the
reference stall speed at maximum landing weight with flaps in the approach position and
the landing gear retracted. (See AMC 25.201(a)(2).)

(b)  Ineach condition required by sub-paragraph (a) of this paragraph, it must be possible to meet
the applicable requirements of CS 25.203 with —

(1)  Flaps, landing gear and deceleration devices in any likely combination of positions
approved for operation; (See AMC 25.201(b)(1).)

(2)  Representative weights within the range for which certification is requested;
(3) The most adverse centre of gravity for recovery; and

(4)  The aeroplane trimmed for straight flight at the speed prescribed in CS 25.103(b)(6).
(c)  The following procedures must be used to show compliance with CS 25.203:

(1)  Starting at a speed sufficiently above the stalling speed to ensure that a steady rate of
speed reduction can be established, apply the longitudinal control so that the speed
reduction does not exceed 0.5 m/s? (one knot per second) until the aeroplane is stalled.

(See AMC 25.103(c).)

(2)  Inaddition, for turning flight stalls, apply the longitudinal control to achieve airspeed
deceleration rates up to 5,6 km/h (3 kt) per second. (See AMC 25.201(c)(2).)

(3) Assoon asthe aeroplane is stalled, recover by normal recovery techniques.

(d)  The aeroplaneis considered stalled when the behaviour of the aeroplane gives the pilot a clear
and distinctive indication of an acceptable nature that the aeroplane is stalled. (See
AMC 25.201(d).) Acceptable indications of a stall, occurring either individually or in
combination, are —

(1) A nose-down pitch that cannot be readily arrested,;

(2)  Buffeting, of a magnitude and severity thatis a strong and effective deterrent to further
speed reduction; or

(3)  The pitch control reaches the aft stop and no further increase in pitch attitude occurs
when the control is held full aft for a short time before recovery is initiated. (See
AMC 25.201(d)(3).)

ED Decision 2003/2/RM

The power for all power-on stall demonstrations is that power necessary to maintain level flight ata
speed of 1-5 Vg, at maximum landing weight, with flaps in the approach position and landing gear
retracted, where Vg is the reference stall speed in the same conditions (except power). The flap
position to be used to determine this power setting is that position in which the reference stall speed
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does not exceed 110% of the reference stall speed with the flaps in the most extended landing
position.

ED Decision 2003/2/RM

Stall demonstrations for compliance with CS 25.201 should include demonstrations with deceleration
devices deployed for all flap positions unless limitations against use of the devices with particular flap
positions are imposed. ‘Deceleration devices’ include spoilers when used as air brakes, and thrust
reversers when use in flight is permitted. Stall demonstrations with deceleration devices deployed
should normally be carried out with power off, except where deployment of the deceleration devices
while power is applied is likely to occur in normal operations (e.g. use of extended air brakes during
landing approach).

ED Decision 2003/2/RM

The intent of evaluating higher decelerationratesisto demonstrate safe characteristics at higher rates
of increase of angle of attack than are obtained from the 0.5 m/s2 (1 knot per second) stalls. The
specified airspeed deceleration rate, and associated angle of attackrate, should be maintained up to
the point at which the aeroplane stalls.

ED Decision 2003/2/RM

1 The behaviour of the aeroplane includes the behaviour as affected by the normal functioning
of any systems with which the aeroplane is equipped, including devices intended to alter the

stalling characteristics of the aeroplane.

2 Unless the design of the automatic flight control system of the aeroplane protects against such
an event, the stalling characteristics and adequacy of stall warning, when the aeroplane is
stalled under the control of the automatic flight control system, should be investigated. (See

also CS 25.1329(f).)

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 andis held full aft for 2 seconds or until the pitch attitude
stops increasing, whichever occurs later.

b. In the case of turning flight stalls, recovery may be initiated once the pitch control reaches the
aft stop when accompanied by a rolling motion thatis not immediately controllable (provided
the rolling motion complies with CS 25.203(c)).

C. For those aeroplanes where stall is defined by full nose up longitudinal control for both forward
and aft C.G., the time at full aft stick should be not less than was used for stall speed
determination, except as permitted by paragraph (b) above.

Powered by EASA eRules Page 127 of 602| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes  (CS-25) SUBPART B — FLIGHT
x E A S A (Initial issue) STALLS
CS 25.203 Stall characteristics

ED Decision 2003/2/RM

(a) It must be possible to produce and to correct roll and yaw by unreversed use of aileron and
rudder controls, up to the time the aeroplane is stalled. No abnormal nose-up pitching may
occur. The longitudinal control force must be positive up toand throughout the stall. In addition,
it must be possible to promptly prevent stalling and to recover from a stall by normal use of the
controls.

(b)  For level wing stalls, the roll occurring between the stall and the completion of the recovery
may not exceed approximately 20°.

(c)  For turning flight stalls, the action of the aeroplane after the stall may not be so violent or
extreme as to make it difficult, with normal piloting skill, to effect a prompt recovery and to
regain control of the aeroplane. The maximum bank angle that occurs during the recovery may
not exceed —

(1)  Approximately 60° in the original direction of the turn, or 30°in the opposite direction,
for deceleration rates up to 0.5 m/s? (1 knot per second); and

(2)  Approximately 90° in the original direction of the turn, or 60°in the opposite direction,
for deceleration rates in excess of 0.5 m/s? (1 knot per second).

ED Decision 2003/2/RM

1 Static Longitudinal Stability during the Approach to the Stall. During the approach to the stall
the longitudinal control pull force should increase continuously as speed is reduced from the
trimmed speed to the onset of stall warning. At lower speeds some reduction in longitudinal
control pull force will be acceptable provided that it is not sudden or excessive.

2 Rolling Motions at the Stall

2.1  Where the stall is indicated by a nose-down pitch, this may be accompanied by a rolling
motion that is not immediately controllable, provided that the rolling motion complies
with CS 25.203(b) or (c) as appropriate.

2.2 In level wing stalls the bank angle may exceed 20° occasionally, provided that lateral
control is effective during recovery.

3 Deep Stall Penetration. Where the results of wind tunnel tests reveal a risk of a catastrophic
phenomenon (e.g. superstall, a condition at angles beyond the stalling incidence from which it
proves difficult or impossible to recover the aeroplane), studies should be made to show that
adequate recovery control is available at and sufficiently beyond the stalling incidence to avoid
such a phenomenon.

CS 25.207 Stall warning

ED Decision 2003/2/RM

(a)  Stall warning with sufficient margin to prevent inadvertent stalling with the flaps and landing
gear in any normal position must be clear and distinctive to the pilot in straight and turning
flight.

(b)  The warning 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 requires the attention of the
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(e)

crew within the cockpit is not acceptable by itself. Ifa warning device is used, it must provide a
warning in each of the aeroplane configurations prescribed in sub-paragraph (a) of this
paragraph at the speed prescribed in sub-paragraphs (c) and (d) of this paragraph. (See
AMC 25.207(b).)

When the speed is reduced at rates not exceeding 0.5 m/s? (one knot per second), stall warning
must begin, in each normal configuration, at a speed, Vs, exceeding the speed at which the
stall is identified in accordance with CS 25.201(d) by not less than 9.3 km/h (five knots) or five
percent CAS, whichever is greater. Once initiated, stall warning must continue until the angle of
attackis reduced to approximately that at which stall warning began. (See AMC 25.207(c) and
(d)).

Inaddition to the requirement of subparagraph(c) of this paragraph, whenthe speed is reduced
atrates not exceeding 0.5 m/s? (one knot per second), in straight flight with engines idling and
atthe centre-of-gravity position specified in CS 25.103(b)(5), Vsw, in each normal configuration,
must exceed Vsz by not less than 5.6 km/h (three knots) or three percent CAS, whichever is
greater. (See AMC 25.207(c) and (d)).

The stall warning margin must be sufficient to allow the pilot to prevent stalling (as defined in
CS 25.201(d)) whenrecoveryis 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
decelerationratesof atleast 1 m/s? (2 knots per second), with the flaps and landing gearin any
normal position, with the aeroplane trimmed for straight flight at a speed of 1.3 Vg, and with
the power or thrust necessary to maintain level flight at 1.3 V.

Stall warning must also be provided in each abnormal configuration of the high lift devices that
is likely to be used in flight following system failures (including all configurations covered by
Flight Manual procedures).

ED Decision 2003/2/RM

A warning which is clear and distinctive to the pilot is one which cannot be misinterpreted or
mistaken for any other warning, and which, without being unduly alarming, impresses itself
upon the pilot and captures his attention regardless of what other tasks and activities are
occupying his attention and commanding his concentration. Where stall warning is to be
provided by artificial means, a stick shaker device producing both a tactile and an audible
warning is an Acceptable Means of Compliance.

Where stall warning is provided by means of a device, compliance with the requirement of
CS 25.21(e) should be established by ensuring that the device has a high degree of reliability.
One means of complying with this criterion is to provide dual independent systems.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance with CS 25.207(c) is to consider stall
warning speed margins obtained during stall speed demonstration (CS 25.103) and stall
demonstration (CS 25.201(a)) (i.e. bank angle, power and centre of gravity conditions).

In addition, if the stall warning marginis managed by a system (thrust law, bank angle law, ...),
stall warning speed margin required by CS 25.207(c) should be demonstrated, when the speed
is reduced at rates not exceeding 0.5 m/s? (one knot per second), for the most 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 from the nominal setting (flight idle, wing
level), no additional demonstration needs to be done.

2 The stall warning speed margins required by CS 25.207(c) and (d) must be determined at a
constant load factor (i.e. 1g for 207(d)). An acceptable data reduction method is to calculate
k = V(C.p/Cisw) where Cp and C.gy are the C_ values respectively at the stall identification and
at the stall warning activation.

3 If the stall warning required by CS 25.207 is provided by a device (e.g. a stick shaker), the effect
of production tolerances on the stall warning system should be considered when evaluating the
stall warning marginrequired by CS 25.207(c) and (d) and the manoeuvre capabilities required

by CS 25.143(g).

a. The stall warning margin required by CS 25.207(c) and (d) should be available with the
stall warning system set to the most critical setting expected in production. Unless
another setting would be provide a lesser margin, the stall warning margin required by
CS 25.207(c) should be evaluated assuming the stall warning system is operating at its
high angle of attack limit. For aeroplanes equipped with a device that abruptly pushes
the nose down at a selected angle-of-attack (e.g. a stick pusher), the stall warning margin
required by CS 25.207(c) may be evaluated with both the stall warning and stall
identification (e.g. stick pusher) systems at their nominal angle of attack settings unless
a lesser margin can result from the various system tolerances.

b. The manoeuvre capabilities required by CS 25.143(g) should be available assuming the
stall warning system is operating on its nominal setting. In addition, when the stall
warning system is operating at its low angle of attack limit, the manoeuvre capabilities
should not be reduced by more than 2 degrees of bank angle from those specified in

CS 25.143(g).

C. The stall warning margins and manoeuvre capabilities may be demonstrated by flight
testing at the settings specified above for the stall warning and, if applicable, stall
identification systems. Alternatively, compliance may be shown by applying adjustments
to flight test data obtained at a different system setting.
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CHARACTERISTICS

GROUND HANDLING CHARACTERISTICS

CS 25.231 Longitudinal stability and control

ED Decision 2003/2/RM

(a)  Aeroplanes may have no uncontrollable tendency to nose over in any reasonably expected
operating condition or when rebound occurs during landing or take-off. In addition —

(1)  Wheel brakes must operate smoothly and may not cause any undue tendency to nose
over; and

(2) If atail-wheel landing gear is used, it must be possible, during the take-off ground run on
concrete, to maintain any attitude up to thrust line level, at 75% of V1.

CS 25.233 Directional stability and control

ED Decision 2003/2/RM

(@) There may be no uncontrollable ground-looping tendency in 90° cross winds, up to a wind
velocity of 37 km/h (20 kt) or 0-2 Vo, whichever is greater, except that the wind velocity need
not exceed 46 km/h (25 kt) at any speed at which the aeroplane may be expected to be operated
on the ground. This may be shown while establishing the 90° cross component of wind velocity
required by CS 25.237.

(b)  Aeroplanes must be satisfactorily controllable, without exceptional piloting skill or alertness, in
power-off landings at normal landing speed, without using brakes or engine power to maintain
a straight path. This may be shown during power-off landings made in conjunction with other
tests.

(c)  The aeroplane must have adequate directional control during taxying. This may be shown
during taxying prior to take-offs made in conjunction with other tests.

CS 25.235 Taxying condition

ED Decision 2003/2/RM

The shock absorbing mechanism may not damage the structure of the aeroplane when the aeroplane
is taxied on the roughest ground that may reasonably be expected in normal operation.

CS 25.237 Wind velocities

ED Decision 2003/2/RM

(a) A 90°cross component of wind velocity, demonstrated to be safe for take-off and landing, must
be established for dry runways and must be at least 37 km/h (20 kt) or 0-2 Vo, Whichever is
greater, except that it need not exceed 46 km/h (25 kt).
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REQUIREMENTS

MISCELLANEOUS FLIGHT REQUIREMENTS

CS 25.251 Vibration and buffeting

(a)

(b)

(c)

(e)

ED Decision 2003/2/RM

The aeroplane must be demonstratedin flight to be free from any vibration and buffeting that
would prevent continued safe flight in any likely operating condition.

Each part of the aeroplane must be demonstratedin flight to be free from excessive vibration,
under any appropriate speed and power conditions up to Vpe/Mpr. The maximum speeds shown
must be used in establishing the operating limitations of the aeroplane in accordance with
CS 25.1505.

Except as provided in sub-paragraph (d) of this paragraph, there may be no buffeting condition,
in normal flight, including configuration changes during cruise, severe enough tointerfere with
the control of the aeroplane, to cause excessive fatigue to the crew, or to cause structural
damage. Stall warning buffeting within these limits is allowable.

There may be no perceptible buffeting condition in the cruise configuration in straight flight at
any speed up to Vyo/Mmo, except that the stall warning buffeting is allowable.

For an aeroplane with M, greater than0-6 or with a maximum operating altitude greater than
7620 m (25,000 ft), the positive manoeuvring load factors at which the onset of perceptible
buffeting occurs must be determined with the aeroplane in the cruise configuration for the
ranges of airspeed or Mach number, weight, and altitude for which the aeroplane is to be
certificated. The envelopes of load factor, speed, altitude, and weight must provide a sufficient
range of speeds and load factors for normal operations. Probable inadvertent excursions
beyond the boundaries of the buffet onset envelopes may not result in unsafe conditions. (See

AMC 25.251(e).)

ED Decision 2003/2/RM

Probable Inadvertent Excursions beyond the Buffet Boundary

1.1 CS 25.251(e) states that probable inadvertent excursions beyond the buffet onset
boundary may not result in unsafe conditions.

1.2 An acceptable means of compliance with this requirement is to demonstrate by means
of flight tests beyond the buffet onset boundary that hazardous conditions will not be
encountered within the permitted manoeuvring envelope (as defined by CS 25.337)
without adequate prior warning being given by severe buffeting or high stick forces.

1.3 Buffet onset is the lowest level of buffet intensity consistently apparent tothe 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 impossible because of the limitations of the control system; or
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C. The positive limit manoeuvring load factor established in compliance with

CS 25.337(b) is achieved.

1.5 Within the range of load factors defined in paragraph 1.4 no hazardous conditions (such
as hazardous involuntary changes of pitch or roll attitude, engine or systems
malfunctioning which require urgent corrective action by the flight crew, or difficulty in
reading the instruments or controlling the aeroplane) should be encountered.

2 Range of Load Factor for Normal Operations

2.1 CS 25.251(e)requires that the envelopes of load factor, speed, altitude and weight must
provide a sufficient range of speeds and load factors for normal operations.

2.2 An acceptable means of compliance with the requirement is to establish the maximum

altitude at which it is possible to achieve a positive normal accelerationincrement of 0-3
g without exceeding the buffet onset boundary.

CS 25.253 High-speed characteristics

ED Decision 2003/2/RM

(a) Speed increase and recovery characteristics. The following speed increase and recovery
characteristics must be met:

(1)

()

(3)

(4)

(5)

Operating conditions and characteristics likely to cause inadvertent speed increases
(including upsets in pitch and roll) must be simulated with the aeroplane trimmed at any
likely cruise speed up to Vyo/Mmo. These conditions and characteristics include gust
upsets, inadvertent control movements, low stick force gradient in relation to control
friction, passenger movement, levelling off from climb, and descent from Mach to air
speed limit altitudes.

Allowing for pilot reaction time after effective inherent or artificial speed warning occurs,
it must be shown that the aeroplane canbe recovered toa normal attitude and its speed
reduced to Vyo/Mwmo, Without —

(i) Exceptional piloting strength or skill;
(i)  Exceeding Vp/Mp, Vpe/Mps, or the structural limitations; and

(iii)  Buffeting that would impair the pilot’s ability to read the instruments or control
the aeroplane for recovery.

With the aeroplane trimmed at any speed up to Vyo/Mwo, there must be no reversal of
the response to control input about any axisat any speed up toVpe/Mpr. Any tendencyto
pitch, roll, or yaw must be mild and readily controllable, using normal piloting techniques.
When the aeroplane is trimmed at Vyo/Mwmo, the slope of the elevator control force
versus speed curve need not be stable at speeds greater thanVi./Mg, but there must be
a push force at all speeds up to Vpr/Mpr and there must be no sudden or excessive
reduction of elevator control force as Vpe/Mpg is reached.

Adequate roll capability to assure a prompt recovery from a lateral upset condition must
be available at any speed up to Vpr/Mpe. (See AMC 25.253(a)(4).)

Extension of speedbrakes. With the aeroplane trimmed at Vyo/Mwo, extension of the
speedbrakes over the available range of movements of the pilots control, at all speeds
above Vy0/Mwo, but not so high that Vpr/Mpr would be exceeded during the manoeuvre,
must not result in:
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(i) An excessive positive load factor when the pilot does not take actionto counteract
the effects of extension;

(i)  Buffeting that would impair the pilot’s ability to read the instruments or control
the aeroplane for recovery; or

(iii) A nose-down pitching moment, unless it is small. (See AMC 25.253(a)(5).)
(6) Reserved

(b)  Maximum speed for stability characteristics, Vic/Mrc. Vic/Mgc is the maximum speed at which
the requirements of CS 25.143(f), 25.147(e), 25.175(b)(1), 25.177(a) through (c), and 25.181
must be met with wing-flaps and landing gear retracted. It may not be lessthan a speed midway
between Vyo/Mmo and Vpe/Mpg, except that, for altitudes where Mach Number is the limiting
factor, Mg need not exceed the Mach Number at which effective speed warning occurs.

ED Decision 2003/2/RM

An acceptable method of demonstrating compliance with CS 25.253(a)(4) is as follows:

1 Establish a steady 20° banked turn at a speed close to Vpe/Mp¢ limited to the extent necessary
to accomplish the following manoeuvre and recovery without exceeding Vp/Mp:. Using lateral
control alone, it should be demonstrated that the aeroplane can be rolled to 20° bank anglein
the other direction in not more than 8 seconds. The demonstration should be made in the most
adverse direction. The manoeuvre may be unchecked.

2 For aeroplanes that exhibit an adverse effect on roll rate when rudder is used, it should also be
demonstrated that use of rudder in a conventional manner will not result in a roll capability
significantly below that specified above.

3 Conditions for 1 and 2:
Wing-flaps retracted.
Speedbrakes retracted and extended.
Landing gear retracted.

Trim. The aeroplane trimmed for straight flight at Vyo/Mwmo. The trimming controls should not
be moved during the manoeuvre.

Power:

(i) All engines operating at the power required to maintain level flight at Vyo/Mwmo, except
that maximum continuous power need not be exceeded; and

(i)  ifthe effect of power is significant, with the throttles closed.

ED Decision 2003/2/RM

Extension of Speedbrakes. The following guidance is provided to clarify the meaning of the words “the
available range of movements of the pilot’s control” in CS 25.253(a)(5) and to provide guidance for
demonstrating compliance with this requirement. Normally, the available range of movements of the
pilot’s control includes the full physical range of movements of the speedbrake control (i.e., from stop
to stop). Under some circumstances, however, the available range of the pilot’s control may be
restricted to a lesser range associated with in-flight use of the speedbrakes. A means to limit the
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available range of movement to an in-flight range may be acceptable if it provides an unmistakable
tactile cue to the pilot when the control reaches the maximum allowable in-flight position, and
compliance with CS 25.697(b) is shown for positions beyond the in-flight range. Additionally, the
applicant's recommended procedures and training must be consistent with the intent to limit the in-
flight range of movements of the speedbrake control.

CS 25.697(b) requires that lift and drag devices intended for ground operation only must have means
to prevent the inadvertent operation of their controls in flight if that operation could be hazardous. If
speedbrake operation is limited to an in-flight range, operation beyond the in-flight range of available
movement of the speedbrake control must be shown to be not hazardous. Two examples of
acceptable unmistakable tactile cues for limiting the in-flight range are designs incorporating eithera
gate, or incorporating both a detent and a substantial increase in force to move the control beyond
the detent. It is not an acceptable means of compliance to restrict the use of, or available range of,
the pilot’s control solely by means of an aeroplane Flight Manual limitation or procedural means.

The effect of extension of speedbrakes may be evaluated during other high speed testing and during
the development of emergency descent procedures. It may be possible to infer compliance with
CS 25.253(a)(5) by means of this testing. To aid in determining compliance with the qualitative
requirements of this rule, the following quantitative values may be used as a generally acceptable
means of compliance. A load factor should be regarded as excessive if it exceeds 2.0. A nose-down
pitching moment may be regarded as small if it necessitates anincremental control force of less than
89 N (20 Ibf) to maintain 1g flight. These values may not be appropriate for all aeroplanes, and depend
on the characteristics of the particular aeroplane design in high speed flight. Other means of
compliance may be acceptable, provided that the Agency finds that compliance has been shown to
the qualitative requirements specified in CS 25.253(a)(5).

CS 25.255 Out-of-trim characteristics

ED Decision 2003/2/RM

(a)  From an initial condition with the aeroplane trimmed at cruise speeds up to Vyo/Mwmo, the
aeroplane must have satisfactory manoeuvring stability and controllability with the degree of
out-of-trim in both the aeroplane nose-up and nose-down directions, which results from the
greater of —

(1) A three-second movement of the longitudinal trim system at its normal rate for the
particular flight condition with no aerodynamic load (or an equivalent degree of trim for
aeroplanes that do not have a power-operated trim system), except as limited by stops
in the trim system, including those required by CS 25.655(b) for adjustable stabilisers; or

(2) The maximum mistrim that can be sustained by the autopilot while maintaining level
flight in the high speed cruising condition.

(b)  Inthe out-of-trim condition specified in sub-paragraph (a) of this paragraph, when the normal
accelerationis varied from + 1 g to the positive and negative values specified in sub-paragraph
(c) of this paragraph —

(1)  The stick force vs. g curve must have a positive slope at any speed up to and including
Vec/Mec; and

(2)  Atspeeds between Vic/Mecand Vpe/Mps, the direction of the primary longitudinal control
force may not reverse.
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(c)

Except as provided in sub-paragraphs (d) and (e) of this paragraph compliance with the
provisions of sub-paragraph (a) of this paragraph must be demonstrated in flight over the
acceleration range —

(1) -1gto2:5g;or
(2) 0gto2:0g, and extrapolating by an acceptable methodto—1gand 2:5g.

If the procedure set forth in sub-paragraph (c)(2) of 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 condition is found to exist to the applicable limit specified in sub-paragraph
(c)(1) of this paragraph.

During flight tests required by subparagraph (a) of this paragraph the limit manoeuvring load
factors prescribed in CS 25.333(b) and 25.337, and the manoeuvring load factors associated
with probable inadvertent excursions beyond the boundaries of the buffet onset envelopes
determined under CS 25.251(e), need not be exceeded. In addition, the entry speeds for flight
test demonstrations at normal acceleration values less than 1 g must be limited to the extent
necessary to accomplish a recovery without exceeding Vpe/Mpe.

Inthe out-of-trim condition specified in sub-paragraph (a) of this paragraph, it must be possible
from an overspeed condition at Vpe/Mpg, 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 primary longitudinal
control alone or the primary longitudinal control and the longitudinal trim system. If the
longitudinal trim is used to assist in producing the required load factor, it must be shown at
Vor/Mpr that the longitudinal trim can be actuatedin the aeroplane nose-up direction with the
primary surface loaded to correspond to the least of the following aeroplane nose-up control
forces:

(1)  The maximum control forces expected in service as specified in CS 25.301 and 25.397.

(2)  The control force required to produce 1-5g.

(3) The control force corresponding to buffeting or other phenomena of such intensity that
it is a strong deterrent to further application of primary longitudinal control force.

ED Decision 2003/2/RM

Amount of Out-of-trim Required

1.1  The equivalent degree of trim, specified in CS 25.255(a)(1) for aeroplanes which do not
have a power-operated longitudinal trim system, has not been specified in quantitative
terms, and the particular characteristics of each type of aeroplane must be considered.
The intent of the requirement is that a reasonable amount of out-of-trim should be
investigated, such as might occasionally be applied by a pilot.

1.2 Inestablishing the maximum mistrim that can be sustained by the autopilot the normal
operation of the autopilot and associated systems should be taken into consideration.
Where the autopilot is equipped with an auto-trim function the amount of mistrim which
can be sustained will generally be small or zero. If there is no auto-trim function,
consideration should be given to the maximum amount of out-of-trim which can be
sustained by the elevator servo without causing autopilot disconnect.
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2 Datum Trim Setting

2.1

2.2

For showing compliance with CS 25.255(b)(1) for speeds up to Vyo/Mwo, the datum trim
setting should be the trim setting required for trimmed flight at the particular speed at

which the demonstration is to be made.

For showing compliance with CS 25.255(b)(1) for speeds from Vy0/Mwo t0 Vic/Mec, and
for showing compliance with CS 25.255(b)(2) and (f), the datum trim setting should be
the trim setting required for trimmed flight at Vyo/Mwo.

3 Reversal of Primary Longitudinal Control Force at Speeds greater than V g/Mgc

3.1

3.2

3.3

CS 25.255(b)(2) requires that the direction of the primary longitudinal control force may
not reverse when the normal accelerationis varied, for +1 g to the positive and negative
values specified, at speeds above Vic/M¢.. The intent of the requirement is that it is
permissible that there is a value of g for which the stick force is zero, provided that the
stick force versus g curve has a positive slope at that point (see Figure 1).

Pull — ———  Acceptable characteristics
Unacceptable characteristics
Stick
Force 0 J VR
1-0 2:0 Y 25
Load Factor 5
Push -

FIGURE 1

If stick force characteristicsare marginally acceptable, it is desirable that there should be
no reversal of normal control sensing, i.e. an aft movement of the control column should
produce an aircraft motion in the nose-up direction and a change in aircraft load factor
in the positive direction, and a forward movement of the control column should change
the aircraft load factor in the negative direction.

It is further intended that reversals of direction of stick force with negative stick-force
gradientsshould not be permitted in any mistrim condition within the specified range of
mistrim. If test results indicate that the curves of stick force versus normal acceleration
with the maximum required mistrim have a negative gradient of speeds above Vi/Mg
then additional tests may be necessary. The additional tests should verify that the curves
of stick force versus load factor with mistrim less than the maximum required do not
unacceptably reverse, as illustrated in the upper curve of Figure 2. Control force
characteristics as shown in Figure 3, may be considered acceptable, provided that the
control sensing does not reverse (see paragraph 3.2)
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FIGURE 2 FIGURE 3
4 Probable Inadvertent Excursions beyond the Boundaries of the Buffet Onset Envelopes.

CS 25.255(e) states that manoeuvring load factors associated with probable inadvertent
excursions beyond the boundaries of the buffet onset envelopes determined under
CS 25.251(e) need not be exceeded. It is intended that test flights need not be continued
beyond a level of buffet which is sufficiently severe that a pilot would be reluctant to apply any
further increase in load factor.

5 Use of the Longitudinal Trim System to Assist Recovery

5.1 CS 25.255(f) requires the ability to produce atleast 1-5g for recovery from an overspeed
condition of Vpe/Mp, using either the primary longitudinal control alone or the primary
longitudinal control and the longitudinal trim system. Although the longitudinal trim
system may be used to assist in producing the required normal acceleration, it is not
acceptable for recovery to be completely dependent upon the use of this system. It
should be possible to produce 1:2 g by applying not more than 556 N (125 Ibf) of
longitudinal control force using the primary longitudinal control alone.

5.2  Recovery capability is generally critical at altitudes where airspeed (V) is limiting. If at
higher altitudes (on the My boundary) the manoeuvre capability is limited by buffeting
of such anintensity that it is a strong deterrent tofurther increase in normal acceleration,
some reduction of manoeuvre capability will be acceptable, provided that it does not
reduce to below 1-3 g. The entry speed for flight test demonstrations of compliance with
this requirement should be limited to the extent necessary to accomplish a recovery
without exceeding Vp/Mpg, and the normal acceleration should be measured as nearto
Vor/Mpr as is practical.
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SUBPART C-STRUCTURE
GENERAL

CS 25.301 Loads

ED Decision 2003/2/RM

(a)  Strengthrequirements are specified in terms of limit loads (the maximum loads to be expected
in service) and ultimate loads (limit loads multiplied by prescribed factors of safety). Unless
otherwise provided, prescribed loads are limit loads.

(b)  Unless otherwise provided the specified air, ground, and water loads must be placed in
equilibrium with inertia forces, considering each item of mass in the aeroplane. These loads
must be distributed to conservatively approximate or closely represent actual conditions.
Methods used to determine load intensities and distribution must be validated by flight load
measurement unless the methods used for determining those loading conditions are shown to

be reliable. (See AMC 25.301(b).)

(c) Ifdeflections under load would significantly change the distribution of external or internal loads,
this redistribution must be taken into account.

ED Decision 2003/2/RM

(a) The engine and its mounting structure are to be stressed to the loading cases for the aeroplane
asa whole.

(b)  Notwithstanding the advancementsin analytical methods used in predicting loads on aeroplane
structures, accurate prediction of loads on wing leading edge and 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.

CS 25.303 Factor of safety

ED Decision 2003/2/RM

Unless otherwise specified, a factor of safety of 1:5 must be applied tothe prescribed limit load which
are considered external loads on the structure. When loading condition is prescribed in terms of
ultimate loads, a factor of safety need not be applied unless otherwise specified.

CS 25.305 Strength and deformation

ED Decision 2003/2/RM

(a) The structure must be able tosupport limit loads without detrimental permanent deformation.
At any load up to limit loads, the deformation may not interfere with safe operation.

(b)  The structure must be able to support ultimate loads without failure for at least 3 seconds.
However, when proof of strengthis shown by dynamic tests simulating actualload conditions,
the 3-second limit does not apply. Static tests conducted to ultimate load must include the
ultimate deflections and ultimate deformation induced by the loading. When analytical
methods are used to show compliance with the ultimate load strength requirements, it must
be shown that —
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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.

()  Where structural flexibility is such that any rate of load application likely to occur in the
operating conditions might produce transient stresses appreciably higher than those
corresponding to static loads, the effects of this rate of application must be considered.

CS 25.307 Proof of structure

ED Decision 2003/2/RM

(a)  Compliance with the strength and deformation requirements of this Subpart must be shown for
each critical loading condition. Structural analysis may be used only if the structure conforms to
those for which experience has shown this method to be reliable. Inother 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 thatin the circumstances of the case,
equivalent substantiation can be obtained from tests to agreed lower levels. (See AMC 25.307.)

(b) Reserved

(c) Reserved

(d) When static or dynamic tests are used to show compliance with the requirements of
CS 25.305(b) for flight structures, appropriate material correction factors must be applied to
the test results, unless the structure, or part thereof, being tested has features such that a
number of elements contribute to the total strength of the structure and the failure of one
element results in the redistribution of the load through alternate load paths.

ED Decision 2003/2/RM

Indeciding the need for and the extent of testing including the load levels to be achieved the following
factors will be considered by the Agency.

a. The confidence which can be attached to the constructors’ overall experience in respect to
certain types of aeroplanes in designing, building and testing aeroplanes.

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 development of 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 it is a matter of
importing for the first time an old type of aeroplane which has not been tested.
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FLIGHT LOADS

CS 25.321 General

(a)

(c)

ED Decision 2003/2/RM

Flight load factors represent the ratio of the aerodynamic force component (acting normal to
the assumed longitudinal axis of the aeroplane) to the weight of the aeroplane. A positive load
factor is one in which the aerodynamic force acts upward with respect to the aeroplane.

Considering compressibility effectsat each speed, compliance with the flight load requirements
of this Subpart must be shown —

(1) At eachcritical altitude within the range of altitudes selected by the applicant;

(2) At each weight from the design minimum weight to the design maximum weight
appropriate to each particular flight load condition; and

(3)  For each required altitude and weight, for any practicable distribution of disposable load
within the operating limitations recorded in the Aeroplane Flight Manual.

Enough points on and within the boundaries of the design envelope must be investigated to
ensure that the maximum load for each part of the aeroplane structure is obtained.

The significant forces acting on the aeroplane must be placed in equilibrium in a rational or
conservative manner. The linear inertia forces must be considered in equilibrium with the thrust
and all aerodynamic loads, while the angular (pitching) inertia forces must be considered in
equilibrium with thrust and all aerodynamic moments, including moments due to loads on
components such as tail surfaces and nacelles. Critical thrust values in the range from zero to
maximum continuous thrust must be considered.
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FLIGHT MANOEUVRE AND GUST CONDITIONS

CS 25.331 Symmetric manoeuvring conditions

(a)

(c)

ED Decision 2003/2/RM

Procedure. For the analysis of the manoeuvring flight conditions specified in sub-paragraphs (b)
and (c) of this paragraph, the following provisions apply:

(1)

(2)

Where sudden displacement of a control is specified, the assumed rate of control surface
displacement may not be less than the rate that could be applied by the pilot through the
control system.

In determining elevator angles and chordwise load distribution in the manoeuvring
conditions of sub-paragraphs (b) and (c) of this paragraph, the effect of corresponding
pitching velocities must be taken into account. The in-trim and out-of-trim flight
conditions specified in CS 25.255 must be considered.

Manoeuvring balanced conditions. Assuming the aeroplane to be in equilibrium with zero
pitching acceleration, the manoeuvring conditions A through | on the manoeuvring envelope in
CS 25.333(b) must be investigated.

Manoeuvring pitching conditions. The following conditions must be investigated:

(1)

(2)

Maximum pitch control displacement at V,. The aeroplane is assumed to be flying in
steady level flight (point A1, CS 25.333(b)) and the cockpit pitch control is suddenly
moved to obtain extreme nose up pitching acceleration. In defining the tail load, the
response of the aeroplane must be taken into account. Aeroplane loads which occur
subsequent to the time when normal acceleration at the c.g. exceeds the positive limit
manoeuvring load factor (at point A2 in CS.333(b)), or the resulting tailplane normal load
reaches its maximum, whichever occurs first, need not be considered.

Checked manoeuvre between V, and V. Nose up checked pitching manoeuvres must be
analysed in which the positive limit load factor prescribed in CS 25.337 is achieved. As a
separate condition, nose down checked pitching manoeuvres must be analysed in which
a limit load factor of 0 is achieved. In defining the aeroplane loads the cockpit pitch
control motions described in sub-paragraphs (i), (i), (iii) and (iv) of this paragraph must
be used:

(i) The aeroplane is assumed to be flying in steady level flight at any speed between
Va and Vp and the cockpit pitch control is moved in accordance with the following
formula:

6(t) = 8;sin(wt) for 0 <t < tux
where:

61= the maximum available displacement of the cockpit pitch control in the
initial direction, aslimited by the control system stops, control surface stops,
or by pilot effort in accordance with CS 25.397(b);

6(t) = the displacement of the cockpit pitch control as a function of time. In the
initial direction 6(t) is limited to 8;. In the reverse direction, §(t) may be
truncated at the maximum available displacement of the cockpit pitch
control as limited by the control system stops, control surface stops, or by
pilot effort in accordance with CS 25.397(b);
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(iii)

tmax = 3T/2W;

w = thecircularfrequency (radians/second) of the control deflection taken equal
to the undamped natural frequency of the short period rigid mode of the
aeroplane, with active control system effects included where appropriate;
but not less than:

¥
w = —— radians per second,;
2V,

where:
V= the speed of the aeroplane at entry to the manoeuvre.
Va= the design manoeuvring speed prescribed in CS 25.335(c)

For nose-up pitching manoeuvres the complete cockpit pitch control displacement
history may be scaled down in amplitude to the extent just necessary to ensure
that the positive limit load factor prescribedin CS 25.337 is not exceeded. For nose-
down pitching manoeuvres the complete cockpit control displacement history may
be scaled down in amplitude tothe extent just necessary to ensure that the normal
acceleration at the c.g. does not go below 0g.

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:

8§(t) = 6;sin(wt) for 0<t<t,
§(t)=68, for t;<t<t,
85(t) = 6ysin(w[t +t;—t,]) for t, <t <ty

where:
t, = 2w
tz = t1+At

Thax= T2+ T[/w:'

At = the minimum period of time necessary to allow the prescribed limit load
factor to be achieved in the initial direction, but it need not exceed five
seconds (see figure below).
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(iv)  In cases where the cockpit pitch control motion may be affected by inputs from
systems (for example, by a stick pusher that can operate at high load factor as well
as at 1g) then the effects of those systems must be taken into account.

(v)  Aeroplane loads that occur beyond the following times need not be considered:

(A)  For the nose-up pitching manoeuvre, the time at which the normal
acceleration at the c.g. goes below 0g;

(B)  For the nose-down pitching manoeuvre, the time at which the normal
acceleration at the c.g. goes above the positive limit load factor prescribed

in CS 25.337;
(C) tmax-

CS 25.333 Flight manoeuvring envelope

ED Decision 2003/2/RM

(a)  General. The strength requirements must be met at each combination of airspeed and load
factor on and within the boundaries of the representative manoeuvring envelope (V-n diagram)
of sub-paragraph (b) of this paragraph. This envelope must also be used in determining the
aeroplane structural operating limitations as specified in CS 25.1501.

(b)  Manoeuvring envelope
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CS 25.335 Design airspeeds

ED Decision 2003/2/RM

The selected design airspeeds are equivalent airspeeds (EAS). Estimated values of V¢, and Vs; must be
conservative.

(a)  Design cruising speed, V. For V¢, the following apply:

(1)  The minimum value of V. must be sufficiently greater thanVj; to provide for inadvertent
speed increases likely to occur as a result of severe atmospheric turbulence.

(2)  Except as provided in sub-paragraph 25.335(d)(2), Vc may not be less than Vg + 1:32 U
(with U, as specified in sub-paragraph 25.341(a)(5)(i). However, V¢ need not exceed the
maximum speed in level flight at maximum continuous power for the corresponding
altitude.

(3) At altitudes where Vpis limited by Mach number, Vc may be limited to a selected Mach
number. (See CS 25.1505.)

(b)  Design dive speed, V,. Vp must be selected so that V/Mc is not greater than 0-8 Vp/Mp, or so
that the minimum speed margin between V./M¢ and Vp/My, is the greater of the following
values:

(1)  From aninitial condition of stabilised flight at V./Mc, the aeroplane is upset, flown for 20
seconds along a flight path 7-5° below theinitial 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 calculatedif reliable or conservative aerodynamic data issued. Power as specified
in CS 25.175(b)(1)(iv) is assumed until the pullup is initiated, at which time power
reduction and the use of pilot controlled drag devices may be assumed;
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(ci)

()

The minimum speed margin must be enough to provide for atmospheric variations (such
as horizontal gusts, and penetration of jet streams and cold fronts) and for instrument
errors and airframe production variations. These factors may be considered on a
probability basis. The margin at altitude where 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 0.05M. (See AMC 25.335(b)(2))

Design manoeuvring speed, V,. For V,, the following apply:

(1)

(2)
(3)

V, may not be less than Vs; Vn where —

(i) nis the limit positive manoeuvring load factor at V; and

(ii) Vs isthe stalling speed with wing-flaps retracted.

V, and Vs must be evaluated at the design weight and altitude under consideration.

Va need not be more than Vcor the speed at which the positive Cynaxcurve intersects
the positive manoeuvre load factor line, whichever is less.

Design speed for maximum gust intensity, Vs.

(1)

()

Vg may not be less than

1
KU, Va2
V;l 1+ gYrefVc

498w
where —

Vs = the 1-g stalling speed based on Cyamax With the flaps retracted at the particular
weight under consideration;

Cnamax = the maximum aeroplane normal force coefficient;
V. = design cruise speed (knots equivalent airspeed);

U= the reference gust velocity (feet per second equivalent airspeed) from
CS 25.341(a)(5)(i);

w = average wing loading (pounds per square foot) at the particular weight under
consideration.

.88
K, = oL
53+u
2w

H p cag

p = density of air (slugs/ft3);

¢ = mean geometric chord of the wing (feet);
g = acceleration due to gravity (ft/sec?);
a = slope of the aeroplane normal force coefficient curve, Cys per radian;

At altitudes where V. is limited by Mach number —

(i) Vg may be chosen to provide an optimum margin between low and high speed
buffet boundaries; and,

(i) Vg need not be greater than V.
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(e)  Design wing-flap speeds, V¢ For Vi, the following apply:

(1)  The design wing-flap speed for each wing-flap position (established in accordance with
CS 25.697(a)) must be sufficiently greater than the operating speed recommended for
the corresponding stage of flight (including balked landings) to allow for probable
variationsin control of airspeed and for transition from one wing-flap position toanother.

(2)  If an automatic wing-flap positioning or load limiting device is used, the speeds and
corresponding wing-flap positions programmed or allowed by the device may be used.

(3) Vemay not be less than —
(i) 1-6 Vs; with the wing-flaps in take-off position at maximum take-off weight;
(i)  1-8 Vs, with the wing-flaps in approach position at maximum landing weight; and
(iii)  1-8 V5o with the wing-flaps in landing position at maximum landing weight.

(f) Design drag device speeds, Vpp. The selected design speed for each drag device must be
sufficiently greater than the speed recommended for the operation of the device to allow for
probable variations in speed control. For drag devices intended for use in high speed descents,
Vpp Mmay not be less than Vp. When an automatic drag device positioning or load limiting means
is used, the speeds and corresponding drag device positions programmed or allowed by the
automatic means must be used for design.

ED Decision 2003/2/RM

1. PURPOSE. This AMC sets forth an acceptable means, but not the only means, of demonstrating
compliance with the provisions of CS-25 relatedto the minimum speed margin between design
cruise speed and design dive speed.

2. RELATED CS PARAGRAPHS. CS 25.335 "Design airspeeds".

3. BACKGROUND. CS 25.335(b) requires the design dive speed, Vp, of the aeroplane to be
established so that the design cruise speed is no greaterthan 0.8 times the design dive speed,
or that it be based on an upset criterion initiated at the design cruise speed, V. At altitudes
where the cruise speed is limited by compressibility effects, CS 25.335(b)(2) requires the margin
to be not less than 0.05 Mach. Furthermore, at any altitude, the margin must be great enough
to provide for atmospheric variations (such as horizontal gusts and the penetration of jet
streams), instrument errors, and production variations. This AMC provides a rational method
for considering the atmospheric variations.

4. DESIGN DIVE SPEED MARGIN DUE TO ATMOSPHERIC VARIATIONS.

a. In the absence of evidence supporting alternative criteria, compliance with
CS 25.335(b)(2) may be shown by providing a margin between V/Mcand Vp/M, sufficient
to provide for the following atmospheric conditions:

(1) Encounter with a Horizontal Gust. The effect of encounters with a substantially
headon gust, assumed to act at the most adverse angle between 30 degreesabove
and 30 degrees below the flight path, should be considered. The gust velocity
should be 15.2 m/s (50 fps) in equivalent airspeed (EAS) at altitudes up to 6096 m
(20,000 feet). At altitudes above 6096 m (20,000 feet) the gust velocity may be
reduced linearly from 15.2 m/s (50 fps) in EAS at 6096 m (20,000 feet) to 7.6 m/s
(25 fps) in EAS at 15240 m (50,000 feet), above which the gust velocity is
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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)  Entryi

nto Jetstreams or Regions of High Windshear.

(i)

(ii)

(iii)

(iv)

Conditions of horizontal and vertical windshear should be investigated
taking into account the windshear data of this paragraph which are world-
wide extreme values.

Horizontal windshear is the rate of change of horizontal wind speed with
horizontal distance. Encounters with horizontal windshear change the
aeroplane apparent head wind in level flight as the aeroplane traversesinto
regions of changing wind speed. The horizontal windshear region is assumed
to have no significant vertical gradient of wind speed.

Vertical windshear is the rate of change of horizontal wind speed with
altitude. Encounters with windshear change the aeroplane apparent head
wind as the aeroplane climbs or descends into regions of changing wind
speed. The vertical windshear region changes slowly so that temporal or
spatial changes in the vertical windshear gradient are assumed to have no
significant affect on an aeroplane in level flight.

With the aeroplane at V¢/M¢ within normal ratesof climb and descent, the
most extreme condition of windshear that it might encounter, according to
available meteorological data, can be expressed as follows:

(A)  Horizontal Windshear. The jet stream is assumed to consist of a linear
shear of 3.6 KTAS/NM over a distance of 25 NM or of 2.52 KTAS/NM
over a distance of 50 NM or of 1.8 KTAS/NM over a distance of 100
NM, whichever is most severe.

(B)  Vertical Windshear. The windshear region is assumed to have the
most severe of the following characteristics and design values for
windshear intensity and height band. As shown in Figure 1, the total
vertical thickness of the windshear region is twice the height band so
that the windshear intensity specified in Table 1 applies to a vertical
distance equal to the height band above and below the reference
altitude. The variation of horizontal wind speed with altitude in the
windshear region is linear through the height band from zero at the
edge of the region to a strength at the reference altitude determined
by the windshear intensity multiplied by the height band. Windshear
intensity varies linearly between the reference altitudes in Table 1.

Figure 1 - Windshear Region
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Altitude §
{
A | ]
|
\
Height Band!
\
Reference ! Wind
Altitude Speed
Height Band
B ——

Note: The analysis should be conducted by separately descending
from point “A” and climbing from point “B” into initially
increasing headwind.

Table 1 - Vertical Windshear Intensity Characteristics

Height Band - Ft.

1000 3000 5000 7000
Reference Vertical Windshear
Altitude - Ft. Units: ft./sec. per foot of height (KTAS per 1000 feet of height)

0 0.095 (56.3) 0.05 (29.6) 0.035 (20.7) 0.03 (17.8)
40,000 0.145 (85.9) 0.075 (44.4) 0.055 (32.6) 0.04 (23.7)
45,000 0.265 (157.0) 0.135 (80.0) 0.10 (59.2) 0.075 (44.4)

Above 45,000 0.265 (157.0) 0.135 (80.0) 0.10 (59.2) 0.075 (44.4)

Windshearintensity varies linearly between s pecified 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. In
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 recovery action may be started by using the primary
aerodynamic controls and thrust at a normal acceleration of 1.5g, or the
maximum available, whichever is lower.

b. At altitudes where speed is limited by Mach number, a speed margin of .07 Mach
between Mcand My, is considered sufficient without further investigation.

CS 25.337 Limit manoeuvring load factors

ED Decision 2003/2/RM

(a)  Except where limited by maximum (static) lift coefficients, the aeroplane is assumed to be
subjected to symmetrical manoeuvres resulting in the limit manoeuvring load factors
prescribed in this paragraph. Pitching velocities appropriate to the corresponding pull-up and
steady turn manoeuvres must be taken into account.
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(b)  The positive limit manoeuvring load factor ‘n’ for any speed up to Vp may not be less than
24000

2.1+ (—

W+10 000

where ‘W’ is the design maximum take-off weight (Ib).

)except that ‘n” may not be less than 2-5 and need not be greaterthan3-8 —

(c)  The negative limit manoeuvring load factor —
(1)  May not be less than —1-0 at speeds up to V¢; and
(2)  Must vary linearly with speed from the value at V. to zero at Vp.

(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 defined by CS 25.337(b) and (c). It is
recognised that constraints which may limit the aircraft’sability to attainthe manoeuvring envelope
load factor boundary may be taken into account in the calculation of manoeuvring loads for each
unigue mass and flight condition, provided that those constraints are adequately substantiated. This
substantiation should take account of critical combinations of vertical, rolling and yawing manoeuvres
that may be invoked either statically or dynamically within the manoeuvring envelope.

Examples of the aforementioned constraints include aircraft Cy.max, mechanical and/or aerodynamic
limitations of the pitch control, and limitations defined within any flight control software.]

CS 25.341 Gust and turbulence loads

ED Decision 2003/2/RM

(a)  Discrete Gust Design Criteria. The aeroplane is assumed to be subjected to symmetrical vertical
and lateral gusts in level flight. Limit gust loads must be determined in accordance with the
following provisions:

(1) Loads on each part of the structure must be determined by dynamic analysis. The analysis
must take into account unsteady aerodynamic characteristicsand all significant structural
degrees of freedom including rigid body motions.

(2)  The shape of the gust must be taken as follows:

Uz%[l—cos(%)] for0<s<2H
U=20 fors>2H
where —

distance penetrated into the gust (metre);

S

Ugs = the design gust velocity in equivalent airspeed specified in sub-paragraph (a) (4) of
this paragraph;

I
]

the gust gradient which is the distance (metre) parallel to the aeroplane’s flight
path for the gust to reach its peak velocity.

(3) A sufficient number of gust gradient distances in the range 9 m (30 feet) to 107 m (350
feet) must be investigated to find the critical response for each load quantity.

(4)  The design gust velocity must be:
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(b)

(5)

(6)

(7)

1/
Uas = Urer @(H/350)
where —

U.er = the reference gust velocity in equivalent airspeed defined in sub-paragraph (a)(5)
of this paragraph;

F; = the flight profile alleviation factor defined in sub-paragraph (a)(6) of this
paragraph.

The following reference gust velocities apply:

(i) At the aeroplane design speed V: Positive and negative gusts with reference gust
velocities of 17.07 m/s (56-0 ft/s) EAS must be considered at sea level. The
reference gust velocity may be reduced linearly from 17.07 m/s (56-0 ft/s) EAS at
sea level to 13.41 m/s (44-0 ft/s) EAS at 4572 m (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) EAS at 15240m (50 000 ft).

(i) At the aeroplane design speed Vp: The reference gust velocity must be 0-5 times
the value obtained under CS 25.341(a)(5)(i).

The flight profile alleviation factor, Fg, must be increased linearly from the sea level value
to a value of 1.0 at the maximum operating altitude defined in CS 25.1527. At sea level,
the flight profile alleviation factor is determined by the following equation.

Fy =05 (Fz+ Fm)

where —
Zmo ( Zmo )
o =1=762000 \Foz= 1= 350000/}

Fym = |R;Tan(nRy, );

Maximum Landing Weight
Ry = Maximum Take — of f Weight;

Maximum Zero Fuel Weight
R, = Maximum Take — of f Weight;

Z o Maximum operating altitude (metres (feet)) defined in CS 25.1527.

When a stability augmentation system is included in the analysis, the effect of any
significant system non-linearities should be accounted for when deriving limit loads from
limit gust conditions.

Continuous Gust Design Criteria. The dynamic response of the aeroplane to vertical and lateral
continuous turbulence must be taken into account. (See AMC 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 Criteria The gust loads criteria of this paragraph 2 should be applied to
mission analysis or design envelope analysis. (See Technical Reference FAA-ADS-53
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‘Development of a Power Spectral Gust Design Procedure for Civil Aircraft’ and Technical Report
FAA-ADS-54 ‘Contributions to the Development of a Power Spectral Gust Design Procedure for
Civil Aircraft’ for detailed information)

2.1

2.2

The limit gust loads utilising the continuous 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 considered. The combined stress may be
determined on the assumption that vertical and lateral components are uncorrelated.

Design Envelope Analysis. The limit loads should be determined in accordance with this
paragraph 2.2.

2.2.1 All critical altitudes, weights, and weight distributions, as specified in
CS 25.321(b)(1) to (b)(3), and all critical speeds within the ranges indicated in
paragraph 2.3, should be considered.

2.2.2 Values of A (ratio of root-mean-square incremental load to root-mean-square gust
velocity) should be determined by dynamic analysis. The power spectral density of
the atmospheric turbulence should be as given by the equation-

o2 1 +% (1-339L02)2
o) = X T
[1+ (1-339L0)2]6

where—

o

power-spectral density, (m/s)? / rad/m) ((ft/s)? / rad/ft))

o true root mean square gust velocity, m/s (ft/s)
Q = reduced frequency, rad/m (rad/ft)
L = 762 m (2500 ft)

2.2.3 Thelimit loads should be obtained by multiplying the A values given by the dynamic
analysis by the following value of U, (true gust velocity)

a. At speed V¢

i. U, = 25:9 m/s (/85 ft/s) true gust velocity in the interval 0 to 9144 m
(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.)

ii. U, values less than those specified in sub-paragraph a.i. may be used
where the applicant can show by rational meansthat the gust velocity
selected is adequate for the aeroplane being considered.

However, the U, values used may not be less than 22:9 m/s (75 ft/s)
with a linear decrease from that value at 6096 m (20000 ft) to9-1 m/s
(30 ft/s) at 24 384 m (80 000 ft).

b. At speed V3. Uy is given by 1-32 times the values obtained under a.
C. At speed Vp. Uy is given by 0-5 times the values obtained under a.

d. At speeds between Vg and V¢, and between V¢ and Vp. Uy is given by linear
interpolation.
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2.2.4 When a stability augmentation 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.

2.3 Mission analysis. Limit loads should be determinedin accordance with this paragraph2.3.

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. These profiles
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 values of A and
Ny should be determined by dynamic analysis. A is defined as the ratio of root-
mean-square incremental load to root-mean-square gust velocity and Ng as the
radius of gyration of the load power-spectral density function about zero
frequency. The power spectral density of 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,

- B (5 e 2257

where —
y = net values of the load or stress
Yoneg= Value of the load or stress in one-g level flight

N(y) =average number of exceedances of the indicated values of the load or
stressin unit time

2 = symbol denoting summation over all mission segments
t = fraction of total flight time in the given segment
No, A = parameters determined by dynamic analysis as defined in paragraph 2.3.2

P,, P,, by, b, = parameters defining the probability distributions of root-mean-
square gust velocity to read from Figures 1 and 2.

2.3.4 The limit gust loads should be read from the frequency of exceedance curves ata
frequency of exceedance of 2 x 10 exceedances per hour. Both positive and
negative load directions should be considered in determination of the limit loads.

2.3.5 Ifastability augmentation systemis utilised to reduce the gust loads, consideration
should be given to the fraction 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, the effect of system non-linearities on loads at
the limit load level should be realistically or conservatively accounted for.

2.4  Supplementary Design Envelope Analysis. In addition to the limit loads defined by
paragraph 2.3, limit loads should also be determined in accordance with paragraph 2.2,
modified as follows:
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ALTITUDE, 1000 ft

2.4.1 In paragraph 2.2.3 a. the values of Uo = 25-9 m/s (85 ft/s) true is replaced by Uc
=18-3m/s (60ft/s) trueintheinterval 0 to 9144 m (30 000 ft) altitude and is linearly
decreased to 7-6 m/s (25 ft/s) true at 24 384 m (80 000 ft) altitude.

2.4.2 In 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.

: BN

_— ——
.000001 .00001 0001 .01 .0
P, AND P2

FIGURE 1-P; AND P2 VALUES
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3

4

ALTITUDE, 1000 fr

/

FIGURE 2 - b1 AND bz VALUES AMC 25.345(a)

CS 25.343 Design fuel and oil loads

ED Decision 2003/2/RM

(a)  The disposable load combinations must include each fuel and oil load in the range from zero
fuel and oil to the selected maximum fuel and oil load. A structural reserve fuel condition, not
exceeding 45 minutes of fuel under operating conditions in CS 25.1001(f), may be selected.

(b)  If astructural reserve fuel condition is selected, it must be used as the minimum fuel weight
condition for showing compliance with the flight load requirements as prescribed in this
Subpart. In addition —

(1)  The structure must be designed for a condition of zero fuel and oil in the wing at limit
loads corresponding to —

(i) A manoeuvring load factor of +2-25; and

(i)  The gust conditions of CS 25.341(a), but assuming 85% of the design velocities
prescribed in CS 25.341(a)(4)

(2)  Fatigue evaluation of the structure must account for any increase in operating stresses
resulting from the design condition of sub-paragraph (b)(1) of this paragraph; and

(3)  The flutter, deformation, and vibration requirements must also be met with zero fuel.
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CS 25.345 High lift devices

ED Decision 2003/2/RM

(a)  If wing-flaps are to be used during take-off, approach, or landing, at the design flap speeds
established for these stages of flight under CS 25.335(e) and with the wing-flaps in the
corresponding positions, the aeroplane is assumed to be subjected to symmetrical manoeuvres
and gusts. The resulting limit loads must correspond to the conditions determined as follows:

(1)  Manoeuvring to a positive limit load factor of 2:0; and

(2)  Positive and negative gusts of 7.62 m/sec (25 ft/sec) EAS acting normal to the flight path
in level flight. Gust loads resulting on each part of the structure must be determined by
rational analysis. The analysis must take into account the unsteady aerodynamic
characteristics and rigid body motions of the aircraft. (See AMC 25.345(a).) The shape of
the gust must be as described in CS 25.341(a)(2) except that —

Ugs = 7.62 m/sec (25 ft/sec) EAS;
H 12.5¢c; and

mean geometric chord of the wing (metres (feet)).

C

(b)  The aeroplane must be designed for the conditions prescribed in sub-paragraph (a) of this
paragraph except that the aeroplane load factor need not exceed 1:0, taking into account, as
separate conditions, the effects of —

(1)  Propeller slipstream corresponding to maximum continuous power at the design flap
speeds V¢ and with take-off power at not less than 1-4 times the stalling speed for the
particular flap position and associated maximum weight; and

(2)  Ahead-on gust of 7.62m/sec (25 fps) velocity (EAS).

(c) If flaps or other high lift devices are to be used in en-route conditions, and with flaps in the
appropriate position at speeds up to the flap design speed chosen for these conditions, the
aeroplane is assumed to be subjected to symmetrical manoeuvres and gusts within the range
determined by —

(1)  Manoeuvring to a positive limit load factor as prescribed in CS 25.337(b) ; and
(2)  The discrete vertical gust criteria in CS 25.341(a). (See AMC 25.345(c).)

(d)  The aeroplane must be designed for a manoeuvring load factor of 1.5 g at the maximum take-
off weight with the wing-flaps and similar high lift devices in the landing configurations.

ED Decision 2003/2/RM

Compliance with CS 25.345(a) may be demonstrated by an analysis in which the solution of the vertical
response equations is made by assuming the aircraft to be rigid. If desired, the analysis may take
account of the effects of structural flexibility on a quasi-flexible basis (i.e. using aerodynamic
derivatives and load distributions corresponding to the distorted structure under maximum gust load).
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ED Decision 2003/2/RM

1 En-route conditions are flight segments other than take-off, approach and landing. As applied
to the use of high lift devices the following flight phases are to be included in en-route
conditions:

1. holding in designated areas outside the terminal area of the airport, and
2. flight with flaps extended from top of descent.
The following flight phases are not to be included in en-route conditions:

3. portion of the flight corresponding to standard arrival routes preceding the interception of
the final approach path, and

4. holding at relatively low altitude close to the airport.

2 To apply CS 25.341(a) gust conditions to CS 25.345(c), the speeds Vic and Vip should be
determined for the flap positions selected in en-route conditions.

These procedures should ensure proper speed margins for flap retractionin the case of severe
turbulence when the aeroplane is in a low speed en-route holding configuration.

3 The manoeuvre of CS 25.345(c)(1) is to be considered as a balanced condition. (See CS 25.331(b)
for definition.)

CS 25.349 Rolling conditions

ED Decision 2003/2/RM

The aeroplane must be designed for loads resulting from the rolling conditions specified in sub-
paragraphs (a) and (b) of this paragraph. Unbalanced aerodynamic moments about the centre of

gravity must be reacted in a rational or conservative manner, considering the principal masses
furnishing the reacting inertia forces.

(a)  Manoeuvring. The following conditions, speeds, and aileron deflections (except as the
deflections may be limited by pilot effort) must be considered in combination withan aeroplane
load factor of zero and of two-thirds of the positive manoeuvring factor used in design. In
determining the required aileron deflections, the torsional flexibility of the wing must be
considered in accordance with CS 25.301(b):

(1)  Conditions corresponding to steady rolling velocities must be investigated. In addition,
conditions corresponding to maximum angular acceleration must be investigated for
aeroplanes with engines or other weight concentrations outboard of the fuselage. 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, asudden deflection of the aileron to the stop is assumed.

(3) AtV the aileron deflection must be that required to produce a rate of roll not less than
that obtained in sub-paragraph (a)(2) of this paragraph.

(4) At Vp,theaileron deflection must be that required to produce a rate of roll not less than
one-third of that in sub-paragraph (a)(2) of this paragraph.

(b)  Unsymmetrical gusts. The aeroplane is assumed to be subjected to unsymmetrical vertical gusts
in level flight. The resulting limit loads must be determined from either the wing maximum
airload derived directly from CS 25.341(a), or the wing maximum airload derived indirectly from
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the vertical load factor calculated from CS 25.341(a). It must be assumed that 100 percent of
the wing airload acts on one side of the aeroplane and 80 percent of the wing airload acts on
the other side.

CS 25.351 Yaw manoeuvre 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 from V. to V. Unbalanced aerodynamic
moments about the centre of gravity must be reactedina rational or conservative manner considering
the aeroplane inertia forces. In computing the tail loads the yawing velocity may be assumed to be
zero.

(a)  With the aeroplane in unaccelerated flight at zero yaw, it is assumed that the cockpit rudder
control is suddenly displaced to achieve the resulting rudder deflection, as limited by:

(1)  the control system or control surface stops; or

(2)  alimit pilot force of 1335 N (300 Ibf) from Vycto V. and 890 N (200 Ibf) from V¢/Mc to
Vp/Mp, with a linear variation between V, and V¢/Mc.

(b)  With the cockpit rudder control deflected so as always to maintain the maximum rudder
deflection available within the limitations specified in subparagraph (a) of this paragraph, it is
assumed that the aeroplane yaws to the overswing sideslip angle.

(c)  Withtheaeroplane yawedto the static equilibrium sideslip angle, it is assumed that the cockpit
rudder control is held so as to achieve the maximum rudder deflection available within the
limitations specified in sub-paragraph (a) of this paragraph.

(d)  With the aeroplane yawed to the static equilibrium sideslip angle of sub-paragraph (c) of this
paragraph, it is assumed that the cockpit rudder control is suddenly returned to neutral.
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CS 25.361 Engine and APU torque

ED Decision 2003/2/RM

(a) Eachengine mount and its supporting structures must be designed for engine torque effects
combined with —

(1) A limit engine torque corresponding to take-off power and propeller speed acting
simultaneously with 75% of the limit loads from flight condition A of CS 25.333(b);

(2) A limit engine torque as specified in sub-paragraph (c) of this paragraph acting
simultaneously with the limit loads from flight condition A of CS 25.333(b); and

(3)  For turbo-propeller installations, in addition to the conditions specified in subparagraphs
(a)(1) and (2) of this paragraph, a limit engine torque corresponding to take-off power
and propeller speed, multiplied by a factor accounting for propeller control system
malfunction, including quick feathering, acting simultaneously with 1 g level flight loads.
In the absence of a rational analysis, a factor of 1-6 must be used.

(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 inthe design of engine and auxiliary power unit mounts and supporting structure.
Inthe absence of better information a sudden stoppage must be assumed to occur in 3 seconds.

(c)  The limit engine torque to be considered under sub-paragraph (a)(2) of this paragraph is
obtained by multiplying the mean torque by a factor of 1-25 for turbo-propeller installations.

(d)  When applying CS 25.361(a) to turbo-jet engines, the limit engine torque must be equal to the
maximum accelerating torque for the case considered. (See AMC 25.301(b).)

CS 25.363 Side load on engine and auxiliary power unit mounts

ED Decision 2003/2/RM

(a)  Each engine and auxiliary power unit mount and its supporting structure must be designed for
a limit load factor in alateral direction, for the side load on the engine and auxiliary power unit
mount, at least equal to the maximum load factor obtained in the yawing conditions but not
less than —

(1) 1-33;0r
(2)  One-third of the limit load factor for flight condition A as prescribed in CS 25.333(b).

(b) The side load prescribed in sub-paragraph (a) of this paragraph may be assumed to be
independent of other flight conditions.

CS 25.365 Pressurised compartment loads

ED Decision 2003/2/RM

For aeroplanes with one or more pressurised compartments the following apply:

(a)  The aeroplane structure must be strong enough to withstand the flight loads combined with
pressure differential loads from zero up to the maximum relief valve setting.

(b)  The external pressure distribution in flight, and stress concentrations and fatigue effects must
be accounted for.
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(c)

(d)

(e)

If landings may be made with the compartment pressurised, landing loads must be combined
with pressure differential loads from zero up to the maximum allowed during landing.

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 any compartment at any
operating altitude resulting from each of the following conditions:

(1)  The penetration of the compartment by a portion of an engine following an engine
disintegration.

(2)  Any opening in any pressurised compartment up to the size Ho in square feet; however,
small compartments may be combined with an adjacent pressurised compartment and
both considered as a single compartment for openings that cannot reasonably be
expected to be confined to the small compartment. The size Ho must be computed by
the following formula:

Hy = PA;
where,

H, = maximum opening in square feet, need not exceed 20 square feet.

— AS
P = 5240 +.024
As = maximum cross sectional area of the pressurised shell normal to the longitudinal

axis, in square feet; and

(3) The maximum opening caused by aeroplane or equipment failures not shown to be
extremely improbable. (See AMC 25.365(e).)

In complying with sub-paragraph (e) of this paragraph, the fail-safe features of the design may
be considered in determining the probability of failure or penetration and probable size of
openings, provided that possible improper operation of closure devices and inadvertent door
openings are also considered. Furthermore, the resulting differential pressure loads must be
combined in a rational and conservative manner with 1 g level flight loads and any loads arising
from emergency depressurisation conditions. These loads may be considered as ultimate
conditions; however, any deformation associated with these conditions must not interfere with
continued safe flight and landing. The pressure relief provided by the intercompartment venting
may also be considered.

Bulkheads, floors, and partitions in pressurised compartmentsfor occupants must be designed
towithstand conditions specified in sub-paragraph (e) of this paragraph. Inaddition, 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 from 25.365(e)(2) should be considered only as a mathematical means of
developing ultimate pressure design loads to prevent secondary structuralfailures. No consideration
need be given to the actual shape of the opening, nor to its exact location on the pressure barrier in
the compartment. The damage and loss of strength at the opening location should not be considered.
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Ahazard assessment should determine which structures should be required to withstand the resulting
differential pressure loads. The assessment of the secondary consequences of failures of these
structures should address those events that have a reasonable probability of interfering with safe
flight and landing, for example failures of structures supporting critical systems. For this assessment
the risk of impact on the main structure from non critical structures, such as fairings, detached from
the aircraft due to decompression need not be considered.

CS 25.367 Unsymmetrical loads due to engine failure

ED Decision 2003/2/RM

(@) The aeroplane must be designed for the unsymmetrical loads resulting from the failure of the
critical engine. Turbo-propeller aeroplanes must be designed for the following conditions in
combination with a single malfunction of the propeller drag limiting system, considering the
probable pilot corrective action on the flight controls:

(1) At speeds between Vyc and Vp, the loads resulting from power failure because of fuel
flow interruption are considered to be limit loads.

(2) At speeds between Vycand V¢, 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-up occurring as a result of the
prescribed engine failures must be substantiated by test or other data applicable to the
particular engine-propeller combination.

(4)  The timing and magnitude of the probable pilot corrective action must be conservatively
estimated, considering the characteristics of the particular engine-propeller-aeroplane
combination.

(b)  Pilot corrective action may be assumed to be initiated at the time maximum yawing velocity is
reached, but not earlier than two seconds after the engine failure. The magnitude of the
corrective action may be based on the control forces specified in CS 25.397(b) except that lower
forces may be assumed where it is shown by analysis or test that these forces can control the
yaw and roll resulting from the prescribed engine failure conditions.

CS 25.371 Gyroscopic loads

ED Decision 2003/2/RM

The structure supporting any engine or auxiliary power unit must be designed for the loads, including
the gyroscopic loads, arising from the conditions specified in CS 25.331, 25.341(a), 25.349, 25.351,
25.473, 25.479 and 25.481, with the engine or auxiliary power unit at the maximum rpm appropriate
to the condition. For the purposes of compliance with this paragraph, the pitch manoeuvre in
CS 25.331(c)(1) must be carried out until the positive limit manoeuvring load factor (point A, in

CS 25.333(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 use in en-route conditions —

(a)  The aeroplane must be designed for the symmetrical manoeuvres prescribed in CS 25.333 and
25.337, the yawing manoeuvres prescribed in CS 25.351 and the vertical and lateral gust
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conditions prescribed in CS 25.341(a), at 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 designed
for the manoeuvre and gust conditions prescribed in sub-paragraph (a) of this paragraph, at the
speeds and corresponding device positions that the mechanism allows.
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CONTROL SURFACE AND SYSTEM LOADS

CS 25.391 Control surface loads: general

ED Decision 2003/2/RM

The control surfaces must be designed for the limit loads resulting from the flight conditions in
CS 25.331, 25.341(a) and (b), 25.349 and 25.351, considering the requirements for:

(a) Loads parallel to hinge line, in CS 25.393;
(b)  Pilot effort effects, in CS 25.397;

(c)  Trim tab effects, in CS 25.407;

(d)  Unsymmetrical loads, in CS 25.427; and

(e)  Auxiliary aerodynamic surfaces, in CS 25.445.

CS 25.393 Loads parallel to hinge line

ED Decision 2003/2/RM

(a)  Control surfaces and supporting hinge brackets must be designed for inertia loads acting parallel

to the hinge line. (See AMC 25.393(a).)

(b)  Inthe absence of more rational data, the inertia loads may be assumed to be equal to KW,
where —

(1) K =24 for vertical surfaces;
(2) K=12for 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 and all-moving tailplanes, should take account of axial play
between the surface and its supporting structure in complying with CS 25.393(a). For the rational
analysis, the critical airframe acceleration time history in the direction of the hinge line from all flight
and ground design conditions (except the emergency landing conditions of CS 25.561) should be
considered. The play assumed in the control surface supporting structure, should include the
maximum tolerable nominal play and the effects of wear.

CS 25.395 Control system

ED Decision 2003/2/RM

(a) Longitudinal, lateral, directional and drag control systems and their supporting structures must
be designed for loads corresponding to 125% of the computed hinge moments of the movable
control surface in the conditions prescribed in CS 25.391.

(b)  The system limit loads of paragraph (a) need not exceedthe loads that can be produced by the
pilot (or pilots) and by automatic or power devices operating the controls.

(c) The loads must not be less than those resulting from application of the minimum forces

prescribed in CS 25.397(c).

Powered by EASA eRules Page 163 of 602 | Nov 2018


http://easa.europa.eu/

Easy Access Rules for Large Aeroplanes  (CS-25) SUBPART C— STRUCTURE
) S E A S A (Initial issue) CONTROL SURFACE AND SYSTEM

LOADS

CS 25.397 Control system loads

ED Decision 2003/2/RM

(a) General. The maximum and minimum pilot forces, specified in sub-paragraph (c) of this
paragraph, are assumed to act at the appropriate control grips or pads (in a manner simulating
flight conditions) and to be reacted at the attachment of the control system to the control
surface horn.

(b)  Pilot effort effects. In the control surface flight loading condition, the air loads on movable
surfaces and the corresponding deflections need not exceed those that would result in flight
from the application of any pilot force within the ranges specified in sub-paragraph (c) of this
paragraph. Two-thirds of the maximum values specified for the aileron and elevator may be
used if control surface hinge moments are based on reliable data. Inapplying this criterion, the
effects of servo mechanisms, tabs, and automatic pilot systems, must be considered.

(c)  Limit pilot forces and torques. The limit pilot forces and torques are as follows:

Control Maximum forces or torques Minimum forces or torques

Aileron:

Stick 445 N (100 | bf) 178 N (40 | bf)

Wheel * 356 DNm (80 Din.Ib)** 178 DNm (40 Din.lbf)
Elevator:

Stick 1112 N (250 I bf) 445 N (100 | bf)
Wheel (symmetrical) 1335N(3001bf) 445 N(100 Ibf)
Wheel (unsymmetrical) 445 N (100 | bf)
Rudder 1335 N (300 I bf) 578 N130 Ibf

*The critical parts of the aileron control system must be designedfor 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)

tThe unsymmetrical forces must be applied at one of the normal handgrip points on the periphery of the
control wheel.

CS 25.399 Dual control system

ED Decision 2003/2/RM

(a)  Each dual control system must be designed for the pilots operating in opposition, using
individual pilot forces not less than —

(1)  0:-75 times those obtained under JAR 25.395; or
(2)  The minimum forces specified in CS 25.397(c).

(b)  The control system must be designed for pilot forces applied in the same direction, using
individual pilot forces not less than 0-75 times those obtained under CS 25.395.

CS 25.405 Secondary control system

ED Decision 2003/2/RM

Secondary controls, such as wheel brake, spoiler, and tab controls, must be designed for the maximum
forces that a pilot is likely to apply to those controls. The following values may be used:

PILOT CONTROL FORCE LIMITS (SECONDARY CONTROLS).

Limit pilot forces
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. . 1+R
Miscellaneous: ( = )x 222 N (50 Ibf),

*Crank, wheel, or lever.
butnotless than222N (50 Ibf) nor morethan 667 N (150 Ibf) (R =radius).
(Applicable to anyangle within 20° of plane of control).
Twist 15 Nm (133 in.Ibf)
Push-pull To bechosen by applicant.
*Limited to flap, tab, stabiliser, 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 pilot effort. In these cases, the tabs are considered to be
deflected in the direction that would assist the pilot, and the deflections are —

(a)  For elevator trim tabs, those required to trim the aeroplane at any point within the positive
portion of the pertinent flight envelope in CS 25.333(b), except as limited by the stops; and

(b)  For aileron and rudder trim tabs, those required to trim the aeroplane in the critical
unsymmetrical power and loading conditions, with appropriate allowance for rigging
tolerances.

CS 25.409 Tabs

ED Decision 2003/2/RM

(a)  Trimtabs. Trimtabs must be designed to withstand loads arising from all likely combinations of
tab setting, primary control position, and aeroplane speed (obtainable without exceeding the
flight load conditions prescribed for the aeroplane as a whole), when the effect of the tabis
opposed by pilot effort forces up to those specified in CS 25.397(b).

(b)  Balancing tabs. Balancing tabs must be designed for deflections consistent with the primary
control surface loading conditions.

(c)  Servo tabs. Servo tabs must be designed for deflections consistent with the primary control
surface loading conditions obtainable within the pilot manoeuvring effort, considering possible
opposition from the trim tabs.

CS 25.415 Ground gust conditions

ED Decision 2003/2/RM

(a) The flight control systems and surfaces must be designed for the limit loads generated when
the aircraft is subjected to a horizontal 33.44 m/sec (65 knots) ground gust from any direction,
while taxying with the controls locked and unlocked and while parked with the controls locked.

(b)  The control system and surface loads due to ground gust may be assumed to be staticloads and
the hinge moments H, in Newton metres (foot pounds), must be computed from the formula:

H=K1/2p,V?cS

where:

K = hinge moment factor for ground gusts derived in subparagraph (c) of this paragraph

p, = density of airatsealevel = 1.225 (kg/m3)(0.0023769 (slugs/ft3) =0.0023769 (Ib-sec?/ ft*))
V = 33.44 m/sec (65 knots = 109.71 fps) relative to the aircraft
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S = area of the control surface aft of the hinge line (m?) (ft2)
¢ = mean aerodynamic chord of the control surface aft of the hinge line (m) (ft)

(c)  The hinge moment factor K for ground gusts must be taken from the following table:

[surface |k | Position of controls

(a) Aileron 0.75 Control column locked orlashed in mid-position.
(b) Aileron *$0.50 Ailerons at full throw.

(c) Elevator *+0.75 Elevator full down.

(d) Elevator *+0.75 Elevator full up.

(e) Rudder 0.75 Rudder in neutral.

(f) Rudder 0.75 Rudder at full throw.

* A positive value of K indicates a moment tending to depress the surface, while a negative value of K
indicates a moment tending to raise the surface.

(d)  The computed hinge moment of subparagraph (b) must be used to determine the limit loads
due to ground gust conditions for the control surface. A 1.25 factor on the computed hinge
moments must be used in calculating limit control system loads.

(e)  Where control system flexibility is such that the rate of load application in the ground gust
conditions might produce transient stresses appreciably higher than those corresponding to
static loads, in the absence of a rational analysis an additional factor of 1.60 must be applied to
the control system loads of subparagraph (d) to obtain limit loads. If a rational analysis is used,
the additional factor must not be less than 1.20.

(f) For the condition of the control locks engaged, the control surfaces, the control system locks
and the parts of the control systems (if any) between the surfaces and the locks must be
designed to the respective resultant limit loads. Where control locks are not provided then the
control surfaces, the control system stops nearest the surfaces and the parts of the control
systems (if any) between the surfaces and the stops must be designed to the resultant limit
loads. If the control system design is such as to allow any part of the control system to impact
with the stops due to flexibility, then the resultant impact loads must be taken into account in
deriving the limit loads due to ground gust.

(g)  For the condition of taxying with the control locks disengaged, the following apply:

(1)  The control surfaces, the control system stops nearest the surfaces and the parts of the
control systems (if any) between the surfaces and the stops must be designed to the
resultant limit loads.

(2)  The parts of the control systems between the stops nearest the surfaces and the cockpit
controls must be designed to the resultant limit loads, except that the parts of the control
system where loads are eventually reacted by the pilot need not exceed:

(i) The loads corresponding to the maximum pilot loads in CS 25.397(c) for each pilot
alone; or

(i)  0.75 times these maximum loads for each pilot when the pilot forces are applied
in the same direction

ED Decision 2003/2/RM

1. PURPOSE. This AMC sets forth acceptable methods of compliance with the provisions of CS-25
dealing withthe certification requirements for ground gust conditions. Guidance information is
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provided for showing compliance with CS 25.415, relating to structural design of the control
surfaces and systems while taxying with control locks engaged and disengaged and when
parked with control locks engaged. Other methods of compliance with the requirements may
be acceptable.

2. RELATED CS PARAGRAPHS.

CS 25.415 “Ground Gust Conditions”.

CS 25.519 “Jacking and Tie-down Provisions”

3. BACKGROUND.

d.

The requirement to consider the effects of ground gusts has been applied to
large/transport aeroplanes since 1950. The purpose of the requirement was to protect
the flight control system from excessive peak ground wind loads while the aeroplane is
parked or while taxying downwind. For developing the original regulation, the control
surface load distribution was considered to be triangular with the peak at the trailing
edge representing reversed flow over the control surface. This assumption, along with
assumptions about the wind approach angle and typical control surface geometries were
developed into a table of hinge moment factors and set forth in the regulation. These
hinge moment factors have been carried forward to the existing table in CS 25.415. The
maximum design wind speed was originally set at 96 km/h (88 feet per second (52 knots))
under the presumption that higher speeds were predictable storm conditions and the
aircraft owner could take additional precautions beyond engaging the standard gust
locks.

The conditions of CS 25.519 require consideration of the aeroplane in a moored or jacked
condition in wind speeds up to 120 km/h (65 knots). In order to be consistent in the
treatment of ground winds, the wind speeds prescribed by CS 25.415, concerning ground
gust conditions on control surfaces, was increased to 120 km/h (65 knots) at Change 15
of JAR-25.

There have been several incidents and accidents caused by hidden damage that had
previously occurred in ground gust conditions. Although many of these events were for
aeroplanes that had used the lower wind speeds from the earlier rules, analysis indicates
that the most significant contributor to the damage was the dynamic load effect. The
dynamic effects were most significant for control system designs in which the gust locks
were designed to engage the control system at locations far from the control surface
horn. Based on these events additional factors are defined for use in those portions of
the system and surface that could be affected by dynamic effects.

The flight control system and surface loads prescribed by CS 25.415 are limit loads based
on a peak wind speed of 120 km/h (65 knots) EAS. In operation, the peak wind speed
would most often be caused by an incremental fluctuation in velocity imposed on top of
a less rapidly changing mean wind speed. Therefore, an appropriate peak wind speed
limitation should be reflected in the applicable documents, when there is a potential risk
of structural damage.

4, COMPLIANCE.

d.

The ground gust requirements take into account the conditions of the aeroplane parked
with controls locked, and taxying with controls either locked or unlocked. In either of the
locked conditions the control surface loads are assumed to be reacted at the control
system locks. In the unlocked condition the pilot is assumed to be at the controls and the
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controls are assumed to be powered, if applicable. In the latter condition, the control
surface loads are assumed to be reacted, if necessary, at the cockpit controls by the
pilot(s) up to the limits of the maximum pilot forces and torques given in CS 25.397(c).

b. Where loads are eventually reacted at the cockpit controls, the loads in those parts of the
control system between the control system stops nearest the control surfaces and the
cockpit controls need not exceed those that would result from the application of the
specified maximum pilot effort effects. However, higher loads can be reacted by the
control system stops. Those parts of the control system from the control surfaces to the
control system stops nearest the surfaces should be designed to the resultant limit loads
including dynamic effects, if applicable, and regardless of pilot effort limitations.
Similarly, pilot effort limitations would not apply to parts of control systems where the
loads are not eventually reacted at the cockpit controls, for example an aileron control
system where the right hand side aileron loads are reacted by the left hand side aileron,
without participation by the pilot(s).

c. In either the taxying condition (controls locked or unlocked) or the parked condition
(controls locked), if the control system flexibility is such that the rate of load application
in the ground gust conditions might produce transient stresses appreciably higher than
those corresponding to staticloads, the effects of this rate of application are required to
be considered. Manually powered control systems and control systems where the gust
lock is located remotely from the control surface are examples of designs that might fall
in this category. In such cases the control system loads are required by CS 25.415(¢e) to
be increased by an additional factor over the standard factor of 1.25.

CS 25.427 Unsymmetrical loads

ED Decision 2003/2/RM

(a) In designing the aeroplane for lateral gust, yaw manoeuvre and roll manoeuvre conditions,
account must be taken of unsymmetrical loads on the empennage arising from effects such as
slipstream and aerodynamic interference with the wing, vertical fin and other aerodynamic
surfaces.

(b)  The horizontal tail must be assumed to be subjected to unsymmetrical loading conditions
determined as follows:

(1) 100% of the maximum loading from the symmetrical manoeuvre conditions of CS 25.331
and the vertical gust conditions of CS 25.341(a) acting separately on the surface on one
side of the plane of symmetry; and

(2)  80% of these loadings acting on the other side.

(c)  For empennage arrangements where the horizontal tail surfaces have dihedral angles greater
than plus or minus 10 degrees, or are supported by the vertical tail surfaces, the surfaces and
the supporting structure must be designed for gust velocities specified in CS 25.341(a) acting in
any orientation at right angles to the flight path.

CS 25.445 Outboard fins

ED Decision 2003/2/RM

(a)  When significant, the aerodynamic influence between auxiliary aerodynamic surfaces, such as
outboard fins and winglets, and their supporting aerodynamic surfaces must be taken into
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account for all loading conditions including pitch, roll and yaw manoeuvres, and gusts as
specified in CS 25.341(a) acting at any orientation at right angles to the flight path.

(b) To provide for unsymmetrical loading when outboard fins extend above and below the
horizontal surface, the critical vertical surface loading (load per unit area) determined under
CS 25.391 must also be applied as follows:

(1) 100% to the area of the vertical surfaces above (or below) the horizontal surface.

(2) 80% to the area below (or above) the horizontal surface.

CS 25.457 Wing-flaps

ED Decision 2003/2/RM

Wing flaps, their operating mechanisms, and their supporting structures must be designed for critical
loads occurring in the conditions prescribed in CS 25.345, accounting for the loads occurring during
transition from one wing-flap position and airspeed to another.

CS 25.459 Special devices

ED Decision 2003/2/RM

The loading for special devices using aero-dynamic surfaces (such as slots, slats and spoilers) must be
determined from test data.
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CS 25.471 General

ED Decision 2003/2/RM

(a)  Loadsand equilibrium. For limit ground loads —

(1)  Limit ground loads obtained under this Subpart are considered to be external forces
applied to the aeroplane structure; and

(2)  Ineachspecified ground load condition, the externalloads must be placed in equilibrium
with the linear and angular inertia loads in a rational or conservative manner.

(b)  Critical centres of gravity. The critical centres of gravity within the range for which certification
is requested must be selected so that the maximum design loads are obtained in each landing
gear element. Fore and aft, vertical, and lateral aeroplane centres of gravity must be considered.
Lateral displacements of the centre of gravity from the aeroplane centreline which would result
in main gear loads not greater than 103% of the critical design load for symmetrical loading
conditions may be selected without considering the effects of these lateral centre of gravity
displacements on the loading of the main gear elements, or on the aeroplane structure
provided —

(1)  The lateral displacement of the centre of gravity results from random passenger or cargo
disposition within the fuselage or from random unsymmetrical fuel loading or fuel usage;
and

(2)  Appropriate loading instructions for random disposable loads are included under the
provisions of CS 25.1583(c)(1) to ensure that the lateral displacement of the centre of
gravity is maintained within these limits.

(c)  Landing gear dimension data. Figure 1 of Appendix A contains the basic landing gear dimension
data.

ED Decision 2003/2/RM

(a)  For thelanding conditions specified in CS 25.479t0 25.485, the aeroplane is assumed to contact
the ground:

(2)In the attitudes defined in CS 25.479 and CS 25.481.

(2)  With a limit descent velocity of 3-05 m/sec (10 fps) at the design landing weight (the
maximum weight for landing conditions at maximum descent velocity); and

(3)  With a limit descent velocity of 1-83 m/sec (6 fps) at the design take-off weight (the
maximum weight for landing conditions at a reduced descent velocity).

(4)  The prescribed descent velocities may be modified if it is shown that the aeroplane has
design features that make it impossible to develop these velocities.

(b)  Aeroplane lift, not exceeding aeroplane weight, may be assumed, unless the presence of
systems or procedures significantly affects the lift.

(c)  The method of analysis of aeroplane and landing gear loads must take into account at least the
following elements:

(1) Landing gear dynamic characteristics.
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(2)  Spin-up and spring back.

(3) Rigid body response.

(4)  Structural dynamic response of the airframe, if significant.

The landing gear dynamic characteristics must be validated by tests as defined in CS 25.723(a).

The coefficient of friction between the tyresand the ground may be established by considering
the effects of skidding velocity and tyre pressure. However, this coefficient of friction need not
be more than 0-8.

CS 25.477 Landing gear arrangement

ED Decision 2003/2/RM

CS 25.479 to 25.485 apply to aeroplanes with conventional arrangements of main and nose gears, or

main and tail gears, when normal operating techniques are used.

CS 25.479 Level landing conditions

(a)

(b)

(c)

ED Decision 2003/2/RM

In the level attitude, the aeroplane is assumed to contact the ground at forward velocity
components, ranging fromV to1-25V, parallel to the ground under the conditions prescribed
in CS 25.473 with:

(1) Vi1 equal to Vs(TAS) at the appropriate landing weight and in standard sea-level
conditions; and

(2) Vi, equal to V(TAS) at the appropriate landing weight and altitudes in a hot day
temperature of 22.8°C (41°F) above standard.

(3) The effects of increased contact speed must be investigated if approval of downwind
landings exceeding 19 km/h (10 knots) is requested.

For the level landing attitude for aeroplanes with tail wheels, the conditions specified in this
paragraph must be investigated with the aeroplane horizontal reference line ho