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AMG20-1

1 GENERAL

The existing specific regulations for Engine, Propeller and aircraft certification may require
special interpretation for Engines and Propellers equipped with electronic control systems.
Because bthe nature of this technology and because of the greater interdependence of engine,
propeller and aircraft systems, it has been found necessary to prepare acceptable means of
compliance specifically addressing the certification of these control systems.

This AMC 2Q addresses the compliance tasks relating to certification of the installation of
propulsion systems equipped with electronic control systelAMC 203 is dedicated to
certification of Engine Control Systems but identifies some engine installation related issues,
that should be read in conjunction with this AMG20

Like any acceptable means of compliance, it is issued to outline issues to be considered during
demonstration of compliance with the certification specifications.

2 RELEVANT SPECIFICATIONS
For aircraft certification, the main related certification sp&gfions are:
For aeroplanes in €& (and, where applicable, @8)

T Paragraphs, 33, 581, 631, 899, 901, 903, 905, 933, 937, 939, 961, 994, 995, 1103(d), 1143
(except (d)), 1149, 1153, 1155, 1163, 1181, 1183, 1189, 1301, 1305, 1307(c), 1309, 1337,
1351(b)¢l), 1353(a)(b), 1355(c), 1357, 1431, 1461, 1521(a), 1527.

T For rotorcraft: equivalent specifications in-28and C&9.
3 SCOPE

This acceptable means of complianiserelevant to certification specifications for aircraft
installation of Engines or Propetds with electronic control systems, whether using electrical or
electronic (analogue or digital) technology.

It gives guidance on the precautions to be taken for the use of electrical and electronic
technology for Engine and Propeller control, protectésmd monitoring, and, where applicable,
for integration of functions specific to the aircraft.

Precautions have to be adapted to the criticality of the functions. These precautions may be
affected by the degree of authority of the system, the phase oftflighd the availability of a
backup system.

This document also discusses the division of compliance tasks between the applicants for
Engine, Propeller (when applicable) and aircraft type certificdteis. guidance relates to issues
to be considered durig aircraft certification.

It does not cover APU control systetng | = gKAOK I NB y23 dzAaSR | a
addressed in the dedicatedMC 262.
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4 PRECAUTIONS

(a)

(b)

(c)

General
The introduction of electrical and electronic technology can entail the following:

T A greater dependence of the Engine or Propeller on the aircraft@vo the use
of electrical power and/or data supplied from the aircraft.

T an increased integration of control and related indication functions,

T an increased risk of significant failures common to more than one Engine or
Propeller of the aircraft which miig, for example, occur as a result-of

T Insufficient protection from electromagnetic disturbance (lightning, internal
or external radiation effects),

T Insufficient integrity of the aircraft electrical power supply,

T Insufficient integrity of data supplieflom the aircraft,

T Hidden design faults or discrepancies contained within the design of the
propulsion system control software or complex electronic hardware, or

T Omissions or errors in the system/software specification.

Special design and integrationgmautions should therefore be taken to minimise these
risks.

Objective

The introduction of electronic control systems should provide for the aircraft at least the
equivalent safety, and the related reliability level, as achieved in airecpfipped with
Engine and Propellers using hydromechanical control and protection systems.

When possible, early eordination between the Engine, Propeller and aircraft applicants
is recommended in association with the Agency as discussed under paragyabhhis
AMC.

Precautions relating to electrical power supply and data from the aircraft

When considering the objectives of paragraph 4 (a) or (b), due consideration should be
given to the reliability of electrical power and data supplied to the etedt control
systems and peripheral components. The potential adverse effects on Engine and
Propeller operation of any loss of electrical power supply from the aircraft or failure of
data coming from the aircraft are assessed during the Engine and Rropeittification.

During aircraft certification, the assumptions made as part of the Engine and Propeller
certification on reliability of aircraft power and data should be checked for consistency
with the actual aircraft design.

Aircraft should be protect from unacceptable effects of faults due to a single cause,
simultaneously affecting more than one Engine or Propeller. In particular, the following
cases should be considered:

T Erroneous data received from the aircraft by the Engine/Propeller contratmsyst
if the data source is common to more than one Engine/Propeller (e.g. air data
sources, autothrottle synchronising), and
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(d)

(e)

(f)

T Control system operating faults propagating via data links between
Engine/Propellers (e.g. maintenance recording, common bus, -taflss
autofeathering, automatic reserve power system).

Any precautions needed may be taken either through the aircraft system architecture or
by logic internal to the electronic control system.

Local events
For Engine and Propeller certification, effedf local events should be assessed.

Whatever the local event, the behaviour of the electronic control system should not
cause a hazard to the aircraft. This will require consideration of effects such as the control
of the thrust reverser deployment, thever-speed of the Engine, transients effects or
inadvertent Propeller pitch change under any flight condition.

When the demonstration that there is no hazard to the aircraft is based on the
assumption that there exists another function to afford the neszg protection, it
should be shown that this function is not rendered inoperative by the same local event
(including destruction of wires, ducts, power supplies).

Such assessment should be reviewed during aircraft certification.
Software and Programntée Logic Devices

The acceptability of levels and methods used for development and verification of
software and Programmable Logic Devices which are part of the Engine and Propeller
type designs should have &e agreed between the aircrafEngine and Pragler
designers prior to certification activity.

Environmental effects

The validated protection levels for the Engine and Propeller electronic control systems as
well as their emissions of radio frequency energy are established during the Emgine
Propeller certification and are contained in the instructions for installation. For the
aircraft certification, it should be substantiated that these levels are adequate.

5 INTERRELATION BETWEEN ENGINE, PROPELLER AND AIRCRAFT CERTIFICATION

(@)

(b)

Objective

To satisfy the aircraft certification specifications, such as CS 25.901, CS 25.903 and
C5.1309, an analysis of the consequences of failures of the system on the aircraft has
to be made. It should be ensured that the software levels and safety arabitiy
objectives for the electronic control system are consistent with these requirements.

Interface Definition

The interface has to be identified for the hardware and software aspects between the
Engine, Propeller and the aircraft systems in thprapriate documents.

The Engine/Propeller/aircraft documents should cover in particular
T The software quality level (per function if necessary),

T The reliability objectives for loss of Engine/Propeller control or significant change
in thrust, (includingFSD due to control system malfunction), of faulty parameters,

T The degree of protection against lightning or other electromagnetic effects (e.qg.
level of induced voltages that can be supported at the interfaces),
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BAEASA

T Engine, Propeller and aircraftterface data and characteristics, and

T Aircraft power supply and characteristics (if relevant).
(c) Distribution of Compliance Demonstration

The certification tasks of the aircraft propulsion system equipped with electronic control
systems may be shardoetween the Engine, Propeller and aircraft certification. The
distribution between the different certification activities should be identified and agreed
with the Agency and/or the appropriate Engine and aircraft Authorities: (an example is
given in paragaph (6)).

Appropriate evidence provided for Engine and Propeller certification should be used for
aircraft certification. For example, the quality of any aircraft function software and
aircraft/Engine/Propeller interface logic already demonstrated for Emgir Propeller
certification should need no additional substantiation for aircraft certification.

Aircraft certification should deal with the specific precautions taken in respect of the
physical and functional interfaces with the Engine/Propeller.

6. TABLE

An example of distribution between Engine and aircraft certification. (When necessary, a similar
approach should be taken for Propeller applications).

SUBSTANTIATION UND] SUBSTANTIATION UNDERES
TASK . . . :
CSE with engine data with aircraft data

Safety objective T
Software level

ENGINE CONTR! t
ANDPROTECTIC Tt

Consideration of
common mode
effects(including
software)

T Reliability
Software level

MONITORING T Independence of T Monitoring T Indication systerr
control and parameter reliability
monitoring reliability T Independence
parameters engine/ engine

AIRCRAFT DATA

Protection of

Aircraft data

engine from reliability
aircraft data T Independence
failures engine/ engine

Software level

THRUST Software level T Systenreliability T Safety objectives
REVERSER T Architecture
CONTROL/ T Consideration of
MONITORING common mode

effects(including

software)
CONTROL Reliability or T Reliability of
SYSTEM quality quality of aircraft
ELECTRICAL Requirement of supply, if used
SUPPLY aircraft supply, if T Independence

used

engine/ engine
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-
TASK
CSE
ENVIRONMENTZ 1 Equipment Declared T Aircraft design
CONDITIONS protection capability
LIGHTNING AND t Equipment T Declared T Aircraftwiring
OTHER protection capability protectionand
ELECTROMAGN Electromagnetic 1 Declared electromagnetic
IC EFFECTS emissions emissions compatibility
FIRE PROTECTI( T Equipment T Declared T Aircraft design
protection capability
[Amdt 20/2]
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AMC20-2A

1. GENERAL

The existing regulations for APU and aircraft certification magyire specialinterpretation for
essential APU equipped with electronic control systems. Becadisthe nature d this
technologyit has been found necessary to prepare acceptable means of compliance specifically
addressing the certification of these control systems.

Like any acceptable means of compliance, the content of this document is not mandatory. It is
issuedfor guidance purposes, and to outline a method of compliance with the airworthiness
code. In lieu of following this method, an alternative method may be followed, provided that
this isagreedby the Agency as an acceptable method of compliance with theoaihiness

code.

This document discusses the compliance tasks relating to both the APU and the aircraft
certification.

2 REFERENCE SPECIFICATIONS

2.1 APU Certification
CSAPU
Book 1, paragraph 2(c)
Book 1, Section A, paragraphs 10(b), 20, 80, 90, 210, 220, 280 and 530
Book 2, Section A, AMC-8BU 20

2.2 Aircraft Certification
Aeroplane: CS25

Paragraphs581, 899, 1301, 1307(c), 1309, 1351(b)(d), 1353(a)(b), 1355(c), 1357, 1431,
1461,1524, 1527

A9011, A903, A939, A1141, A1181, A1183, A1189, A1305, AA3SZ2]1,
A1527,B903, B1163

3 SCOPE

This acceptable means of compliance provides guidance for electronic (analogue and digital)
essential APU control systems, on the interpretation and means of camgglivith the relevant
APUandaircraft certification requirements.

It gives guidance on the precautions to be taken for the use of electronic technology for APU
control, protection and monitoring and, where applicable, for integration of functions specifi
to the aircratft.

Precautions have to be adapted to the criticality of the functioftsese precautions may be
affectedby -

Degree of authority of the system,
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Phase of flight,

Availability of backip system.

This document also discusses tttigision of compliance tasks between the APU and aircraft
certification.

4 PRECAUTIONS

4.1

4.2

4.3

General
The introduction of electronic technology can entail the following:

(@) A greater dependence of thAPU on the aircraft owing to the use of electrical
powerand/or data supplied from the aircraft,

(b) Risk of significant failures which might, for example, occur as a result of

() Insufficient protection from electromagnetic disturban@ightning,internal
or external radiation effects),

(i)  Insufficient integrity of the aircraft electrical power supply,
(i) Insufficient integrity of data supplied from the aircraft,

(iv) Hidden design faults or discrepancies contained within the design of the APU
control software,or

(v) Omissions or errorim the system specification.

Special design and integration precautions must therefore be taken to minimise
these risks.

Objective

The introduction of electronic control systems should provide for the aircraft at least the
equivalentsafety, and the riated reliability level, as achieved by essential APU equipped
with hydromechanical control and protection systems.

This objective, when defined during the aircrafttAPU certification for a specific
applicationwill be agreed with the Agency.

Precautiams relating to APU control, protection and monitoring

The software associated with APU control, protection and monitoring functions must
havea softwarelevel and architecture appropriate to their criticalib§ those functions
(see paragraph 4.2).

For digtal systems, any residual errors nd¢teded during the software development
and certification process could cause an unacceptable failtire.latest edition of AMC
20-115 constitutes an acceptable means of compliance for software development
verificaton and software aspects afrtification. The APU dwfare should be at least
level Baccording tadhe industrydocumens referred in the latest edition of AMC 2A5.

In some specific cases, leyeinay be more appropriate.

It should be notedhat the sdtware disciplines described the latest edition of AMC 20
115may not, in themselves, be sufficient to ensure that the overall system safety and
reliability targets have been achieved. This is particularly true for certain critical systems,
such as fujl authority digital controlsystems. In such cases it is accepted that other
measures, usually within the system agiddition to a high level of software discipline may
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be necessary to achieve these safety objectives and demonstrate that they have been
met.

It is outside the scope ofhe latest edition of AMC 2@15to suggest or specify these
measures, but in accepting thdhey may be necessary, it is also the intention to
encourage the development of software techniques which could support meeting the
overall system safety objectives."

4.4 Precautions relating to APU independence from the aircraft
4.4.1 Precautions relating to electrical power supply and data from the aircraft

When considering the objectives of paragraph 4.2, doesideration must be
given to the reliability of electrical power and data suppliedthe electronic
controlsand peripheralcomponents.Therefore the potential adverse effects on
APU operation of any loss of electrical power supply fromaiiheraft or failure of
data coming from the aircraft must be assessed during the APU certification.

(@) Electrical power

The use of either the aircraft electrical power network or electrical power
sources specific to the APy the combination of both, ma meet the
objectives.

If the aircraft electrical system supplies power to the APU control system at
any time, the power supply quality, including transients or failures, must not
lead to a situatiordentified duringthe APU certification which is consicl
during the aircraft certification to be a hazard to the aircraft.

(b) Data
The following cases should be considered:

(i)  Erroneous data received from the aircraft by the APU control system,
and

(i)  Control system operating faults propagating via datks.

In certain cases, defects of aircraft inpidta may beovercomeby other
data references specifio the APU in order to meet the objectives.

4.4.2 Local Events

(@) In designing an electronic control system to meet the objectives of
paragraph 4.2special consideration needs to be given to local events.

Examples of local events include fluid leaks, mechanical disruptions,
electrical problems, fires ooverheat conditions. An overheat condition
results when the temperature of the electronic contraiit is greater than

the maximum safe design operating temperature declared during the APU
certification. This situation can increase the failure rate of the electronic
control system.

(b) Whatever the local event, the behaviour of the electronic contystem
must not causea hazard to the aircraft. This will require consideration of
effects such as the overspeed of the APU.

When the demonstration that there is no hazard to the aircraft is based on
the assumption that there exists another function to affdhe necessary
protection, it must be shown that this function is not rendered inoperative
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4.5

by the same local event (including destruction of wires, ducts, power
supplies).

(c) Specific design features or analysis methods may be used to show
compliance wth respect to hazardous effectd/herethisis not possible, for
example due to the variability or the complexity thie failure sequence,
then testing may be required. These tests must be agreed with the Agency.

4.4.3 Lightning and other electromagnetiéfects

Electronic control systems are sensitive to lightning afiter electromagnetic
interference.Thesystem design must incorporate sufficient protection in order to
ensure the functional integrity of the control system when subjecteddsignated
levels of electric or electromagnetic inductions, including external radiation
effects.

The validated protection levels for the APU electronic control system must be
detailed during the APU certification in aapproved document.For aircraft
cettification, it must be substantiated that thedevels are adequate.

Other functions integrated into the electronic control system

If functions other than those directly associated with the control of the APU are
integrated into the electronic contrasystem, the APU certification should take into
account the applicable aircraft requirements.

5 INTERRELATION BETWEEN APU AND AIRCRAFT CERTIFICATION

5.1

5.2

53

Objective

To satisfy the CS aircraft requirements, such as CS 25A901, CS 25A9022480RS
an analysi®f the consequences of failures of the systentlemaircraft has to be made.
It shouldbe ensuredhat the software levels and safety and reliability objees fa the
electronic control system areonsistent with these requirements.

Interface definition

The interface has to be identified for the hardware and software aspects between the
APU and aircraft systems in the appropriate documents.

The APU docuents should cover in particular
(@) The software quality level (per function if necessary),

(b) The reliability objectives for APU shudown in flight,Loss of APU control or
significant change in performance, Transmission of faulty parameters,

(c) Thedegree of protection against lighing or other electromagnetic effects (e.qg.
level ofinduced voltages that can be supported at the interfaces),

(d) APU and aircraft interface data and characteristics, and
(e) Aircraft power supply and characteristickrélevant).
Distribution of compliance demonstrations

The certification of the APU equippedth electronic controls and of the aircraft méag
shared between the APU certification and airciadttification. The distribution between

the APU certifickon and the aircraft certification must be identified and agreed with the
Agency and/or the appropriate APU and aircraft Authorities (an example is given in
appendix).
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Appropriate evidence provided for APU certificat should be used for aircraft
certification. Forexample, the quality of any aircraft function software and aircraft/ APU
interface logic already demonstrated for APU certification should need no additional
substantiation for aircraft certification.

Aircraft certification must deal with the sgific precautions aken in respect of the
physicalndfunctional interfaces with the APU.

[Amdt 20/10]
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An example of tasks distribution between APU and aircraft certification

FUNCTIONS OR
INSTALLATION SUBSTANTIATION UNDERES

CONDITIONS CSARY

SUBSTANTIATION UND

APU CONTROL AND Safety objective Reliability
PROTECTION T Software level T Software level
T Independence of 1 Monitoring T Indication
MONITORING cont_rol find pa_ramgter system reliability
monitoring reliability
parameters
T Protection of APU T Aircraft data
AIRCRAET DATA fr(_)m aircraft data reliability
failures
T Software level
T Reliability and
CONTROL SYSTEM quality of
ELECTRICAL SUPPLY aircraft supply if
used
ENVIRONMENTAL T Equipment T Declared T Aircraft design
CONDITIONS, LIGHTNI protection capability T Aircraft wiring
AND OTHER ELECTRO protection

MAGNETIC EFFECTS
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(1)

(2)

AMC20-3A

PURPOSE

The existing certification specifications of-ESor Engine certification may require specific
interpretation for Engines equipped with Electronic Engine Control Systems (EECS), with special
regard to interface with the certification of the airdtaand/or Propeller when applicable.
Because of the nature of this technology, it has been considered useful to prepare acceptable
means of compliance specifically addressing the certification of these control systems.

Like any acceptable means of comptianit is issued to outline issues to be considered during
demonstration of compliance with the Engine certification specifications.

SCOPE

This acceptable means of compliance is relevant to Engine certification specifications for EECS,
whether using electrical or electronic (analogue or digital) technology. This is in addition to
other acceptable means of compliance such as AMC E 50 or AMC E 80.

It gives guidance on the precautions to be taken for the use of electrical and electronic
technology for Engine control, protection, limiting and monitoring functions, and, where
applicable, for integration of aircraft or Propeller functions. In these latter cases, this document
is applicable to such functions integrated into the EECS, but only to tlemtetktat these
functions affect compliance with €ESspecifications.

The text deals mainly with the thrust and power functions of an EECS, since this is the prime
function of the Engine. However, there are many other functions, such as bleed valve control,
that may be integrated into the system for operability reasons. The principles outlined in this
AMC apply to the whole system.

This document also discusses the division of compliance tasks for certification between the
applicants for Engine, Propeller (e applicable) and aircraft type certificates. This guidance
relates to issues to be considered during engine certificat®C 201 addresses issues
associated with the engine installation in the aircraft.

The intoduction of electrical and electronic technology can entail the following:

T a greater dependence of the Engine on the aircraft owing to the increased use of electrical
power or data supplied from the aircratft,

T an increased integration of control and reldtendication functions,

T an increased risk of significant Failures common to more than one Engine of the aircraft
which might, for example, occur as a result of:

T Insufficient protection from electromagnetic disturbance (lightning, internal or
external adidaion effectg (see CE 50(a)(1), CS8 and C& 170,
T Insufficient integrity of the aircraft electrical powsupply (see GE 5@h)),

T Insufficient integrity of data suppliefdlom the aircraft (see GE 5@g)),
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T Hidden design Faults or discrepancies eimgéd within the design of the
propulsion system control software or complele@ronic hardware (see &S

50(f)), or

T Omissions or errors in the system/sefire specification (see ES5(f)).

Special design and integration precautions should therefortaken to minimise any adverse

effects from the above.

(3) RELEVANT SPECIFICATIONS AND REFERENCE DOCUMENTS

Although compliance with many &Sspecifications might be affected by the Engine Control
System, the main paragraphs relevant to the certificatddrihe Engine Control System itself

are:

CSE Specification Turbine Engines| Piston Engines

CSE 20 (Engine configuration and interfaces)

CSE 25 (Instructions for Continued Airworthiness),

CSE 30 (Assumptions),

CSE 50 (Engin€ontrol System)
CSE 60 (Provision for instruments)
CSE 80 (Equipment)

CSE 110 (Drawing and marking of part&ssembly of parts)

CSE 130 (Fire prevention)
CSE 140 (Test&ngine configuration)

CSE 170 (Enginsystems and component verification)

CSE 210 (Failure analysis)

CSE 250 (Fuel System)

CSE 390 (Acceleration tests)
CSE 500 (Functioning)

CSE510 (Safety analysis)

CSE 560 (Fuel system)

CSE 745 (EnginAcceleration)
CSE 1030 (Time limited dispatch)

The following documents are referenced in this AME20

\Y

< <K<K<K<LK<KLKKLK KL

< <K<K KL

< <K<K<K<K<LKKLKKLK<LKKLKKLKKLKKLKKL

T International Electrotechnical Commission (IEC), Central Office, 3, rue de Varembé, P.O.
Box 131, CH1211 GENEVA 20, Switzerland

T IEC/PAS @39, Electronic Component Management Plans, edition 1.0, dated April

2001.

T L9/ kt!{ cHHNDNZ

RS

27

{ SYAO02yRdzO(2NJ 5SS @)

Temperature Ranges, edition 1.0, dated April 2001.
T RTCA, Inc. 1828 L Street, NW, Suite 805, Washing®r20036 or EUROCAE, 17, rue

Hamelin, 75116 Paris, France

T RTCA DQ54/ EUROCAE BD, Design Assurance Guidance for Airborne Electronic

Hardware, dated April 19, 2000.

T RTCA DQ60/EUROCAE ED 14, Environmental Conditions and Test Procedures for

Airborne Egipment.
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T AMC 20115 on software considerations for certification of airborne systems and
equipment.

T Aeronautical Systems Center, ASC/ENOI, Bldg 560, 2530 Loop Road West, Wright
Patterson AFB, OH, USA, 454381

T MIL-STD461E, Requirements for th€ontrol of Electromagnetic Interference
Characteristics, dated August 20, 1999

T MIL-STB810 E or F, Test Method Standard for Environmental Engineering, E dated
July 14, 1989, F dated January 1, 2000

T U.S. Department of Transportation, Subsequent Distribyti®ffice Ardmore East
Business Center, 3341 Q'7Ave, Landover, MD, USA, 20785

T AC 206136, Protection of Aircraft Electrical/Electronic Systems Against the Indirect
Effects of Lightning, dated March 5, 1990

T Society of Automotive Engineers (SAE), 400 r@omvealth Drive, Warrendale, PA
150960001 USA or EUROCAE, 17, rue Hamelin, 75116 Paris, France

T SAE ARP 5412 /| EUROCABZ£Dvith Amendment 1 & 2, Aircraft Lightning
Environment and Related Test Waveforms, February 2005/May 2001 respectively.

T SAE ARP 5413EUROCAE HER, with Amendment 1, Certification of Aircraft
Electrical/Electronic Systems for the Indirect Effects of Lightning, November
1999/August 1999 respectively.

T SAE ARP 5414 /| EUROCABREith Amendment 1, Aircraft Lightning Zoning,
February P05/June 1999 respectively.

T SAE ARP 5416 / EUROCAEL®ED Aircraft Lightning Test Methods, March
2005/April 2005 respectively.

(4) DEFINITIONS
The words defined in @3efinitions and in GB 15 are identified by capital letter.

The following figure andssociated definitions are provided to facilitate a clear understanding
of the terms used in this AMC.
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DEFINITIONS VISUALISED

SYSTEMS MODES
ENGINE CONTROL SYSTEM

PRIMARY MODE /
>  NORMAL MODE

ALTERNATE MODES

Primary System

May be one or more
Lanes (Channels)

ALTERNATE MODE 1

v

Lanes typically have
equal functionality

v

ALTERNATE MODE 2

BackUp System

v

BACKUP MODE 1

v

I
I Control or less capable lane BACKUP MODE 2

I

|

I .

: I May be Hydro mehanical
|

|

I

(5) GENERAL

It is recognised that the determination of compliance of the Engine Control System with
applicable aircraft certification specifications will only be made during the aircraft certification.

In the case where the installation is unknown at the time of Engine certification, the applicant
for Engine certification should make reasonable installation and operational assumptions for
the target installation. Any installation limitations or operationaluss will be noted in the
instructions for installation or operation, and/or the Type Certificate Data Sheet (TCDS)«see CS
E 30).

When possible, early eordination between the Engine and the aircraft applicants is
recommended in association with the relawt authorities as discussed under paragraph (15) of
this AMC.

(6) SYSTEM DESIGN AND VALIDATION
(@) Control Modes General

Under C&E 5@a) the applicant should perform all necessary testing and analysis to
ensure that all Control Mode#)cluding those which occur as a result of control Fault
Accommodation strategies, are implemented as required.

The need to provide protective functions, such as esged protection, for all Control
Modes, including any Alternate Modes, should be reviewede the specifications of
CSE 5(c), (d) and (e), and €£5210 or G& 510.

Any limitations on operations in Alternate Modes should be clearly stated in the Engine
instructions for installation and operation.
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(b)

(c)

Descriptions of the functioning of the Eng Control System operating in its Primary and
any Alternate Modes should be provided in the Engine instructions for installation and
operation.

Analyses and/or testing are necessary to substantiate that operating in the Alternate
Modes has no unacceptabkffect on Engine durability or endurance. Demonstration of
the durability and reliability of the control system in all modes is primarily addressed by
the component testing of GB 170. Performing some portion of the Engine certification
testing in the Aernate Mode(s) and during transition between modes can be used as
part of the system aation required under GE 5@a).

(i)  Engine Test Considerations

If the Engine certification tests defined in-E&re performed using only the Engine
Control Systé« Q& t NRA YI NB  aup Goifigukagion &nl B ap@aizl for
dispatch in the Alternate Mode is requested by the applicant undeE @830, it
should be demonstrated, by analysis and/or test, that the Engine can meet the
defined testsuccess criteria ken operating in any Alternate mode that is
proposed as a dispatchable configuration as required by-TBE&E

Some capabilities, such as operability, bladf rain, hail, bird ingestion, etc, may
be lost in some control modes that are not dispatchafllaese modes do not
require engine test demonstration as long as the installation and operating
instructions reflect this loss of capability.

(i)  Availability
Availability of any Baekp Mode should be established by routine testing or
monitoring to ensue that the Backup Mode will be available when needed. The

frequency of establishing its availability should be documented in the instructions
for continued airworthiness.

Crew Training Modes

This acceptable means of compliance is sypecifically intended to apply to any crew
training modes. These modes are usually installation, and possibly operator, specific and
need to be negotiated on a caty-case basis. As an example, one common application
of crew training modes is for simulaty’ 2 ¥ G-KSE RO A Y SRBgney |
rotorcraft. Training modes should be described in the Engine instructions for installation
and operation as appropriate. Also, precautions should be taken in the design of the
Engine Control System and its wrénterfaces to prevent inadvertent entry into any
training modes. Crew training modes, including tock systems, should be assessed as
part of the System Safety Analysis (SSASH 5Fd).

Non-Dispatchable Configurations and Modes

For control corifyurations which are not dispatchable, but for which the applicant seeks

to take credit in the system LOTC/LOPC analysis, it may be acceptable to have specific
operating limitations. In adition, compliance with CE 5@a) does not imply strict
compliancewith the operability specifications of €£5390, G& 500 and GE 745 in these
non-dispatchable configurations, if it can be demonstrated that, in the intended
installation, no likely pilot control system inputs will result in Engine surge, stall, flame
out or unmanageable delay in power recovery. For example, in adngine rotorcraft,

a rudimentary Backip System may be adequate since frequent and rapid changes in
power setting with the Baclkip System may not be necessary.
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In addition to these operaliil/ considerations, other factors which should be considered
in assessing the acceptability of such reducagability Backip Modes include:

T The installed operating characteristics of the BapkMode and the differences
from the Primary Mode.

T The likelyimpact of the Backip Mode operations on pilot workload, if the aircraft
installation is known.

T The frequency of transfer from the Primary Mode to the BapkMode (i.e. the
reliability of the Primary Mode). Frequenciestadnsfer of less than 1 per 20
engine flight hours have been considered acceptable.

(d) Control Transitions

The intent of C& 5@b) is to ensure that any control transitions, which occur as a result
of Fault Accommodation, occur in an acceptable manner.

In general, transition to Adirnate Modes should be accomplished automatically by the
Engine Control System. However, systems wherein pilot action is required to engage the
Backup Mode may also be acceptable. For instance, a Fault in the Primary System may
NB & dzf § AW EiGeRitbW and forBeraction is required by the pilot to engage the
Backup System in order to modulate Engine power. Care should be taken to ensure that
any reliance on manual transition is not expected to pose an unacceptable operating
characteristic, una@ptable crew workload or require exceptional skill.

The transient change in power or thrust associated with transfer to Alternate Modes
should be reviewed for compliance wi@SE 5@b). If available, input from the installer
should be considered. Althoudhis is not to be considered a complete list, some of the
items that should be considered when reviewing the acceptability of Control Mode
transitions are:

T The frequency of occurrence of transfers to any Alternate Mode and the capability
of the AlternateMode. Computed frequenegf-transfer rates should be supported
with data from endurance or reliability testing,-gervice experience on similar
equipment, or other appropriate data.

T The magnitude of the power, thrust, rotor or Propeller speed transients.

T Successful demonstration, by simulation or other means, of the ability of the
Engine Control System to control the Engine safely during the transition. In some
cases, particularly those involving rotorcraft, it may not be possible to make a
determination hat the mode transition provides a safe system based solely on
analytical or simulation data. Therefore, a flight test programme to support this
data will normally be expected.

T An analysis should be provided to identify those Faults that cause Control Mode
transitions either automatically or through pilot action.

T For turboprop or turboshaft engines, the transition should not result in excessive
over-speed or undesspeed of the rotor or Propeller which could cause emergency
shutdown, loss oélectrical generator power or the settingff of warning devices.

The power or thrust change associated with the transition should be declared in the
instructions for installing the Engine.
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(i)  Time Delays

Any observable time delays associated with Conkolde, channel or system

transitons orinreSadtr 6t AAaKAYy3I GKS LIAf20Qa FoAf Al
power should be identified in the Engine instructions for installation and operat

(see C&E 5@b)). These delays should be assessed during icadification.

(i) Annunciation to the Flight Crew

If annunciation is necessary to comply withEES0(b)(3), the type of annunciation

to the flight crew should be commensurate with the nature of the transition. For
instance, reversion to an Alternat®ode of control where the transition is
automatic and the only observable changes in operation of the Engine are different
thrust control schedules, would require a very different form of annunciation to
that required if timely action by the pilot is reqad in order to maintain control

of the aircratft.

The intent and purpose of the cockpit annunciation should be clearly stated in the
Engine instructions for installation and operation, as appropriate.

(e) Environmental conditions

Environmental conditios include EMI, HIRF and lightning. The environmental conditions
are addressed under CS8& and C& 170. The following provides additional guidance
for EMI, HIRF and lightning.

() Declared levels

When the installation is known during the Engine type ifiegtion programme,

the Engine Control System should be tested at levels that have been determined
and agreed by the Engine and aircraft applicants. It is assumed that, by this
agreement, the installation can meet the aircraft certification specifications
Successful completion of the testing to the agreed levels would be accepted for
Engine type certification. This, however, may make the possibility of installing the
Engine dependent on a specific aircraft.

If the aircraft installation is not known or deéd at the time of the Engine
certification, in order to determine the levels to be declared for the Engine
certification, the Engine applicant may use the external threat level defined at the
aircraft level and use assumptions on installation attenuastiacts.

If none of the options defined above are available, it is recommended that the
procedures and minimum default levels for HIRF testing are agreed with the
Agency.

(i)  Test procedures
(A) General

The installed Engine Control System, including es@ntative Engine
aircraft interface cables, should be the basis for certification testing.

ElectroMagnetic Interference (EMI) test procedures and test levels
conducted in accordance with M&TDB461 or EUROCAE ED 14/D8D have
been considered acceptadl

The applicant should use the HIRF test guidelines provided in EUROCAE ED
14/RTCA DQ60 or equivalent. However, it should be recognised that the
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(B)

tests defined in EUROCAE ED 14/RTCALBDOare applicable at a
component test level, requiring the applicantadapt these test procedures
to a system level HIRF test to demonstrate compliance witk 8% and GS
E 170.

For lightning tests, the guidelines of SAE ARP 5412, 5413, 5414, and 5416
and EUROCAE ED 14/RTCAE®would be applicable.

Pin Injection Test(PIT) are normally conducted as component tests on the
EECS unit and other system components as required. PIT levels are selected
as appropriate from the tables of EUROCAE ED 14800

Environmental tests such as MEIDB810 may be accepted in lieu of
BUROCAE EDI/DO160 tests where these tests are equal to or more
rigorous than those defined in EUROCAE ED 14400

Open loop and Closed loop Testing

HIRF and lightning tests should be conducted as system tests on closed loop
or open loop laboratory seatips.

The closed loop satp is usually provided with hydraulic pressure to move
actuators to close the inner actuating loops. A simplified Engine ationl
may be used to close the outer Engine loop.

Testing should be conducted with the Engine Control System controlling at
the most sensitive operating point, as selected and detailed in the test plans
by the applicant. The system should &&posed to the HIRF and lightning
environmental threats while operating at the selected condition. There may
be a different operating point for HIRF and lightning environmental threats.

For tests in open and closed loop set ups, the following factors dradsib
be considered:

T If special EECS test software is used, that software should be
developed and implemented by guidelines defined for software levels
of at leastsoftware level C as defined in the industry documents
referred in the latest edition of AR 20115. In some cases, the
application code is modified to include the required test code
features.

T The system test saip should be capable of monitoring both the
output drive signals and the input signals.

T Anomalies observed during open loop testing ioputs or outputs
should be duplicated on the Engine simulation to determine whether
the resulting power or thrust perturbations comply with the pass/fail
criteria.

(i)  Pass/Fail Criteria

The pass/fail criteria of & 170 for HIRF and lightning shobkl interpreted as
"no adverse effect" on the functionality of the system.

The following are considered adverse effects:

T

A greater than 3 % change of TakéPower or Thrust for a period of more
than two seconds.
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T Transfers to alternate channels, BagkSystems, or Alternate Modes.

T Component damage.

T False annunciation to the crew which could cause unnecessary or
inappropriate crew action.

T Erroneous operation of protection systems, such as @p&ed or thrust
reverser circuits.

Hardware or Software desigchanges implemented after initial environmental
testing should be evaluated for their effects with respect to the EMI, HIRF and
lightning environment.

(iv) Maintenance Actions

CSE 25 requires that the applicant prepare Instructions for Continued
Airworthiness (ICA). This includes a maintenance plan. Therefore, for any
protection system that is part of the type design of the Engine Control System and
is required by the system to meet the qualified levels of EMI, HIRF and lightning, a
maintenance plan shdd be provided to ensure the continued airworthiness for
the parts of the installed system which are supplied by the Engine type certificate
holder.

.The maintenance actions to be considered include periodic inspections or tests for
required structural skilding, wire shields, connectors, and equipment protection
components. Inspections or tests when the part is exposed may also be considered.
The applicant should provide the engineering validation and substantiation of
these maintenance actions.

(v)  Time limited Dispatch (TLD) Environmental Tests

Although TLD is only an optional requirement for certification (se& C300 and

CSE 1030), EMI, HIRF and lightning tests for TLD are usually conducted together
with tests conducted for certification. Acceptablmeans of compliance are
provided in AMC E 1030.

(7) INTEGRITY OF THE ENGINE CONTROL SYSTEM
(@) Objective

The intent of CE& 5@c) is to establish Engine Control System integrity requirements
consistent with operational requirements of the various instidlas. (See also paragraph
(4) of AMC E 50).

(b) Definition of an LOTC/LOPC event
()  For turbine Engines intended for@5S installations
An LOTC/LOPC event is definedm&vent wherghe Engine Control System:

T has lost the capability ahodulating thrust or power between idle and 90%
of maximum rated power or thrust, or

T suffers a Fault which results in a thrust or power oscillation greater than the
levels given in paragraph (7)(c) of this AMC, or

T has lost the capability to govern the Emgiin a manner which allows
compliance with the operabilitypecifications given in GS50@a) and C&
745.
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(ii)

(iif)

(iv)

For turbine Engines intended for rotorcraft

An LOP@vent is defined as an event whetee Engine Control System:

T

has lost the capability omodulating power between idle and 90% of
maximum rated power at the flight condition, except OEI power ratings, or

suffers a Fault which results in a power oscillation greater than the levels
given in paragraph (7)(c) of this AMC, or

has lost the capabilit to govern the Engine in a manner which allows
compliance with the operability specificatismgiven in G& 50@a) and C&
745, with the exception that the inability to meet the operability
specifications in the Alternate Modes may notibeluded as LOPC events.

Single Engine rotorcraft will be required to meet the operability
specifications in the Alternate Mode(s), unless the lack of this capability is
demonstrated to be acceptable at the aircraft level. Engine operability in the
Alternae Mode(s) is considered a necessity if:

the control transitions to the Alternate Mode more frequently than the
acceptable LOPC rate, or

normal flight crew activity requires rapid changes in power to safely fly the
aircraft.

For multiEngine rotorcraftthe LOPC definition may not need to include the
inability to meet the operability specifications in the Alternate Mode(s). This
may be considered acceptable because when one Engine control transitions
to an Alternate Mode, which may not have robust opeliapi that Engine

can be left at reasonably fixed power conditions. The Engine(s) with the
normally operating control(s) can change poweras necessary to
complete aircraft manoeuvres and safely land the aircraft. Demonstration of
the acceptability of his type of operation may be required at aircraft
certification.

For turbine Engines intended for other installations

A LOTC/LOPC event is defined as an event where the Engine Control System:

T

has lost the capability of modulating thrust or power betm idle and 90%
of maximum rated power or thrust, or

suffers a Fault which results in a thrust or power oscillation that would
impact controllability in the intended installation, or

has lost the capability to govern the Engine in a manner which allows
compliance with the operabilitypecifications given in @550@a) and C&
745, as appropriate.

For piston Engines

An LOPC event is definedasevent wherghe Engine Control System:

T

has lost the capability of modulating power between idle and 85% o
maximum rated power at all operating conditions, or

suffers a Fault which results in a power oscillation greater than the levels
given in paragraph (7)(c) of this AMC, or
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T has lost the capability to govern the Engine in a manner which allows
compliance \ith the operability specifications given in-ES90.

(v)  For engines incorporating functions for Propeller control integrated in the EECS
The following Faults or Failures should be considered as additional LOPC events:
T inability to command a change in @i,
T uncommanded change in pitch,
T uncontrollable Propeller torque or speed fluctuation.
(c) Uncommanded thrust or power oscillations

Any uncommanded thrust or power oscillations should be of such a magnitude as not to
impact aircraftcontrollability in the intended installation. Thrust or power oscillations
less than 10% peak to peak of Také Power and/or Thrust have been considered
acceptable in some installations, where the failure affects one engine only. Regardless of
the levelsdiscussed herein, if the flight crew has to shut down an Engine because of
unacceptable thrust or power oscillations caused by the control system, such an event
would be deemed an #service LOTC/LOPC event.

(d) Acceptable LOTC/LOPC rate

The applicant mapropose an LOTC/LOPC rate other than those below. Such a proposal
should be substantiated in relation to the criticality of the Engine and control system
relative to the intended installation. The intent is to show equivalence of the LOTC/LOPC
rate to exsting systems in comparable installations.

()  For turbine Engines

The EECS should not cause more than one LOTC/LOPC eav&@0@00 engine
flight hours.

(i)  For piston Engines

An LOPC rate of 45 per million engine flight hours (or 1 per 22,222 eftigimte
hours) has been shown to represent an acceptable level for the most complex
EECS. As a result of the architectures used in many of the EECS for these engines,
the functions are implemented in independent system elements. These system
elements or suksystems can be fuel control, or ignition control, or others. If a
system were to contain only one element such as fuel control, then the appropriate
total system level would be 15 LOPC events per million engine flight hours. So the
system elements are threadditive up to a max of 45 LOPC events per million hours.
For example, an EEC system comprised of fuel, ignition, and wastegate control
functions should meet a total system reliability of 15+15+15 = 45 LOPC events per
million engine flight hours. Thisitarion is then applied to the entire system and

not allocated to each of the subsystems. Note that a maximum of 45 LOPC events
per million engine flight hours are allowed, regardless of the number of
subsystems. For example, if the EEC system includes titmam three subsystems,

the sum of the LOPC rates for the total system should not exceed 45 LOPC events
per million engine flight hours for all of the elecal and electronic elements.

Annex | to ED Decision 2020/006/R Page300f510


http://easa.europa.eu/

EASA AMG20t1 Amendment 18 AMC 263A

(e) LOTC/LOPC Analysis

A system reliability analysis should be sutbead to substantiate the agreed LOTC/LOPC
rate for the Engine Control System. A numerical analysis such as a Markov model analysis,
fault tree analysis or equivalent analytical approach is expected.

The analysis should address all components in the sydteah can contribute to
LOTC/LOPC events. This includes all electrical, mechanical, hydromechanical, and
pneumatic elements of the Engine Control System. This LOTC/LOPC analysis should be
done in conjunction with the System Safetys@ssment required unde€SE 5@d).
Paragraph (8) of this AMC provides additional guidance material.

The engine fuel pump is generally not included in the definition of the Engine Control
System. It is usually considered part of the fuel delivery system.

The LOTC/LOPC analybisudd include those sensors or elements which may not be part

of the Engine type design, but which may contribute to LOTC/LOPC events. An example

of this is the throttle or power lever transducer, which is usually supplied by the installer.

The effects ofoss, corruption or Failure of Aircraftupplied Data should be included in

GKS 9y3aAyS [ 2yiNRft {eaasSyQa [he¢/ k[ ht!/ Iy
requirements for these nottEngine type design elements should be contained in the

Engine instructiondor installation. It needs to be ensured that there is no double

counting of the rate of Failure of neangine parts within the aircraft system safety

analyses.

The LOTC/LOPC analysis should consider all Faults, both detected and undetected. Any
periodic maintenance actions needed to find and repair both Covered and Uncovered
Faults, in order to meet the LOTC/LOPC rate, should be contained in the Engine
instructions for continued airworthiness.

(H  Commercial or Industrial Grade Electronic Parts

When the Egine type design specifies commercial or industrial grade electronic
components, which are parts not manufactured to military standards, the applicant
should have the following data available for review, as applicable:

T Reliability data that substantiatefé¢ Failure rate for each component used in the
LOTC/LOPC analysis and the SSA for each commercial and industrial grade electrical
component specified in the design.

T ¢CKS LI AOFYyidQa LINRPOdAzZNBYSy iG> ljdzZ- £t Ade | aa
vendorsupplied commercial and industrial grade parts. These plans should ensure
that the parts will be able to maintain the reliability level specified in the approved
Engine type design.

T Unigue databases for similar components obtained from different vendors,
because commercial and industrial grade parts may not all be manufactured to the
same accepted industry standard, such as military component standards.

T Commercial and industrial grade parts have typical operating ranges of O degrees
to +70 degrees Celsius and0 degrees to +85 degrees Celsius, respectively.
Military grade parts are typically rated a4 degrees to 125 degrees Celsius.
Commercial and industrial grade parts are typically defined in these temperature
ranges in vendor parts catalogues. If thecldeed temperature environment for
the Engine Control System exceeds the stated capability of the commercial or
industrial grade electronic components, the applicant should substantiate that the
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(9)

proposed extended range of the specified components is sldgitdbr the
installation and that the Failure rates used for those components in the SSA and
LOTC/LOPC analyses is appropriately adjusted for the extended temperature
environment. Additionally, if commercial or industrial parts are used in an
environment begond their specified rating and cooling provisions are required in
the design of the EECS, the applicant should specify these provisions in the
instructions for installation to ensure that the provisions fowoling are not
compromisedFailure modes ahe cooling provisions included in the EECS design
that cause these limits to be exceeded should be considered in determining the
probability of Failure.

T Two examples of industry published documents which provide guidance on the
application of commercialrandustrial grade components are:

T IEC/PAS 62239, Electronic Component Management Plans

T L9/ kt!{ cHunnX 'aS 2F {SYAO2YyRdzO(2NJ

Specified Temperature Ranges

When any electrical or electronic components are changed, the SSAGIHA/ILOPC
analyses should be reviewed with regard to the impact of any changes in component
reliability. Component, subassembly or assembly level testing may be required by the
Agency to substantiate a change that introduces a commercial or industriakpart(

| 26 SOSNE &4dzOK | OKIlIy3S g2dAZ R y2i4 06S Ofl aa.

21.A.101(b)1.
Single Fault Accommodation

Compliance with the singlé-ault specifications of &S 5@c)(2) and (3) may be
substantiated by @ombination of tests and analyses. The intent is that single Failures or

YIfFdzyOliAz2zya Ay GKS 9y3IAyS /2ydiNRt {eaidsSy

condition, do not result in a Hazardous Engine Effect. In addition, in itsipfull
configuration the ontrol system should be essentially single Fault tolerant of
electrical/electronic component Failures with respect to LOTC/LOPC events. For
dispatchable configurations refer to €51030 and AMC E 1030.

It is recognised that to achieve true single Fauletance for LOTC/LOPC events could
require a triplicated design approach or a design approach with 100% Fault detection.
Currently, systems have been designed with dual, redundant channels or witluBack
Systems that provide what has been called an "esaliy single Fault tolerant” system.
Although these systems may have some Faults that are not Covered Faults, they have
demonstrated excellent hservice safety and reliability, and have proven to be
acceptable.

The objective, of course, is to have Ak tFaults addressed as Covered Faults. Indeed, the
dual channel or Baelip system configurations do cover the vast majority of potential
electrical and electronic Faults. However, on a dagease basis, it may be appropriate

for the applicant to omit som coverage because detection or accommodation of some
electrical/electronic Faults may not be practical. In these cases, it is recognised that
single, simple electrical or electronic components or circuits can be employed in a reliable
manner, and that regiring redundancy in some situations may not be appropriate. In
these circumstances, Failures in some single electrical or electronic components,
elements or circuits may result in an LOTC/LOPC event. This is what is meant by the use
2F GKS (SN&¢ nSaviByaddrR I aeadasSy vyire oS |
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(h) Local Events

Examples of local events be considered under GS5@c)(4) include:
T Overheat conditions, for example, those resulting from hot air duct bursts,
T Fires, and

T Fluid leaks or mechanical disruptiomiich could lead to damage to control system
electrical harnesses, connectors, or the control unit(s).

These local events would normally be limited to one Engine. Therefore, a local event is
not usually considered to be a common mode event, and commorertfugats, such as
HIRF, lightning and rain, are not considered local events.

When demonstration that there is no Hazardous Engine Effect is based on the assumption
that another function exists to afford the necessary protection, it should be shown that
this function is not rendered inoperative by the same local event on the Engine (including
destruction of wires, ducts, power supplies).

It is considered that an overheat condition exists when the temperature of the system
components is greater than the maxim safe design operating temperature for the
components, as declared by the Engine applicant in the Engine instructions for
installation. The Engine Control System should not cause a Hazardous Engine Effect when
the components or units of the system amepmsed to an overheat or ovéemperature
condition. Specific design features or analysis methods may be used to show compliance
with respect to the prevention of Hazardous Engine Effects. Where this is not possible,
for example, due to the variability ¢ihe complexity of the Failure sequence, then testing

may be required.

The Engine Control System, including the electrical, electronic and mechanical parts of
the system, should comply with the fire specifications oECI80 and the interpretative
materialof AMC E 130 is relevant. This rule applies to the elements of the Engine Control
System which are installed in designated fire zones.

There is no prodbility associated with G5 5(c)(4). Hence, all foreseeable local events
should be considered. It iscognised, however, that it is difficult to address all possible
local events in the intended aircraft installation at the time of Engine certification.
Therefore, sound Engineering judgement should be applied in order to identify the
reasonably foreseeabllocal events. Compliance with this specification may be shown by
considering the end result of the local event on the Engine Control System. The local
events analysed should be well documented to aid in certification of the Engine
installation.

The follaving guidance applies to Engine Control System wiring:

T Each wire or combination of wires interfacing with the EECS that could be affected
by a local event should be tested or analysed with respect to local events. The
assessment should include opens, sbBax ground and shorts to power (when
appropriate) and the results should show that Faults result in identified responses
and do not result in Hazardous Engine Effects.

T Engine control unit aircraft interface wiring should be tested or analysed for shorts
G2 FANONIFi LR2SSNE yR (KSasS aK20¢& aK2NJ
Hazardous Engine Effect. Where aircraft interface wiring is involved, the installer
should be informed of the potential effects of interface wiring Faults by means of
informathA 2y LINPGARSR Ay (G(KS 9y3IAYyS AyaidNuzOGA
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responsibility to ensure that there are no wiring Faults which could affect more

than one Engine. Where practical, wiring Faults should not affect more than one
channel. Any aumptions made by the Engine applicant regarding channel

separation should be included in the LOTC/LOPC analysis.

T Where physical separation of conductors is not practicalprctination between
the Engine applicant and the installer should ensure thapibtential for common
mode Faults between Engine Control Systems is eliminated, and between channels
on one Engine is minimised.

The applicant should assess by analysis or test the effects of fluid leaks impinging on
components of the Electronic Engine QohtSystem. Such conditions should not result

in a Hazardous Engine Effect, nor should the fluids be allowed to impinge on circuitry or
printed circuit boards and result in a potential latent Failure condition.

(8) SYSTEM SAFETY ASSESSMENT

(@)

Scope of tk assessment

The system safety assessme(SSA) required under ES5@d) should address all
operating modes, and the data used in the SSA should be substantiated.

The LOTC/LOPC analysis described in Section 7 is a subset of the SSA. The LOTC/LOPC

analysisand SSA may be separate or combined as a single analysis.

The SSA should consider all Faults, both detected and undetected, and their effects on
the Engine Control System and the Engine itself. The intent is primarily to address the
Faults or malfunctiongvhich only affect one Engine Control System, and therefore only
one Engine. However, Faults or malfunctions in aircraft signals, including those in-a multi
engine installation that could affect more than one Engine, should also be included in the
SSA, thee types of Fdts are addressed under ES5(Q).

The Engine Control System SSA and LOTC/LOPC analysis, or combined analyses, should

identify the applicable assumptions and installation requirements and establish any
limitations relating to Engine ControlSystem operation. These assumptions,
requirements, and limitations should be stated in the Engine instructions for installation
and operation as appropriate. If necessary, the limitations should be contained in the
airworthiness limitations section of thénstructions for continued airworthiess in
accordance with GE 28b)(1).

The SSA should address all Failure effects identified undé& 19 or G& 210, as
appropriate. A summary should be provided, listing the malfunctions or Failures and their
effects caused by the Engine Control System, such as:

T Failures affecting power or thrust resulting in LOTC/LOPC events.

T CrAfdiNBa ¢gKAOK NBadzZ d Ay (GKS 9y3IAySQa
If these Failure cases are not considered aBC.@vents according to paragraph
(7)(b)(ii) of this AMC, the expected frequency of occurrence for these events should
be documented.

T Transmission of erroneous parameters which could lead to thrust or power
changes greater thaB% of Takeff Power or Thrus{10% for piston engines
installations) (e.g., false high indication of the thrust or power setting parameter)
or to Engine shutdow(e.qg., high EGT or turbine temperatures or low oil pressure).
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(b)

(€)

T Failures affecting functions included in the Engine Control System, which may be
considered aircraft functions (e.g. Propeller control, thrust reverser control,
control of cooling air, contradf fuel recirculation)

T Failures resulting in Major Engine Effects and Hazardous Engine Effects.

The SSA should also consider all signals used by the Engine Control System, in particular
any crossEngine control signals and gignals as described in-ESQ(i).

The criticality of functions included in the Engine Control System for aircraft level
functions needs to be defined by the aircraft applicant.

Criteria
The SSA should demonstrate or provide the following:
(i)  Compliance with GE 510 or G& 210 as appropriate.

(i)  For Failures leading to LOTC/LOPC eveatspliance with the agreed LOTC/LOPC
rate for the intended installation (see paragraph (7)(d) of this AMC).

(i) For Failures affecting Engine operability but not leading to LOPC events,
compliance with the expected total frequency of occurrence of Failures that result
in Engine response that is n@oempliant with C&E 390, C& 50@a) and CE& 745
specifications (as appropriate). The acceptability of the frequency of occurrence
for these evats - along with any aircraft flight deck indications deemed necessary
to inform the flight crew of such a conditionwill be determined at aircraft
certification.

(iv) The consequence of the transmission of a faulty parameter

The consequence of the traméssion of a faulty parameter by the Engine Control
System should be identified and included, as appropriate, in the LOTC/LOPC
analysis. Any information necessary to mitigate the consequence of a faulty
parameter transmission should be contained in theiBagperating instructions.

For example, the Engine operating instructions may indicate that a display of zero
oil pressure be ignored flight if the oil quantity and temperature displays appear
normal. In this situation, Failure to transmit oil pressorgransmitting a zero oil
pressure signal should not lead to an Engine shutdown or LOTC/LOPC event.
Admittedly, flight crew initiated shutdowns have occurredservice during such
conditions. In this regard, if the Engine operating instructions prowiftgmation

to mitigate the condition, then control system Faults or malfunctions leading to the
condition do not have to be included in the LOTC/LOPC analysis. In such a situation,
the loss of multiple functions should be included in the LOTC/LOPC anHltfs¢
display of zero oil pressure and zero oil quantity (or high oil temperature) would
result in a crew initiated shutdown, then those conditions should be included in
the systems LOTC/LOPC analysis.

Malfunctions or Faults affecting thrust or wer

In multirengine aeroplanes, Faults that result in thrust or power changes of less than
approximately 10% of Tal@f Power or Thrust may be undetectable by the flight crew.
This level is based on pilot assessment and has been in use for a numbarfiee
pilots indicated that flight crews will note the Engine operating differences when the
difference is greater than 10% in asymmetric thrust or power.
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The detectable difference level for Engines for other installations should be agreed with
the instller.

When operating in the takeff envelope, Uncovered Faults in the Engine Control System
which result in a thrust or power change of less than 3% (10% for piston engines
installations), are generally considered acceptable. However, this does nacté&om

GKS | LILX AOI yiQa 20f A-Bpsisted i6 capable & gravidiighe (i K | {
declared minimum rated thrust or power. In this regard, Faults which could result in small
thrust changes should be random in nature and detectable and daivkr during

routine inspections, overhauls or powehecks.

The frequency of occurrence of Uncovered Faults that result in a thrust or power change
greater than 3%of Takeoff Power or Thrustbut less than the change defined as an
LOTC/LOPC event, sholld contained in the SSA documentation. There are no firm
specifications relating to this class of Faults for Engine certification; however the rate of
occurrence of these types of Faults should be reasonably low, in the order* ef/&ts

per Engine ftiht hour or less. These Faults may be required to be included in aircraft
certification analysis.

Signals sent from one Engine Control System to another in an aeroplane installation, such
as signals used for an Automatic TaEThrust Control System (ATSE), synchrophasing,

etc., are addressed under €E5({g). They should be limited in authority by the receiving
Engine Control System, so that undetected Faults do not result in an unacceptable change
in thrust or power on the Engine using those signdie Maximum thrust or power loss

on the Engine using a creEsgine signal should generally be limited to 3% absolute
difference of the current operating condition.

Note: It is recognised that ATTCS, when activated, may command a thrust or power
increase ©10% or more on the remaining Engine(s). It is also recognised that signals sent
from one Engine control to another in a rotorcraft installation, such as load sharing and
One Engine Inoperative (OEI), can have a much greater impact on Engine power when
those signals fail. Data of these Failure modes should be contained in the SSA.

When operating in the takeff envelope, detected Faults in the Engine Control System,
which result in a thrust or power change of up to 10% (15% for piston engines) may be
accepable if the total frequency of occurrence for these types of Failures is relatively
low. The predicted frequency of occurrence for this category of Faults should be
contained in SSA documentation. It should be noted that requirements for the allowable
frequency of occurrence for this category of Faults and any need for a flight deck
indication of these conditions would be reviewed during aircraft certification. A total
frequency of occurrence in excess of“l@vents per Engine flight hour would not
normaly be acceptable.

Detected Faults in signals exchanged between Engine Control Systems should be
accommodated so as not to result in greater than a 3% thrust or power change on the
Engine using the crod€sngine signals.

(99 PROTECTIVE FUNCTIONS
(@) RotorOverspeed Protection.

Rotor overspeed protection is usually achieved by providing an independentspeszd
protection system, such that it requires two independent Faults or malfunctions (as
described below) to result in an uncontrolled ovsgeed.
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(b)

The following guidance applies if the rotor oxgreed protection is provided solely by an
Engine Control System protective function.

For dispatchable configurations, refer to-E3030 and AMC E 1030.

The SSA should show that the probability per Engigktthour of an uncontrolled over
speed condition from any cause in combination with a Failure of the-sveed
protection system to function is less than one event per hundred million hours (a Failure
rate of 1@;8 events per Engine flight hour).

The overspeed protection system would be expected to have a Failure rate of less than
10¢4 Failures per engine flight hour to ensure the integrity of the protected function.

A selftest of the overspeed protection system to ensure its functionality prior to each
flight is normally necessary for achieving the objectives. Verifying the functionality of the
overspeed protection system at Engine shutdown and/or stgtis considered
adequate for compliance with this requirement. It is recognised that some Engiags m
routinely not be shut down between flight cycles. In this case this should be accounted
for in the analyses.

Because in some ovepeed protection systems there are multiple protection paths,
there will always be uncertainty that all paths are functibatany given time. Where
multiple paths can invoke the ovspeed protection system, a test of a different path
may be performed each Engine cycle. The objective is that a complete test of the over
speed system, including electroechanical parts, is aved in the minimum number of
Engine cycles. This is acceptable so long as the system meet§aill@e rate.

The applicant may provide data that demonstrates that the mechanical parts (this does
not include the electremechanical parts) of the ovespeed protection system can
operate without Failure between stated periods, and a periodic inspection may be
established for those parts. This data is acceptable in lieu of testing the mechanical parts
of the subsystem each Engine cycle.

Other protectize functions

The Engine Control System may perform other protective functions. Some of these may
be Engine functions, but others may be aircraft or Propeller functions. Engine functions
should be considered under the guidelines of this AMC. The intedridther protective
functions provided by the Engine Control System should be consistent with a safety
analysis associated with those functions, but if those functions are not Engine functions,
they may not be a part of Engine certification.

As Engine Cortt Systems become increasingly integrated into the aircraft and Propeller
systems, they are incorporating protective functions that were previously provided by
the aircraft or Propeller systems. Examples are reducing the Engine to idle thrust if a
thrust reverser deploys and providing the atfiather function for the Propeller when

an Engine fails.

The reliability and availability associated with these functions should be consistent with
the top level hazard assessment of conditions involving these furgctidhis will be
completed during aircraft certification.

For example, if an Engine Failure with loss of the de@her function is catastrophic at
the aircraft level and the autefeather function is incorporated into the Engine Control
System- the applicant will have to show for €% installations (or G323 installations
certified to C&5 specifications) that an Engine Failure with loss of the -gadther
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function cannot result from a single control system Failure, and that combinations of
control system Failures, or Engine and control system Failures, which lead to a significant
Engine loss of thrust or power with an associated loss of the autofeather function may be
required to have an extremely improbable event rate (i.e-91€évents per Enginight

hour).

Although these functions await evaluation at the aircraft level, it is strongly
recommended that, if practicable, the aircraft level hazard assessment involving these
functions be available at the time of the Engine Control System certificatihis will
facilitate discussions and awdination between the Engine and aircraft certification
teams under the conditions outlined in paragraph (15) of this AMC. It is recognised that
this coordination may not occur for various reasons. Becaushisf the applicant should
recognise that although the Engine may be certified, it may not be installable at the
aircraft level.

The overall requirement is that the safety assessment of the Engine Control System
should include all Failure modes of all funas incorporated in the system. This includes
those functions which are added to support aircraft certification, so that the information
of those Failure modes will get properly addressed and passed on to the installer for
inclusion in the airframe SSAfdrmation concerning the frequencies of occurrence of
those Failure modes may be needed as well.

(10) SOFTWARE DESIGN AND IMPLEMENTATION

(@)

(b)

Objective

For Engine Control Systems that usewafe, the objective of GE 5(f) is to prevent as
far as possile software errors that would result in an unacceptable effect on power or
thrust, or any unsafe condition.

It is understood that it may be impossible to establish with certainty that the software
has been designed without errors. However, if the applicasegs the software level
appropriate for the criticality of the performed functions and uses an approved software
development method, the Agency would consider the software to be compliant with the
requirement to minimise errors. In multiple Engine instadins, the possibility of
software errors common to more than one Engine Control System may determine the
criticality level of the software.

Approved Methods

Methods for developing software, compliant with the guidelimesmtained in the latest
edition of AMC 2@115 are acceptable methods. Alternative methods for developing
software may be proposed by the applicant and are subject to approval by the Agency.

Software whichwasnot developed usinghe version of EEL2 referenced in the latest
edition of AMC 26115is referred to as legacy software. In general, changes made to
legacy software applicable to its original installation are assured in the same manner as
the original certification. When legacy software is used in a new aircraft installation tha
requiresthe latest edition of AMC 2Q15, the original approval of the legacy software is
still valid, assuming equivalence to the required software level can be ascertained. If the
software equivalence is acceptable to the Agetaking into account te conditions
defined the latest edition of AMC 2015, the legacy software can be used in the new
installation that requiresAMC 20115 software. If equivalence cannot be substantiated,

all the software changes should be assutiebugh the use of the lat& edition of AMC
20-115.
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(€)

(d)

Level of software design assurance

In multiple Engine installations, the design, implementation and verification of the
software in accordance with Levelas(defined in the industry documents referred in the
latest editionof AMC 26115) is normally needed to achieve the certification objectives
for aircraft to be type certificated under €5, C&7-Category A and EZ-Category A.

The criticality of functions on other aircraft may be different, and therefore, a different
level of softwaredevelopmentassurance may be acceptable. For example, in the case of
a piston engine in a singlngine aircraft, level G$ defined in the industry documents
referred in the latest edition of AMC 2115) software has been found to be@aptable.

Determination of the appropriate software level may depend on the Failure modes and
consequences of those Failures. For example, it is possible that Failures resulting in
significant thrust or power increases or oscillations may be rsekere than an Engine
shutdown, and therefore, the possibility of these types of Failures should be considered
when selecting a given software level.

It may be possible to partition necritical software from the critical software and design
and implementthe noncritical software to a lower level as defined by tmslustry
documentgreferred in the latest edition of AMC 2015, The adequacy of the partitioning
method should be demonstrated. This demonstration should consider whether the
partitioned lower sftware levels are appropriate for any anticipated installations. Should
the criticality level be higher in subsequent installations, it would be difficult to raise the
software level.

OnBoard or Field Software Loading and Part Number Marking

The folowing guidelines should be followed when-baard or field loading of Electronic
Engine Control software and associated Electronic Part Marking (EPM) is implemented.

For software changes, the software to be loaded should have been documented by an
approved design change and released with a service bulletin.

For an EECS unit having separate part numbers for hardware and software, the software
part number(s) need not bdisplayed on the unit as long as the software part number(s)
is(are) embedded in the loaded software and can be verified by electronic means. When
new software is loaded into the unit, the same verification requirement applies and the
proper software parhumber should be verified before the unit is returned to service.

For an EECS unit having only one part number, which represents a combination of a
software and hardware build, the unit part number on the nameplate should be changed
or updated when the n& software is loaded. The software build or version number
should be verified before the unit is returned to service.

The configuration control system for an EECS that will be onboard/field loaded and using
electronic part marking should be approved. Thewing system should provide a
compatibility table that tabulates the combinations of hardware part numbers and
software versions that have been approved by the Agency. Théet@d compatibility

table should be under configuration control, and it shobklupdated for each change
that affects hardware/software combinations. The applicable service bulletin should
define the hardware configurations with which the new software version is compatible.

The loading system should be in compliance with the gindelofthe latest edition of
AMC 20115.
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If the applicant proposes more than one source for loading, (e.g., diskette, mass storage,
Secure Disk card, USB stick flagh,), all sources should comply with these guidelines.

The service bulletin should rage verification that the correct software version has been
loaded after installation on the aircratft.

(e) Software Change Category

The processes and methods used to change software should not affextftinaarelevel
of that software. For classificatioof software changes, refer to 84 in Appendix A of GM
21.A.91.

(H  Software Changes by Others than the TC Holder

There are two types of potential software changes that could be implemented by
someone other than the original TC holder:

T option-selectable sftware, or
T usermodifiable software (UMS).

Optiontselectable changes would have to be joestified utilising a method of selection
which has been shown not to be capable of causing a control malfunction.

UMS is software intended for modification by thiecraft operator without review by the
certification authority, the aircraft applicant, or the equipment vendor. For Engine
Control Systems, UMS has generally not been applicable. However, approval of UMS, if
required, would be addressed on a cdseca® basis.

In principle, persons othethan the TC holder may modify the software within the
modification constraints defined by the TC holder, if the system has been certified with
the provision for software user modifications. To certify an ElectronicnEngontrol
System with the provision for software modification by others than the TC holder, the TC
holder should (1) provide the necessary information for approval of the design and
implementation of a software change, and (2) demonstrate that the necgssa
precautions have been taken to prevent the user modification from affecting Engine
airworthinessespecially ithe user modification igcorrectly implemented.

In the case where the software is changed in a manner neaposved by the TC holder
I 3dz&0SNJ Y2 RAFA -0/t SKZt RIKNE alyl3t A OF yi oAt
requirements given in Part 21, subpart E.

(11) PROGRAMMABLE LOGIC DEVICES
CSE 50 (f) applies to devices referred to as Programmable Logic Devices.

Because of the nature and comtegity of systems containing digital logic, the Programmable
Logic Devices should be developed using a structured development approach, commensurate
with the hazard associated with Failure or malfunction of the system in which the device is
contained.

RT@ D0O254/ EUROCAE BD which describes the standards for the criticality and design
assurance levels associated with Programmable Logic Devices development, is an acceptable
means, but not the only means, fehowing compliance with GES5f).

For offthe-shelf equipment or modified equipment, service experience may be used in showing
compliance to these standards. This should be acceptable provided the worst case Failure or
malfunction of the device for the new installation is no more severe than thawfiginal
installation of the same equipment on another installation. Consideration should also be given
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to any significant differences related to environmental, operational or the category of the
aircraft where the original system was installed and ified.

(12) AIRCRAFSUPPLIED DATA
(@) Objective

As required by GE 5(g), in case of loss, interruption, or corruption of Airci@ttpplied
Data, the Engine should continue to function in a safe and acceptable manner, without
unacceptable effects othrust or power, Hazardous Engine Effects, or loss of ability to
comply with the operating spdatations of C& 390, G& 50@a) and C& 745, as
appropriate.

(b) Background

Historically, regulatory practice was to preserve the Engine independence from the

aircraft. Hence even with very reliable architecture, such as triply redundant air data

computer (ADC) systems, it was required that the Engine Control System provided an
independent control means that could be used to safely fly the aircraft should all the ADC
signals be lost.

However, with the increased Engia@craft integration that is currently occurring in the
aviation industry and with the improvement in reliabiland implementation of Aircraft
Supplied Data, the regulatory intent is being revised to require that Fault Accommodation
be provided against single Failures of Aircftipplied Data. This may include Fault
Accommodation by transition into another Contidbde that is independent of Aircraft
Supplied Data.

¢CKS 9y3aAAYS /2yiaNRt {eadsSyQa [h¢/ k[ ht/ FylIf
system Failures in all allowable Engine Control System and air data system dispatch
configurations.

When AircraftSipplied Data can affect Engine Control System operation, the applicant
should address the following items, as applicable, in the SSA or other appropriate
documents:

T Software in the data path to the EECS should be at a level consistent with that
defined forthe EECS. The data path may include other aircraft equipment, such as
aircraft thrust management computers, or other avionics equipment.

T The applicant should state in the instructions for installation that the aircraft
applicant is responsible for ensuginhat changes to aircraft equipment, including
software, in the data path to the Engine do not affect the integrity of the data
provided to the Engine as defined by the Engine instructions for installation.

T The applicant should supply the effects of fgudind corrupted AircrafSupplied
Data on the EECS in the Engine instructions for installation.

T The instructions for installation should state that the installer should ensure that
those sensors and equipment involved in delivering information to the BECS
capable of operating in the EMI, HIRF and lightning environments, as defined in the
certification basis for the aircraft, without affecting their proper and continued

operation.
T The applicant should state the reliability level for the Airc@idipplie Data that
gla dzaSR Fa LINI 2F GKS {{! FTYR [h¢/ k[ ht

instructions for installation.
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(€)

(d)

As stated in CE 5@g), thrust and power command signals sent from the aircraft are not
subject b the specifications of G 5dg)@). If the aircraft thrust or power command
system is configured to move the Engine thrust or power levers or transmit an electronic
signal to command a thrust or power change, the Engine Control System merely responds
to the command and changes Engineusstror power as appropriate. The Engine Control
System may have no way of knowing that the sensed throttle or power lever movement
was correct or erroneous.

In both the moving throttle (or power lever) and namoving throttle (or power lever)
configuratiold = AU A& GKS AyadlffSNRa NBaLRyaAoAf A
analysis is performed on the aircraft system involved in generating Engine thrust or power
O2YYlIyRazX FTyYyR G(KIFIG (GKS &adaeadaSy yvYSSia GKS |
assssment safety related specifications. This task is an aircraft certification issue,
K26S@OSNI ClIAfdz2NBa 2F (KS aeadSy akKkz2dZ R 0SS A\
Design assessment

The applicant should prepare a Fault Accommodation chart theines the Fault
Accommodation architecture for the Aircre®upplied Data.

There may be elements of the Engine Control System that are mounted in the aircraft
and are not part of the Engine type design, but which are dedicated to the Engine Control
Systén and powered by it, such as a throttle position resolver. In these instances, such
elements are considered to be an integral component of the Electronic Engine Control
System and are not considered aircraft data.

In the case where the particular Failuredes of the aircraft air data may be unknown,

the typical Failure modes of loss of data and erroneous data should be assumed. The term
GSNNRyS2dza RIFGFE A& dzaASR KSNBAY G2 RSaONAOG
valid but is incorrect.

Such assuptions and the results of the evaluation of erroneous aircraft data should be
provided to the installer.

The following are examples of possible means of accommodation:
T Provision of an Alternate Mode that is independent of Airc&tipplied Data.

T Dual soures of aircraftsupplied sensor data with local Engine sensors provided as
voters and alternate data sources.

T Use of synthesised Engine parameters to control or as voters. When synthesised
parameters are used for control or voting purposes, the analysisldransider
the impact of temperature and other environmental effects on those sensors
whose data are used in the synthesis. The variability of any data or information
necessary to relate the data from the sensors used in the synthesis to the
parameters leing synthesised should also be assessed.

T Triple redundant ADC systems that provide the required data.

If for aircraft certification it is intended to show that the complete loss of the aircraft air
data system itself is extremely improbable, then it slibbé shown that the aircraft air
data system is unaffected by a complete loss of aircraft generated power, for example,
backed up by battery power. (S&MC 201)

Effects on the Engine
CSE 510 defines the Hazards Engine Effects for turbine Engines.
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CSE 5(q9) is primarily intended to address the effects of aircraft signals, such as aircraft
air data information, or other signals which could be common to all Engine Control
Systems in a muHengine installationThe control system design should ensure that the
full-up system is capable of providing the declared minimum rated thrust or power
throughout the Engine operating envelope.

CSE 5(g) requires the applicant to provide an analysis of the effect of loserouption

of aircraft data on Engine thrust or power. The effects of Failures in AiSugiplied Data
should be documented in the SSA as described in Section (8) above. Where appropriate,
aircraft data Failures or malfunctions that contribute to LOG®IC events should be
included in the LOTC/LOPC analysis.

(e) \Validation

Functionality of the Fault Accommodation logic should be demonstrated by test, analysis,
or combination thereof. In the case where the aircraft air data system is not functional
becaug of the loss of all aircraft generated power, the Engine Control System should
include validated Fault Accommodation logic which allows the Engine to operate
acceptably with the loss of all aircraftipplied air data. Engine operation in this system
configuration should be demonstrated by test.

For all dispatchable Control Modes, seeEC8)30 and AMC E 1030.

If an Alternate Mode, independent of AircréBupplied Data, has been provided to
accommodate the loss of all data, sufficient testing shoulddreducted to demonstrate
that the operability specifications have been met when operating in this mode.
Characteristics of operation in this mode should be included in the instructions for
installation and operation as appropriate. This Alternate Mode nesiche dispatchable.

(13) AIRCRAFT SUPPLIED ELECTRICAL POWER
(@) Objective

The objective is to provide an electrical power source that is single Fault tolerant
(including common cause or mode) in order to alltve EECS to comply with €S
50(c)(2). Themost common practice for achieving this objective has been to provide a
dedicated electrical power source for the EECS. When aircraft electrical power is used,
the assumed quality and reliability levels of this aircraft power should be contained in the
ingtructions for installation.

(b) Electrical power sources

An Engine dedicated power source is defined herein as an electric power source providing
electrical power generated and supplied solely for use by a single Engine Control System.
Such a source is ually provided by an alternator(s), mechanically driven by the Engine
or the transmission system of rotorcraft. However, with the increased integration of the
Engineaircraft systems and with the application of EECS to small Engines, both piston
and turbine use of an Enginmounted alternator may not necessarily be the only design
approach for meeting the objective.

Batteries are considered an Aircr&8upplied Power source except in the case of piston
Engines. For piston Engines, a battery source dedicatégly to the Engine Control
System may be accepted as an Engine dedicated power source. In such applications,
appropriate information for the installer should be provided including, for example,
health status and maintenance requirements for the dedidabattery system.

(c) Analysis of the design architecture
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(d)

An analysis and a review of the design architecture should identify the requirements for
Engine dedicated power sources and Aircfadipplied Power sources. The analysis
should include the effectsf losing these sources. If the Engine is dependent on Aircraft
Supplied Power for any operational functions, the analysis should result in a definition of
the requirements for AircraiSupplied Power.

The following configurations have been used:

T EECS geendent on AircrafiSupplied Power

T EECS independent of Airck&tipplied Power (Engine dedicated power source)
T AircraftSupplied Power used for functions, switched by the EECS

T AircraftSupplied Power directly used for Engine functions, independently frem t
EECS

T AircraftSupplied Power used to back up the Engine dedicated power source

The capacity of any Engine dedicated power sourequired to comply with C&
50(h)(2), should provide sufficient margin to maintain confidence that the Engine Control
Sysem will continue to function in all anticipated Engine operating conditions where the
control system is designed and expected to recover Engine operation automatieally in
flight. The autonomy of the Engine Control System should be sufficient to ensure its
functioning in the case of immediate automatic relight after unintended shutdown.
Conversely, the autonomy of the Engine Control System in the whole envelope of restart
in windmilling conditions is not always required. This margin should account for lagry ot
anticipated variations in the output of the dedicated power source such as those due to
temperature variations, manufacturing tolerances and idle speed variations. The design
margin should be substantiated by test and/or analysis and should alsaontakacicount

any deterioration over the life of the Engine.

AircraftSupplied Power Reliability

Any AircraftSupplied Power reliability values used in system analyses, whether supplied
by the aircraft manufacturer or assumed, should be contained inirtisguctions for
installation.

When AircraftSupplied Power is used in any architecture, if aircraft power Faults or
Failures can contribute to LOTC/LOPC or Hazardous Engine Effects, these events should
be included in the Engine SSA and LOTC/LOPC analyses.

When compliance with G5 5@h)(1) imposes an Engine dedicated power source, Failure

of this source should be addressed in the LOTC/LOPC analysis required uBd&d €5

While no credit is normally necessary to be given in the LOTC/LOPC analysisuse t

of AircraftSupplied Power as a baak power source, AircrafBupplied Power has
typically been provided for the purpose of accommodating the loss of the Engine
dedicated power source. However, LOTC/LOPC allowance and any impact on the SSA for
the use of AircraftSupplied Power as the sole power source for an Engine control Back

up System or as a bacip power source would be reviewed on a cédecase basis.

In some system architectures, an Engine dedicated power source may not be required
and Aircaft-Supplied Power may be acceptable as the sole source of power.

An example is a system that consists of a primary electronic single channel and a full
capability hydromechanical Badlp System that is independent of electrical power (a full
capabilityhydromechanical control system is one that meets alEGpecifications and is
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(e)

not dependent on aircraft power). In this type of architecture, loss or interruption of
AircraftSupplied Power is accommodated by transferring control to the hydromechanical
system. Transition from the electronic to the hydromechanical contradtesy is
addressed under G5 5@b).

Another example is an EECS powered by an aircraft power system that could support a
critical fly-by-wire flight control system. Such a power systeraynbe acceptable as the

sole source of power for an EECS. In this example, it should be stated in the instructions
for installation that a detailed design review and safety analysis is to be conducted to
identify latent failures and common cause failurésitt could result in the loss of all
electrical power. The instructions should also state that any emergency power sources
must be known to be operational at the beginning of the flight. Any emergency power
sources must be isolated from the normal electripawer system in such a way that the
emergency power system will be available no matter what happens tontivenal
generated power systentf batteries are the source of emergency power, there must be

a means of determining their condition prior to fliglsind their capacity must be shown

to be sufficient to assure exhaustion will not occur before getting the aircraft safely back
on the ground.

This will satisfy that appropriate reliability assumptioms provided to the installer.
AircraftSuppliedPower Quality

When AircraftSupplied Power is necessary for operation of Bregine Control System,

CSE 5@h)(3) specifies that the Engine instructions for installation contain the Engine

/I 2y iNRBE {2aidSyQa St SOGNAOIt apjfies ® Ny &f treJLI &
configurations listed in paragraph (13)(c) or any new configurations or novel approach
not listed that use AircrafSupplied Power. These quality requirements should include
steady state and transient undewoltage and ovewoltage imits for the equipment. The
power input standards of RTCA RR60/EUROCAE H2 are considered to provide an
acceptable definition of such requirements. If RTCAIBOEUROCAE HA is used, any
exceptions to the power quality standards cited for the partar category of equipment
specified should be stated.

It is recognised that the electrical or electronic components of the Engine Control System
when operated on AircrafSupplied Power may cease to operate during some low
voltage aircraft powersupply conditions beyond those required to sustain normal
operation, but in no case should the operation of the Engine control result in a Hazardous
9Y3IAAYS 9FFSOGP® LY FTRRAUAZ2YS f2¢ @2ftal 3S
capability shoulahot cause permanent loss of function of the control system, or result in
inappropriate control system operation which could cause the Engine to exceed any
operational limits, or cause the transmission of unacceptable erroneous data.

When aircraft power reavers from a lowvoltage condition to a condition within which

the control system is expected to operate normally, the Engine Control System should
resume normal operation. The time interval associated with this recovery should be
contained in the Engin@structions for installation. It is recognised that Aircraftpplied
Power conditions may lead to an Engine shutdown or Engine condition which is not
recoverable automatically. In these cases the Engine should be capable of being
restarted, and any spediflight crew procedures for executing an Engine restart during
such conditions should be contained in the Engine instructions for operation. The
acceptability of any nomecoverable Engine operating conditionas a result of these
AircraftSupplied Poweconditions- will be determined at aircraft certification.
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If AircraftSupplied Power supplied by a battery is required to meet an "all Engines out"
restart requirement, the analysis according to paragraph 13(c) should result in a
definition of the requiements for this AircrafSupplied Power. In any installation where
aircraft electrical power is used to operate the Engine Control System, such as low Engine
speed inflight re-starting conditions, the effects of any aircraft electrical {sustching
transients or power transients associated with application of electrical loads, which could
cause an interruption in voltage or a decay in voltage below that level required for proper
control furctioning, should be considered.

(H  Effects on the Engine

Whereloss of aircraft power results in a change in Engine Control Mode, the Control
Mode transition should meethe specifications of G5 5@b).

For some Engine control functions that rely exclusively upon AirStgiplied Power, the

loss of electrical powemay still be acceptable. Acceptability is based on evaluation of
the change in Engine operating characteristics, experience with similar designs, or the
accommodation designed into the control system.

Examples of such Engine control functions that haaditionally been reliant on aircraft
power include:

T Engine start and ignition

T Thrust Reverser deployment

T Anti-lcing (Engine probe heat)
T Fuel ShuOff

T Overspeed Protection Systems

T Noncritical functions that are primarily performance enhancement function
which, if inoperative, do not affect the safe operation of the Engine.

(g) Validation

The applicant should demonstrate the effects of loss of Airc3afiplied Power by Engine
test, system validation test or bench test or combination thereof.

(14) PISTONENGINES

Piston Engines are addressed by the sections above; no additional specific guidance is
necessary.

CSE 50 specifications are applicable to these Engines but, when interpretation is necessary, the
conditions which would be acceptable for the aiftiiastallation should be considered.

(15) ENGINE, PROPELLER AND AIRCRAFT SYSTEMS INTEGRATIONENBTNONBETWEEN
ENGINE, PROPELLER AND AIRCRAFT CERTIFICATION ACTIVITIES

(a) Aircraft or Propeller Functions Integrated into the Engine Control System

This involves the integration of aircraft or Propeller functions (i.e., those that have
traditionally not been considered Engine control functions), into the Electronic Engine

/I 2y iNRBE {2aiGSYQa KINRgINS FyR az2Fdsl NBoO
Examples of this include thrust reverseontrol systems, Propeller speed governors,

which govern speed by varying pitch, and ATTCS. When this type of integration activity is
pursued, the EECS becomes partbfy R a4 K2dz R 6S Ay Of dZRSR Ay
although the aircraft functions gorporated into the EECS may receive review at Engine

Annex | to ED Decision 2020/006/R Page460f 510


http://easa.europa.eu/

EASA AMG20t1 Amendment 18 AMC 263A

(b)

(€)

certification, the acceptability of the safety analysis involving these functions should be
determined at aircraft certification.

¢CKS 99/ { YI& 06S O2yFTAIdz2NBR (2 fudgiohdlityory 2yt &
it may contain virtually all of it. Thrust reverser control systems are an example where

only part of the functionality is included in the EECS. In such cases, the aircraft is
configured to have separate switches and logic (i.e., inddpanhfrom the EECS) as part

of the thrust reverser control system. This separation of reverser control system elements

and logic provides an architectural means to limit the criticality of the functions provided

by the EECS.

However, in some cases the EEG&/ be configured to incorporate virtually all of a
ONRGAOLFE FANDODNI TG FdzyOliAz2yd 9EIl YL Sa 2F (K,
are EECS which contain full authority to govern Propeller speed in turboprop powered

aircraft and ATTCS inrhofan power aircraft.

The first of these examples is considered critical because, if an Engine fails, the logic in
the Engine Control System should be configured to feather the Propeller on that Engine.
Failure to rapidly feather the Propeller following &ngine Failure results in excessive
drag on the aircraft, and such a condition can be critical to the aircraft. When functions
like these are integrated into the Engine control such that they render an EECS critical,
special attention should be paid tossuring that no single (including common
cause/mode) Failures could cause the critical Failure condition, e.g. exposure of the EECS
to overheat should not cause both an Engine shutdown and Failure of the Propeller to
feather.

The second example, that of akTTCS, is considered critical because the system is
required to increase the thrust of the remaining Engine(s) following an Engine Failure
during takeoff, and the increased thrust on the remaining Engines is necessary to achieve
the required aircraft pedrmance.

All of the above examples of integration involve aircraft functionality that would receive
significant review during aircraft certification.

Integration of Engine Control Functions into Aircraft Systems

The trend toward systemistegration may lead to aircraft systems performing functions
traditionally considered part of the Engine Control System. Some designs may use aircraft
systems to implement a significant number of the Engine Control System functions. An
example would be th complex integrated flight and Engine Control Systemgegrated

in aircraft avionics unitswhich govern Engine speed, rotor speed, rotor pitch angle and
rotor tilt angle in tiltrotor aircraft.

In these designs, aircraft systems may be required tadsal during Engine certification.

In such cases, the Engine applicant is responsible for specifying the requirements for the
EECS in the instructions for installation and substantiating the adequacy of those
requirements.

An example of limited integratiowould be an Engine control which receives a torque

2dzi LJdzi RSYlFYR &aA3ylrt FNRY (GKS FANONIFd | yR
and other variables to meet that demand. However, the EECS itself, which is part of the

type design, provides all th&unctionality required to safely operate the Engine in
accordance with GE or other applicable specifications.

Certification activities
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()  Obijective

To satisfy the aircraft specifications, such as CS 25.901, CS 25.903 and CS 25.1309,
an analysis ofhe consequences of Failures of the Engine Control System on the
aircraft has to be made. The Engine applicant should, together with the aircraft
applicant, ensure that the software levels and safety and reliability objectives for

the Engine electronic cdrol system are consistent with these specifications.

(i)  Interface Definition and System Responsibilities

System responsibilities as well as interface definitions should be identified for the
functional and hardware and software aspects between the Endtnopeller and
the aircraft systems in the appropriate documents.

The Engine/Propeller/aircraft documents should cover in particular:

T Functional requirements and criticality (which may be based on Engine,
Propeller and aircraft considerations)

T Fault Acconmodation strategies

T Maintenance strategies

T The software level (per function if necessary),
T The reliability objectives for:

T LOTC/LOPC events

T Transmission of faulty parameters

T The environmental requirements including the degree of protection against
lightning or other electromagnetic effects (e.g. level of induced voltages that
can be supported at the interfaces)

T Engine, Propeller and aircraft interface data and characteristics
T Aircraft power supply requirements and characteristics (if relevant).
(ii)  Distribution of Compliance Tasks

The tasks for the certification of the aircraft propulsion system equipped with
Electronic Engine Control Systems may be shared between the Engine, Propeller
and aircraft applicants. The distribution of these tasks betwdlee applicants
should be identified and agreed with the appropriate Engine, Propeller and aircraft
authorities. For further information refer t&MC 201.

The aircraft certification should deal with the overalleigtation of the Engine and
Propeller in compliance with the applicable aircraft specifications.

The Engine certification will address the functional aspects of the Engine Control
System in compliance with the applicable Engine specifications.

Appropriate eidence provided for Engine certification should be used for aircraft

certification. For example, the quality of any aircraft function software and

aircraft/Engine interface logic already demonstrated for Engine certification should
need no additional sultantiation for aircraft certification.

Two examples are given below to illustrate this principle.

(A) Case of an EECS performing the functions for the control of the Engine and
the functions for the control of the Propeller.
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[Amdt 20/10

(B)

The Enginecertification would address all general requirements such as
software quality assurance procedures, EMI, HIRF and lightning protection
levels, effects of loss of aircragtipplied power.

The Engine certification would address the functional aspects foEtigine
functions (safety analysis, rate for LOTC/LOPC events, effect of loss of
AircraftSupplied Data, etc.). The Fault Accommodation logic affecting the
control of the Engine, for example, will be reviewed at that time.

The Propeller certification wilimilarly address the functional aspects for
the Propeller functions. The Fault Accommodation logic affecting the control
of the Propeller, for example, will be reviewed at that time.

In this example, the Propeller functions and characteristics defineithdoy
Propeller applicant, that are to be provided by the Engine Control System,
would normally need to be refined by flight test. The Propeller applicant is
responsible for ensuring that these functions and characteristics, that are
provided for use duringhe Engine certification programme, define an
airworthy Propeller configuration, even if they have net peen refined by
flight test.

With regard to changes in design, agreement by all parties involved should
be reached so that changes to the Engine @urbystem that affect the
Propeller system, or vice versa, do not lead to any inadvertent effects on the
other system.

Case of an aircraft computer performing the functions for the control of the
Engine.

The aircraft certification will address all ggal requirements such as
software quality assurance procedures, EMI, HIRF and lightning protection
levels.

The aircraft certification will address the functional aspects for the aircraft
functions.

The Engine certification will address the functional aspdor the Engine
functions (safety analysis, rate for LOTC/LOPC events, effect of loss of
AircraftSupplied Data, etc.) The Fault Accommodation logic affecting the
control of the Engine, for example, will be reviewed at that time.
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AMC20-6

Chapter | GENERAL CONSIDERATIONS
SECTION 1: PURPOSE

This AMC states an acceptable means but not the only means for obtaining approval femdine
aeroplanes intended to be used in extended range operations and for the performance of such
operations.

An applicant may elect to use another means of commgkiawhich should be acceptable to the Agency
or the competent authority. Compliance with this AMC is not mandatory. Use of the adkand
mustapply only to an applicant who elects to comply with this AMC in order to obtain airworthiness
approval or b demonstrate compliance with the operational criteria.

This AMC is structured in 3 chapters which contain the following information:

T Chapter | of this AMC provides general guidance and definitions related to extended range
operations.

T Chapter Il of this MC provides guidance to (S)TC holders seeking ETOPS type design approval
of an engine or a particular airplassngine combination. These airplanes may be used in
extended range operations.

T Chapter Il of this AMC provides guidance to operators seekin@ & o@erational approval to
conduct extended range operations under the requirements of the applicable operational
regulations.

The purpose of this revision No. 2 of AMG6 is to develop guidance for obtaining approval for
diversion timesexceeding 180 minutes.

ETOPS type design approvals and operational approvals obtained before the issue of this revision
remain valid. Extension of existing ETOPS type design approvals or operational approvals beyond 180
min should be issued in accordancihathis revision.

New ETOPS type design approvals and operational approvals should be issued in accordance with this
revision.

SECTION 2: RELATED REFERENCES
CSDefinitions: ED Decision No. 2003/011/RM as last amended.
CSE: ED Decision No. 2003/9/RM Jast amended (CE 1040).

CS25: ED Decision No. 2003/2/RM, as last amended, (CS 25.901, 25.903, 25.1309, 25.1351(d),
25.1419, 25.1535, &5 Subpart J).

EUOPS: Council Regulation (EEC) No 3922/91, as last amended.
Part21: Annex to Commission Regulati{&C) No 1702/2003, as last amended.

1 EUOPS until operational requirements P&PA SubpafETOPS are in force.
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PartM: Annex | to Commission Regulation (EC) No 2042/2003, as last amended.
Part145: Annex Il to Commission Regulation (EC) No 2042/2003, as last amended.

SECTION 3: ABBREVIATIONS

AFM Airplane Flight Manual

ATS Air Traffic Services

CAME Continuing Airworthiness Management Exposition
CAMQ Continuing Airworthiness Management Organisation approved pursuant teMP8tbpantG
CG Centre of Gravity

IFSD In-flight shutdown

MCT. Maximum Continuous Thrust

MMEL Master Mnimum Equipment List

MEL Minimum Equipment List

RFFSRescue and Fire Fighting Services
(S)TC(Supplemental) Type Certificate

SECTION 4ERMINOLOGY
a.  Approved OneEnginelnoperative Cruise Speed

(1) The approvedne-engineinoperative cruise speed for the intended area of operation
must be a speed, within the certificated limits of the aeroplane, selected by the operator
and approved by the competent authority.

(2) The operator must use this speed in
(i)  establisling the outer limit of the area of operation and any dispatch limitation,

(i)  calculation of singlkengine fuel requirements undekppendix 4section 4 of this
AMC and,

(i)  establishing the level off altitude (bperformance) data. This level off altitude (net
performance) must clear any obstacle en route by margins as specified in the
operational requirements.

A speed other than the approved ommgineinoperativespeed may be used as
the basis for compliance thi en-route altitude requirements.

The fuel required with that speed or the critical fuel scenario associated with the
applicable ETOPS eqtiimhe point, whichever is higher has to be uplifted..

(3) As permitted inAppendix 4of this AMC, based on evaluation of the actual situation, the
pilot-in-command may deviate from the planned eeagineinoperative cruise speed.

Note: The diversion distance based on the approved-e@mgineinoperative cruise speed may take
into account the variation of the True Air Speed.

b.  Dispatch

Dispatch is when the aircraft first moves under its own power for the purpose of taking
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C. ETOPS Configuration, Maintenance and Procedures (CMP)

The ETOPS CMP document contains the particufsarme-engine combination configuration
minimum requirements, including any special inspection, hardware life limits, Master Minimum
Equipment List (MMEL) constraints, operating and maintenance procedures found necessary by
the Agency to establish the saliility of an airframe/engine combination for extended range
operation.

d. ETOPS significant system

ETOPS Significant System means the aeroplane propulsion system and any other aeroplane
systems whose failure could adversely affect the safety of an EfligiRSor whose functioning
is important to continued safe flight and landing during an aeroplane diversion.

Each ETOPS significant system is either a Group 1 or Group 2 system based on the following
criteria:

(1) ETOPS Group 1 Systems:

Group 1 Systemg@ ETOPS significant systems that, related to the number of engines on

GKS FTSNRLIX IFYS 2N 6KS 0O2yaSljdsSydSa 2F |y Sy
important for an ETOPS flight. The following provides additional discriminating definitions

of an EDPS Group 1 Significant System:

() A system for which the faflafe redundancy characteristics are directly linked to
the number of engines (e.g., hydraulic system, pneumatic system, electrical
system).

(i) A system that may affect the proper functiogiof the engines to the extent that
it could result in an iflight shutdown or uncommanded loss of thrust (e.g., fuel
system, thrust reverser or engine control or indicating system, engine fire
detection system).

(i) A system which contributes signifitity to the safety of an engine inoperative
ETOPS diversion and is intended to provide additional redundancy to
accommodate the system(s) lost by the inoperative engine. These includeipack
systems such as an emergency generator, APU, etc.

(iv) A systenessential for prolonged operation at engine inoperative altitudes such as
anti-icing systems for a twengine aeroplane if single engine performance results
in the aeroplane operating in the icing envelope.

(2) ETOPS Group 2 Systems:

Group 2 Systems areTOPS significant systems that do not relate to the number of
engines on the aeroplane, but are important to the safe operation of the aeroplane on
an ETOPS flight. The following provides additional discriminating definitions of an ETOPS
Group 2 SignificarBystem:

(i) A system for which certain failure conditions would reduce the capability of the
aeroplane or the ability of the crew to cope with an ETOPS diversion (e.g., long
range navigation or communication, equipment cooling, or systems important to
sde operation on a ETOPS diversion after a decompression such asiramnti
systems).

(i)  Timelimited systems including cargo fire suppression and oxygen if the ETOPS
diversion is oxygen system duration dependent.
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(i)  Systems whose failure would resintexcessive crew workload or have operational
AYLIE AOFGA2yaA 2N) AAIYATAOIY:H RSOUNRYSyYyGl €
physiological welbeing for an ETOPS diversion (e.g., flight control forces that
would be exhausting for a maximum ETOPSrsien, or system failures that would
require continuous fuel balancing to ensure proper CG, or a cabin environmental
control failure that could cause extreme heat or cold to the extent it could
incapacitate the crew or cause physical harm to the passehgers

(iv) A system specifically installed to enhance the safety of ETOPS operations and an
ETOPS diversion regardless of the applicability of paragraphs (2)(i), (2)(ii) and (2)(iii)
above (e.g. communication means).

e. Extended Range Entry Point
¢tKS SEGSYRSR NIy3IS SyidaNR LRAYG Ad GKS FANBROI L
T For twoengine aeroplanes with a maximum approved passenger seating configuration
of 20 or more, or with a maximum tal@f mass of 45360 kg or more, at Gnutes flying

time at the approved on@ngineinoperative cruise speed (under standard conditions in
still air) from an adequate aerodrome.

T For twoengine aeroplanes with a maximum approved passenger seating configuration
of 19 or less and a maximum tak#f mass of les than 45360 kg, at 18finutes flying
time at the approved on&ngineinoperative speed (in still air) from an adequate
aerodrome.

f. In-flight Shutdown (IFSD)

In-flight shutdown (IFSD) means when an engine ceases to function and is shutdown, whether
sef-induced, flight crew initiated or caused by an external influence. For ETOPS, all IFSDs
occurring from takeoff decision speed until touedown shall be counted.

The Agency considers IFSD for all causes, for example: flameout, internal failure rélight c
initiated shutdown, foreign object ingestion, icing, inability to obtain or control desired thrust
or power, and cycling of the start control, however briefly, even if the engine operates normally
for the remainder of the flight.

This definition excldes the cessation of the functioning of an engine when immediately
followed by an automatic engine relight and when an engine does not achieve desired thrust or
power but is not shutdown. These events as well as engine failures occurring beforafftake
decision speed or after touetlown, although not counted as IFSD, shall be reported to the
competent authority in the frame of continued airworthiness for ETOPS.

g. Maximum Approved Diversion Time

A maximum approved diversion time(s) for the airframe/engamenbination or the engine,
established in accordance with the type design criteria in this AMC and Appendices 1 and 2 of
this AMC. This Maximum Approved Diversion Time(s) is reflected in the aeroplane and engine
Type Certificate Data Sheets or (S)TC ankdde AFM or AFMupplement.

Any proposed increase in the Maximum Approved Diversion Time(s), or changes to the aircraft
or engine, should be rassessed by the (S)TC holder in accordance with Pakt121 to
establish if any of the Type Design critenahis AMC should be applied.

h. hLISNFG2NDRDa ! LIWINRP PSR 5AFSNBRAZ2Y ¢AYS

hLISNF 62NRa ! LWINRPPSR S5ABSNAAZ2Y ¢CAYS Aa GKS YI
Authority that the operator can operate a type of aeroplane at the approved-eargne
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inoperative cruis speed (under standard conditions in still air) from an adequate aerodrome
for the area of operation.

I. System:

A system includes all elements of equipment necessary for the control and performance
of a particular function. It includes both the equipmespecifically provided for the
function in question and other basic equipment such as that necessary to supply power
for the equipment operation.

(1) Airframe System. Any system on the aeroplane that is not part of the propulsion
system.

(2) Propulsion Syem. The aeroplane propulsion system includes the engine and each
component that is necessary for propulsion; components that affect the control of
the propulsion units; and components that affect the safe operation of the
propulsion units.

SECTION 5: COEPTS

Although it is selevident that the overall safety of an extended range operation cannot be better
than thatprovided by the reliability of the propulsion systems, some of the factors related to extended
range operation are natecessarily obvious.

For example, cargo compartment fire suppression/containment capability could be a significant
factor, or operational/maintenance practices may invalidate certain determinations made during the
aeroplane type design certification or thobability of system failures could be a more significant
problem than the probability of propulsion system failures. Although propulsion system reliability is a
critical factor, it is not the only factor which should be seriously considered in evajustiended
range operation. Any decision relating to extended range operation with-emgine aeroplanes
should also consider the probability of occurrence of any conditions which would reduce the capability
of the aeroplane or the ability of the crew toge with adverse operating conditions.

The following is provided to define the concepts for evaluating extended range operation with two
engine aeroplanes. Thigoproach ensures that twengine aeroplanes are consistent with the level of
safety required fo current extended range operation with three and feemgine turbine powered
aeroplanes without unnecessarily restricting operation.

a. Airframe Systems

A number of airframe systems have an effect on the safety of extended range operation;
therefore, thetype design certification of the aeroplane should be reviewed to ensure that the
design of these systems is acceptable for the safe conduct of the intended operation.

b. Propulsion Systems

In order to maintain a level of safety consistent with the ovesaléty level achieved by modern
aeroplanes, it is necessary for tvemgine aeroplanes used in extended range operation to have
an acceptably low risk of significant loss of power/thrust for all design and operation related

causes (se@ppendix }.
C. Maintenance and Reliability Programme Definition
Since the quality of maintenance and reliability programmes can have an appreciable effect on

the reliability of the propulsion system and the airframe systems require@xXtended range
operation, an assessment should be made of the proposed maintenance and reliability
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programme's ability to maintain a satisfactory level of propulsion and airframe system reliability
for the particular airframe/engine combination.

d. Maintenance and Reliability Programme Implementation

Following a determination that the airframe systems and propulsion systems are designed to
be suitable for extended range operation, andepth review of the applicant's training
programmes, operations andaintenance and reliability programmes should be accomplished
to show ability to achieve and maintain an acceptable level of systems reliability to safely
conduct these operations.

e. Human Factors

System failures or malfunctions occurring during extendathe operation could affect flight
crew workload and procedures. Since the demands on the flight crew may increase, an
assessment should be made to ensure that more than average piloting skills or crew co
ordination is not required.

Chapter Il TYPE DESIGRPROVAL CONSIDERATIONS
SECTION 1: APPLICABILITY

This chapter is applicable to (S)TC applicants or holders seeking ETOPS type design approval for an
engine or a particular airplarengine combination.

SECTION 2: COMPETENT AUTHORITY
The Competent Authority for the issue of an ETOPS type design approval is the Agency.

SECTION 3:EBIERAL

When a twoeengine aeroplane is intended to be used in extended range operations, a determination
should be made that the design features are suitdbidhe intended operation. The ETOPS significant
system for the particular airframe/engine combination should be shown to be designed-tafail
criteria and it should be determined that it can achieve a level of reliability suitable for the intended
operation. In some cases modifications to systems may be necessary to achieve the desired reliability.

SECTION 4: ELEGIBILITY

To be eligible for extended range operations (ETOPS), the specified airframe/engine combination,
should have been certificated amcling to the airworthiness standards of large aeroplanes and
engines.

The process to obtain a type design ETOPS approval requires the applicant to show that in accordance
with the criteria established in this chapter Il and Appendices 1 and 2:

T the design features of the particular airframe/engine combination are suitable for the intended
operations; and,

T the particular airframe/engine combination, having been recognised eligible for ETOPS, can
achieve a sufficiently high level of reliability.

The required level of reliability of the airframe/engine combination can be validated by the following
methods:
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(1) METHOD 1: iservice experience for ETOPS Type Design Approval defined in section 6.1 and
Appendices 1 and 2 of this AMC, or

(2) METHOD 2: programme of design, test and analysis agreed between the applicant and the
Agency, (i.e. Approval Plan) for Early ETOPS Type Design Approval defined in Appendices 1 and
2 of this AMC.

SECTION 5: REQUEST FOR APPROVAL

An applicant for, and holders of a &) requesting a determination that a particular airframe/engine
combination is a suitable type design for extended range operation, should apply to the Agency. The
Agency will then initiate an assessment of the engine and airframe/engine combinatioroidacce

with the criteria laid down in this chapter Il arighpendix 1& 2 of this AMC.

SECTION 6: VALIDATIMETHODS OF THEVEL OF RELIABLITY

This chapter together witppendix land2 to this AMC should be followed to assess the reliability
level of the propulsion system and airframe systems for which ETOPS type design approval is sought.
Appendix land?2 describe both the irservice experience method and the early ETOPS method.

6.1 METHOD 1: HSERVICE EXPERIENCE FOR ETOPS TYPE DESIGN APPROVAL

Prior to the ETOP Sig design approval, it should be shown that the world fleet of the particular
airframe/engine combination for which approval is sought can achieve or has achieved, as
determined by the Agency (sé@pendix Jand?2), an acceptable and reasonably stable level of
propulsion system kflight shutdown (IFSD) rate and airframe system reliability.

Engineering and operational judgement applied in accordance with the guidance outlined
Appendix 1will then be used to determine that the IFSD rate objective for all independent
causes can be or has been achieved. This assessment is an integral part of the determination in
section 7 paragraph (2pff type design approval. This determination of propulsion system
reliability is derived from a world fleet data base containing, in accordance with requirements
of Appendix 1 all inflight shutdown events, all sigidant engine reliability problems, design

and test data and available data on cases of significant loss of thrust, including those where the
propulsion system failed or the engine was throttled back or shut down by the pilot. This
determination will takedue account of the approved maximum diversion time, proposed
rectification of all identified propulsion and ETOPS significant systems problems, as well as
events where ifflight starting capability may be degraded.

6.2 METHOD 2: EARLY ETOPS

ETOPS approvis considered feasible at the introduction to service of an airfframe/engine
combination as long as the Agency is totally satisfied that all aspects of the approval plan have
been completed. The Agency must be satisfied that the approval plan achievésvéieof

safety intended in this AMC and in the aeroplane and engine certification bases. Any non
compliance with the approval plan can result in a lesser approval than sought for.

(S)TC holders will be required to respond to any incident or occurrertbe most expeditious
manner. A serious single event or series of related events could result in immediate revocation
of ETOPS type design approval. Any isolated problem not justifying immediate withdrawal of
approval, should be addressed within 30 daya iesolution plan approved by the Agency. (S)TC
holders will be reliant on operators to supply incident and occurrence data.

SECTION 7: EVALUATION CRITERIA of the ETOPS type design
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The applicant should conduct an evaluation of failures and failure catibits based on engineering

and operational consideration as well as acceptablest® methodology. The evaluation should
consider effects of operations with a single engine, including allowance for additional stress that could
result from failure of tle first propulsion system. Unless it can be shown that equivalent safety levels
are provided or the effects of failure are minor, failure and reliability analysis should be used as
guidance in verifying that the proper level of fadlfe design has beenquided. Excluding failures of

the engine, any system or equipment failure condition, or combination of failures that affects the
aeroplane or engine and that would result in a need for a diversion, should be considered a Major
event (CS 25.1309) and theoe¢ the probability of such should be compatible with that safety
objective. The following criteria are applicable to the extended range operation of aeroplanes with
two engines:

(1) Airframe systems should be shown to comply with CS 25.1309 in accomditha®ction 7 and
8 of chapter Il and\ppendix 2o this AMC.

(2) The propulsion systems should be shown to comply with CS 25.901.

()  Engineering and operational judgement applied in accordance with the guidaticeedu
in section 6 andAppendix _1should be used to show that the propulsion system can
achieve the desired level of reliability.

(i) Contained engine failure, cascading failures, consequential damagtailare of
remaining systems or equipment should be assessed in accordance with CS 25.901.

(i) It should be shown during the type design evaluation that the approved engine limits at
all approved power settings will not be exceeded when conducting @andgt duration
singleengine operation during the diversion in all expected environmental conditions.
The assessment should account for the effects of additional engine loading demands
(e.g., antiicing, electrical, etc.) which may be required during thegle-engine flight
phase associated with the diversion

(3) The safety impact of an uncontained engine failure should be assessed in accordance with CS
25.903.

(4) The APU installation, if required for extended range operations, should meet the applZable
25 provisions (Subpart J, APU) and any additional requirements necessary to demonstrate its
ability to perform the intended function as specified by the Agency following a review of the
applicant's data. If certain extended range operation may necdssitelight start and run of
the APU, it must be substantiated that the APU has adequate capability and reliability for that
operation.

The APU should demonstrate the requiredflight start reliability throughout the flight
envelope (compatible with ovall safety objective but not less than 95%) taking account of all
approved fuel types and temperatures. An acceptable procedure for starting and running the
APU (e.g. descent to allow start) may be defined in order to demonstrate compliance to the
required inflight start reliability. If this reliability cannot be demonstrated, it may be necessary
to require continuous operation of the APU.

(5) Extended duration, singlengine operations should not require exceptional piloting skills
and/or crew ceordination. Considering the degradation of the performance of the aeroplane
type with an engine inoperative, the increased flight crew workload, and the malfunction of
remaining systems and equipment, the impact on flight crew procedures should be minimised.

Corsideration should also be given to the effects on the crew's and passengers' physiological
needs (e.g., cabin temperature control), when continuing the flight with an inoperative engine
or one or more inoperative airframe system(s).
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The provision of esseial services to ensure the continued safety of the aeroplane and safety

of the passengers and crew, particularly during very long diversion times with
depleted/degraded systems, should be assessed. The applicant should provide a list of aircraft
system fumrtions considered as necessary to perform a safe ETOPS flight. The applicants should
consider the following examples:

(i)  Flight deck and cabin environmental systems integrity and reliability

(i)  The avionics/cooling and consequent integrity of the ai@yistems

(i)  Cargo hold fire suppression capacity and integrity of any smoke/fire alerting system
(iv) Brake accumulator or emergency braking system capacity/integrity

(v) Adequate capacity of all time dependent functions

(vi) Pressurisation System irgaty/reliability

(vii) Oxygen System integrity/reliability/capacity, if the Maximum Approved Diversion Time is
based on the oxygen system capability

(viii) Integrity/reliability/capacity of backip systems (e.g. electrical, hydraulic)

(ix) Fuel system irgrity and fuel accessibility. Fuel consumption with engine failure and/or
other system failures (see paragraph (11))

(x)  Fuel quantity and fuel used, indications and alerts (see paragraph (10)).

(6) It should be demonstrated for extended duration singhgine operation, that the remaining
power (electrical, hydraulic, pneumatic) will continue to be available at levels necessary to
permit continued safe flight and landing, and to provide those services necessary for the overall
safety of the passengers aacew.

Unless it can be shown that cabin pressure can be maintained on-geingilee operation at the
altitude necessary for continued flight to an ETOPSoerte alternate aerodrome, oxygen
should be available to sustain the passengers and crew for thxénmuan diversion time.

(7) In the event of any single failure, or any combination of failures not shown to be Extremely
Improbable, it should be shown that electrical power is provided for essential flight instruments,
warning systems, avioniaspmmunications, navigation, required route or destination guidance
equipment, supportive systems and/or hardware and any other equipment deemed necessary
for extended range operation to continue safe flight and landing at an ETOf@8teralternate
aerodiome. Information provided to the flight crew should be of sufficient accuracy for the
intended operation.

Functions to be provided may differ between aeroplanes and should be agreed with the Agency.
These should normally include:

() attitude information;

(i) adequate radio communication (including the route specific long range communication
equipment as required by the applicable operational regulations) and
intercommunication capability;

(i) adequate navigation capability (including route specific Il@rgye navigation equipment
as required by the applicable operational regulations and weather radar);

(iv) adequate cockpit and instrument lighting, emergency lighting and landing lights;

(v) sufficient captain and first officer instruments, provided crosading has been
evaluated;
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(vi) heading, airspeed and altitude including appropriate pitot/static heating;
(vii) adequate flight controls including awailot;

(viii) adequate engine controls, and restart capability with critical type fuel (fromsthad
point of flame out and restart capability) and with the aeroplane initially at the maximum
relight altitude;

(ix) adequate fuel supply system capability including such fuel boost and fuel transfer
functions that may be necessary;

(x) adequate enginénstrumentation;

(xi) such warning, cautions, and indications as are required for continued safe flight and
landing;

(xii) fire protection (cargo, APU and engines);
(xiii) adequate ice protection including windshield-aéng;

(xiv) adequate control of cd@it and cabin environment including heating and pressurisation;
and,

(xv) ATC Transponder.

Note: For 90 minutes or less ETOPS operations, the functions to be provided must satisfy the
requirements of CS 25.1351(d)(2) as interpreted by AMC 25.1351(di{4%an

(8) Three or more reliable and independent electrical power sources should be available. As a
minimum, following failure of any two sources, the remaining source should be capable of
powering the items specified in paragraph (7). If one or moréhefrequired electrical power
sources are provided by an APU, hydraulic system, or ram air turbine, the following criteria apply
as appropriate:

()  The APU, when installed, should meet the criteria in paragraph (4).

(i)  The hydraulic power source shoule eliable. To achieve this reliability, it may be
necessary to provide two or more independent energy sources (e.g., bleed air from two
or more pneumatic sources).

(i) The Ram Air Turbine (RAT) should be demonstrated to be sufficiently reliable in
deployment and use. The RAT should not require engine dependent power for
deployment.

If one of the required electrical power sources is provided by batteries, the folloovitegia
apply:

(iv)  When one of the 3 independent electrical power sources isdiméed (e.g. batteries),
such power source should have a capability to enable the items required in paragraph (7)
to be powered for continued flight and landing to an ETOPSoete alternate
aerodrome and it will be considered as a tiimaited system in ecordance with
paragraph (12).

(9) For ETOPS approvals above 180 minutes, in addition to the criteria for electrical power sources
specified in paragraph (8) above, the following criteria should also be applied:

(i)  Unless it can be shown that the failuoé all 3 independent power sources required by
paragraph (8) above is extremely improbable, following failure of these 3 independent
power sources, a fourth independent power source should be available that is capable of
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(10)

(11)

(12)

(13)

providing power to the essential figtions referred to in paragraph (7) for continued safe
flight and landing to an adequate ETOPSante alternate aerodrome

(i) If the additional power source is provided by an APU, it should meet the criteria in
paragraph (4).

(i)  If the additionalpower source is provided by a hydraulic system or ram air turbine, the
provisions of paragraph (8) apply.

It should be shown that adequate status monitoring information and procedures on all ETOPS
significant systems are available for the flight cieamake preflight, inflight go/no-go and
diversion decisions.

Adequate fuel quantity information should be available to the flight crew, including alerts, and
advisories, that consider the fuel required to complete the flight, abnormal fuel management
or transfer between tanks, and possible fuel leaks in the tanks, the fuel lines and other fuel
system components and the engines.

Fuel system

()  The aeroplane fuel system should provide fuel pressure and flow to the engine(s) in
accordance with CS 259 and 25.955 for any fuel pump power supply failure condition
not shown to be extremely improbable.

(i)  The fuel necessary to complete the ETOPS mission or during a diversion should be
available to the operating engine(s) under any failure conditioneothen fuel boost
pump failures, not shown to be extremely improbable.g. crossfeed valve failures,
automatic fuel management system failures).

Timelimited system

In addition to the Maximum Approved Diversion Time, diversion time may also be limited by
the capacity of the cargo hold fire suppression system or other ETOPS significalinibexd:
systems determined by considering other relevant failures, such asgineeinoperative, and
combinations of failures not shown to be extremely improbable.

Timelimited system capability, if any, must be defined and stated in the Aeroplane Flight
Manual or AFMsupplement and CMP document.

Operation in icing conditions

Airframe and propulsion ice protection should be shown to provide adequate capability
(aeroplane controllability, etc.) for the intended operation. This should account for prolonged
exposure to lower altitudes associated with the single engine divergiarise, holding,
approach and landing.

()  The aeroplane should be certified for operation in icing conditions in accordance with CS
25.1419.

(i)  The aeroplane should be capable of continued safe flight and landing in icing conditions
at depressurisatiomltitudes or engine inoperative altitudes.

The extent of ice accumulation on unprotected surfaces should consider the maximum super
cooled liquid water catch at omengine inoperative and depressurisation cruise altitudes.
Substantiated icing scenario($iosild be assumed to occur during the period of time when icing
conditions are forecast. The icing episode(s) assumed should be agreed with the Agency. The

1 Extremely improbable is defined in CS25.1309 and AMC to CS 25.1309.
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probability of icing longer than that assumed, and agreed for the icing episode(s), in
combination wih the probability of the aeroplane having to operate in icing conditions (e.g.
engine inflight shut down or decompression) should be shown to be extremely improbable.

(14) Solutions to achieve required reliability

The permanent solution to a problem sHdwbe, as far as possible, a hardware/design solution.
However, if scheduled maintenance, replacement, and/or inspection are utilised to obtain type
design approval for extended range operation, and therefore are required in the CMP standard
document, thespecific maintenance information should be easily retrievable and clearly
referenced and identified in an appropriate maintenance document.

(15) Engine Condition Monitoring.

Procedures for an engine condition monitoring process should be defined/aithted for
ETOPS. The engine condition monitoring process should be able to determine, if an engine is no
longer capable of providing, within certified engine operating limits, the maximum thrust
required for a single engine diversion. The effects dfithwhal engine loading demands (e.g.,
anti-ice, electrical), which may be required during an engine inoperative diversion, should be
accounted for.

SECTION 8: ANALYSIS OF FAILURE EFFECTS AND RELIABILITY
8.1 General

The analysis and demonstrations of &irhe and propulsion system level of reliability and
failure effects required by section 6 and section 7 should be based on the expected longest
diversion time for extended range routes likely to be flown with the aeroplane. However, in
certain failure scearios, it may be necessary to consider a shorter diversion time due to the
time-limited systems.

8.2 Propulsion systems

(i)  An assessment of the propulsion system's reliability for particular airframe/engine
combinations should be made in accordance wébt®n 6 andAppendix 1

(i)  The analysis should consider:

(A) Effects of operation with a singlgropulsion system (i.e., highower demands
including extended use of MCT and bleed requirements, etc.) and inchsigbte
damage that could result from failure of the first propulsion system.

(B) Effects of the availability and management of fuel for propulsion system operation
(i.e., crosdeed valve failures, fuel mismanagement, ability to detect and isolate
leaks.etc.).

(C) Effects of other failures, external conditions, maintenance and crew errors, that
could jeopardise the operation of the remaining propulsion system, should be
examined.

(D) Effect of inadvertent thrust reverser deployment, if not shown to berexiely
improbable (includes design and maintenance).

8.3 Airframe systems

An assessment of the airframe system's reliability for particular airframe/engine combinations
should be made in accordance with section 7 Apgendix 2

The analysis should consider:
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(i)

(ii)

(iif)

(iv)

Hydraulic Power and Fligitontrol

An analysis should be carried out taking into account the criteria detailed in paragraph
section 7 paragraph (6).

Consideration of these systems may be combined, since many commercial aeroplanes
have full hydraulically powered controls. For aerapa with all flight controls being
hydraulically powered, evaluation of hydraulic system redundancy should show that
single failures or failure combinations, not shown to be extremely improbable, do not
preclude continued safe flight and landing at an ES ®@Rroute alternate aerodrome. As

part of this evaluation, the loss of any parts of the hydraulic systems and any engine
should be assumed to occur unless it is established during failure evaluation that there
are no sources of damage or the locationtod tlamage sources are such that this failure
condition will not occur.

Note: For 75 minutes or less ETOPS approval, additional analysis to show compliance with
section 7 will not be required for airframe systems, where for basic-@b@PS) Type
Design Apmval compliance with CS 25.1309, or its equivalent, has already been shown.

Services Provided by Electrical Power

An analysis should show that the criteria detailed in section 7 paragraphs (6), (7) and (8)
are satisfied taking into account the expostimes established in paragraph (1).

Notel: For 75 minutes or less ETOPS approval, additional analysis to show compliance
with section 7 will not be required for airframe systems, where for basic-EDOPS)

Type Design Approval (TDA), compliance witRE8309, or its equivalent, has already
been shown.

Note 2:For ETOPS approval above 180 minutes, the analysis should also show that the
criteria detailed in section 7 paragraph (9) are satisfied.

Equipment Cooling

An analysis should establish th#te equipment (including avionics) necessary for
extended range operation has the ability to operate acceptably following failure modes
in the cooling system not shown to be extremely improbable. Adequate indication of the
proper functioning of the coolingystem should be demonstrated to ensure system
operation prior to dispatch and during flight.

Note:For 75 minutes or less ETOPS approval, additional analysis to show compliance with
paragraph section 7 will not be required for airframe systems, whereb&sic (non
ETOPS) Type Design Approval (TDA), compliance wath X389, or its equivalent, has
already been shown.

Cargo Compartment

It should be shown that the cargo compartment design and fire protection system
capability (where applicable) ismsistent with the following:

(A) Design

The cargo compartment fire protection system integrity and reliability should be
suitable for the intended operation considering fire detection sensors, liner
materials, etc.

(B) Fire Protection
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The capacity/endurareof the cargo compartment fire suppression system should
be established.

(v) Cabin Pressurisation

Authority/Agency approved aeroplane performance data should be available to verify the
ability to continue safe flight and landing after lospr#ssure and subsequent operation
at a lower altitude (see also section 7 paragraph (6)).

(vi) Cockpit and Cabin Environment

The analysis should show that an adequate cockpit and cabin environment is preserved
following all combinations of propulsion andeetrical system failures which are not
shown to be extremely improbable, e.g. when the aeroplane is operating on standby
electrical power only.

Note:For 75 minutes or less ETOPS approval, additional analysis to show compliance with
section 7 will not beequired for airframe systems, where for basic (FIBROPS) Type
Design Approval (TDA), compliance with CS 25.1309, or its equivalent, has already been
shown.

SECTION 9: ASSESSMENT OF FAILURE CONDITIONS
In assessing the fadhfe features anéffects of failure conditions, account should be taken of:

(1) The variations in the performance of the system, the probability of the failure(s), the complexity
of the crew action.

(2) Factors alleviating or aggravating the direct effects of the initidiife condition, including
consequential or related conditions existing within the aeroplane which may affect the ability
of the crew to deal with direct effects, such as the presence of smoke, aeroplane accelerations,
interruption of airto-ground commuication, cabin pressurisation problems, etc.

(3) Aflight test should be conducted by the (S)TC holders and witnessed by the Agency to validate
expected aeroplane flying qualities and performance considering propulsion system failure,
electrical power losss, etc. The adequacy of remaining aeroplane systems and performance
and flight crew ability to deal with the emergency, considering remaining flight deck
information, will be assessed in all phases of flight and anticipated operating conditions.
Dependingpn the scope, content, and review by the Agency of the (S)TC holders data base, this
flight test could also be used as a means for approving the basic aerodynamic and engine
performance data used to establish the aeroplane performance identified in chHpte

(4) Safety assessments should consider the flight consequences of single or multiple system failures
leading to a diversion, and the probability and consequences of subsequent failures or
exhaustion of the capacity of tirdimited systems that mighdccur during the diversion.

Safety assessments should determine:

()  The effect of the initial failure condition on the capability of the aeroplane to cope with
adverse conditions at the diversion airport, and

(i)  The means available to the crew to asstiee extent and evolution of the situation during
a prolonged diversion.

The aeroplane flight manual and the flight crew warning and alerting and display systems should
provide clear information to enable the flight crew to determine when failure conulitiare
such that a diversion is necessary.
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The assessment of the reliability of propulsion and airframe systems for a particular
airframe/engine combination will be contained in the Agency approved Aeroplane Assessment
Report. In the case the Agency isidaling the approval issued by a third country certification
authority, the report may incorporate the assessment report established by the latter.

Following approval of the report, the propulsion and airframe system recommendations will be
included in an Agencyapproved CMP document that establishes the CMP standard
requirements for the candidate engine or airframe/engine combination. This document will
then be referenced in the Operation Specification and the Aircraft Flight Manual or AFM
Supplement.

SECION 10{SSUE OF THE ETOPS TYPE DESIGN APPROVAL

Upon satisfactory completion of the aeroplane evaluation through an engineering inspection and test
programme consistent with the type certification procedures of the Agency and sufficiseniice
experiece data (sedppendix 1& 2):

(1)

()

The type design approval, the Maximum Approved Diversion Time and demonstrated capability
of any timelimited systems will be reflected in¢rapproved AFM or AR8upplement, and the
aeroplane and engine Type Certification Data Sheet or Supplemental Type Certificate which
contain directly or by reference the following pertinent information, as applicable:

(i)  special limitations (if necessarypcluding any limitations associated with a maximum
diversion time established in accordance with section 8 paragraph (1) anditirited
systems (for example, the endurance of cargo hold fire suppression systems);

(i)  additional markings or placard$ fequired);

(i)  revision to the performance section of the AFM to include the data requir ndix
4 paragraph 10;

(iv) the airborne equipment, installation, and flight crew procedures required for extended
range operations;

(v) description or reference to the CMP document containing the approved aeroplane
standards for extended range operations;

(vi) a statement to the effect that:
G¢KS ¢S RSaAdys aeaidsSvya NBf Al odeferigined | YR
models combinations have been evaluated by the Agency in accordance with CS
E and AMC 26 and found suitable for ETOPS operations when configured, maintained

and operated in accordance with this document. This finding does not consttute
FLILINR @€ (2 O2yRdzOG 9¢ht{ 2LISNI (A2yaodé

The Engine ETOPS Type Design approval and Maximum Approved Diversion Time will be
reflected in the engine Type Certification Data Sheet or Supplemental Type Certificate which
contain directly or byeferencing the following pertinent information, as applicable:

(i)  special limitations (if necessary), including any limitations associated with the Maximum
Approved Diversion Time should be established,;

(i)  additional markings or placards (&quired);

(i)  description or reference to a document containing the approved engine configuration.
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SECTION 11: CONTINUED AIRWORTHINESS OF THE ETOPS TYPE DESIGN APPROVAL

(1) The Agency will include the consideration of extended range operation inritsahgurveillance
and design change approval functions.

(2) The (S)TC holders whose approval includes a type design ETOPS approval, as well as the Agency
should periodically and individually review the-service reliability of the airframe/engine
combinaton and of the engine. Further to these reviews and each time that an urgent problem
makes it necessary, in order to achieve and maintain the desired level of reliability and therefore
the safety of ETOPS, the Agency may:

T require that the type design staadd be revised, for example by the issuance of an
Airworthiness Directive, or,

T issue an Emergency Conformity Information

(3) The Reliability Tracking Board will periodically check that the airframe/propulsion system
reliability requirements for extendethnge operation are achieved or maintained. For mature
ETOPS products the RTB may be replaced by the process to monitor their reliability as defined
in Appendix ] section 6.b and\ppendix 2 section 5.c.

Note: Periodically means in this context two years.

(4) Any significant problems which adversely affect extended range operation will be corrected.
Modifications or maintenance actions to achieve or maintain the reliabilitjeailve of
extended range operations for the airframe/engine combination will be incorporated into the
CMP document. The Agency will@ainate this action with the affected (S)TC holder.

(5) The CMP document which establishes the suitability of an engmeairframe/engine
combination for extended range operation defines the minimum standards for the operation.

Chapter 1l OPERATIONAL APPROVAL CONSIDERATIONS
SECTION: APPLICABILITY

This acceptable means of compliance is for operators seeking an ET&R8oopl approval to
operate:

(1) Twoengine aeroplanes with a maximum passenger seating configuration of 20 or more, or with
a maximum takeoff mass of 45 360 kg or more, in excess of 60 minutes at the approved one
engineinoperative speed (under standaconditions in still air) from an adequate aerodrome;

(2) or Twoengine aeroplanes with a maximum passenger seating configuration of 19 or less and a
maximum takeoff mass of less than 45 360 kg, in excess of 180 minutes at the approved one
engineinoperaive speed (in still air) from an adequate aerodrome.

SECTION 2: COMPETENT AUTHORITY

The Competent Authority for the issue of an ETOPS operational approval to an operator is the
authority that has issued its Air Operator Certificate.

Nevertheless, as the operational approval requires the operator to comply with the continuing
airworthiness requirements of Annex 8 of this AMC, the operator has to ensure that the specific ETOPS

1 See EASA Airworthiness Directive Policy reference GO10®B.07.08).
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elements related to continuing airworthiness are approvedhs/Competent Authority designated in
Annex | (PariM) to Regulation (EC) 2042/2003.

SECTION 3: APPLICABLE OPERATIONAL REQUIREMENTS

This chapter details the approval process required for ETOPS in accordance with the operational
requirements.

SECTION 4: MEthods for obtaining ETOPS Operations APPROVAL

There are two methods for obtaining an ETOPS approval, depending on the availability and amount of
prior experience with the candidate airframe/engine combination:

T G! OO0St SNI G SR 9 dsndt fequite IpjidiNEe@icet expBrieriR@with the candidate
airframe/engine combination;

T G LAYSNIBAOS 9¢ht { ! LILINBUBIketamhidlint of pribrSrervigeyexperientdNS
GAGK GKS OFYRARFGS FANKFNI YSkSyAA yafed BTOFD A Y |
FLILINR @1 £ ¢ YSGK2R Yl & 0SS dza S&vicéd expeNdBdR.dzOS (K S

SECTION 5: ACCELERATED ETOPS APPROVAL

The criteria defined in this section permit approval of ETOPS operations up to 180 minutes, when the
operator has establised that those processes necessary for successful ETOPS are in place and are
proven to be reliable. The basis of the accelerated approval is that the operator will meet equivalent
levels of safety and satisfy the objectives of this AMC.

The Accelerated ERS approval process includes the following phases:

T Application phase

1T +FfARFGAZY 2F GKS 2LISNIG2NDRa 9¢ht{ LNROSaas$s
T Validation of Operator ETOPS Continuing Airworthiness and Operations Capability

T Issue of ETOPS Operations Approval by the competent authority

5.1 Application phase

The operator should submit an Accelerated ETOPS Operations Approval Plan to the Authority
six (6) months before the proposed start of ETOPS. This time will permit the competent
authority to review the documented plans and ensure adgietg ETOPS processes are in place.

(A) Accelerated ETOPS Operations approval plan:
The Accelerated ETOPS Operations approval plan should define:

1. the proposed routes and the ETOPS diversion time necessary to support those
routes;

2.  The proposedne-engineinoperative cruise speed, which may be area specific
depending upon anticipated aeroplane loading and likely fuel penalties associated
with the planned procedures;

3. How to comply with the ETOPS Processes listed in paragraph (B);

1 EUOPS untibperational requirements Pai$PA SubpaETOPS are in force.
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4.  The resoures allocated to each ETOPS process to initiate and sustain ETOPS
operations in a manner that demonstrates commitment by management and all
personnel involved in ETOPS continuing airworthiness and operational support;

5. How to establish compliance with theuild standard required for Type Design
Approval, e.g. CMP document compliance;

6. Review Gates: A review gate is a milestone of the tracking plan to allow for the
orderly tracking and documentation of specific provisions of this section. Normally,
the review gate process will start six months before the proposed start of ETOPS
and should continue until at least six months after the start of ETOPS. The review
gate process will help ensure that the proven processes comply with the provisions
of this AMC andre capable of continued ETOPS operations.

(B) Operator ETOPS process elements

The operator seeking Accelerated ETOPS Operations Approval should also demonstrate
to the competent authority that it has established an ETOPS process that includes the
following ETOPS elements:

1. Airframe/engine combination and engine compliance to ETOPS Type Design Build
Standard (CMP);

2. Compliance with the continuing airworthiness requirements as defined in
Appendix 8 which shouldriclude:

a. A Maintenance Programme;

b a proven ETOPS Reliability Programme;

c A proven Oil Consumption Monitoring Programme;

d. A proven Engine Condition Monitoring and Reporting system;

e A propulsion system monitoring programme;

f An ETOPS parts control programme;

g. A proven plan for resolution of aeroplane discrepancies.

ETOPS operations manual supplement or its equivalent in the Operations Manual,

4.  The operator should establish a programme that results in a high degree of
confidence that the propulsion system reliability appropriate to the ETOPS
diversion time would be maintained;

5. Initial and recurrent training and qualification programmes in place for ETOPS
related personnel, including flight crew and all other operasipersonnel;

6. Compliance with the Flight Operations Programme as defined in this AMC;
7. Proven flight planning and dispatch programmes appropriate to ETOPS;

8. Procedures to ensure the availability of meteorological information and MEL
appropriate to EDPS; and

9. Flight crew and dispatch personnel familiar with the ETOPS routes to be flown; in
particular the requirements for, and selection of ETOPSoete alternate
aerodromes.

(C) Process elements Documentation:

Annex | to ED Decision 2020/006/R Page67of 510


http://easa.europa.eu/

EASA AMG201 Amendment 18 AMC 206

5.2

Documentation should be provided fordHollowing elements:

1. Technology new to the operator and significant differences in ETOPS significant
systems (engines, electrical, hydraulic and pneumatic), compared to the
aeroplanes currently operated and the aeroplane for which the operator isrsgeki
Accelerated ETOPS Operations Approval;

2. The plan to train the flight and continuing airworthiness personnel to the different
ETOPS process elements;

3. The plan to use proven or manufacturer validated Training and Maintenance and
OperationsManual procedures relevant to ETOPS for the aeroplane for which the
operator is seeking Accelerated ETOPS Operations Approval;

4, Changes to any previously proven or manufacturer validated Training,
Maintenance or Operations Manual procedures describedvab®epending on
the nature of any changes, the operator may be required to provide a plan for
validating such changes;

5.  The validation plan for any additional operator unique training and procedures
relevant to ETOPS, if any;

6. Details of any ETOPS popt programme from the airframe/engine combination
or engine (S)TC holder, other operators or any third country authority or other
competent authority; and

7.  The control procedures when a contracted maintenance organisation or flight
dispatch organisatio is used.

+ tARIFIGA2Y 2F GKS hLSNIG2NDa 9¢ht{ tNROSaasa

This section identifies process elements that need to be validated and approved prior to the
start of Accelerated ETOPS. For a process to be considered proven, the process should first be
descriled, including a flow chart of process elements. The roles and responsibilities of the
personnel managing the process should be defined including any training requirement. The
operator should demonstrate that the process is in place and functions as irdefités may

be accomplished by providing data, documentation and analysis results and/or by
demonstrating in practise that the process works and consistently provides the intended
results. The operator should also demonstrate that a feedback loop exidcilidate the
surveillance of the process, based orsarvice experience.

If any operator is currently approved for conducting ETOPS with a different engine and/or
airframe/engine combination, it may be able to document proven ETOPS processes.dnehis ¢
only minimal further validation may be necessary. It will be necessary to demonstrate that
processes are in place to assure equivalent results on the engine and/or airframe/engine
combination being proposed for Accelerated ETOPS Operations Approval.

(A  Reduction in the validation requirements:

The following elements will be useful or beneficial in justifying a reduction by the
competent authority in the validation requirements of ETOPS processes:

1. Experience with other airframes and/or engines;
2. Previous ETOPS experience;

3.  Experience with long range, ovesrater operations with two, three or four engine
aeroplanes;
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4.  Any experience gained by flight crews, continuing airworthiness personnel and
flight dispatch personnel, while working witsther ETOPS approved operators,
particularly when such experience is with the same airframe or airframe/engine
combination.

Process validation may be done on the airframe/engine combination, which will be used
in Accelerated ETOPS operation or on a diffe@eroplane type than that for which
approval is being sought.

(B) Validation programme:

A process could be validated by demonstrating that it produces equivalent results on a
different aeroplane type or airframe/engine combination. In this case, thedatdin
programme should address the following:

1.  The operator should show that the ETOPS validation programme can be executed
in a safe manner;

2.  The operator should state in its application any policy guidance to personnel
involved in the ETOPS procesatidation programme. Such guidance should clearly
state that ETOPS process validation exercises should not be allowed to adversely
impact the safety of actual operations, especially during periods of abnormal,
emergency, or high cockpit workload operatfo It should emphasise that during
periods of abnormal or emergency operation or high cockpit workload ETOPS
process validation exercises may be terminated;

3.  The validation scenario should be of sufficient frequency and operational exposure
to validatemaintenance and operational support systems not validated by other
means;

4. A means should be established to monitor and report performance with respect to
accomplishment of tasks associated with ETOPS process elements. Any
recommended changes resultingofm the validation programme to ETOPS
continuing airworthiness and/or operational process elements should be defined.

(C) Documentation requirements for the process validation
The operator should:

1. Document how each element of the ETOPS process wasedtitiuring the
validation;

2. Document any shortcomings with the process elements and measures in place to
correct such shortcomings;

3. Document any changes to ETOPS processes, which were required aftdligint in
shut down (IFSD), unscheduled enginanosals, or any other significant
operational events;

4. Provide periodic Process Validation reports to the competent authority (this may
be addressed during Review Gates).

(D) Validation programme information

Prior to the start of the validatioprocess, the following information should be submitted
to the competent authority:

1.  Validation periods, including start dates and proposed completion dates;
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2. Definition of aeroplane to be used in the validation (List should include registration
numbers manufacturer and serial number and model of the airframe and engines);

3. Description of the areas of operation (if relevant to validation) proposed for
validation and actual operations;

4.  Definition of designated ETOPS validation routes. The routeddshe of duration
required to ensure necessary process validation occurs;

5. Process validation reporting. The operator should compile results of ETOPS process
validation.

5.3 Validation of Operator ETOPS Continuing Airworthiness and Operations @apabili

The operator should demonstrate competence to safely conduct and adequately support the
intended operation. Prior to ETOPS approval, the operator should demonstrate that the ETOPS
continuing airworthiness processes are being properly conducted.

The opeator should also demonstrate that ETOPS flight dispatch and release practices, policies,
and procedures are established for operations.

An operational validation flight may be required so that the operator can demonstrate dispatch
and normal irflight procedures. The content of this validation flight will be determined by the
Competent Authority based on the previous experience of the operator.

Upon successful completion of the validation flight, when required, the operator should modify
the operational mauals to include approval for ETOPS as applicable

5.4 ETOPS Operations Approval issued by the Competent Authority

Operations approvals granted with reduceesiervice experience may be limited to those areas
determined by the competent authority at timd ssue. An application for a change is required
for new areas to be added.

The approval issued by the Competent Authority for ETOPS up to 180 minutes should be based
on the information required iM\ppendix 3section 3.

SECTION 6: {SERVICE ETOPS APPROVAL
Approval based on iservice experience on the particular airframe/engine combination.
6.1 Application

Any operator applying for ETOPS approval should submit a request, with the required
supporting data, @ the competent authority at least 3 months prior to the proposed start of
ETOPS with the specific airframe/engine combination.

6.2 Operator Experience

Each operator seeking approval via thesarvice route should provide a report to the
competentauthoh 1 @ > AYRAOFGAY3I GKS 2LISNIF G§2NDa OF LI oAt
airframe/engine combination for the intended extended range operation. This report should

include experience with the engine type or related engine types, experience with thplare

systems or related aeroplane systems, or experience with the particular airframe/engine
combination on norextended range routes. Approval would be based on a review of this
information.

Each operator requesting Approval to conduct ETOPS beyonahih8@es should already have
ETOPS experience and hold a 180 minute ETOPS approval.
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6.3

6.4

6.5

b23iS MY ¢KS 2LISNId2NRa FdzikK2NRaSR YIEAYdzy RAQD
the competent authority as the operator gains experience on the particular aidfangine

combination. Not less than 12 consecutive months experience will normally be required before
authorisation of ETOPS up to 180 minutes maximum diversion time, unless the operator can
demonstrate compensating factors. The factors to consider nayde duration of experience,

G201t ydzYoSNJ 2F FfAIKGAaZ 2LISNI §2NDa RAGSNEAZY
GAGK 20KSNJ 2LISNI G2NREX ljdzr t Ade 2F 2LISNI G2NDA
operator will still need, in the latterase, to demonstrate his capability to maintain and operate

the new airframe/engine combination at a similar level of reliability.

In considering an application from an operator to conduct extended range operations, an
assessment should be made of tBeLJS NI G2 NDa 2@0SNr ft al ¥FSade NBO?2
crew training and experience, and maintenance programme. The data provided with the
NBIljdzSai &aK2dAZ R adzoaidlydagialdisS G§KS 2LISNI G2NDRa |
support these operationsand should include the means used to satisfy the considerations
outlined in this paragraph. (Any reliability assessment obtained, either through analysis or
service experience, should be used as guidance in support of operational judgements regarding

the aiitability of the intended operation.)

Assessment of the Operator's Propulsion System Reliability

Following the accumulation of adequate operating experience by the world fleet of the specified
airframe/engine combination and the establishment of &$D rate objective in accordance

with Appendix Ifor use in ensuring the propulsion system reliability necessary for extended

NI y3aS 2LISNIGA2yas |y |aasSaavySyd akKz2dZ R oS Yl
maintain this level of propulsion system reliability.

CKA& | aaSaaySyid akKz2dzZ R AyOf dzZRS GNBYR O2 YL} NR A&
as well as the world fleet average values, and the application of a qualitative judgement that
considersall® GKS NBf SOOIyl FFrOlG2NR® ¢KS 2LISNI G§2NRA&
with related types of power units should also be reviewed, as well as its record of achieved
systems reliability with the airframe/engine combination for which authorigai® sought to

conduct extended range operations.

Note: Where statistical assessment alone may not be“ applicable, e.g., when the fleet size is
avyrftfts GKS | LILX AOI yiQa S biisdhsSiyzO0S gAff 0SS NBOD
Validation of Operator ETOPS @ouing Airworthiness and Operations Capability

The operator should demonstrate competence to safely conduct and adequately support the
intended operation. Prior to ETOPS approval, the operator should demonstrate that the ETOPS
continuing airworthiness presses are being properly conducted.

The operator should also demonstrate that ETOPS flight dispatch and release practices, policies,
and procedures are established for operations.

An operational validation flight may be required so that the operatorademonstrate dispatch
and normal irflight procedures. The content of this validation flight will be determined by the
Authority based on the previous experience of the operator.

Upon successful completion of a validation flight, where required, the oeraltspecifications
and manuals should be modified accordingly to include approval for ETOPS as applicable.

ETOPS Operations Approval issued by the Competent Authority

Operations approvals based onsarvice experience are limited to those areas adrbg the
Competent Authority at time of issue. Additional approval is required for new areas to be added.
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The approval issued by the Competent Authority for ETOPS should specifically include
provisions as described Appendix Jection 4.

SECTION 7: ETOPS APPROVAL CATEGORIES

There are 4 approval categories:

T Approval for 90 minutes or less diversion time

T Approval for diversion time above 90 minutes up to 180 minutes
T Approval for diversion time above 180 minutes

T Approval for diversion times above 180 minutes of operators of-emgine aeroplanes with a
maximum passenger seating configuration of 19 or less and amaxtakeoff mass less than
45360 kg

An operator seeking ETOPS approval in one of the above categeh@ld comply with the
requirements common to all categories and the specific requirements of the particular category for
which approval is sought.

7.1 REQUIREMENTS COMMON TO ALL ETOPS APPROVAL CATEGORIES:
()  Continuing Airworthiness
The operator should comply with the continuing airworthiness considerations of
Appendix 8
(i)  Release Considerations
(A)  Minimum Equipment List (MEL)

Aeroplanes should only be operated in accordance with the provisions of the
approved Minimum Equipment List (MEL).

(B) Weather

To forecast terminal and eroute weather, an operator should only use weather
information systems that are sufficient relialbd@d accurate in the proposed area
of operation.

(C) Fuel

Fuel should be sufficient to comply with the critical fuel scenario as described in
Appendix 4o this AMC.

(i)  Flight Planning

The effects of wind and tengpature at the oneengineinoperative cruise altitude should

be accounted for in the calculation of egtahe point. In addition to the nominated
ETOPS eroute alternates, the operator should provide flight crews with information on
adequate aerodromesrothe route to be flown which are not forecast to meet the ETOPS
enroute alternate weather minima. Aerodrome facility information and other
appropriate planning data concerning these aerodromes should be provided before
commencement of the flight to fliglkcrews for use when executing a diversion.

(iv)  Flight Crew Training

¢CKS 2LISNFid2NRa 9¢ht{ GNIAYAYy3d LINRINIYYS
for flight crew in accordance witAppendix 6
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(v) Enroute Alternate

Appendix 5to this AMC should be implemented when establishing the company
operational procedures for ETOPS.

(vij  Communications Equipment (VHF/HF, Data Link, Satellite Communications)

For all routes whex voice communication facilities are available, the communication
equipment required by operational requirements should include at least one \x@ised
system.

7.2 SPECIFIC REQUIREMENTS:
7.2.1 APPROVAL FOR 90 MINUTES OR LESS DIVERSION TIME
Theh LISNF G2NDa ! LIINRPGPGSR 5AOSNBAZ2Y ¢CAYS Aa |y
either:
T the Maximum Approved Diversion Time or,
T the time-limited system capability minus 15 minutes.

If the airframe/engine combination does not yet have a Type Design apldianat least
90minutes diversion time, the aircraft should satisfy the relevant ETOPS design
requirements.

Consideration may be given to the approval of ETOPS up to 90 minutes for operators with
minimal or no imservice experience with the airframe/gme combination. This
determination considers such factors as the proposed area of operations, the operator's
demonstrated ability to successfully introduce aeroplanes into operations and the quality
of the proposed continuing airworthiness and operatigmegrammes.

Minimum Equipment List (MEL) restrictions for 120 minutes ETOPS should be used unless
there are specific restrictions for 90 minutes or less.

7.2.2 APPROVAL FOR DIVERSION TIME ABOVE 90 MINUTES UP TO 180 MINUTES

Prior to approval, the operat@a OF LI 6Af AGe (2 02y RdzO0 2 LIS
effective ETOPS programmes, in accordance with the criteria detailed in this AMC and the
relevant appendices, will be examined.

¢KS hLISNFi2NDa ! LIIWINPDSR 5AOSNHEA2YexceddYS A&
either:

T the Maximum Approved Diversion Time, or,
T the time-limited system capability minus 15 minutes.

i) Additional Considerations for aircraft with 120 minutes Maximum Approved
Diversion Time

In the case of an aircraft approved for 1&finutes Maximum Approved
S5AOSNARAZ2Y ¢AYSZT Fy 2LISNIG2N Y& NBIdz
approved diversion time for specific routes provided:

1. ¢ KS NJSdezSéGSR’ hLISNI G2NRa ! LILINR OSSR &
either:

T 115% of the Maximum Approvedv@rsion Time or,

T the time-limited system capability minus 15 minutes.
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2. ¢KS FSNRLXFYS FdzSf OFNNAFIS &dzlilk
Approved Diversion Time.

3. It can be shown that the resulting routing will not reduce the overall
safety of the operatn.

Such increases will require:

(A) the Agency to assess overall type design including-timied
systems, demonstrated reliability; and

(B) the development of an appropriate MEL related to the
diversion time required.

i) Additional Considerations foaircraft with 180 minutes Maximum Approved
Diversion Time

In the case of an aircraft certified for 180 minutes Maximum Approved Diversion
¢CAYST Yy 2LISNIG2NI YFEe NBljdzSad Iy AyONBI @
time for specific routes provided:
1. ¢KS NBIjdzSaiSR hLISNI {G§2NRa ! LIINRP PSR 510!
T 115% of the Maximum Approved Diversion Time or,
T the time-limited system capability minus 15 minutes

2. ¢KS ISNRLXIYS FdzS5ft OFNNRIF IS &dzLJLI2 NI a
Diverson Time diversion time

3. It can be shown that the resulting routing will not reduce the overall safety
of the operation.

Such increases will require:

(A) the Agency to assess overall type design including -timiéed
systems, demonstrated reliabilitynd

(B) the development of an appropriate MEL related to the diversion time
required.

7.2.3 APPROVAL FOR DIVERSION TIME ABOVE 180 MINUTES

Approval to conduct operations with diversion times exceeding 180 minutes may be
granted to operators witlprevious ETOPS experience on the particular engine/airframe
combination and an existing 180 minute ETOPS approval on the airframe/engine
combination listed in their application.

Operators should minimise diversion time along the preferred track. Increases
diversion time by disregarding ETOPS adequate aerodromes along the route, should only
be planned in the interest of the overall safety of the operation.

The approval to operate more than 180 minutes from an adequate aerodrome shall be
area specific, basl on the availability of adequate ETOPS-raute alternate
aerodromes.

(i)  Operating limitations

In view of the long diversion time involved (above 180 minutes), the operator is
responsible to ensure at flight planning stage, that on any given day in the forecast
conditions, such as prevailing winds, temperature and applicable diversion
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procedures, aiversion to an ETOPS-ayute alternate aerodrome will not exceed
the:

(A) Enginerelated timelimited systems capability minus 15 minutes at the
approved oneengineinoperative cruise speed; and

(B) Non enginerelated timelimited system capability minus5 minutes, such
as cargo fire suppression, or other non engiatated system capability at
the all engine operative cruise speed.

(i) Communications Equipment (VHF/HF, Data Link and Satellite based
communications)

Operators should use any or all of #&forms of communications to ensure
communications capability when operating ETOPS in excess of 180 minutes.

7.2.4 APPROVAL FOR DIVERSION TIMES ABOVE 180 MINUTES OF OPERA-EDIEBNEF- TWO
AEROPLANES WITH A MAXIMUM PASSENGER SEATING CONFIGURARIORSSF 19 O
AND A MAXIMUM TAKE-F MASS LESS THABBOKG

()  Type Design

The airframe/engine combination should have the appropriate Type Design
approval for the requested maximum diversion times in accordance with the
ONRGSNARLF Ay /{ oapWRApBFARFTR OKILINE NI LL 2Pa
AMC.

(i)  Operations Approval

Approval to conduct operations with diversion times exceeding 180 minutes may
be granted to operators with experience on the particular airframe/engine
combination or existing ETOP&pproval on a different airframe/engine
combination, or equivalent experience. Operators should minimise diversion time
along the preferred track to 18@inutes or less whenever possible. The approval
to operate more than 180 minutes from an adequate akmme shall be area
specific, based on the availability of alternate aerodromes, the diversion to which
would not compromise safety.

Note: Exceptionally for this type of aeroplanes, operators may use the accelerated
ETOPS approval method to gain ETOPSosphrThis m#hod is described in
section 5.

SECTION ETOPS OPERATIONS MANUAL SUPPLEMENT

The ETOPS operations manual supplement or its equivalent material in the operations manual, and
any subsequent amendments, are subject to approval by the CompAtghority.

The Authority will review the actual ETOPSénvice operation. Amendments to the Operations
Manual may be required as a result. Operators should provide information for and participate in such
reviews, with reference to the (S)TC holder wheecessary. The information resulting from these
reviews should be used to modify or update flight crew training programmes, operations manuals and
checklists, as necessary.

An example outline of ETOPS Operations Manual Supplement content is proviélppeindix 7to
this AMC.
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SECTION #LIGHT PREPARATION ANBLUKEHT PROCEDURES

The operator should establish pfgght planning and dispatch procedures for ETOPS and they should
be listed in the Operations Manualrhese procedures should include, but not be limited to, the
gathering and dissemination of forecast and actual weather information, both along the route and at
the proposed ETOPS alternate aerodromes. Procedures should also be established to ensuee that th
requirements of the critical fuel scenario are included in the fuel planning for the flight.

The procedures and manual should require that sufficient information is available for the aeroplane
pilot-in-command, to satisfy him/her that the status tife aeroplane and relevant airborne systems

is appropriate for the intended operation. The manual should also include guidance on diversion
decisionmaking and esroute weather monitoring.

' RRAGAZ2Y T 3FdZARFYOS 2y (KS ORYAJZIKI L2NR OEKBIzNEE & IXK
operations manual is provided Appendix 4o this AMC.

SECTION 1@PERATIONAL LIMITATIONS

¢tKS 2LISNI A2yt tAYAGEFGAZ2YA
detailed inAppendix 3o this MCc & h LISNI GA 2y f [

2 (KS sk Timezré 2 LIS NJ
AYAGLFGARZ2Y&aE ®

SECTION 1ETOPS EROUTE ALTERNATE AERODROMES

An operator should select ETOPSreute alternate aerodromes in accordance with the applicable
operational requirements anfppendix &o this AMG Route Alternate.

SECTION 1MITIAL/RECURRENT TRAINING

An operabr should ensure that prior to conducting ETOPS, each crew member has completed
successfully ETOPS training and checking in accordance with a syllabus compliAppetittiix 7o
this AMC, approved by the Competeitithority and detailed in the Operations Manual.

This training should be type and area specific in accordance with the applicable operational
requirements.

The operator should ensure that crew members are not assigned to operate ETOPS routes for which
they have not successfully passed the training.

SECTION 13: CONTINUING SURVEILLANCE

The fleetaverage IFSD rate for the specified airframe/engine combination will continue to be
monitored in accordance with Appendices 1, 2 and 8. As with all other operatim§&ompetent
Authority should also monitor all aspects of the extended range operations that it has authorised to
ensure that the levels of reliability achieved in extended range operations remain at the necessary
levels as provided iAppendix ] and that the operation continues to be conducted safely. In the event
that an acceptable level of reliability is not maintained, if significant adverse trends exist, or if
significant deficiencies are detected in the tygesign or the conduct of the ETOPS operation, then
the appropriate Competent Authority should initiate a special evaluation, impose operational
restrictions if necessary, and stipulate corrective action for the operator to adopt in order to resolve
the problems in a timely manner. The appropriate Authority should alert the Certification Authority
when a special evaluation is initiated and make provisions for their participation.

[Amdt 20/7]
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1. ASSESSMENT PROCESS

To establish by utilising service experience whether a particular airframe/engine combination
has satisfied the propulsion systems reliability requirements for ETOPS, an engineering
assessment will be made by the Agency, using altiqett propulsion system data. To
accomplish the assessment, the Agency will need world fleet data (where available), and data
from various sources (the operator, the engine and aeroplane (S)TC holder) which should be
extensive enough and of sufficient nogity to enable the Agency to assess with a high level of
confidence, using engineering and operational judgement and standard statistical methods
where appropriate, that the risk of total power loss from independent causes is sufficiently low.
The Agencwvill state whether or not the current propulsion system reliability of a particular
airframe/engine combination satisfies the relevant criteria. Included in the statement, if the
operation is approved, will be the engine build standard, propulsion systamiguration,
operating condition and limitations required to qualify the propulsion system as suitable for
ETOPS.

Alternatively, where type design approval for Early ETOPS is sought at entry into service, the
engineering assessment can be based on sultistion by analysis, test, iservice experience

or other means, to show that the propulsion system will minimise failures and malfunctions and
will achieve an IFSD rate that is compatible with the specified safety target associated with total
loss of thrist.

If an approved engine CMP is maintained by the responsible engine Authority and is duly
referenced on the engine Type Certificate Data Sheet or STC, then this shall be made available
to the Agency conducting the aeroplane propulsion system reliabiisgssment. Such a CMP

shall be produced taking into account all the requirements of chapter Il and should be
incorporated or referenced in the aeroplane CMP.

2. RELIABILITY VALIDATION METHODS

There are two extremes in the ETOPS process with respeanaturity; one is the
demonstration of stable reliability by the accumulation ofsirvice experience and the other

is by a programme of design, test and analysis, agreed between the (S)TC holders and the
Agency. The extent to which a propulsion systemderivative of previous propulsion systems
used on an ETOPS approved airplane is also a factor of the level of maturity. When considering
the acceptability of a propulsion system, maturity should be assessed not only in terms of total
fleet hours but alsdaking account of fleet leader time over a calendar time and the extent to
which test data and design experience can be used as an alternative.

a. Service Experience

There is justification for the view that modern propulsion systems achieve a stable
reliability level by 100,000 engine hours for new types and 50,000 engine hours for
derivatives. 3,000 to 4,000 engine hours is considered to be the necessary time in service
for a specific unit to indicate problem areas.

Normally, the irservice experience wibe:

(1) For new propulsion systems: 100,000 engine hours and 12 months service. Where
experience on another aeroplane is applicable, a significant portion of the 100,000
engine hours should normally be obtained on the candidate aeroplane;
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On a casdy-case basis, relevant test and design experience, and maximum
diversion time requested, could be taken into account when arriving at the in
service experience required;

(2) For derivative propulsion systems: 50,000 engine hours and 12 months service.
These vhles may vary according to the degree of commonality. To this end in
determining the derivative status of a propulsion system, consideration should be
given to technical criteria referring to the commonality with previous propulsion
system used on an ETO&$roved aeroplane. Prime areas of concern include:

(i)  Turbomachinery;
(i)  Controls and accessories and control logic;
(i)  Configuration hardware (piping, cables etc.);

(iv) Aeroplane to engine interfaces and interaction:

(A) Fire;

(B) Thrust reverser
(C) Avionics;

(D) etc.

The extent to which the iservice experience might be reduced would depend
upon the degree of commonality with previous propulsion system used on an
ETOPS approved aeroplane using the above criteria and would be decided on a
caseby-case basis.

Also on a casby-case basis, relevant test and design experience and maximum
diversion time requested could be taken into account when arriving at the in
service experience required.

Thus, the required experience to demonstrate propulsigstem reliability should
be determined by:

(i)  The extent to which previous service experience with a common propulsion
system used on an ETOPS approved aeroplane systems can be considered;

(i) To what extent compensating factors, such as design simgilarid test
evidence, can be used,;

(i)  The two preceding considerations would then determine the amount of
service experience needed for a particular propulsion system proposed for
ETOPS.

These considerations would be made on a eagease basis and waliineed to
provide a demonstrated level of propulsion system reliability in terms of IFSD rate.
{SS LI NIFIAINILK o WwAal alylF3asSYyYSyid FyR wAa

(3) Data Required for the Assessment

(i)  Alist of all engine shutdown events for all causes (excluding ndramaing
events). The list should provide the following for each event:

(A) date;
(B) airline;

(C) aeroplane and engine identification (model and serial number);
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(D) power-unit configuration and modification history;

(E) engine position;

(F) symptoms leading up to the event, phase of flight or ground
operation;

(G) weather/environmental conditions and reason for shutdown and any
comment regarding engine restart potential;

(i)  All occurrences where the intended thrust level was not achievedjhere
crew action was taken to reduce thrust below the normal level (for whatever
reason):

(i) Unscheduled engine removals/shop visit rates;
(iv) Total engine hours and aeroplane cycles;

(v) All events should be considered to determine theififects on ETOPS
operations;

(vi) Additional data as required;
(vii) The Agency will also consider relevant design and test data.
b. Early ETOPS
(1) Acceptable Early ETOPS certification plan

Where type design approval for Early ETOPS is sought at threnfinginto service,

the engineering assessment can be based on substantiation by analysis, test, in
service experience, &S 1040 compliance or other means to show that the
propulsion system will minimise failures and malfunctions, and will achieve Bn IFS
rate that is compatible with the specified safety target associated with catastrophic
loss of thrust. An approval plan, defining the early ETOPS reliability validation tests
and processes, must be submitted by the applicant to the Agency for agreement.
This plan must be implemented and completed to the satisfaction of the Agency
before an ETOPS type design approval will be granted for a propulsion system.

(2) Propulsion System Validation Test

The propulsion system for which approval is being sought shoeldested in
accordance with the following schedule. The propulsion system for this test should
be configured with the aeroplane installation nacelle and engine hpld
hardware representative of the type certificate standards.

Tests of simulated ETORSvice operation and vibration endurance should consist
of 3,000 representative service stagtop cycles (takeff, climb, cruise, descent,
approach, landing and thrust reverse), plus three simulated diversions at maximum
continuous thrust for the Maximumi\pproved Diversion Time for which ETOPS
eligibility is sought. These diversions are to be approximately evenly distributed
over the cyclic duration of the test, with the last diversion to be conducted within
100 cycles of the completion of the test.

Thistest must be run with the high speed and low speed main engine rotors

dzyol £ yOSR G2 3ISyYSNIGS +d t8FaG ¢n  LISNI
maintenance vibration levels. Additionally, for engines with three main engine

rotors, the intermediate speed tor must be unbalanced to generate at least 90
LISNOSy G 2F GKS FLILX AOFyidiQada NBO2YYSYRSR |
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level shall be defined as the peak level seen during a slow
acceleration/deceleration of the engine across the operating spaade. Conduct

the vibration survey at periodic intervals throughout the 3000 cycle test. The
average value of the peak vibration level observed in the vibration surveys must
meet the 90% minimum requirement. Minor adjustments in the rotor unbalance
(up ordown) may be necessary as the test progresses in order to meet the required
average vibration level requirement. Alternatively, to a method acceptable to the
Agency, an applicant may modify their test to accommodate a vibration level
marginally less than®% or greater than 100% of the vibration level required in
lieu of adjusting rotor unbalance as the test progresses.

Each one hertz (60 rpm) bandwidth of the high speed rotor service stigptcycle
speed range (takeff, climb, cruise, descent, approat¢anding and thrust reverse)
must be subjected to 3x106 vibration cycles. An applicant may conduct the test in
any rotor speed step increment up to 200 rpm as long as the servicesstart
cycle speed range is covered. For a 200 rpm step the corresporilmatjon cycle
count is to be 10 million cycles. In addition, each one hertz bandwidth of the high
speed rotor transient operational speed range between flight idle and cruise must
be subjected to 3x105 vibration cycles. An applicant may conduct thentesty

rotor speed step increment up to 200 rpm as long as the transient service speed
range is covered. For a 200 rpm step the corresponding vibration cycle count is to
be 1 million cycles.

At the conclusion of the test, the propulsion system must be:

A % 4 A x
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recommendations and limits.

(i) Completely disassembled and the propulsion system hardware must be
inspected in accordance with the service limits submitted in compliance with
relevant nstructions for continued airworthiness. Any potential sources of
in-flight shutdown, loss of thrust control, or other power loss encountered
during this inspection must be tracked and resolved in accordance with
paragraph 5 of this Appendix 1.

3. RISK MARGEMENT AND RISK MODEL

Propulsion systems approved for ETOPS must be sufficiently reliable to assure that defined

safety targets are achieved.

a.

For ETOPS with a Maximum Approved Diversion Time of 180 minutes or less

An early review aihformation for modern fixeeling jetpowered aircraft shows that the

rate of fatal accidents for all causes is in the order of 0-3-& pér flying hour. The

reliability of aeroplane types approved for extended range operation should be such that
they adieve at least as good an accident record as equivalent technology equipment.
The overall target of @x10-6 per flying hour has therefore been chosen as the safety

target for ETOPS approvals up to 180 minutes.

When considering safety targets, an accappgactice is to allocate appropriate portions
of the total to the various potential contributing factors. By applying this practice to the
overall target of 0-3 x 1® per flying hour, in the proportions previously considered
appropriate, the probabilitpf a catastrophic accident due to complete loss of thrust from

independent causes must be no worse than 0-38 per flying hour.
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Propulsion system related accidents may result from independent cause events but,
based on historical evidence, result panty from events such as uncontained engine
failure events, common cause events, engine failure plus crew error events, human error
related events and other. The majority of these factors are not specifically exclusive to
ETOPS.

Using an expression deveked by ICAO, (ref. AWP/5593 dated 15/2/84) for the
calculation of engine Hilight shutdown rate, together with the above safety objective
and accident statistics, a relationship between target engintlight shutdown rate for

all independent causes dmaximum diversion time has been derived. This is shown in
Figure 1.

In order that type design approval may be granted for extended operation range, it will

be necessary to satisfy the Agency that after application of the corrective actions
identified duting the engineering assessment (see Appendix 1, section 4. ENGINEERING
ASSESSMENT. CRITERIA FOR ACCEPTABLE RELIABILITY VALIDATION METHODS), the tar
engine inflight shutdown rates will be achieved. This will provide assurance that the
probability objecive for loss of all thrust due to independent causes will be met.

Target IFSD Rates vs Diversion Time
2-engined aeroplane
Diversion Times 180 minutes or less
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Figure 1

b.  For ETOPS with a Maximum Approved Diversion Time of greater than 180 minutes

The propulsion systems IFSD rate target should be compatible with the objective that the
catastrophic loss of thrust from independent causes is no worse than extremely
improbable, based on maximum ETOPS flight duration and maximum ETOPS rule time.

For ETOPS with Maximum Approved Diversion Times longer than 180 minutes, to meet
this objective he powerplant installations must comply with the safety objectives of
C325.1309, the goal should be that the catastrophic loss of thrust from independent
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causes should be extremely improbable (see AMC 25.1309). The defined target for ETOPS
approvals withdiversion times of 180 minutes or less, for catastrophic loss of thrust from
independent causes, is 0.3x40r (see paragraph 3 of this Appendix). This target was
based on engine IFSD rates that were higher than can be and are being achieved by
modern ET®S airframes/engines. To achieve the same level of safety for ETOPS
approvals beyond 18Minutes as has been achieved for ETOPS approvals of 180 minutes
or less, the propulsion system reliability IFSD rate target needs to be set and maintained
at a level hat is compatible with an Extremely Improbable safety objective (i.e. 19x10
flight hr).

For example, a target overall IFSD rate of 0.01/1000 hr. (engine hours) that is maintained
would result in the loss of all thrust on two engine aeroplanes beingemsly
improbable even assuming the longest time envisaged. The risk model formula
summarised for a tweengine aeroplane is:

p/flight hour = [2(Cr x{T}) x Mr(t)] divided by T

(1) pis the probability of a dual independent propulsion unit failure on a twi

(2) 2 is the number of opportunities for an engine failure on a twin (2),

(3) Cris cruise IFSD rate (0.5x overall rate), Mr is max continuous IFSD rate (2x overall
rate), T is planned max flight duration in hours (departure to planned arrival
airport), and t is the diversion or flight time in hours to a safe landing. IFSD rates,

0l daSR 2y Sy3aAyS YIydzZlI OGd2NENEQ KAal2NROI
large turbofan engines, presented to the JAA/EASA and ARAC ETOPS working
groups, have shown cse IFSD rates to be of the order of 0.5x overall rate, and

the max continuous IFSD rate (estimated from engine fleet analysis) to be 2x
overall rate. Then, for an IFSD goalGif0/1000EFH overall, the cruise IFSD rate is
.005/1000EFH, and the max contirusorate is .020/1000EFH.
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(4) Sample calculation (max flight case scenario): assume T = 20 hour max flight
duration, an engine failure after 10 hours, then continued flight time required is t
= 10 hours, using the ETOPS IFSD goal of .010/1000EFH oedalis, in a
probability of p=1 B/hour (i.e. meets extremely improbable safety objective from
independent causes).

IFSD rate/1000 engine hours
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Target IFSD Rates vs Diversion Time
2-engined aeroplane
Diversion Times above 180 minutes
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Figure 2

4.

ENGINEERING ASSESSMENT CRITERIA FOR ACCEPTABLE RELIABILITY VALIDATION METHOI

The following criteria identify some areas to t@nsidered during the engineering assessment
required for either reliability validation method.

a.

There are maintenance programmes, enginewing health monitoring programmes,

and the promptness and completeness in incorporating engine service bulkttnghat
AYyFEdzSYyOS +y 2LISNIGI2NRa FoAtAGe (2 YIFAYyGl Ay
required will form a basis from which a woffléet engine shut down rate will be
established, for use in determining whether a particular airframeieagcombination

complies with criteria for extended range operation.

An analysis will be made on a cdsecase basis, of all significant failures, defects and
malfunctions experienced in service or during testing, including reliability validation
testing, for the particular airframe/engine combination. Significant failures are principally
those causing or resulting in-fhight shut down or flameout of the engine(s), but may
also include unusual ground failures and/or unscheduled removal of enginesking

the assessment, consideration should be given to the following:
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(1) The type of propulsion system, previous experience, whether the paowiris
new or a derivative of an existing model, and the operating thrust level to be used
after oneengine shutdown;

(2) The trends in the cumulative twelve month rolling average, updated quarterly, of
in-flight shutdown rates versus propulsion system flight hours and cycles;

(3) The demonstrated effect of corrective modifications, maintenance, etc.hen t
possible future reliability of the propulsion system;

(4) Maintenance actions recommended and performance and their effect on
propulsion system and APU failure rates;

(5) The accumulation of operational experience which covers the range of
environmental conditions likely to be encountered,;

(6) Intended maximum flight duration and maximum diversion in the ETOPS segment,
used in the extended range operation under consideration.

C. Engineering judgement will be used in the analysis of paragnaplhove, such that the
potential improvement in reliability, following the introduction of corrective actions
identified during the analysis, can be quantified.

d. The resultant predicted reliability level and the criteria developed in accordance with
section 3 (RISK MANAGEMENT AND RISK MODEL) should be used together to determine
the maximum diversion time for which the particular airframe/engine combination
gualifies.

e. The type design standard for type approval of the airframe/engine combination,bend t
engine, for ETOPS will include all modifications and maintenance actions for which full or
partial credit is taken by the (S)TC holder and other actions required by the Agency to
enhance reliability. The schedule for incorporation of type design stahitkeims should
normally be established in the Configuration, Maintenance and Procedures (CMP)
document, for example in terms of calendar time, hours or cycles.

f. 2KSY GKANR O2dzyiNEB o6{0¢/ K2f RSNERQ | yRk2NJ i
the regective foreign Authorities will be offered to participate in the assessment.

g 9¢ht{ wWStAFOAfAGE ¢NIO{AYy3a .2FINR owe. 0Q& CJ

Once an assessment has been completed and the RTB has documented its findings, the
Agency will declare whether or not the miaular airframe/engine combination and
engine satisfy the relevant considerations of this AMC. Items recommended qualifying
the propulsion system, such as maintenance requirements and limitations will be
included in the Assessment Report (chapter llisectO of this AMC).

h. In order to establish that the predicted propulsion system reliability level is achieved and
subsequently maintained, the (S) TC holder should submit to the Agency an assessment
of the reliability of the propulsion system on a qualy basis. The assessment should
concentrate on the ETOPS configured fleet and should include ETOPS related events from
the nonconfigured fleet of the subject airframe/engine combination and from other
combinations utilising a related engine model.

5. EARLY ETOPS OCCURRENCES REPORTING & TRACKING

a. The holder of a (supplemental) type certificate of an engine, which has been approved
for ETOPS without service experience in accordance with this AMC, should establish a
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system to address problems and occurres encountered on the engine that could affect
the safety of operations and timely resolution.

b. The system should contain a means for: the prompt identification of ETOPS related
events, the timely notification of the event to the Agency, proposing alui®n of the
SPSyYyid IyR 2060FAyAy3a ! 3Sy0eQa | LIWNROItd® ¢KS
can be accomplished by way of Agency approved change(s) to the type design, the
manufacturing process, or an operating or maintenance procedure.

C. The repoting system should be in place for at least the first 100,000 fleet engine hours.
The reporting requirement remains in place until the fleet has demonstrated a stable in
flight shut down rate in accordance with the targets defined in this Appendix 1.

d. Fa the early ETOPS service period, an applicant must define the sources and content of
the service data that will be made available to them in support of their occurrence
reporting and tracking system. The content of this data should be adequate to evaluate
the specific cause of all service incidents reportable under Part 21A.3(c), in addition to
the occurrences that could affect the safety of operations, and should be reported,
including:

(1) Inflight shut down events and rates;
(2) Inability to control tle engine or obtain desired power;

(3) Precautionary thrust reductions (except for normal troubleshooting as allowed in
the aircraft flight manual);

(4) Degraded propulsion ifiight start capability;

(5) un-commanded power changes or surges.

(6) diversionor turn-back

(7) failures or malfunctions of ETOPS significant systems

(8) Unscheduled engine removals for conditions that could result in one of the
reportable items listed above.

6. CONTINUED AIRWORTHINESS OF TYPE DESIGN

For ETOPS, the Agency w#riodically review its original findings by means of a Reliability
Tracking Board. In addition, the Agency document containing the CMP standard will be revised
as necessary.

Note: The Reliability Tracking Board will usually comprise specialists fromaer@nd engine
disciplines (see alséppendix 2.

Periodic meetings of the ETOPS Reliability Tracking Board are normally frequent at the start of
the assessment of a new product. The periodicity is adjusted bydkady upon accumulation

of substantial service experience if there is evidence that the reliability of the product is
sufficiently stable. The periodic meetings of the board are discontinued once an ETOPS product,
or family of products, has been declarecture by the Agency.

Note: The overall engine IFSD rate should be viewed as a fledlaverage target figure of

engine reliability (representative of the airframe/engine combination being considered) and if
exceeded, may not, in itself, trigger action in the form of a changkdd=TOPS design standard

or a reduction in the ETOPS approval status of the engine. The actual IFSD rate and its causes
should be assessed with considerable engineering judgement. For example, a high IFSD rate
early after the commencement of the operationay be due to the limited number of hours
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contributing to the high rate. There may have been only one shut down. The underlying causes
have to be considered carefully. Conversely, a particular single event may warrant corrective
action implementation, evethough the overall IFSD rate objective is being achieved.

a.

Mature ETOPS products

A family of ETOPS products with a high degree of similarity is considered as mature ones
if:
(1) The product family has accumulated at least 250,000 flight hours for aplase

family or 500,000 operating hours for an engine family;

(2) The product family has accumulated service experience covering a comprehensive
spectrum of operating conditions (e.g. cold, hot, high, and humid);

(3) Each ETOPS approved model or variarthe family has achieved the reliability
objectives for ETOPS and has remained stable at or below the objectivesifieet
for at least two years;

New models or significant design changes may not be considered mature until they have
individually satisfid the condition of paragraph 6.a above.

The Agency makes the determination of when a product or a product family is considered
mature.

Surveillance of mature ETOPS products

The (S)TC holder of an ETOPS product which the Agency has found mature, should
institute a process to monitor the reliability of the product in accordance with the
objectives defined in this Appendix 1. In case of occurrence of an event or series of events
or a statistical trend that implies a deviation of the reliability of the ETI¥eE or a

portion of the ETOPS fleet (e.g. one model or a range of serial numbers), above the limits
specified for ETOPS in this AMC, the (S)TC holder should:

(1) Inform the Agency and define a means to restore the reliability through a Minor
Revision bthe CMP document, with a compliance schedule to be agreed with the
Agency if the situation has no immediate safety impact;

(2) Inform the Agency and propose an-hdc followup by the Agency until the
concern has been alleviated or confirmed if the siila requires further
assessment;

(3) Inform the Agency and propose the necessary corrective action(s) to be mandated
by the Agency through an AD if a direct safety concern exists.

In the absence of a specific event or trend requiring action, the (S)Tderhsiiould
provide the Agency with the basic statistical indicators prescribed in this Appendix 1 on a
yearly basis.

Minor Revision of the ETOPS CMP Document

A Minor Revision of the ETOPS CMP document is one that contains only editorial
adjustments, cafigurations, maintenance and procedures equivalent to those already
approved by the Agency or new reliability improvements which have no immediate
impact on the safety of ETOPS flights and which are introduced as a means to control the
continued compliane with the reliability objectives of ETOPS.
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Minor revisions of the ETOPS CMP document should be approved by authorised
signatories personnel of the (S)TC holder under the provisions of its approved Design
Organisation Handbook.

7. DESIGN ORGANISATION APPRG

(SYC holders of products approved for ETOPS should hold a Design Organisation Approval
(DOA) conforming to EASA Patt, with the appropriate terms of approval and privileges. Their
approved Design Organisation Handbook (DOH) must contain an agteogeiscription of the
organisation and procedures covering all applicable tasks and responsibilities of EASA Part
and this AMC.

[Amdt 20/7]
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1. ASSESSMENT PROCESS

The intent of thisAppendix is to provide additional clarification to sections 7 and 8 of chaipter

of this AMC. Airframe systems are required to show compliance with CS 25.1309. To establish
whether a particular airframe/engine combination has satisfied the reliabilityiregnents
concerning the aircraft systems for extended range operations, an assessment will be made by
the Agency, using all pertinent systems data provided by the applicant. To accomplish this
assessment, the Agency will need weilieet data (where avadble) and data from various
sources (operators, (S)TC holder, original equipment manufacturers (OEM)). This data should
be extensive enough and of sufficient maturity to enable the Agency to assess with a high level
of confidence, using engineering and oaonal judgement, that the risk of systems failures
during a normal ETOPS flight or a diversion, is sufficiently low in direct relationship with the
conseqguence of such failure conditions, under the operational environment of ETOPS missions.

The Agency W declare whether or not the current system reliability of a particular
airframe/engine combination satisfies the relevant criteria.

Included in the declaration, if the airframe/engine combination satisfy the relevant criteria, will
be the airframe buildstandard, systems configuration, operating conditions and limitations,
required to qualify the ETOPS significant systems as suitable for extended range operations.

Alternatively, where type design approval for Early ETOPS is sought at first entsgrvite,

the engineering assessment can be based on substantiation by analysis, testyioe
experience or other means to show that the airframe significant systems will minimise failures
and malfunctions, and will achieve a failure rate that is corfgl@atwith the specified safety
target.

2. {.{¢9a {!1C9¢, !'{{9{{a9b¢ W{{!Q 6AYyOfdRAY3 NBf

The System Safety Assessment (SSA) which should be conducted in accordance with CS 25.1309
for all ETOPS significant systems should follow the steljosvb

a. Conduct a (supplemental) Functional Hazard Assessment (FHA) considering the ETOPS
missions. In determining the effect of a failure condition during an ETOPS mission, the
following should also be reviewed:

(1) Crew workload over a prolonged periofitime;
(2) Operating conditions at single engine altitude;

(3) Lesser crew familiarity with the procedures and conditions to fly to and land at
diversion aerodromes.

b. Introduce any additional failure scenario/objectives necessary to comply with th@. AM

C. For compliance demonstration of ETOPS significant system reliability to CS 25.1309 there
will be no distinction made between ETOPS group 1 and group 2 systems. For qualitative
analysis (FHA), the maximum flight time and the maximum ETOPS diversiashbuld
be considered. For quantitative analysis (SSA), the average ETOPS mission time and
maximum ETOPS diversion time should be considered. Consideration should be given to
how the particular airframe/engine combination is to be utilised, and anatyse
potential route structure and city pairs available, based upon the range of the aeroplane.

d. Consider effects of prolonged time and at single engine altitude in terms of continued
operation of remaining systems following failures.
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e. Specific ETOPS mgnance tasks, intervals and specific ETOPS flight procedures
necessary to attain the safety objectives, shall be included in the appropriate approved
documents (e.g. CMP document, MMEL).

f. Safety assessments should consider the flight consequencesyté sr multiple system
failures leading to a diversion and the probability and consequences of subsequent
failures or exhaustion of the capacity of time critical systems, which might occur during
the diversion.

Safety assessments should determine whethativersion should be conducted to the
nearest aerodrome or to an aerodrome presenting better operating conditions,
considering:

(1) The effect of the initial failure condition on the capability of the aeroplane to cope
with adverse conditions at the div@on aerodrome, and

(2) The means available to the crew to assess the extent and evolution of the situation
during a prolonged diversion.

The aircraft flight manual and the flight crew warning and alerting and display systems should
provide clear informdbn to enable the flight crew to determine when failure conditions are
such that a diversion is necessary.

3. RELIABILITY VALIDATION METHODS

There are two extremes in the ETOPS process with respect to maturity; one is the
demonstration of stable reliabilitby the accumulation of iservice experience and the other

is by a design, analysis and test programmes, agreed between the (S)TC holders and the
Agency/Authority.

a. In-service Experience/Systems Safety Assessment (SSA)

In-service experience should genally be in accordance with that identifiedAppendixl

for each airframe/engine combination. When considering the acceptability of airframe
systems for ETOPS, maturity should be assessed in terms of used tgghaotb the
particular design under review.

Ly LISNF2NXAY3A GKS {{! Qa3 RSTAYSR Ay LJI NI 3INI
be taken of the following:

(1) For identical or similar equipment to those used on other aeroplanes, the SSA
failure rates should be validated by-gervice experience:

()  The amount of irservice experience (either direct or related) should be
indicated for each equipment of an ETOPS significant system.

(i)  Where related experience is used to validate failure modes rabes, an
analysis should be produced to show the validity of thesarvice
experience.

(i) In particular, if the same equipment is used on a different airframe/engine
combination, it should be shown that there is no difference in operating
conditions €.g., vibrations, pressure, temperature) or that these differences
do not adversely affect the failure modes and rates.

(iv) If in-service experience with similar equipment on other aeroplanes is
claimed to be applicable, an analysis should be produced substantiating the
reliability figures used on the quantitative analysis. This substantiation
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analysis should include details thfe differences between the similar and
new equipment, details of the imervice experience of the similar
equipment and details of any "lessons learnt" from modifications introduced
and included in the new equipment.

(v) For certain equipment, (e.g., IBGTRUs, bleeds and emergency generators)
this analysis may have to be backed up by tests. This should be agreed with
the Agency.

(2) For new or substantially modified equipment, account should be taken in the SSA
for the lack of validation of the failumates by service experience.

A study should be conducted to determine the sensitivity of the assumed SSA
failure condition probabilities to the failure rates of the subject equipment.

Should a failure case probability be sensitive to this equipment farkabe and
close to the required safety objective, particular provision precautions should be
applied (e.g. temporary dispatch restrictions, inspections, maintenance
procedures, crew procedures) to account for the uncertainty, until the failure rate
has be@ appropriately validated by iservice experience.

b. Early ETOPS

Where type design approval for Early ETOPS is sought at the first entry into service of the
airframe/engine combination, the engineering assessment can be based on
substantiation by analysj test, inservice experience (the same engine or airframe with

different engines) or other means, to show that the ETOPS significant systems will achieve

a failure rate that is compatible with the specified safety objective. An approval plan,

defining the early ETOPS reliability validation tests and processes, should be submitted

08 GUKS 6{uv¢/ Qa K2fRSNBR G2 GKS ! 3Syodoe F2NJ I
completed and implemented to the satisfaction of the Agency before an ETOPS type

design appoval will be granted.

(1) Acceptable Early ETOPS approval plan

In addition to the above considerations, the following should be complied with for
an Early ETOPS approval:

(i)  Aeroplane Testing

For each airframe/engine combination that has not yet accuneadlat least
15,000 engine hours in service, to be approved for ETOPS, one or more
aeroplanes should conduct flight testing which demonstrates that the
airframe/engine combination, its components and equipment are capable
for, and function properly, duringTOPS flights and ETOPS diversions. These
flight tests may be coordinated with, but they are not in place of flight testing
required in Part 21.35(b)(2).

The flight test programme should include:

(A) Flights simulating actual ETOPS operation, includinghalocruise
altitude, step climbs and APU operation if required for ETOPS,;

(B) Demonstration of the maximum normal flight duration with the
maximum diversion time for which eligibility is sought;

(C) Engine inoperative maximum time diversions to demonstridte
FSNRLIX FYyS FyR LINRLMAZ aA2y &adeaisSyQa
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(ii)

ETOPS diversion, including a repeat of a MCT diversion on the same
engine;

(D) Nony 2 NX¥If O2yRAGAZ2Yya (G2 RSY2yaidNrads

safely conduct an ETOPS diversion und®ist case probable system
failure conditions;

(E) Diversions into representative operational diversionary airports;

(F) Repeated exposure to humid and inclement weather on the ground
followed by long range operations at normal cruise altitude;

(G) ThefRIKG GSaldAy3a aKz2dzZ R O f A
FEeAYy3d ljdzZ €t AGASEASY LISNF2NXYIY
conditions of paragraphs (C)/(D)&(E) above.
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(H) The engindénoperative diversions must be evenly distributed among

thenumdb SNJ 2F Sy3aiaySa Ay GKS F LILX AOF yic

as required by paragraph (C) above.

()  The test aeroplane(s) must be operated and maintained using the
recommended operations and maintenance manual procedures
during the aeroplane demonstratn test.

(J) At the completion of the aeroplane(s) demonstration testing, the
ETOPS significant systems must undergo an operation or functional
check per the Instructions for Continued Airworthiness of CS 25.1529.
The engines must also undergo a gas patbpéction. These
inspections are intended to identify any abnormal conditions that
could result in an #ilight shutdown or diversion. Any abnormal
conditions must be identified, tracked and resolved in accordance
with subpart (2) below. This inspectionguarement can be relaxed
for ETOPS significant systems similar in design to proven models.

(K) Maintenance and Operational Procedures. The applicant must
validate all ETOPS significant systems maintenance and operational
procedures. Any problems found asesult of the validation must be
identified, tracked and resolved in accordance with paragraph subpart
(2) below.

APU Testing

If an APU is required for ETOPS, one APU of the type to be certificated with
the aeroplane should complete a test consigtimf 3000 equivalent
aeroplane operational cycles. Following completion of the demonstration
test, the APU must be disassembled and inspected. Any potential sources of
in-flight start and/or run events should be identified, tracked and resolved
in accordace with paragraph subpart (2) below.

(2) Early ETOPS Occurrence Reporting & Tracking

(i)

The holder of a (S)TC of an aeroplane which has been approved for ETOPS
without service experience in accordance with this AMC, should establish a
system to address pblems and occurrences encountered on the airframe
and propulsion systems that could affect the safety of ETOPS operations and
timely resolution for these events;
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(i)  The system should contain a means for the prompt identification of ETOPS
related events,the timely notification of the event to the Agency and
LINPLIR2AAY3I (23 FyR 200GFrAyAy3 ! 3Sy0eQa
event. The implementation of the problem resolution can be accomplished
by way of an Agency approved change(s) to the type gdesthe
manufacturing process, or an operating or maintenance procedure.

(i)  The reporting system should be in place for at least the first 100,000 flight
hours. The reporting requirement remains in place until the airframe and
propulsion systems have gdenstrated stable reliability in accordance with
the required safety objectives

(iv) If the airframe/engine combination certified is a derivative of a previously
certificated aeroplane, these criteria may be amended by the Agency, to
require reporting on aly those changed systems.

(v) Forthe early ETOPS service period, an applicant must define the sources and
content of inservice data that will be made available to them in support of
their occurrence reporting and tracking system. The content of this dat
should be adequate to evaluate the specific cause of all service incidents
reportable under Part 21.A.3(c), in addition to the occurrences that could
affect the safety of ETOPS operations and should be reported, including:

(A) In-flight shutdown events;
(B) Inability to control the engine or obtain desired power;

(C) Precautionary thrust reductions (except for normal troubleshooting
as allowed in the Aircraft Flight Manual);

(D) Degraded propulsion iflight start capability;

(E) Inadvertent fuel loss aavailability, or uncorrectable fuel imbalance in
flight;

(F) Technical air turfbacks or diversions associated with an ETOPS Group
1 system;

(G) Inability of an ETOPS Group 1 system, designed to provide backup
capability after failure of a primary systerw, provide the required
backup capability Hilight;

(H) Any loss of electrical power or hydraulic power system, during a given
operation of the aeroplane;

()  Any event that would jeopardise the safe flight and landing of the
aeroplane during aETOPS flight.

4.  CONTINUING SURVEILLANCE

In order to confirm that the predicted system reliability level is achieved and maintained, the
(S)TC holder should monitor the reliability of airframe ETOPS significant systems after entry into
& SNIZA OS @ hatdér Shoudd{ submit &xdport to the Agency, initially on a quarterly basis
(for the first year of operation) and thereafter on a periodic basis and for a time to be agreed
with the Agency. The monitoring task should include all events on ETOPS sigsystams,

from both the ETOPS and n&TOPS fleet of the subject family of airframes. This additional
reliability monitoring is required only for ETOPS Group 1 systems.
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5.  CONTINUED AIRWORTHINESS

a.

Reliability Tracking Board

The Agency will periodicalfgview its original findings by means of a Reliability Tracking
Board. In addition, the Agency document containing the CMP standard will be revised as
necessary.

Note: The Reliability Tracking Board will usually comprise specialists from aeroplane and
engne disciplines. (See algppendixl).

Periodic meetings of the ETOPS Reliability Tracking Board are normally frequent at the
start of the assessment of a new product. The periodicity is adjusted by the Agency upon
accumulation of substantial teervice experience if there is evidence that the reliability

of the product is sufficiently stable. The periodic meetings of the board are discontinued
once an ETOPS product, or family of products, has been declared matine Agency.

Mature ETOPS products
A family of ETOPS products with a high degree of similarity is considered as mature when:

(1) The product family has accumulated at least 250,000 flight hours for an aeroplane
family;

(2) The product family haaccumulated service experience covering a comprehensive
spectrum of operating conditions (e.g. cold, hot, high, humid);

(3) Each ETOPS approved model or variant in the family has achieved the reliability
objectives for ETOPS and has remained stable atlomkthe objectives fleewide
for at least two years;

New models or significant design changes may not be considered mature until they have
individually satisfied the conditions specified above.

The Agency makes the determination of when a product oodyet family is considered
mature.

Surveillance of mature ETOPS products

The (S)TC holder of an ETOPS product which the Agency has found mature, should
institute a process to monitor the reliability of the product in accordance with the
objectives defied in this Appendix. In case of occurrence of an event, a series of events
or a statistical trend that implies a deviation of the reliability of the ETOPS fleet, or a
portion of the ETOPS fleet (e.g. one model or a range of serial numbers), above the limit
specified for ETOPS, the (S)TC should:

(1) Inform the Agency and define a means to restore the reliability through a Minor
Revision of the CMP document, with a compliance schedule to be agreed with the
Agency if the situation has no immediate safety irttpa

(2) Inform the Agency and propose an-hdc followup by the Agency until the
concern has been alleviated, or confirmed if the situation requires further
assessment;

(3) Inform the Agency and propose the necessary corrective action(s) to be mandated
by the Agency through an AD if a direct safety concern exists.

In the absence of a specific event or trend requiring action, the (S)TC holder should
provide the Agency with the basic statistical indicators prescribed in this App2odixa
yearly basis.
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d. Minor Revision of the ETOPS CMP Document

A Minor Revision of the ETOPS CMP document is one that contains only editorial
adjustments, configurations, maintenance and procedures equivalent to those already
approved by the Agency, or new reliability improverte which have no immediate
impact on the safety of ETOPS flights and which are introduced as a means to control the
continued compliance with the reliability objectives of ETOPS.

Minor revisions of the ETOPS CMP document should be approved by authorised
signatories of the Design Organisation and under the provisions of its approved Design
Organisation Handbook.

6. DESIGN ORGANISATION APPROVAL

(SYC holders of products approved for ETOPS should hold a Design Organisation Approval
(DOA) conforming to EASARAL, with the appropriate terms of approval and privileges. Their
approved Design Organisation Handbook (DOH) must contain an appropriate description of the
organisation and procedures covering all applicable tasks and responsibilities of EA3A Part
and this AMC.

[Amdt 20/7]
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1. AREA OF OPERATION

An operator is, when specifically approved, authorised to conduct ETOPS flights within an area
where the diversion time, at any point along the proposedte of flight, to an adequate ETOPS
enrNR dziS FEfGSNYyIFGS | SNERNRYS>: Aa gAGKAY (KS
standard conditions in still air) at the approved esgineinoperative cruise speed.

2. ht Ow! ¢hwQ{ !'ttwh+95 5L+x9w{Lhb ¢La?d

Theprocedures established by the operator should ensure that ETOPS is only planned on routes
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Aerodrome can be met.
3. ISSUE OF THE ETOPS OPERATIONS APPROVAL BY THE GQONMPBRINY

The approval issued by the Competent Authority for ETOPS operations should be based on the
following information provided by the operator:

a. Specification of the particular airframe/engine combinations, including the current
approved CMP docunm required for ETOPS as normally identified in the AFM;

b. Authorised area of operation;
Minimum altitudes to be flown along planned and diversionary routes;
d  hLISNIG2NR& ! LIINRP PSR 5AOSNEAZ2Y ¢AYST

e. Aerodromes identified to be used, including altates, and associated instrument
approaches and operating minima;

f. The approved maintenance and reliability programme for ETOPS;

g. Identification of those aeroplanes designated for ETOPS by make and model as well as
serial number and registration;

h.  Speification of routes and the ETOPS diversion time necessary to support those routes;

i. The oneengineinoperative cruise speed, which may be area specific, depending upon
anticipated aeroplane loading and likely fuel penalties associated with the planned
procedures;

J- Processes and related resources allocated to initiate and sustain ETOPS operations in a
manner that demonstrates commitment by management and all personnel involved in
ETOPS continued airworthiness and operational support;

k. The plan for emblishing compliance with the build standard required for Type Design
Approval, e.g. CMP document compliance.

[Amdt 20/7]
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1. GENERAL

The flight release consideratiospecified in this paragraph are in addition to the applicable
operational requirements. They specifically apply to ETOPS. Although many of the
considerations in this AMC are currently incorporated into approved programmes for other
aeroplanes or route strtures, the unique nature of ETOPS necessitatesexaeination of
these operations to ensure that the approved programmes are adequate for this purpose.

2. MINIMUM EQUIPMENT LIST (MEL)

The system redundancy levels appropriate to ETOPS should be reftettiedMaster Minimum

9l dZA LIYSYy G [A&al o6aa9[0® !y 2LISNIG2NRa a9 Yle&
the kind of ETOPS operation proposed, equipment anseimice problems unique to the

operator. Systems and equipment considered to have adnmental influence on safety may

include, but are not limited to, the following:

a. electrical;

hydraulic;

pneumatic;

flight instrumentation, including warning and caution systems;

fuel;

-~ o®o oo T

flight control;

ice protection;

s @

enginestart and ignition;

propulsion system instruments;

j- navigation and communications, including any route specific long range navigation and
communication equipment;

K. auxiliary powetunit;

l. air conditioning and pressurisation;

m.  cargo fire suppressn;

n.  engine fire protection;

0. emergency equipment;

p. systems and equipment required for engine condition monitoring.

In addition, the following systems are required to be operative for dispatch for ETOPS
with diversion times above 180 minutes:

g. FuelQuantity Indicating System (FQIS);

r. APU (including electrical and pneumatic supply to its designed capability), if necessary to
comply with ETOPS requirements;

s.  Automatic engine or propeller control system;
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t.

Communication system(s) relied onthy flight crew to comply with the requirement for
communication capability.

3. COMMUNICATION AND NAVIGATION FACILITIES

For releasing an aeroplane on an ETOPS flight, the operators should ensure that:

a.

Communications facilities are available to provideder normal conditions of
propagation at all planned altitudes of the intended flight and the diversion scenarios,
reliable twoway voice and/or data link communications;

Visual and nosvisual aids are available at the specified alternates for thicipated
types of approaches and operating minima.

4. FUEL SUPPLY

a.

General

For releasing an aeroplane on an ETOPS flight, the operators should ensure that it carries
sufficient fuel and oil to meet the applicable operational requirements and anyiadéit
fuel that may be determined in accordance with this Appendix.

Critical Fuel Reserve

In establishing the critical fuel reserves, the applicant is to determine the fuel necessary
to fly to the most critical point (at normal cruise speed and altitutaking into account

the anticipated meteorological conditions for the flight) and execute a diversion to an
ETOPSeNR dziS Ff SNy I GS dzyRSNJ 6KS O2yRAGAZ2YyaA
{OSYINA2Q O6LI NIINILK Od 6St20600

Thesecritical fuel reserves should be compared to the normal applicable operational
requirements for the flight. If it is determined by this comparison that the fuel to
complete the critical fuel scenario exceeds the fuel that would be on board at the most
critical point, as determined by applicable operational requirements, additional fuel
should be included to the extent necessary to safely complete the Critical Fuel Scenario.
When considering the potential diversion distance flown account should be takém of t
anticipated routing and approach procedures, in particular any constraints caused by
airspace restrictions or terrain.

Critical Fuel Scenario.

The following describes a scenario for a diversion at the most critical point. The applicant
should confim compliance with this scenario when calculating the critical fuel reserve
necessary.

Note 1: If an APU is one of the required power sources, then its fuel consumption should
be accounted for during the appropriate phases of flight.

Note 2: Additional fel consumptions due to any MEL or CDL items should be accounted
for during the appropriate phases of flight, when applicable.

The aeroplane is required to carry sufficient fuel taking into account the forecast wind
and weather to fly to an ETOPS route aige assuming the greater of:

(1) Arapid decompression at the most critical point followed by descent to a 1&,000
or a higher altitude if sufficient oxygen is provided in accordance with the
applicable operational requirements.

(2) Flight at the appsved oneengineinoperative cruise speed assuming a rapid
decompression and a simultaneous engine failure at the most critical point
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followed by descent to a 10,000 or a higher altitude if sufficient oxygen is
provided in accordance with the applicaliperational requirements.

(3) Flight at the approved orengineinoperative cruise speed assuming an engine
failure at the most critical point followed by descent to the eerggineinoperative
cruise altitude.

Upon reaching the alternate, hold at 1500 ficve field elevation for 15 minutes
and then conduct an instrument approach and landing.

Add a 5% wind speed factor (i.e., an increment to headwind or a decrement to
tailwind) on the actual forecast wind used to calculate fuel in the greater of (1), (2)
or (3) above to account for any potential errors in wind forecasting. If an operator
is not using the actual forecast wind based on wind model acceptable to the
competent authority, allow 5% of the fuel required for (1), (2) or (3) above, as
reserve fuel toallow for errors in wind data. A wind aloft forecasting distributed
worldwide by the World Area Forecast System (WAFS) is an example of a wind
model acceptable to the competent authority.

d. Icing

Correct the amount of fuel obtained in paragraph c. abakértg into account the greater
of:

(1) the effect of airframe icing during 10% of the time during which icing is forecast
(including ice accumulation on unprotected surfaces, and the fuel used by engine
and wing antiice during this period).

(2) fuel for engine antiice, and if appropriate wing anite for the entire time during
which icing is forecast.

Note: Unless a reliable icing forecast is available, icing may be presumed to occur
when the total air temperature (TAT) at the approved @amgineinoperdive
cruise speed is less than Q) or if the outside air temperature is betweef(0
and-20°C with a relative humidity (RH) of 55% or greater.

The operator should have a programme established to monitor aeroplane in
service deterioration in cruise fuel burn performance and including in the fuel
supply calculations sufficient fuel to compensate for any such deterioration. If
there is no data avaible for such a programme the fuel supply should be increased
by 5% to account for deterioration in cruise fuel burn performance.

5.  ALTERNATE AERODROMES

To conduct an ETOPS flight, the ETORB@R alternate aerodromes, should meet the
weather requirenents of planning minima for an ETOPSreaute alternate aerodromes
contained in the applicable operational requirements. ETOPS planning minima apply until
dispatch. The planned emoute alternates for using in the event of propulsion system failure or
aeroplane system failure(s) which require a diversion should be identified and listed in the
cockpit documentation (e.g. computerised flight plan) for all cases where the planned route to
be flown contains an ETOPS point

{88 faz2 ! LISy RAEEANR dz2S GIKIAEBS NJAH § SP9ICHNR RNR Y S 3 Q¢
6.  IN-FLIGHT RELANNING AND POBTSPATCH WEATHER MINIMA

An aeroplane whether or not dispatched as an ETOPS flight may +notitee post dispatch
without meeting the applicable operational requirements and satisfy byracqdure that
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dispatch criteria have been met. The operator should have a system in place to facilitate such
re-routes.

Postdispatch, weather conditions at the ETOPSaute alternates should be equal to or better
than the normal landing minima for thevailable instrument approach.

7. DELAYED DISPATCH

If the dispatch of a flight is delayed by more than one hour, pilots and/or operations personnel
should monitor weather forecasts and airport status atthe nominateerairte alternates to
ensure that theystay within the specified planning minima requirements until dispatch.

8. DIVERSION DECISION MAKING

Operators shall establish procedures for flight crew, outlining the criteria that indicate when a
diversion or change of routing is recommended whitstducting an ETOPS flight. For an ETOPS
flight, in the event of the shutdown of an engine, these procedures should include the shutdown
of an engine, fly to and land at the nearest aerodrome appropriate for landing.

Factors to be considered when decidimgon the appropriate course of action and suitability
of an aerodrome for diversion may include but are not limited to:

a. Aircraft configuration/weight/systems status;

b. Wind and weather conditions en route at the diversion altitude;
Minimum altitudesen route to the diversion aerodrome;

Fuel required for the diversion;

Aerodrome condition, terrain, weather and wind;

~ o o o

Runways available and runway surface condition;

Approach aids and lighting;

= @

RFFS* capability at the diversion aerodrome;

Facilities for aircraft occupantgisembarkation & shelter;

J- Medical facilities;

k. tAf20Qa FFHYAEAFNRGE 6AGK GKS | SNBRNRBYST
l. Information about the aerodrome available to the flight crew.

Contingency procedures should not be interpreted inaay that prejudices the final authority
and responsibility of the pilein-command for the safe operation of the aeroplane.

Note: for an ETOPS -eoute alternate aerodrome, a published RFFS category equivalent to
ICAO category 4, available at 30 minuteic® is acceptable.

9. IN-FLIGHT MONITORING

During the flight, the flight crew should remain informed of any significant changes in conditions

at designated ETOPS -mute alternate aerodromes. Prior to the ETOPS Entry Point, the
forecast weather, estaldhed aeroplane status, fuel remaining, and where possible field
conditions and aerodrome services and facilities at designated ETOf@8teralternates are

to be evaluated. If any conditions are identified which could preclude safe approach and landing

on a designated emnoute alternate aerodrome, then the flight crew should take appropriate
action,suchasl2 dzi Ay 3 a ySOSaalNEBX (2 NBYIAY gAGKAY
of an enroute alternate aerodrome with forecast weather to be atatrove landing minima. In
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the event this is not possible, the next nearestrente alternate aerodrome should be selected
provided the diversion time does not exceed the maximum approved diversion time. This does
Y20 2O0SNNARS (KS Liytb felect the/safé3Rcouse of &daA. | dzli K2 NR

10. AEROPLANE PERFORMANCE DATA
The operator should ensure that the Operations Manual contains sufficient data to support the
critical fuel reserve and area of operations calculation.
The following data should beabed on the information provided by the (S)TC holder. The
requirements for oneengineinoperative performance enoute can be found in the applicable
operational requirements.
Detailed oneengineinoperative performance data including fuel flow for stamgi@nd non
standard atmospheric conditions and as a function of airspeed and power setting, where
appropriate, covering:
a.  drift down (includes net performance);
b. cruise altitude coverage including 10,000 feet;
C. holding;
d. altitude capability (include net performance);
e. missed approach.
Detailed allengineoperating performance data, including nominal fuel flow data, for standard
and nonstandard atmospheric conditions and as a function of airspeed and power setting,
where appropriate, covering:
a. Cruise (altitude coverage including 10,000 feet); and
b.  Holding.
It should also contain details of any other conditions relevant to extended range operations
which can cause significant deterioration of performance, such as ice accumulation on the
unprotected surfaces of the aeroplane, Ram Air Turbine (RAT) deployment, thrust reverser
deployment, etc.
The altitudes, airspeeds, thrust settings, and fuel flow used in establishing the ETOPS area of
operations for each airframe/engine combination shouldused in showing the corresponding
terrain and obstruction clearances in accordance with the applicable operational requirements.
11. OPERATIONAL FLIGHT PLAN
The type of operation (i.e. ETOPS, including the diversion time used to establish the plan) should
be listed on the operational flight plan as required by the applicable operational requirements.
[Amdt 20/7]
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1. SELECTION OFERNUTE ALTERNATE AERODROMES

For an aerodrome to beominated as an ETOPSmuite alternate for the purpose of this AMC,

it should be anticipated that at the expected times of possible use it is an adequate ETOPS
aerodrome that meets the weather and field conditions defined in the paragraph below titled
Wispatch Minima¢ Enw2dzi S !t GSNYyIFGS ! SNERNRBYSaAQ 2N i
requirements.

To list an aerodrome as an ETOPS3aerte alternate, the following criteria should be met:

a. The landing distances required as specified in the AFM for the atifithe aerodrome,
for the runway expected to be used, taking into account wind conditions, runway surface
conditions, and aeroplane handling characteristics, permit the aeroplane to be stopped
within the landing distance available as declared by the dnme authorities and
computed in accordance with the applicable operational requirements.

b.  The aerodrome services and facilities are adequate to permit an instrument approach
procedure to the runway expected to be used while complying with the appticabl
aerodrome operating minima.

C. The latest available forecast weather conditions for a period commencing at the earliest
potential time of landing and ending one hour after the latest nominated time of use of
that aerodrome, equals or exceeds the authedsveather minima for emoute alternate
aerodromes as provided for by the increments listed in Table 1 of this Appendix. In
addition, for the same period, the forecast crosswind component plus any gusts should
be within operating limits and within the op&tors maximum crosswind limitations
taking into account the runway condition (dry, wet or contaminated) plus any reduced
visibility limits.

d LY FTRRAGAZ2YS (GKS 2LISNIG2NRA LINBPBANFYYS &AK2dz
adequate aerodromes apppuiate to the route to be flown which are not forecast to
meet enroute alternate weather minima. Aerodrome facility information and other
appropriate planning data concerning these aerodromes should be provided to flight
crews for use when executing a eigion.

2. DISPATCH MINIMAENROUTE ALTERNATE AERODROMES

An aerodrome may be nominated as an ETORPS&e alternate for flight planning and release
purposes if the available forecast weather conditions for a period commencing at the earliest
potential time of landing and ending one hour after the latest nominated time of use of that
aerodrome, equal or exceed the criteria required by Table 1 below.

Table 1. Planning Minima

Precision Approach Authorised DH/D/Alus an Authorised visibility plus an
increment of 200 ft increment of 800 metres

Non-Precision Approach or Authorised MDH/MDA plus an Authorised visibility plus an

Circling approach increment of 400 ft increment of 1500 metres

The above criteria for gcision approaches are only to be applied to Category 1 approaches.

When determining the usability of an Instrument Approach (IAP), forecast wind plus any gusts
should be within operating limits, and within the operators maximum crosswind limitations
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taking into account the runway condition (dry, wet or contaminated) plus any reduced visibility
limits. Conditional forecast elements need not be considered, except that a PROB 40 or TEMPO
condition below the lowest applicable operating minima should be takenaccount.

When dispatching under the provisions of the MEL, those MEL limitations affecting instrument
approach minima should be considered in determining ETOPS alternate minima.

3. ENROUTE ALTERNATE AERODROME PLANNING MIANDMANCED LANDING S¥89%

The increments required by Table 1 are normally not applicable to Category Il or Il minima
unless specifically approved by the Authority.

Approval will be based on the following criteria:
a. Aircraft is capable of engireoperative Cat II/1ll landingnd
b.  Operator is approved for normal Cat Il/lll operations.

The competent authority may require additional data (such as safety assessmerdavice
records) to support such an application. For example, it should be shown that the specific
aeroplane type can maintain the capability to safely conduct and compket Category II/IlI
approach and landing, in accordance with EASAWO, having encountered failure conditions

in the airframe and/or propulsion systems associated with an inoperative engine that would
result in the need for a diversion to the route elhate aerodrome.

Systems to support orengine inoperative Category Il or 1l capability should be serviceable if
required to take advantage of Category Il or Il landing minima at the planning stage.

[Amdt 20/7]
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CKS 2LISNIG2NRA 9¢ht{ GNIAYAY3I LINRPINIYYS aKz2dzZ R L
as follows:

1. INTRODUCTION TO ETOPS REGULATIONS

a. Brief overview of the history of ETOPS;
ETOPS regulations;
Definitions;
Approved OneEnginelnoperative Cruise Speed;
ETOPS Type Design Apprayvalbrief synopsis;

-~ ®o o o T

Maximum approved diversion times and tidimited systems capability;
hLISNI §2NRA ! LIINRPDBSR 5ABSNEAZ2Y CAYST

Routes and aerodromes intended to be used ia BETOPS area of operations;

= @

ETOPS Operations Approval;

j- ETOPS Area and Routes;

k. ETOPS eroute alternates aerodromes including all availabledetvn aids;
l. Navigation systems accuracy, limitations and operating procedures;
m.  Meteorological facities and availability of information;

n. In-flight monitoring procedures;

0. Computerised Flight Plan;

p. Orientation charts, including low level planning charts and flight progress charts usage
(including position plotting);

g. Equal Time Point;
r. Critical fuel.
2. NORMAL OPERATIONS

a.  Flight planning and Dispatch
(1) ETOPS Fuel requirements
(2) Route Alternate selectionweather minima
(3) Minimum Equipment List ETOPS specific
(4) ETOPS service check and Tech log
(5) Preflight FMS Set up

b. Flight performance progress monitoring
(1) Flight management, navigation and communication systems
(2) Aeroplane system monitoring
(3) Weather monitoring

(4) In-flight fuel managemen to include independent cross checking of fuel quantity
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3. ABNORMAL ANDONTINGENCY PROCEDURES:
a S5ADPSNBRAZ2Y t NPOSRAZINBA YR 5AOSNEA2Y WRSOAAA:
Initial and recurrent training to prepare flight crews to evaluate potential significant
system failures. The goal of this training should be to establish crew competency in

dealing with the most probable contingencies. The discussion should include the factors
that may require medical, passenger related or siechnical diversions.

b. Navigation and communication systems, including appropriate flight management
devices in dgraded modes.

Fuel Management with degraded systems.

d. Initial and recurrent training which emphasises abnormal and emergency procedures to
be followed in the event of foreseeable failures for each area of operation, including:

(1) Procedures for singland multiple failures in flight affecting ETOPS sector entry
and diversion decisions. If standby sources of electrical power significantly degrade
the cockpit instrumentation to the pilots, then training for approaches with the
standby generator as thek power source should be conducted during initial and
recurrent training.

(2) Operational restrictions associated with these system failures including any
applicable MEL considerations.

4. ETOPS LINE FLYING UNDER SUPERVISION (LFUS)

During the introductio into service of a new ETOPS type, or conversion of pilots not previously
ETOPS qualified where ETOPS approval is sought, a minimum of two ETOPS sectors should be
completed including an ETOPS line check.

ETOPS subjects should also be included in anefi@sher training as part of the normal
process.

5. FLIGHT OPERATIONS PERSONNEL OTHER THAN FLIGHT CREW

¢CKS 2LISNIG2NRAE GNIAYAY3I LINPINIYYS Ay NBaLISOI
applicable for operations personnel other than flight crew (e.gpdichers), in addition to
refresher training in the following areas:

a ETOPS Regulations/Operations Approval
b Aeroplane performance/Diversion procedures
c.  Area of Operation
d Fuel Requirements
e Dispatch Considerations MEL, CDL, weathieima, and alternate airports
f. Documentation

[Amdt 20/7]
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The ETOPS operations manual can take the form of a supplement or a dedicated manual, and it could
be divided under these headis as follows:

PART AGENERAL/BASIC
a. Introduction
(1) Brief description of ETOPS
(2) Definitions
b.  Operations approval
(1) Criteria
(2) Assessment
(3) Approved diversion time
Training and Checking
Operating procedures
ETOPS operational praheres
ETOPS Flight Preparation and Planning

-~ o o o

(1) Aeroplane serviceability
(2) ETOPS Orientation charts
(3) ETOPS alternate aerodrome selection
(4) Enroute alternate weather requirements for planning
(5) ETOPS computerised Flight Plans
g. Flight CrewProcedures
(1) Dispatch
(2) Rerouting or diversion decisiemaking
(3) ETOPS verification (following maintenance) flight requirements
(4) Enroute Monitoring
PART BAEROPLANE OPERATING MATTERS
This part should include typeelated instructions and procedures needed for ETOPS.
a. Specific typeelated ETOPS operations
(1) ETOPS specific limitations
(2) Types of ETOPS operations that are approved
(3) Placards and limitations
(4) OEI speed(s)
(5) Identification of ETOPS aeroplanes
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b. Dispatch and flight planning, plusfliight planning

(1) Typespecific flight planning instructions for use during dispatch and post dispatch

(2) Procedures for engine®ut operations, ETOPS (particularly the emgineinoperative
cruise speed and maximum distance to an adequate aerodrome should be included)

ETOPS Fuel Planning

Critical Fuel Scenario

MEL/CDL considerations

ETOPS specific Minimum Equipment List items

-~ o o o

g. Aeroplane Systems
(1) Aeroplane prformance data including speed schedules and power settings

(2) Aeroplane technical differences, special equipment (e.g. satellite communications) and
modifications required for ETOPS

PART C. ROUTE AND AERODROME INSTRUCTIONS

This part should comprise atistructions and information needed for the area of operation, to include
the following as necessary:

a. ETOPS area and routes, approved area(s) of operations and associated limiting distances
b.  ETOPS aroute alternates

Meteorological facilities andvailability of information for irflight monitoring
d.  Specific ETOPS computerised Flight Plan information

e. Low altitude cruise information, minimum diversion altitude, minimum oxygen requirements
and any additional oxygen required on specified routes if MSA restrictions apply

f. Aerodrome characteristics (landing distance available, take off distance avpdableveather
minima for aerodromes that are designated as possible alternates

PART DTRAINING

This part should contain the route and aerodrome training for ETOPS operations. This training should
have twelvemonths of validity or as required by the applide operational requirements. Flight crew
training records for ETOPS should be retained for 3 years or as required by the applicable
requiremens.

The operator's training programme in respect to ETOPS should include initial and recurrent
training/checkingas specified in this AMC.

[Amdt 20/7]
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1. APPLICABILITY

The requirements of this Appendix apply to the continuing airworthiness management
organisations (CAMO) managing the aircraft forchlan ETOPS operational approval is sought,

and they are to be complied with in addition to the applicable continuing airworthiness
requirements of ParM. They specifically affect:

a.  Occurrence reporting;

b.  Aircraft maintenance programme and reliabilgypogramme;

C. Continuing airworthiness management exposition;

d. Competence of continuing airworthiness and maintenance personnel.
2. OCURRENCE REPORTING

In addition to the items generally required to be reported in accordance with AM&, gte
following items concerning ETOPS should be included:

a. in-flight shutdowns;
b. diversion or turnback;
un-commanded power changes or surges;
d. inability to control the engine or obtain desired power; and

e. failures or malfunctions of ETOSi§nificant systems having a detrimental effect to ETOPS
flight.

Note: status messages, transient failures, intermittent indication of failure, messages tested
satisfactorily on ground not duplicating the failure should only be reported after an assessment
by the operator that an unacceptable trend has occurred on the system

The report should identify as applicable the following:
aircraft identification;

engine, propeller or APU identification (make and serial number);

for systems, time since overhaul or last inspection of the defective unit;

a
b
C. total time, cycles antime since last shop visit;
d
e phase of flight; and

f.

corrective action.

The Competent Authority and the (S)TC holder should be notified within 72 hours of events
reportable thiough this programme.

3. MAINTENANCE PROGRAMME AND RELIABILITY PROGRAMME

The quality of maintenance and reliability programmes can have an appreciable effect on the
reliability of the propulsion system and the ETOPS Significant Systems. The Competent
AuthoNA 18 aKz2dzZ R FaasSaa GKS LINRPLRASR YIFAYUSyl y
maintain an acceptable level of safety for the propulsion system and the ETOPS Significant
Systems of the particular airframe/engine combination.
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3.1 MAINTENANCE PROGRAMME

The maintenance programme of an aircraft for which ETOPS operational approval is
sought, should contain the standards, guidance and instructions necessary to support the
intended operation. The specific ETOPS maintenance tasks identified by the (8¥FC ho
in the Configuration, Maintenance and Procedures document (CMP) or equivalent should
be included in the maintenance programme and identified as ETOPS tasks.

An ETOPS Maintenance task could be an ETOPS specific task or/and a maintenance task
affectingan ETOPS significant system. An ETOPS specific task could be either an existing
task with a different interval for ETOPS, a task unique to ETOPS operations, or a task
mandated by the CMP further to the-gervice experience review (note that in the case

ETOPS is considered as baseline in the development of a maintenance program, no
G9¢ht{ aLISOAFTAOE GFral YIFIe 0SS ARSYUATASR Ay
The maintenance programme should include tasks to maintain the integrity of cargo
compartment and pressurisation featurescinding baggage hold liners, door seals and

drain valve condition. Processes should be implemented to monitor the effectiveness of

the maintenance programme in this regard.

3.1.1 PREDEPARTURE SERVICE CHECK

An ETOPS service check should be developedify tee status of the aeroplane

and the ETOPS significant systems. This check should be accomplished by an
authorised and trained person prior to an ETOPS flight. Such a person may be a
member of the flight crew.

3.2 RELIABILITY PROGRAMME:
3.2.1 GENERAL

The reliability programme of an ETOPS operated aircraft should be designed with
early identification and prevention of failures or malfunctions of ETOPS significant
systems as the primary goal. Therefore the reliability programme should include
assessmentof ETOPS Significant Systems performance during scheduled
inspection/testing, to detect system failure trends in order to implement
appropriate corrective action such as scheduled task adjustment.

The reliability programme should be evamientated and mcorporate:
a. reporting procedures in accordance with section 2: Occurrence reporting
b. 2LISNI G2NRa F33S3aavYSyid 2F LINRLMzZ aA2y &
C APU inflight start programme
d.  Oil consumption programme
e Engine Condition Monitoringrogramme
f. Verification programme
3.2.2 ASSESSMENT OF PROPULSION SYSTEMS RELIABILITY

a C¢KS 2LISNIG2NRa aasSaaySyd 27F LINRLIzZ aAa
fleet should be made available to the competent Authority (with the
supporting data) orat least a monthly basis, to ensure that the approved
maintenance programme continues to maintain a level of reliability
necessary for ETOPS operations as established in chapter Il section 6.3.
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b. The assessment should include, as a minimum, engine htmwsa fn the
period, inflight shutdown rate for all causes and engine removal rate, both
on a 12months moving average basis. Where the combined ETOPS fleet is
part of a larger fleet of the same aircraft/engine combination, data from the
total fleet will be acceptable.

C. Any adverse sustained trend to propulsion systems would require an
immediate evaluation to be accomplished by the operator in consultation
with the competent authority. The evaluation may result in corrective action
or operational restriabns being applied.

d. A high engine #ilight shutdown rate for a small fleet may be due to the
limited number of engine operating hours and may not be indicative for an
unacceptable trend. The underlying causes for such an increase in the rate
will haveto be reviewed on a caday-case basis in order to identify the root
cause of events so that the appropriate corrective action is implemented.

e. If an operator has an unacceptable engindlight shutdown rate caused by
maintenance or operational practs, then the appropriated corrective
actions should be taken.

3.2.3 APU INFLIGHT START PROGRAMME

a. Where an APU is required for ETOPS and the aircraft is not operated with
this APU running prior to the ETOPS entry point, the operator should initially
implement a cold soak iflight starting programme to verify that start
reliability at cruise altitude is abo@5%.

Once the APU iflight start reliability is proven, the APU-flight start
monitoring programme may be alleviated. The APigiht startmonitoring
programme should be acceptable to the competent authority.

b.  The Maintenance procedures should include the verification-@ifght start
reliability following maintenance of the APU and APU components, as
defined by the OEM, where start raliility at altitude may have been
affected.

3.2.4 OIL CONSUMPTION MONITORING PROGRAMME

¢ KS 2Af O2yadzYLIiA2y Y2YyAUG2NRAY3 LINPINFYY
recommendations and track oil consumption trends. The monitoring programme
must be continuousind include all oil added at the departure station.

If oil analysis is recommended to the type of engine installed, it should be included
in the programme.

If the APU is required for ETOPS dispatch, an APU oil consumption monitoring
programme should bedued to the oil consumption monitoring programme.

3.2.5 ENGINE CONDITION MONITORING PROGRAMME

The engine condition monitoring programme should ensure that aengne

inoperative diversion may be conducted without exceeding approved engine limits
(e.g. otor speeds, exhaust gas temperature) at all approved power levels and
expected environmental conditions. Engine limits established in the monitoring
programme should account for the effects of additional engine loading demands
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(e.g. antiicing, electrical etc.), which may be required during the eargine
inoperative flight phase associated with the diversion.

The engine condition monitoring programme should describe the parameters to

be monitored, method of data collection and corrective action procésse
LINEIANF YYS &aK2dz R NBFTESOG YIydzZFIl OGdzZNBENDa
monitoring will be used to detect deterioration at an early stage to allow for
corrective action before safe operation of the aircraft is affected.

3.2.6 VERIFICATION RRRAMME

The operator should develop a verification programme to ensure that the
corrective action required to be accomplished following an engine shutdown, any
ETOPS significant system failure or adverse trends or any event which require a
verification flight or other verification action are established. A clear description of
who must initiate verification actions and the section or group responsible for the
determination of what action is necessary should be identified in this verification
programme. ETORSgnificant systems or conditions requiring verification actions
should be described in the Continuing Airworthiness Management Exposition
(CAME). The CAMO may request the support of (S)TC holder to identify when these
actions are necessary. Neverthelesse CAMO may propose alternative
operational procedures to ensure system integrity. This may be based on system
monitoring in the period of flight prior to entering an ETOPS area.

4.  CONTINUING AIRWORTHINESS MANAGEMENT EXPOSITION

The CAMO should developgopriate procedures to be used by all personnel involved in the
continuing airworthiness and maintenance of the aircraft, including supportive training
programmes, duties, and responsibilities.

The CAMO should specify the procedures necessary to enseireontinuing airworthiness of
the aircraft particularly related to ETOPS operations. It should address the following subjects as
applicable:

a. General description of ETOPS procedures
b. ETOPS maintenance programme development and amendment
C. ETOP&liability programme procedures
(1) Engine/APU oil consumption monitoring
(2) Engine/APU Oil analysis
(3) Engine conditioning monitoring
(4) APU iAflight start programme
(5) Verification programme after maintenance
(6) Failures, malfunctions ardefect reporting
(7) Propulsion System Monitoring/Reporting
(8) ETOPS significant systems reliability
d. Parts and configuration control programme

e. Maintenance procedures that include procedures to preclude identical errors being
applied to multiple sintar elements in any ETOPS significant system
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f. Interface procedures with the ETOPS maintenance contractor, including the operator
ETOPS procedures that involve the maintenance organisation and the specific
requirements of the contract

g. Procedures to dablish and control the competence of the personnel involved in the
continuing airworthiness and maintenance of the ETOPS fleet.

5.  COMPETENCE OF CONTINUING AIRWORTHINESS AND MAINTENANCE PERSONNEL

The CAMO organisation should ensure that the personneblved in the continuing
airworthiness management of the aircraft have knowledge of the ETOPS procedures of the
operator.

The CAMO should ensure that maintenance personnel that are involved in ETOPS maintenance
tasks:

a. Have completed an ETOPS traininggpamme reflecting the relevant ETOPS procedures
of the operator, and,

b. Have satisfactorily performed ETOPS tasks under supervision, within the framework of
the Part145 approved procedures for Personnel Authorisation.

5.1. PROPOSED TRAINING PROGRAMRIFPERSONNEL INVOLVED IN THE CONTINUING
AIRWORTHINESS AND MAINTENANCE OF THE ETOPS FLEET

¢tKS 2LISNIG2NR& 9¢ht{ GNIXAYAYy3d LINRPINIYYS &K
for as follows:

1. INTRODUCTION TO ETOPS REGULATIONS
a.  Contents of AMC 26
b. ETOPS Type Design Apprayal brief synopsis
2. ETOPS OPERATIONS APPROVAL
a. Maximum approved diversion times and tidimited systems capability
b. hLISNFG2NDa ! LIWINPOSR 5A0SNBAZ2Y ¢AYS
C. ETOPS Area and Routes
d. ETOPS MEL
3. ETOPS CONTINUINBRWORTHINESS CONSIDERATIONS
a. ETOPS significant systems
b.  CMP and ETOPS aircraft maintenance programme
C. ETOPS prdeparture service check
d. ETOPS reliability programme procedures
(1) Engine/ APU oil consumption monitoring
(2) Engine/APU Oil analysis
(3) Engine conditioning monitoring
(4) APU inAflight start programme
(5) Verification programme after maintenance

(6) Failures, malfunctions and defect reporting
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(7) Propulsion System Monitoring/Reporting

(8) ETOPS significant systems reliability
e. Partsand configuration control programme
f. CAMO additional procedures for ETOPS

g. Interface procedures between Pat#5 organisation and CAMO
[Amdt 20/7]
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AMC20-8

1. INTENT

This AMC is interpretative material and provides guaick in order to determine which
occurrences should be reported to the Agency, national authorities and to other organisations,
and it provides guidance on the timescale for submission of such reports.

It also describes the objective of the overall occaoe reporting system including internal and
external functions

2. APPLICABILITY

(@) This AMC only applies to occurrence reporting by persons/organisations regulated by
Regulation (EC) No 1592/2002 of the European Parliament and of the Council.nbtloes
address reporting by aerodrome organisations, air navigation service providers and
authorities themselves.

(b) In most cases the obligation to report is on the holders of a certificate or approval, which
in most cases are organisations, but in someesasan be a single person. In addition
some reporting requirements are directed to persons. However, in order not to
O2YLIX AO0FGS GKS GSEG:Z 2yfteé GKS GSNY W2NHI yA:

(c) The AMC also does not apply to dangerous goods reportingddfivétion of reportable
dangerous goods occurrences is different from the other occurrences and the reporting
system is also separate. This subject is covered in specific operating requirements and
guidance and ICAO Documents namely:

(i) ICAO Annex 18, &lsafe Transport of Dangerous Goods by Air, Chapter 12

(i)  ICAO Doc 928AN/905, Technical Instructions for the Safe Transport of Dangerous
Goods by Air

3. OBJECTIVE OF OCCURRENCE REPORTING

(&) The occurrence reporting system is an essential part of tlegadl monitoring function.
The objective of the occurrence reporting, collection, investigation and analysis systems
described in the operating rules, and the airworthiness rules is to use the reported
information to contribute to the improvement of aviain safety, and not to attribute
blame, impose fines or take other enforcement actions.

(b) The detailed objectives of the occurrence reporting systems are:

()  Toenable an assessment of the safety implications of each occurrence to be made,
including previous similar occurrences, so that any necessary action can be
initiated. This includes determining what and why it had occurred and what might
prevent a similar occurrence in the future.

(i)  To ensure that knowledge of occurrences is disseminated sodthar persons
and organisations may learn from them.

(c) The occurrence reporting system is complementary to the normal day to day procedures
and 'control' systems and is not intended to duplicate or supersede any of them. The
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occurrence reporting systenis a tool to identify those occasions where routine
procedures have failed.

(d) Occurrences should remain in the database when judged reportable by the person
submitting the report as the significance of such reports may only become obvious at a
later date

4. REPORTING TO THE AGENCY AND NATIONAL AUTHORITIES
(@) Requirements

(i)  Asdetailed in the operating rules, occurrences defined as an incident, malfunction,
defect, to prevent similar occurrences in the future. Known and planned preventive
actions shoud be included within the report.

(i) The products and part and appliances design rules prescribe that occurrences
defined asa failure, malfunction, defect or other occurrence which has resulted in
or may result in an unsafeondition must be reported téhe Agency.

(i)  According to the product and part and appliances production rules occurrences
defined asa deviation which could lead to an unsafe condition must be reported
to the Agency and thaational authority.

(iv) The maintenance rules stipulatbat occurrences defined as any condition of the
aircraft or aircraft component that has resulted or may result in an unsafe
condition that could seriouslgazard the aircraft must be reported to the national
authority.

(v) Reporting does not remove the BpNJi SNRA& 2NJ 2NBI YA &l GA2YC
commencecorrective actions to prevent similar occurrences in the future. Known
and planned preventivactions should be included within the report.

(b) Paragraph 10.g. of this AMC provides guidance as to wiatldgtbe reported by an
organisation to the authority. The list of criteria provided may be used as guidance for
establishing which occurrences shall be reported by which organisation. For example, the
organisation responsible for the design will not need report certain operational
occurrences that it has been made aware of, if the continuing airworthiness of the
product is not involved.

5. NOTIFICATION OF ACCIDENTS AND SERIOUS INCIDENTS

In addition to the requirement to notify the appropriate accidentéstigating authorities
directly of any accident or serious incident, operators should also report to the national
authority in charge of supervising the reporting organisation

6. REPORTING TIME

(@) The period of 72 hours is normally understood to staohirwhen the occurrence took
place or from the time when the reporter determined that there was, or could have been,
a potentially hazardous or unsafe condition.

(b) For many occurrences there is no evaluation needed; it must be reported. However, there
will be occasions when, as part of a Flight Safety and Accident Prevention programme or
Quality Programme, a previously noeportable occurrence is determined to be
reportable

(c)  Within the overall limit of 72 hours for the submission of a report, the degreurgency
should be determined by the level of hazard judged to have resulted from the occurrence:
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()  Where an occurrence is judged to have resulted in an immediate and particularly
significant hazard the Agency and/or national authority expects tcatheised
immediately, and by the fastest possible means (e.g. telephone, fax, teteaijle
of whatever details are available at that time. This initial notification should then
be followed up by a report within 72 hours.

(i)  Where theoccurrence is judged to have resulted in a less immediate and less
significant hazard, report submission may be delayed up to the maximum of 72
hours in order to provide more details or more reliable information.

7. CONTENT OF REPORTS

(@) Notwithstanding oher required reporting means as promulgated in national
requirements (e.g. AIRPROX reporting), reports may be transmitted in any form
considered acceptable to the Agency and/or national authority. The amount of
information in the report should be commensie with the severity of the occurrence.
Each report should at least contain the following elements, as applicable to each
organisation:

()  Organisation name

(i)  Approval reference (if relevant)

(i)  Information necessary to identify the aircraft orrpaffected.
(iv) Date and time if relevant

(v) A written summary of the occurrence

(vi)  Any other specific information required

(b)  For any occurrence involving a system or component, which is monitored or protected by
a warning and/orprotection system (for example: fire detection/extinguishing) the
occurrence report should always state whether such system(s) functioned properly.

8. NOTIFICATION TO OTHER AGENCIES

For approved operations organisations, in addition to reporting occurrenoehe national
authority, the following agencies should also be notified in specific cases:

(@ wSLE2NIA NBflFiGAy3a G2 waSOdaNAGe AyOARSyGaqQ
security agency

(b) Reports relating to air traffic, aerodrome ocoences or bird strikes should also be
notified to the appropriate air navigatigraerodrome or ground agency

(c) Requirements for reporting and assessment of safety occurrences in ATM within the
ECAC Region are harmonised within EUROCONTROL documer2 ESARR

9. REPORTING BETWEEN ORGANISATIONS

(@) Requirements exist that address the reporting of data relating to unsafe or unairworthy
conditions. These reporting lines are:

(i)  Production Organisation to the organisation responsible for the design;
(i)  Maintenance organisation to the organisation responsible for the design;
(i)  Maintenance organisation to operator;

(iv) Operator to organisation responsible for the design;
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(v) Production organisation to production organisation.

b) ¢KS WhNAHIyAGt SAPYNINBRERKEAATYQ A4 | ISYSNIf
a combination of the following organisations

(i)  Holder of Type Certificate (TC) of an Aircraft, Engine or Propeller;

(i)  Holder of a Supplemental Type Certificate (STC) on an Aircraft, Bndirngpeller;
(i)  Holder of a European Technical Standard Order (ETSO) Authorisation; or
(iv) Holder of a European Part Approval (EPA)

(c) Ifit can be determined that the occurrence has an impact on or is related to an aircraft
component which igovered by a separate design approval (TC, STC, ETSO or EPA), then
the holders of such approval/authorisation should be informed. If an occurrence happens
on a component which is covered by an TC, STC, ETSO or EPA (e.g. during maintenance),
then only thatTC, STC, ETSO Authorisation or EPA holder needs to be informed.

(d) The form and timescale for reports to be exchanged between organisations is left for
individual organisations to determine. What is important is that a relationship exists
between the orgaisations to ensure that there is an exchange of information relating to
occurrences.

(e) Paragraph 10.g. of this AMC provides guidance as to what should be reported by an
organisation to the authority. The list of criteria provided may be used as guidance
establishing which occurrences shall be reported to which organisation. For example,
certain operational occurrences will not need to be reported by an operator to the design
or production organisation.

10. REPORTABLE OCCURRENCES

(@) General. There ardifferent reporting requirements for operators (and/or commanders),
maintenance organisations, design organisations and production organisations.
Moreover, as explained in paragraph 4. and 9. above, there are not only requirements for
reporting to the Agncy and national authority, but also for reporting to other (private)
entities. The criteria for all these different reporting lines are not the same. For example
the authority will not receive the same kind of reports from a design organisation as from
an operator. This is a reflection of the different perspectives of the organisations based
on their activities.

Figure 1 presents a simplified scheme of all reporting lines.

Figure 1
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(b) Operations and Maintenance. The list of examples of reportable occurrences offered
below under g. is established from the perspective of primary sources of occurrence
information in the operational area (operators and maintenance organisations) to
provide guidance for those persons developing criteria for individual organisations on
what they need to report to the Agency and/or national authority. The list is neither
definitive nor exhausve and judgement by the reporter of the degree of hazard or
potential hazard involved is essential.

(c) Design. The list of examples will not be used by design organisations directly for the
purpose of determining when a report has to be made to the atiti, but it can serve
as guidance for the establishment of the system for collecting data. After receipt of
reports from the primary sources of information, designers will normally perform some
kind of analysis to determine whether an occurrence hasltedwor may result in an
unsafe condition and a report to the authority should be made. An analysis method for
determining when an unsafe condition exists in relation to continuing airworthiness is
RSGIATSR Ay GKS ! a/ Qa NBESdDNRtvgsd (G KS A adadz y(

(d) Production. The list of examples is not applicable to the reporting obligation of
production organisations. Their primary concern is to inform the design organisation of
deviations. Only in cases where an analysis in conjunction wathdibsign organisation
shows that the deviation could lead to an unsafe condition, should a report be made to
the Agency and/or national authority (see also c. above).

(e) Customised list. Each approval, certificate, authorisation other than those menitione
sub paragraph ¢ and d above, should develop a customised list adapted to its aircraft,
operation or product. The list of reportable occurrences applicable to an organisation is
dzadzl t £ & Llzof AAaKSR GAUKAY GKS 2NHIFYAalGA2YyQ:

() Internal reporting. The perception of safety is central to occurrence reporting. It is for
each organisation to determine what is safe and what is unsafe and to develop its
reporting system on that basis. The organisation should establish an intepaiting
system whereby reports are centrally collected and reviewed to establish which reports
meet the criteria for occurrence reporting to the Agency and/or national authority and
other organisations, as required.
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(g) List of examples of reportable oatences

The following is a generic list. Not all examples are applicable to each reporting
organisation. Therefore each organisation should define and agree with the Agency
and/or national authority a specific list of reportable occurrences or a list aérgeneric
criteria, tailored to its activity and scope of work (see also 10.e above). In establishing
that customised list, the organisation should take into account the following
considerations:

Reportable occurrences are those where the safety of opemnatas or could have been
endangered or which could have led to an unsafe condition. If in the view of the reporter
an occurrence did not hazard the safety of the operation but if repeated in different but
likely circumstances would create a hazard, tageport should be made. What is judged

to be reportable on one class of product, part or appliance may not be so on another and
the absence or presence of a single factor, human or technical, can transform an
occurrence into a serious incident or accident

Specific operational approvals, e.g. RVSM, ETOPS, RNAV, or a design or maintenance
programme, may have specific reporting requirements for failures or malfunctions
associated with that approval or programme.

I 20 2F GKS ljdZ t AXORydQlI RGBSy RE|SH YA A
it is expected that all examples are qualified by the reporter using the general criteria that

FNB FLILX AOFLo6fS Ay KAia FTASEtRZ IyR aLISOAFTASR
orcouldhavehazdRS R G KS 2LISNI G4A2Yy QU

CONTENTS:

I. AIRCRAFT FLIGHT OPERATIONS

II. AIRCRAFT TECHNICAL

Ill. AIRCRAFT MAINTENANCE AND REPAIR

IV. AIR NAVIGATION SERVICES, FACILITIES AND GROUND SERVICES

. AIRCRAFT FLIGHT OPERATIONS
A.  Operation of the Aircraft

(1) (a) Risk ofcollision with an aircraft, terrain or other object or an
unsafe situation when avoidance action would have been
appropriate.

(b)  An avoidance manoeuvre required to avoid a collision with an
aircraft, terrain or other object.

(c) An avoidancenanoeuvre to avoid other unsafe situations.

(2) Takeoff or landing incidents, including precautionary or forced
landings. Incidents such as und#rtooting, overrunning or running off
the side of runways. Takaffs, rejected takeoffs, landings or
attempted landings on a closed, occupied or incorrect runway.
Runway incursions.

(3) Inability to achieve predicted performance during tadd or initial
climb.
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(4) Critically low fuel quantity or inability to transfer fuel or use total
guantity of usable fuel.

(5) Loss of control (including partial or temporary loss of control) from
any cause.

(6) Occurrences close to or above V1 resulting from or producing a
hazardous or potentially hazardous situation (e.g. rejected -tztke
tail strike, engine power loss ejc.

(7) Goaround producing a hazardous or potentially hazardous situation.

(8) Unintentional significant deviation from airspeed, intended track or
altitude. (more than 91 m (300 ft)) from any cause.

(9) Descent below decisionheight/altitude or minimum descent
height/altitude without the required visual reference.

(10) Loss of position awareness relative to actual position or to other
aircraft.

(11) Breakdown in communication between flight crew (CRM) or between
Flight crew anabther parties (cabin crew, ATC, engineering).

(12) Heavy landing a landing deemed to require a 'heavy landing check'.
(13) Exceedance of fuel imbalance limits.
(14) Incorrect setting of an SSR code or of an altimeter subscale.

(15) Incorrect programmin@f, or erroneous entries into, equipment used
for navigation or performance calculations, or use of incorrect data.

(16) Incorrect receipt or interpretation of radiotelephony messages.

(17) Fuel system malfunctions or defects, which had an effect on fuel
supply and/or distribution.

(18) Aircraft unintentionally departing a paved surface.

(19) Collision between an aircraftand any other aircraft, vehicle or other
ground object.

(20) Inadvertent and/or incorrect operation of any controls.

(21) Inability to adieve the intended aircraft configuration for any flight
phase (e.g. landing gear and doors, flaps, stabilisers, slats etc).

(22) A hazard or potential hazard which arises as a consequence of any
deliberate simulation of failure conditions for trainingstgm checks
or training purposes.

(23) Abnormal vibration.

(24) Operation of any primary warning system associated with
manoeuvring of the aircraft e.g. configuration warning, stall warning
(stick shake), over speed warning etc. unless:

(&) the crew concleively established that the indication was false.
Provided that the false warning did not result in difficulty or
hazard arising from the crew response to the warning; or
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(b) operated for training or test purposes.
(25) Dt 2 { k¢! 2{ WglINYyAYyIQ 6KSYY

(a) theaircraft comes into closer proximity to the ground than had
been planned or anticipated; or

(b) the warning is experienced in IMC or at night and is established
as having been triggered by a high rate of descent (Mode 1); or

(c) the warning results from flure to select landing gear or land
flap by the appropriate point on the approach (Mode 4); or

(d) any difficulty or hazard arises or might have arisen as a result of
ONBg NBaLRyasS (2 GKS WglI NYyAy3IQ S«
from other traffic. Thisould include warning of any Mode or
Type i.e. genuine, nuisance or false.
(26) Dt 2 { k¢! 2{ WIfSNIQ 6KSy Fye RAFTFAOdA
FNAaSy Fa  NBadzZ i 2F ONBg NBaLlRyas
(27) ACAS RAs.

(28) Jet or prop blast incidents resing in significant damage or serious
injury.

B. Emergencies

(1) Fire, explosion , smoke or toxic or noxious fumes, even though fires
were extinguished.

(2) The use of any nestandard procedure by the flight or cabin crew to
deal with an emergency when:

(& the procedure exists but is not used; or

(b) aprocedure does not exist; or

(c) the procedure exists but is incomplete or inappropriate; or
(d) the procedure is incorrect; or

(e) theincorrect procedure is used.

(3) Inadequacy of any procedures desigrtedbe used in an emergency,
including when being used for maintenance, training or test purposes.

(4) Aneventleading to an emergency evacuation.
(5) Depressurisation.

(6) The use of any emergency equipment or prescribed emergency
procedures in order to €l with a situation.

@ 'y S$¢8yd tSIRAy3 G2 GKS RSOt NI GA?2
Yt I yQO ®
(8) Failure of any emergency system or equipment, including all exit

doors and lighting, to perform satisfactorily, including when being
used for maintenancgraining or test purposes.

(9) Events requiring any emergency use of oxygen by any crew member.
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C. Crew Incapacitation

(1) Incapacitation of any member of the flight crew, including that which
occurs prior to departure if it is considered thatduld have resulted
in incapacitation after takeff.

(2) Incapacitation of any member of the cabin crew which renders them
unable to perform essential emergency duties.

D. Injury

(1) Occurrences, which have or could have led to significant injury to
passégers or crew but which are not considered reportable as an
accident.

E. Meteorology

(1) A lightning strike which resulted in damage to the aircraft or loss or
malfunction of any essential service.

(2) A hail strike which resulted in damage to tlaécraft or loss or
malfunction of any essential service.

(3) Severe turbulence encountey an encounter resulting in injury to
200dzLd yia 2NJ RSSYSR (2 NBI dzaA NB
(4) A windshear encounter.

(5) Icing encounter resulting imandling difficulties, damage to the
aircraft or loss or malfunction of any essential service.

F.  Security

(1) Unlawful interference with the aircraft including a bomb threat or
hijack.

(2) Difficulty in controlling intoxicated, violent or unruly passergge
(3) Discovery of a stowaway.
G. Other Occurrences

(1) Repetitive instances of a specific type of occurrence which in isolation
would not be considered 'reportable’ but which due to the frequency
at which they arise, form a potential hazard.

(2) A bird strike which resulted in damage to the aircraft or loss or
malfunction of any essential service.

(3) Wake turbulence encounters.

(4) Any other occurrence of any type considered to have endangered or
which might have endangered the aircraft or its occupammshoard
the aircraft or on the ground.

1. AIRCRAFT TECHNICAL
A. Structural

Not all structural failures need to be reported. Engineering judgement is
required to decide whether a failure is serious enough to be reported. The
following examples can be tak into consideration:
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(1) Damage to a Principal Structural Element that has not been qualified
as damage tolerant (life limited element). Principal Structural
Elements are those which contribute significantly to carrying flight,
ground, and pressurisatidimads, and whose failure could result in a
catastrophic failure of the aircraft. Typical examples of such elements
are listed for large aeroplanes in AC/AMC 25.571(a) "damage
tolerance and fatigue evaluation of structure”, and in the equivalent
AMC matemrl for rotorcratft.

(2) Defect or damage exceeding admissible damages to a Principal
Structural Element that has been qualified as damage tolerant.

(3) Damage to or defect exceeding allowed tolerances of a structural
element which failure could reduce th&wsctural stiffness to such an
extent that the required flutter, divergence or control reversal
margins are no longer achieved.

(4) Damage to or defect of a structural element, which could result in the
liberation of items of mass that may injure occupaotdhe aircraft.

(5) Damage to or defect of a structural element, which could jeopardise
proper operation of systems. See paragraph I1.B. below.

(6) Loss of any part of the aircraft structure in flight.

B. Systems

The following generic criteria applicaliteall systems are proposed:

(1) Loss, significant malfunction or defect of any system, subsystem or set
of equipment when standard operating procedures, drills etc. could
not be satisfactorily accomplished.

(2) Inability of the crew to control theystem, e.g.:

(&8 uncommanded actions;

(b) incorrect and or incomplete response, including limitation of
movement or stiffness;

(c) runaway;

(d) mechanical disconnection or failure.

(3) Failure or malfunction of the exclusive function(s) of the system (one
system could integrate several functions).

(4) Interference within or between systems.

(5) Failure or malfunction of the protection device or emergency system
associated with the system.

(6) Loss of redundancy of the system.

(7)  Any occurrence resultingdm unforeseen behaviour of a system.

(8) For aircraft types with single main systems, subsystems or sets of

equipment: Loss, significant malfunction or defect in any main system,
subsystem or set of equipment.
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9)

(10)

(11)

(12)

(13)

(14)

(15)

For aircraft types with multiple indepeedt main systems,
subsystems or sets of equipment: The loss, significant malfunction or
defect of more than one main system, subsystem or set of equipment

Operation of any primary warning system associated with aircraft
systems or equipment unless tloeew conclusively established that

the indication was false provided that the false warning did not result
in difficulty or hazard arising from the crew response to the warning.

Leakage of hydraulic fluids, fuel, oil or other fluids which resulted in
fire hazard or possible hazardous contamination of aircraft structure,
systems or equipment, or risk to occupants.

Malfunction or defect of any indication system when this results in the
possibility of misleading indications to the crew.

Any failure, malfunction or defect if it occurs at a critical phase of flight
and relevant to the operation of that system.

Occurrences of significant shortfall of the actual performances
compared to the approved performance which resulted in a
hazaradus situation (taking into account the accuracy of the
performance calculation method) including braking action, fuel
consumption etc.

Asymmetry of flight controls; e.g. flaps, slats, spoilers etc.

Annex 1 to this AMC gives a list of examples of rigide occurrences
resulting from the application of these generic criteria to specific systems

C. Propulsion (including Engines, Propellers and Rotor Systems) and APUs

(1)
)

®3)

Flameout, shutdown or malfunction of any engine.

Overspeed or inability to contf the speed of any high speed rotating
component (for example: Auxiliary power unit, air starter, air cycle
machine, air turbine motor, propeller or rotor).

Failure or malfunction of any part of an engine or powerplant resulting
in any one or more athe following:

(& non containment of components/debris;
(b) uncontrolled internal or external fire, or hot gas breakout;
(c) thrustin a different direction from that demanded by the pilot;

(d) thrust reversing system failing to operate or operating
inadwertently;

(e) inability to control power, thrust or rpm;
()  failure of the engine mount structure;
(g) partial or complete loss of a major part of the powerplant;

(n) Dense visible fumes or concentrations of toxic products
sufficient toincapacitate crew or passengers;

(i) inability, by use of normal procedures, to shutdown an engine;

() inability to restart a serviceable engine.
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(4)

(®)

(6)

()

(8)
9)

An uncommanded thrust/power loschange or oscillation which is
classified as a loss of thrust or powamtrol (LOTC) as defined in
AMC20-1:

(@) for a single engine aircraft; or
(b) where it is considered excessive for the application, or

(c) where this could affect more than one engine in a meiigine
aircraft, particularly in the case of a twin engiaiecraft; or

(d) for a multi engine aircraft where the same, or similar, engine
type is used in an application where the event would be
considered hazardous or critical.

Any defect in a life controlled part causing retirement before
completion of its dill life.

Defects of common origin which could cause an in flight shut down
rate so high that there is the possibility of more than one engine being
shut down on the same flight.

An engine limiter or control device failing to operate when required
or operating inadvertently.

exceedance of engine parameters.

FOD resulting in damage.

Propellers andtransmission

(10) Failure or malfunction of any part of a propeller or powerplant

resulting in any one or more of the following:
(& an overspeeaf the propeller;
(b) the development of excessive drag;

(c) athrust in the opposite direction to that commanded by the
pilot;

(d) arelease of the propeller or any major portion of the propeller;
(e) afailure that results in excessivuabalance;

(H  the unintended movement of the propeller blades below the
established minimum #flight low-pitch position;

(g) aninability to feather the propeller;

(h) aninability to command a change in propeller pitch;
() an uncommanded change in fitc

() anuncontrollable torque or speed fluctuation;

(k) The release of low energy parts.

Rotors andtransmission

(11) Damage or defect of main rotor gearbox / attachment which could

lead to in flight separation of the rotor assembly, andrmalfunctions
of the rotor control.
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(12) Damage to tail rotor, transmission and equivalent systems.
APUs

(13) Shut down or failure when the APU is required to be available by
operational requirements, e.g. ETOPS, MEL.

(24) Inability to shut down the APU.

(15) Overspeed.

(16) Inability to start the APU when needed for operational reasons.
Human Factors

(1) Any incident where any feature or inadequacy of the aircraft design
could have led to an error of use that could contribute to a hazardous
or catastroplic effect.

Other Occurrences

(1) Any incident where any feature or inadequacy of the aircraft design
could have led to an error of use that could contribute to a hazardous
or catastrophic effect.

(2) An occurrence not normally considered r@portable (for example,
furnishing and cabin equipment, water systems), where the
circumstances resulted in endangering of the aircraft or its occupants.

(3) A fire, explosion, smoke or toxic or noxious fumes.

(4)  Any other event which could hazard theaiaft, or affect the safety
of the occupants of the aircraft, or people or property in the vicinity
of the aircraft or on the ground.

(5) Failure or defect of passenger address system resulting in loss or
inaudible passenger address system.

(6) Loss of pots seat control during flight.

. AIRCRAFT MAINTENANCE AND REPAIR

A.

Incorrect assembly of parts or components of the aircraft found during an
inspection or test procedure not intended for that specific purpose.

Hot bleed air leak resulting in strural damage.

Any defect in a life controlled part causing retirement before completion of
its full life.

Any damage or deterioration (i.e. fractures, cracks, corrosion, delamination,
disbonding etc) resulting from any cause (such as flutter, lossffifess or
structural failure) to:

(1) primary structure or a principal structural element (as defined in the
YIydzF I OGdZNBENEQ wSLI ANJ al ydz- £ 0 6K
exceeds allowable limits specified in the Repair Manual and requires
a repairor complete or partial replacement of the element;

(2) secondary structure which consequently has or may have endangered
the aircraft;
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(3) the engine, propeller or rotorcraft rotor system.

E. Any failure, malfunction or defect of any systemeguipment, or damage
or deterioration found as a result of compliance with an Airworthiness
Directive or other mandatory instruction issued by a Regulatory Authority,
when:

(1) it is detected for the first time bythe reporting organisation
implementing corpliance;

(2) onany subsequent compliance where it exceeds the permissible limits
quoted in the instruction and/or published repair/rectification
procedures are not available.

F.  Failure of any emergency system or equipment, including all exit doors and
lighting, to perform satisfactorily, including when being used for
maintenance or test purposes.

G. Non compliance or significant errors in compliance with required
maintenance procedures.

H.  Products, parts, appliances and materials of unknown or suspaghor

l. Misleading, incorrect or insufficient maintenance data or procedures that
could lead to maintenance errors.

J. Failure, malfunction or defect of ground equipment used for test or checking
of aircraft systems and equipment when the required routimgpection and
test procedures did not clearly identify the problem when this results in a
hazardous situation.

IV. AIR NAVIGATION SERVICES, FACILITIES AND GROUND SERVICES
A.  Air Navigation Services

(1) Provision of significantly incorrectinadequate or misleading
information from any ground sources, e.g. Air Traffic Control (ATC),
Automatic Terminal Information Service (ATIS), Meteorological
Services, navigation databases, maps, charts, manuals, etc.

(2) Provision of less than prescribedtain clearance.
(3) Provision of incorrect pressure reference data (i.e. altimeter setting).

(4) Incorrect transmission, receipt or interpretation of significant
messages when this results in a hazardous situation.

(5) Separation minima infringement.

(6) Unauthorised penetration of airspace.

(7)  Unlawful radio communication transmission.
(8) Failure of ANS ground or satellite facilities.

(9) Major ATC/ Air Traffic Management (ATM) failure or significant
deterioration of aerodrome infrastructure.

(10) Aerodome movement areas obstructed by aircraft, vehicles, animals
or foreign objects, resulting in a hazardous or potentially hazardous
situation.
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(11) Errors or inadequacies in marking of obstructions or hazards on

aerodrome movement areas resulting in a haiais situation.

(12) Failure, significant malfunction or unavailability of airfield lighting.

B. Aerodrome and Aerodrome Facilities

(1)
)

®3)

Significant spillage during fuelling operations.

Loading of incorrect fuel quantities likely to have a signifieHfect
on aircraft endurance, performance, balance or structural strength.

unsatisfactory ground deing / antkicing

C. Passenger Handling, Baggage and Cargo

(1)

)

®3)

(4)

()

Significant contamination of aircraft structure, or systems and
equipment arisingrom the carriage of baggage or cargo.

Incorrect loading of passengers, baggage or cargo, likely to have a
significant effect on aircraft mass and/or balance.

Incorrect stowage of baggage or cargo (including hand baggage) likely
in any way tohazard the aircraft, its equipment or occupants or to
impede emergency evacuation.

Inadequate stowage of cargo containers or other substantial items of
cargo.

Dangerous goods incidents reporting: see operating rules.

D. Aircraft Ground Handling an&ervicing

(1)

)

®3)

Failure, malfunction or defect of ground equipment used for test or
checking of aircraft systems and equipment when the required
routine inspection and test procedures did not clearly identify the
problem when this results in a hazardousuation.

Non compliance or significant errors in compliance with required
servicing procedures.

Loading of contaminated or incorrect type of fuel or other essential
fluids (including oxygen and potable water).
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The following subparagraphs give examples of reportable occurrences resulting from the application
of the generic criteria to specific systems listed in paragraph 10.g. 11.B of this AMC.

1.

Air conditioning/ventilation

(@) compléde loss of avionics cooling

(b) depressurisation

Autoflight system

(a) failure of the autoflight system to achieve the intended operation while engaged

(b) significant reported crew difficulty to control the aircraft linked to autoflight system
functioning

(c) failure of any autoflight system disconnect device
(d) Uncommanded autoflight mode change
Communications

(@) failure or defect of passenger address system resulting in loss or inaudible passenger
address

(b) total loss of communication in flight

Electrical system

(@) loss of one electrical system distribution system (AC or DC)

(b) total loss or loss or more than one electrical generation system
(c) failure of the back up (emergency) electrical generating system
Cockpit/Cabin/Cargo

(@) pilot seat control loss during flight

(b) failure of any emergency system or equipment, including emergency evacuation
signalling system, all exit doors , emergency lighting, etc

(c) loss of retention capability of the cardmading system
Fire protection system
(@) fire warnings, except those immediately confirmed as false

(b) undetected failure or defect of fire/smoke detection/protection system, which could lead
to loss or reduced fire detection/protection

(c) absence ofvarning in case of actual fire or smoke
Flight controls
(@ Asymmetry of flaps, slats, spoilers etc.

(b) limitation of movement, stiffness or poor or delayed response in the operation of primary
flight control systems or their associated tab and logitsms

(c) flight control surface run away

(d) flight control surface vibration felt by the crew
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10.

11.

12.

(e) mechanical flight control disconnection or failure

(H  significant interference with normal control of the aircraft or degradation of flying
qualities

Fuel system

(@) fuel quantity indicating system malfunction resulting in total loss or erroneous indicated
fuel quantity on board

(b) leakage of fuel which resulted in major loss, fire hazard , significant contamination

(c) malfunction or defects of the fugettisoning system which resulted in inadvertent loss
of significant quantity, fire hazard, hazardous contamination of aircraft equipment or
inability to jettison fuel

(d) fuel system malfunctions or defects which had a significant effect on fuel sapgler
distribution

(e) inability to transfer or use total quantity of usable fuel
Hydraulics

(@) loss of one hydraulic system (ETOPS only)

(b) failure of the isolation system to operate

(c) loss of more than one hydraulic circuits

(d) failure of the ba&k up hydraulic system

(e) inadvertent Ram Air Turbine extension

Ice detection/protection system

(@) undetected loss or reduced performance of the ané/de-ice system
(b) loss of more than one of the probe heating systems
(c) inability toobtain symmetrical wing de icing

(d) abnormal ice accumulation leading to significant effects on performance or handling
gualities

(e) crew vision significantly affected
Indicating/warning/recording systems

(@) malfunction or defect of any indicatingystem when the possibility of significant
misleading indications to the crew could result in an inappropriate crew action on an
essential system

(b) loss of a red warning function on a system

(c) for glass cockpits: loss or malfunction of more than onpldisunit or computer involved
in the display/warning function

Landing gear system /brakes/tyres

(@) brake fire

(b) significant loss of braking action

(c) unsymmetrical braking leading to significant path deviation

(d) failure of the L/G free fall extesion system (including during scheduled tests)
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(e) unwanted gear or gear doors extension/retraction

() multiple tyres burst
13. Navigation systems (including precision approaches system) and air data systems
(a) total loss or multiple navigation equipmefailures
(b) total failure or multiple air data system equipment failures
(c) significant misleading indication
(d) Significant navigation errors attributed to incorrect data or a database coding error
(e) Unexpected deviations in lateral or vertical patot caused by pilot input.

(H  Problems with ground navigational facilities leading to significant navigation errors not
associated with transitions from inertial navigation mode to radio navigation mode.

14. Oxygen
(@) for pressurised aircraft: lossf oxygen supply in the cockpit

(b) loss of oxygen supply to a significant number of passengers (more than 10%), including
when found during maintenance or training or test purposes

15. Bleed air system
(@) hot bleed air leak resulting in fiigarning or structural damage
(b) loss of all bleed air systems

(c) failure of bleed air leak detection system
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AMC20-9

1 PREAMBLE

1.1 ThisAMC is issued in response to the EUROCONTROL Convergence and Implementation
Plan that recommends an interim deployment of-turground and groundto-air data
link applications based on the existing airline ACARS technology. One such application is
Deparure Clearance (DCL) data link now operational at various airports in Europe (as
indicated in AIPs). Aircraft operators, on a voluntary basis, may take advantage of DCL
over ACARS where it is available, subject to any arrangements that may be required by
their responsible operations authority.

1.2 The use of ACARS for data link purposes is a transitional step to data link applications that
will use VDL Mode 2 and the Aeronautical Telecommunications Network (ATN),
compliant with ICAO SARPS, as proposed iEhfiROCONTROL LINK2000+ programme

1.3 Described in EUROCAE documentyED! O KSNBPpFEd®) 051 [ Ayl !
{@3aGSY R20dzySyid o65[! {50 F2NJ GKS &5SLJ NI dzNB
ACARS is a control tower application providing dicechmunication between the flight
crew and the air traffic controller. EBBA addresses three domains: airborne, ground
ATC, and communication service providers. It deals also with associated flight crew and
controller procedures. EB5A takes account of IROCAE document &B which
describes the global processes including approval planningrdinated requirements
determination, development and qualification of a system element, entry into service,
and operations.

2 PURPOSE

2.1 This AMC is intended foperators seeking to use Departure Clearance via data link over
ACARS as described in-83A. It may assist also other stakeholders such as airspace
planners, air traffic service providers, ATS system manufacturers, communication service
providers, aircraftand equipment manufacturers, and ATS regulatory authorities to
advise them of the airborne requirements and procedures, and the related assumptions.

2.2 This AMC provides a method for evaluating compliance of a data link system to the
requirements of EEB5A, and the means by which an aircraft operator can satisfy an
authority that operational considerations have been addressed.

3 SCOPE

3.1 This AMC addresses DCL over ACARS using the ARINC 623 protocol as elaborated in
EUROCAE document -BRA and promoted y the EUROCONTROL Convergence and
Implementation Plan as an interim data link application pending maturity of the
LINK2000+ programme. The AMC is not directly applicable t®&parture Clearance
(PDC) as used in the USA and some other states. For PBl@adpguidance may be
found in FAA document Safety and Interoperability Requirements for Peparture

1 Information on LINK2000+ is available at web wsitev.eurocontrol.int/link2000
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3.2

3.3

3.4

Clearance, issued by AIRO on April 21, 1998. A comparison of PDC with DCL may be
found in Appendix 1.

This AMC is not applicable to the phasegbiementation of data link services within the
EUROCONTROL LINK2000+ programme, in particular, DCL over the Aeronautical
Telecommunications Network via VHF Digital Data Link (VDL) Mode 2. In this case, the
Safety and Performance Requirements (EUROCABX®BDand the Interoperability
Requirements (EUROCAE-HD) are established using EUROCAE documeimSEpD
Guidelines for Approval of the Provision and use of Air Traffic Services supported by Data
Communications. Guidance for the implementation of DCL #Jé¥ may be found in

EASA document AMC-2Q.

The operational requirements for the DCL application are published in the
EUROCONTROL document OPR/ET1/ST05/1000, Edition 2, Octdi$96] 59 ,ransition
guidelines for initial air ground data communicati@ervices. The EUROCONTROL
document includes the r&ssued clearance capability, however document8sB. does

not address this capability and it is not included in the scope of this AMC.

For the remainder of this document, the acronym DCL should bepirtieed to mean DCL
over ACARS using the ARINC 623 protocol unless stated otherwise.

4 REFERENCE DOCUMENTS

4.1

4.2

Related Requirements

CS/FAR 25.1301, 25.1307, 25.1309, 25.1322, 25.1431, 25.1581, or equivalent
requirementsof CS 23, 27 and 29 if applicable.

Related Standards and Guidance Material

ICAO Doc 9694 AN/955  Manual of Air Traffic Services (ATS) Dauteék
Applications
Doc 4444 Rules of the Air and Air Traffic Services
Draft Proposal PANS&AIr Traffic Management
Annex 11 Air TrafficServices
Doc 8585 Designators for Aircraft Operating agencies,
Aeronautical Authorities and Services
Doc 8643 Aircraft Type Designators
AMC 2511 Electronic Display Systems
=0Iz{elele]\iz{e CIP.COM. Implement Air/GroundCommunication
ET2.504£.1.5 ServiceslInterim step on noPATN (ACARSgrvices.

OPR/ET1/ST05/100 Transition guidelines for initial air ground data
communication services

ESARR 4 Risk assessment and mitigation in ATM

AC 2511 Electronic Display Systems.

AC120-COM Initial Air Carrier Operational Approval for use of
Digital Communication Systems

AC 20140 Guidelines for design approval of aircraft data
communications systems

98-Air-PDC Safety and Interoperability requirement f@re-
DepartureClearance (PDC). (Ai00, April 21,1998)

EUROCAE ED 78 Guidance material for the establishment of data lir

supported ATS Services
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ED85A Data Link Application System document (DLASD)
0KS & RSLI NI dzNB sérvic& | NI

ED112 Minimum operational performance specification fo
Crash protected airborne recorder systems

RTCA DO 224 Minimum Aviation System Performance Standard:
(MASPS) for Advanced VHF Digital Data
Communications Includingompatibility with Digital
Voice Techniques.

ARP 4791 Human Machine Interface on the flight deck

5 ASSUMPTIONS

Applicants should note that this AMC is based on the assumptions stated in Chapter-3 of ED
85A together with the following thatoncern the measures taken by the responsible airspace
authorities to safeguard DCL operations.

5.1 ATS Provider

5.1.1 The data link service for DCL has been shown to satisfy applicable airspace safety
regulations and the relevant ATS domain performanaéety and interoperability
requirements of EEB5A.

5.1.2 Procedures for the use of DCL take account of the performance limitations of
ACARS and the airborne implementation capabilities meeting at least the
provisions of this AMC.

Note: Some aircraft ACARBIstallations approved to earlier standards are
Of  aaAFTASR +ta b2y 9aaSydaAalfé ¢AlK2dz
Consequentlyprocedures are necessary to compensate for any deficiency
and to safeguard operations. EHBA addresses this issue.

5.1.3 Appropriate procedures are established to minimise the possibility of failure to
detect inconsistency in the case of a complex clearance.

5.1.4 Each ATS provider has published a list of communication service providers that may
be used by aircraft agrators for the DCL application. The list should take account
of internetworking arrangements between service providers.

5.1.5 The procedures of the ATS provider state the actions that should be taken in the
event of an inadequate communication servicenfrethe communications service
provider (CSP).

5.2 Communications Service Provider

The communications service provider does not modify the operational information
(content and format) exchanged between the ATS provider and the airborne equipment.

5.3 Aeronauical Information Service

Each State offering a DCL service by data link publishes in its AIP, or equivalent
notification, availability of the service, relevant procedures, and confirmation of
compliance with EBB5A.

5.4 Message Integrity

The Cyclic Reduadcy Check (CRC) is implemented as required b§5BDand is
providing integrity of the endo-end data link transmission path. On this basis,
Performance Technical Requirement PTR_3 e8%bneed not be demonstrated.
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6 AIRWORTHINESS CONSIDERATIONS
6.1 General

6.1.1 The installation will need to be shown compliant with the airborne domain
requirements allocated as per EHBA (87.1) covering the Interoperability
Operational Requirements, the Interoperability Technical Requirements, the
Performance Technical Requirements, the Safety Operational & Technical
Requirements.

6.1.2 If multiple ATS data link applications are available to the aircraft, the crew interface
and related crew procedures will need to be based on a common and compatible
philosophy.

6.2 Required Functions
An acceptable minimum airborne installation comprises the following functions:

(@) A means of data communication appropriate to the area of operation, e.g. plain
old ACARS over AVLC (Aviation VHF Link Control) throghr \BATCOM;

Note: VDL Mode 2 equipment can be used provided that radio transceiver is
compliant with EE92A.

(b) A meansto manage data communications and to control the data communications
system;

(c) A means to easily check and modify herameters of the DCL request;
(d a+xAadzZ té FFEtSNIAY3I 2F Iy AyO2YAy3d YSaal3as

(e) Means to display the text message, e.g. a single display readable by both
crewmembers or a dedicated display for each pilot.

(H A means to accept thBCL delivered by the ATS.

6.3 Recommended Functions
(@ ! dzZRAGESE FESNIAY3 2F Ly AyO2YAy3d YSaal 3
(b) A means to print the messages;

(c) Recording of DCL messages and flight crew responses on an accident flight
recorder.

Note: Data Link recording may bequired in accordance with OPS rules.
7 ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE
7.1 Airworthiness

7.1.1 When demonstrating compliance with this AMC, the following specific points
should be noted:

(a) Compliance with the airworthiness requirements fiotended function and
safety may be demonstrated by equipment qualification, safety analysis of
the interface between the communications management system and data
sources, structural analyses of new antenna installations, equipment cooling
verification, and evidence of a suitable human to machine interface. The DCL
function will need to be demonstrated by eftd-end ground testing that
verifies system operation, either with an appropriate ATS unit, or by means
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of test equipment that has been shown to bepresentative of the actual
ATS unit.

Note: This limited testing assumes that the communication systems (VHF or
SATCOM) have been shown to satisfactorily perform their intended
functions in the flight environment in accordance with applicable

requirements.

(b) The safety analysis of the interface between the communications
management system and its data sources should show that, under normal
or fault conditions, no unwanted interaction which adversely affects
essential systems can occur.

7.1.2 To minimise tle certification effort for followon installations credit may be
granted for applicable certification and test data obtained from equivalent aircraft
installations.

7.2 Performance

The installation should be shown to meet the airborne domain performance
requirements allocated by EBBA (87.1). Demonstration of Performance Technical
Requirement PTR_A1 may be difficult for some airborne installations. The applicant may
choose an alternative acceptable means of compliance for PTR_A1 consisting irr an end
to-end demonstration of PTR_5 & P-BRf EBB5A (85.2) with an appropriate ATS unit
and communication service provider.

7.3 Aircraft Flight Manual
The Flight Manual should state the following limitation.

Note: This limited entry assumes that a detaitigkcription of the installed system and
related operating instructions are available in other operating or training manuals and
that operating procedures take account of BBA.

Limitation: The Departure Clearance (DCL) over ACARS application has been
demaonstrated with data link services declared compliant with EUROCAE document ED
85A.

7.4 Existing installations

The applicant will need to submit a compliance statement that shows how the criteria of
this AMC have been satisfied for existing installatioosa@iance may be established by
inspection of the installed system to confirm the availability of required features and
functionality.

Note: It is not intended that aircraft which have received airworthiness approval in
compliance with EB5 requirement shuld be reinvestigated where the installation is
compliant with Section 6, 7 and 8 of this AMC.

8 OPERATIONAL CONSIDERATIONS
8.1 Flight Plan Information

8.1.1 The Aircraft Identification transmitted by data link will need to conform to the ICAO
format andcorrespond with the flight identity as entered in the applicable flight
plan.

8.1.2 Aircraft type designator includes both Aircraft Type and-8ple and shall be
coded in accordance with the format described in ICAO document 8643 at its latest
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edition. Havever, certain ACARS equipment can begneagrammed only with
Aircraft Type with the possibility of manual insertion of Sye via the system
control panel. Absence of the Stype information may lead either to a rejected
departure clearance request @ome airports, or the issue of an inappropriate
clearance where the aircraft performance capability is not taken into account.
Where, to obtain the DCL service, Sype needs to be entered manually, the
entry should be verified.

8.2 Operational Safety Agects

8.2.1 Failure Conditions are presented in-BRA (86) together with the resulting safety
requirements and operational means of mitigation. Failure Condition FC3
(undetected erroneous SID) is discussed further in the following paragraphs.

8.2.2 When aSID construct is simple and unambiguous (e.g. only one SID for one runway
magnetic orientation (QFU) and one destination) so allowing the flight crew and
the ATS controller to independently detect any inconsistency in the DCL, then
additional means of migation are not required.

8.2.3 For other, more complex cases where the SID construction prevents the flight crew
and the controller from readily detecting any inconsistency, a specific flight crew
to controller procedure will need to be implemented to ifgrthe clearance. This
may be stated in the AIP or other notification issued by the State where aircraft
will operate and use DCL service.

Note (1): In some countries (e.g. United Kingdom, AIC 125/1999, France AIC
A19/00), following the investigation okvel violations, voice confirmation of
cleared altitude or flight level and SID identification is already required even for
voice delivered departure clearance on the first contact with the approach
control/departure radar. In such cases, no additional foomation procedure is
required.

Note (2): The ATS may agree that voice confirmation is not required where the data
link function is certificated with an integrity level corresponding to the Essential
category of CS25.1309.

8.2.4 In all cases, flight crewwill need to comply with any mitigating procedures
published by the States where aircraft will operate and use DCL service.

8.2.5 The assumptions of Section 5 need to be satisfied as a condition for operational
use.

8.3 Operations Manual and Training

8.3.1 The Operations Manual shall reflect the Flight Manual statement of paragraph 7.3
and define operating procedures for use of the DCL.

8.3.2 Flight crew training should address:

(&) The different data link services available using the same airbEyogment
(e.g. differences between DCL and PDClieguions as described in
Annexl);

(b) ATS procedures for DCL; and

(c) The required format for the flight identification input.
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8.3.3 Subject to any arrangements that may be required by the responsitdeatipns
authority in respect of amendments to the Operations Manual, and the approval
of training programmes, the aircraft operator may implement operations using DCL
over ACARS.

8.4 Incident reporting

Significant incidents associated witldaparture clearance transmitted by data link that
affects or could affect the safe operation of the aircraft will need to be reported in
accordance with applicable operational rules, and to the authority responsible for the
airport where the DCL service svarovided.

AVAILABILITY OF DOCUMENTS

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax: 33 1 45 05 72 30). Web sit@w.eurocae.org

JAA documents are availablerinahe JAA publisher Information Handling Services (IHS). Information
on prices, where and how to order is available on both the JAA welwgite jaa.nland the IHS web
site www.avdataworks.com

EUROCONTROL documents may be requested from EUROCONTROL, Documentation Centre, GS4, Rue
de la Fusee, 96,-BL30 Brussels, Belgium; (Fax: 32 2 729 9109 or webnsite eurocontrol.in).

ICAO docunmts may be purchased from Document Sales Unit, International Civil Aviation
Organisation, 999 University Street, Montreal, Quebec, Canada H3C 5H7, (Fax: 1 514 95maus9, e
sales_unit@icao.ojgr through natbnal agencies.

FAA documents may be obtained from Department of Transportation, Subsequent Distribution Office
SVE121.23, Ardmore East Business Centre, 3341 Q 75th Avenue, Landover, MD 20785, USA. Web site
www.faa.gov/aviation.htm

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington, DC
20036, USA., (Tel: 1 202 833 9339; Fax 1 202 833 9434). Webnsitetca.org

SAE documents may be obtained from SAE World Headquarters, 400 Commonwealth Drive,
Warrendale, PA 15096001, USA. Telephone8r7-606-7323 (U.S. and Canada only) or 72448650
(elsewhere). Web siteeww.sae.org

[Amdt 20/1]
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The US Pr®eparture Clearance.

In the United States, the concept of Rieparture Clearance is used where PDC messages are
delivered via the airlines own ACARS network and operational host compiie airline host, or the
flight crew, initiates the process for the generation of the PDC by submitting the flight plan information
to the air traffic service, which in turn forwards the flight strip information to the appropriate airport
control tower.Approximately 30 minutes before the aircraft is scheduled to depart, the approved PDC
is transmitted from the tower via grounground data linko the airline host computerThe airline

host responds with an acknowledgement that ultimately feeds badhe tower PDC workstation.
Depending upon the airline capabilities, the PDC may then be transmitted directly to the aircraft flight
deck via the ACARS data link. If the aircraft is not equipped with ACARS, the approved PDC is sent to
an airport gate printefor delivery by hand in printed format to the aircraft. For a clearance requested
from the aircraft, the flight crew will initiate a PDC request via the ACARS data link network to the
airline host computer. The host will then respond via the ACARS newitbrkhe approved PDC.

Thus, the airline is responsible for ensuring that the clearandeligered to the flight crewWithout
PDC, Instrument Flight Rule (IFR) clearances for departing aircraft are provided by the clearance
delivery controller via a twwer voice channel.

The PDC is pf®rmatted in an ARINC 620 free text message. The ARINC 623 standard also may be
used but it is not required. All failures are classified Minor by the fact that flight crew has to follow a
procedure to verify the informatio with the initial flight plan and, by voice communication, with
departure control.

Guidance on the use of PDC may be found in FAA docupadety and Interoperability Requirements
for PreDeparture Clearancéssued by AHRR00 on April 21, 1998.

The Europan Departure Clearance.

In Europe, departure clearance over ACARS is a direct ATC to pilot data link communication based on
the EUROCAE BBA and ARINC 623 standards. The clearance delivered by data link is fully considered
as an ATC departure cleararaed it is not the responsibility of the airline to ensure delivery via its

own facilities. ARINC 623 provides enhanced integrity ofter&hd communication, compared to
ARINC 620 as used in the USA. However, flight crew verification procedures maystjliiced due

to departure clearance options such as alternative SIDs, or to satisfy AIP neguisefor local safety
reasons.

Current operational implementation in Europe does not include-iasaed clearance capability, which
is under study by some Alproviders.

[Amdt 20/1]
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Reference should be made to EUROCAE docume8bEfor definition of terms.

Abbreviations

ACARS
AIP
ARINC
ATS
CPDLC
DCL
ESARR
EUROCAE
PDC
PTR
RTCA
SAE
SARPS
SID
VDL

[Amdt 20/1]

Aircraft Communication, Addressing and Reporting System
Aeronautical InformatiorPublication

Aeronautical Radio Inc.

Air Traffic Services

ControllerPilot Data Link Communication
Departure Clearance

EUROCONTROL Safety Regulatory Requirement
European Organisation for Civil Aircrefjuipment
Predeparture Clearance (as used in USA)
Performance Technical Requirement

RTCA Inc.

Society of Automotive Engineers

ICAO Standards and Recommended Practices
Standard Instrument Departure

VHF Digital Link
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AMC20-10

PREAMBLE

1.1

1.2

1.3

This AMC is issued in response to the EUROCONTROL Convergence and Implementation
Plan that recommends an interim deplognt of airto-ground and groundo-air data

link applications based on the existing airline ACARS technology. One such application is
Digital Automated Terminal Information ServicesXDIS) now planned to be operational

at various airports in Europ@ircraft operators, on a voluntary basis, may take advantage

of D-ATIS where it is available, provided the service is verified in accordance with
operational procedures acceptable to the responsible operations authority.

The use of ACARS for data linkgmses is a transitional step to data link applications that

will use VHF Digital Link (VDL) Mode 2 and the Aeronautical Telecommunications
Network (ATN), compliant with ICAO SARPS, as proposed in the EUROCONTROL
LINK2000+ programme

Described in EURTAE document E8OA, Data Link Application System document
05[ 1 {50 F2NJ (0KS {§DATIS{sé& cobtiolitdwer pppligdtion prévidiBgh O S
direct communication of ATIS information to the flight crew and, optionally automatic
updating of this infomation. The EB9A document addresses three domains: airborne,
ground ATC, and communication service providers. It deals also with associated flight
crew and air traffic service provider procedures-#J2 incorporates the protocols and
message formatsofmerly published in ARINC Specification 623, and takes account of
EUROCAE document #8® which describes the global processes including approval
planning, ceordinated requirements determination, development and qualification of a
system element, entry e service, and operations.

PURPOSE

2.1

2.2

This AMC is intended for operators intending to use Digital ATIS over ACARS as described
in document EUROCAE-8®8A. It may assist also other stakeholders such as airspace
planners, air traffic service providef&TSP), ATS system manufacturers, communication
service providers (CSP), aircraft and equipment manufacturers, and ATS regulatory
authorities to advise them of the airborne requirements and procedures, and the related
assumptions.

This AMC provides aeathod for evaluating compliance of a data link system to the
requirements of EEB9A, and the means by which an aircraft operator can satisfy an
authority that operational considerations have been addressed.

SCOPE

3.1

This AMC addressesATIS over ACARSIng the ARINC 623 protocol as elaborated in
EUROCAE document -B®A and promoted by the EUROCONTROL Convergence and
Implementation Plan as an interim data link application pending matwitthe LINK
2000+ programme.

1

Information on LINK2000+ is available at web witev.eurocontrol.int/link2000
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3.2

3.3

3.4

3.5

Other implementation of BEATIS ervice may exist in the world. They are not necessarily
identical to the service defined within this AMC and EUROCAE docum&8AEBor
example, application message formats may differ. Similarly, the ATSP may send ATIS
information to an ACARS communicattiservice provider who then distributes it to
subscriber operators. This should not be considered as an air traffic service offered
directly by an ATSP. In the USA, guidance on ATIS data link approval for use in the US
airspace, may be found in FAA docurm®8-AIR BATIS:Safety and Interoperability
Requirements for ATIS

This AMC is not applicable to the phased implementation of data link services within the
EUROCONTROL LINK2000+ programme, in particukaf]SDover the Aeronautical
Telecommunicatioa Network via VHF Digital Link (VDL) Mode 2. In this case, the Safety
and Performance Requirements (EUROCAELZ2BD and the Interoperability
Requirements (EUROCAEHD) have been established using EUROCAE document ED
78A,Guidelines for Approval of thed®ision and use of Air Traffic Services supported by
Data CommunicationsgGuidance for the implementation of data link over ATN may be
found in EASA document AMC-20.

The operational requirements for the-BTIS application are published in EUROCQINTR
document OPR/ET1/ST05/100Qransition guidelines for initial air ground data
communication services

For the remainder of this document, the acronyrmADIS should be interpreted to mean
D-ATIS over ACARS using the ARINC 623 prot@caidrdance with EB9A unless stated
otherwise.

4 REFERENCE DOCUMENTS

4.1

4.2

Related Requirements

CS/FAR 25.1301, 25.1307, 25.1309, 25.1322, 25.1431, 25.1581, or equivalent
requirements of CS 23, 27 and 29, if applicable.

Related Standards ar@@uidance Material

ICAO Doc 9694 AN/955  Manual of Air Traffic Services (ATS) Data Link
Applications
Doc 4444 Rules of the Air and Air Traffic Services
Annex 11 Air Traffic Services
Doc 8585 Designators for Aircraft Operating agencies,
Aeronautical Authorities and Services.
AMC 2511 Electronic Display Systems
=0z{elele)\§iz{é CIP: COM. Implement Air/Ground Communication Serviees
ET2.S04; 2.1.5 Interim step on noPATN (ACARS) services.
- OPR/ET1/ST05/10C0 Transition guidelines for initial air ground data
communication services
ESARR 4 Risk assessment and mitigation in ATM
FAA AC 2511 Electronic Display Systems.
AC 12670 Initial Air Carrier Operational Approval for use of
DigitalCommunication Systems
AC 20140 Guidelines for design approval of aircraft data
communications systems
98-Air-D-ATIS Safety and Interoperability requirement for®T1S
(Air-100, April 21,1998)
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EUROCAE ED 78 Guidance material for thestablishment of data link
supported ATS Services
ED89A I’DataALink Application System document (DLASD)
0KS a!¢L{¢ RFEGIF fAYy]l a:
ED92A Minimum Operational Performance specification fc
an airborne VDL Mode 2 Transceiver
ED112 Minimum operational performance specification for

Crash protected airborne recorder systems
Note: Includes criteria for recording of data link
messages.

DO224 Minimum Aviation System Performance Standards
(MASPS) for Advanced VHF Digital Data
Communicationsncluding Compatibility with Digital
Voice Techniques.

ARP 4791 Human Machine Interface on the flight deck

5 ASSUMPTIONS

Applicants should note that this AMC is based on the assumptions stated in Chapter 3 of
document EEB9A together with thefollowing that concern the measures taken by the
responsible airspace authorities to safeguard operations affected by the transmissieNTdsD

5.1 ATS Provider

5.1.1 The data link service for ATIS has been shown to satisfy applicable airspace safety
regulations and the relevant ATS domain performance, safety and interoperability
requirements of EEB9A.

5.1.2 The ATS Provider ensures that information provided througtTIES service is fully
consistent with the voice information broadcast over VHF.

5.1.3 Appropriate procedures are established to minimise the possibility of failure to
detect any inconsistency in ATIS information for approach, landing and take off.

5.1.4 Each ATS provider has published a list of communication service providers that may
be usd by aircraft operators for the BTIS application. The list should take
account of internetworking arrangements between service providers.

5.1.5 The procedures of the ATS provider state the actions that should be taken in the
event of an inadequate comuamication service from the communications service
provider.

5.2 Communications Service Provider

The communications service provider does not modify the operational information
(content and format) exchanged between the ATS provider and the airborne egantpm

5.3 Aeronautical Information Service

The availability of the IATIS service, a statement of compliance with83B, and
additional relevant procedures are published in the AIP or other notification issued by
the States where ATIS is offered.

5.4 Message Integrity

The Cyclic Redundancy Check (CRC) is implemented as required8BA BDd is
providing integrity of the endo-end data link transmission path. On this basis,
Performance Technical Objective PTO_3 oB8B need not be demonstrated by end
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systems. The PTO_3 requirement is applicable only to the Communication Service
Provider and limits the amount of corrupted messages that would be detected and
rejected by enesystems.

Note: The CRC is described in ARINC Specification 622 Chapter 5.
6 AIRWORHINESS CONSIDERATIONS

6.1 General

6.1.1 The installation will need to meet the airborne domain requirements allocated as

per EB89A (87.1) covering the Interoperability Operational Requirements, the
Interoperability Technical Requirements, the PerformancTechnical
Requirements, and the Safety Operational & Technical Requirements.

6.1.2 If multiple ATS data link applications are available to the aircraft, the crew interface

and related crew procedures will need to be based on a common and compatible
philosophy.

6.2 Required Functions

An acceptable minimum airborne installation comprises the following functions:

(@)

(b)

(€)
(d)

(€)

A means of data communication appropriate to the area of operation, e.g. plain
old ACARS over AVLC (Aviation VHF Link Control) through \A&IFCQN;

Note: VDL Mode 2 equipment can be used provided that radio transceiver is
compliant with EED2A.

A means to manage data communications and to control the data communications
system.

A means to easily check and modify théDISequest parameters.

A means of attracting the attention of the flight crew to an incoming message.
Notes:

(1) Activation of a printer may suffice to meet this need.

(2) The means used will need to be such as to avoid confusion with
other, non-data link, flight deck alerting devices.

(3) The need for temporary suppression of the attentigetter during
critical flight phases should be considered.

Means to display the text message, e.g. a single display readable by both pilots or
a dedcated display for each pilot. For the interim deployment eATIS over
ACARS, a printer may serve as the primary display for messages subject to
compliance with paragraph 7.3 of this AMC.

6.3 Recommended Functions

(@)
(b)

A means to print the message.

Recording of DATIS messages and flight crew requests on an accident flight
recorder.

Note: Data Link recording may be required in accordance with OPS rules.

7 ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE

7.1 Airworthiness

Annex | to ED Decision 2020/006/R Pagel430f510


http://easa.europa.eu/









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































