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EASA eRules: aviation rules for the 21st century

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

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

To achieve these ambitious objectives, the EASA eRules projectis structuredinten modules to cover
all aviation rules and innovative functionalities.

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

Published November 2018*

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

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

AMC paragraph titles are colour-coded and can be identified accordingto the illustration below. The
EASA Executive Director (ED) decision through which the paragraph was introduced or last amended
isindicated below the paragraph title(s) in italics.

ED decision

The format of thisdocument has been adjusted to make it user-friendly and for reference purposes.
Any comments should be sent to erules@easa.europa.eu.
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x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

INCORPORATED AMENDMENTS

AMC (ED DECISIONS)
Incorporated ED Decision AMC Issue No, Amendment No Applicability date
ED Decision 2003/12/RM AMC-20/ Initialissue 5/11/2003
ED Decision 2006/012/R AMC-20/ Amendment 1 29/12/2006

Note: To access the official versions, please click on the hyperlinks provided above.
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Preamble

PREAMBLE

Amendment 1

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

AMC 20-9

AMC 20-10
AMC 20-12
AMC 20-13

Created
Created
Created
Created

ED Decision 2006/012/R
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AMC-20-1

ED Decision 2003/12/RM

1 GENERAL

The existing regulations for Engine, Propeller and aircraft certification may require spedial
interpretationfor Engines/Propellers equipped with electronic control systems. Because of the
nature of this technology it 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 documentis not mandatory. It is
issued for 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 is agreed by the Agency as an acceptable method of compliance with the airworthiness
code. This document addresses the compliance tasks relating to both the Engine/Propeller and
the aircraft certification.

2 REFERENCE SPECIFICATIONS
2.1 Engine and Propeller Certification
Turbine Engines for Aeroplanes and Rotorcraft -
CS-E
Book 1, Section A, paragraphs E20, E30, E40, E50, E60, E90, E110, E140 & E150, E190
Section D, paragraphs E500, E510, E130
Section E, as appropriate.
Propellers -
CS-P, Paragraph P70
2.2 Aircraft Certification
Aeroplane: CS-25

Paragraphs, 25.33, 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)(d), 1353(a)(b), 1355(c), 1357, 1431, 1461,
1521(a), 1527.

Rotorcraft: Equivalent specifications.
3 SCOPE

This acceptable means of compliance provides guidance for electronic (analogue and digital)
Engine and Propeller control systems, on the interpretation and means of compliance with the
relevant Engine, Propeller and aircraft certification requirements.

It gives guidance on the precautions to be taken for the use of electronic technology for
Engine/Propeller control, protection and monitoring, and, where applicable, forintegration of
functions specific to the aircraft.
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Precautions have to be adapted to the criticality of the functions. These precautions may be
affected by -

Degree of authority of the system,
Phase of flight,
Availability of back-up system.

This document also discusses the division of compliance tasks between the Engine, Propeller
and aircraft certifications.

It does not cover APU control systems.
4 PRECAUTIONS
4.1 General
The introduction of electronic technology can entail the following:

a. A greater dependence of the Engine/Propeller on the aircraft owingto the use of
electrical power and/or data supplied from the aircraft.

b. Risk of significant failures common to more than one Engine/Propeller of the
aircraft which might, for example, occur as a result of -

i. Insufficient protectionfrom electromagnetic disturbance (lightning,internal
or external radiation effects),

ii. Insufficient integrity of the aircraft electrical power supply,
iii.  Insufficientintegrity of data supplied from the aircraft,

iv.  Hidden design faults or discrepancies contained within the design of the
propulsion system control software, or

V. Omissions or errors in the system specification.

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

4.2 Objective

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

This objective, when defined for the aircraft/Engine for a specific application, will be
agreed with the Agency.

4.3 Precautions Relating to Engine/Propeller Control, Protection and Monitoring

The software associated with Engine/Propeller control, protection and monitoring
functions must have a quality level and architecture appropriate to their criticality (see
also paragraph 4.5.1).

The design of the system relating to the control, protection and monitoring functions
must be such as to satisfy the requirements of CS-E 50(c).
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4.4

4.5

Precautions Relating to Engine/Propeller 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, due consideration must be
given to the reliability of electrical power and data supplied to the electronic
controls and peripheral components. Therefore the potential adverse effects on
Engine/Propeller operation of any loss of electrical powersupply from the aircraft
or failure of data coming from the aircraft must be assessed during the
Engine/Propeller certification.

The use of eitherthe aircraft electrical power network or electrical power sources
specific to the Engine/Propeller, or the combination of both may meet the
objectives. Defects of aircraft input data may be overcome by other data
references specific to each Engine/Propeller.

4.4.2 Local events

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

Examples of local events include fluid leaks, mechanical disruptions,
electrical problems, fires or overheat conditions. An overheat condition
results when the temperature of the electronic control unitis greater than
the maximum safe design operating temperature declared during the
Engine/Propeller certification. This situation can increase the failure rate of
the electronic control system.

b. Whatever the local event, the behaviour of the electronic control system
must not cause a hazard to the aircraft. This will require consideration of
effects such asthe control of the thrust reverser deployment, the overspeed
of the Engine, transientseffects orinadvertent 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 necessary
protection, it must be shown that this functionis not rendered inoperative
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 with respect to hazardous effects. Wherethisis not possible, for
example due to the variability or the complexity of the failure sequence,
thentesting may be required. These tests must be agreed with the Agency.

Precautions Relating to Failure Modes Common to More Than One Engine/Propeller

4.5.1 System design

For digital systems, any residual errors not activated during the software
development and certification process could cause afailure common to more than
one Engine/Propeller. RTCA DO178B (or the equivalent EUROCAE ED 12B)
constitutes an acceptable means of compliance for software development and
certification. It should be noted however that the DO178A statesin paragraph 3.3 -

"It is appreciated that, with the current state of knowledge, the software disciplines
describedinthis document may not, inthemselves, be sufficient to ensure that the
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4.5.2

4.5.3

4.5.4

4.5.5

overall system safety and reliability targets have been achieved. Thisis particularly
true for certain critical systems, such as full authority fly-by-wire systems, In such
cases itisaccepted that other measures, usually within the system, in addition to
a high level of software discipline may be necessary to achieve these safety
objectives and demonstrate that they have been met.

Itis outside the scope of this document to suggest or specify these measures, but
in accepting that they may be necessary, it is also the intention to encourage the
development of software techniques which could support meeting the overall
system safety objectives.'

Environmental effects

Special attention should be given to any condition which could affect more than
one Engine/Propeller control system. For example, incorrect operation under hot
ambient conditions.

Lightning and other electromagnetic effects

Electronic control systems are sensitive to lightning and other el ectromagnetic
interference. Moreover, these conditions can be common to more than one
Engine/Propeller. The system design must incorporate sufficient protection in
order to ensure the functional integrity of the control system when subjected to
designated levels of electric or electromagnetic inductions, including external
radiation effects.

The validated protection levels forthe Engine/Propeller electronic control systems
must be detailed during the Engine/Propeller certification in an approved
document. Forthe aircraft certification, it must be substantiated thatthese levels
are adequate.

Aircraft electrical power supply

If the aircraft electrical system supplies power to the Engine/Propeller control
system atany time, the power supply quality, including transients or failures, must
not lead to a situation identified during the Engine certification, which is
considered during the aircraft certification to be a hazard to the aircraft.

Data exchanged with the aircraft

a. Aircraft must be protectedfrom unacceptable effectsof faults dueto asingle
cause, simultaneously affecting more than one Engine/Propeller. In
particular, the following cases should be considered:

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

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

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

Powered by EASA eRules Page 12 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC-20-1
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

4.6

Other Functions Integrated into the Electronic Control System

If functions otherthan those directly associated withthe control of the Engine/Propeller,
such as thrust reverser control or automatic starting, are integrated into the electronic
control system, the Engine/Propeller certification should take into account the applicable
aircraft requirements.

5 INTER-RELATION BETWEEN ENGINE/PROPELLER AND AIRCRAFT CERTIFICATION

51

5.2

53

Objective

To satisfy the CS aircraft requirements, such as CS 25.901, CS 25.903 and CS 25.1309, 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 and reliability objectives for the
electronic control system are consistent with these requirements.

Interface Definition

a. The interface hasto be identified forthe hardware and software aspects between
the Engine, Propeller and the aircraft systems in the appropriate documents.

b.  The Engine/Propeller/aircraft documents should coverin particular -
i. The software quality level (per function if necessary),
ii. The reliability objectives for -
Engine shut-down in flight,
Loss of Engine/Propeller control or significant change in thrust,
Transmission of faulty parameters,

iii.  The degree of protection againstlightning or otherelectromagneticeffects
(e.g. level of induced voltages that can be supported at the interfaces),

iv. Engine, Propeller and aircraft interface data and characteristics, and
V. Aircraft power supply and characteristics (if relevant).
Distribution of Compliance Demonstration

The certification of the aircraft propulsion system equipped with electronic controls may
be shared between the Engine, Propeller and aircraft certification. The distribution
between the different certification activities must be identified and agreed with the
Agency and/or the appropriate Engine and aircraft Authorities (an example is given in
paragraph 6).

Appropriate evidence provided for Engine/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 Engine/Propeller
certification should need no additional substantiation for aircraft certification.

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

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

SUBSTANTIATION UNDER SUBSTANTIATION UNDER CS-25

TASK

ENGINE CONTROL AND
PROTECTION

MONITORING

AIRCRAFT DATA

THRUST REVERSER
CONTROL/
MONITORING

CONTROL SYSTEM
ELECTRICAL SUPPLY

ENVIRONMENTAL
CONDITIONS

LIGHTNING AND OTHER

ELECTROMAGNETIC
EFFECTS

FIRE PROTECTION

CS-E
Safety objective

Software level

Independence of
control and monitoring
parameters

Protection of engine
from aircraftdata
failures

Software level

Software level

Equipment protection

Equipment protection

with engine data with aircraft data

— Consideration of common mode effects

(including software)
— Reliability
— Software level

— Monitoring
parameter reliability

— System reliability

— Architecture

— Consideration of common

(including software)

— Declared capability

— Declared capability

Indication system
reliability

Independence engine/
engine

Aircraftdata reliability

Independence engine/
engine

Safety objectives

mode effects

Reliability of quality of
aircraftsupply,ifused

Independence engine/
engine

Aircraftdesign

Aircraftwiring
protection

Aircraftdesign
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AMC 20-2

ED Decision 2003/12/RM

1 GENERAL

The existingregulations for APU and aircraft certification may require special interpretation for
essential APU equipped with electronic control systems. Because of the nature of this
technologyithasbeen 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 documentis not mandatory. Itis
issued for 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 is agreed by the Agency as an acceptable method of compliance with the airworthiness
code.

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

2 REFERENCE SPECIFICATIONS

2.1 APU Certification
CS-APU
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 CS-APU 20

2.2 Aircraft Certification
Aeroplane: CS-25

Paragraphs 581, 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, A1337, A1521,
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 compliance with therelevant
APU and aircraft certification requirements.

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

Precautions have to be adapted to the criticality of the functions. These precautions may be
affected by -

Degree of authority of the system,
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Phase of flight,

Availability of back-up system.

This document also discusses the division 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) A greater dependence of the APU on the aircraft owing to the use of electrical
power and/or data supplied from the aircraft,

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

(i) Insufficient protectionfrom electromagnetic disturbance (lightning, intemal
or external radiation effects),

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

(iv) Hiddendesignfaults ordiscrepancies contained withinthe designof the APU
control software, or

(v)  Omissions or errors in 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 related reliability level, as achieved by essential APU equipped
with hydromechanical control and protection systems.

This objective, when defined during the aircraft/APU certification for a specific
application, will be agreed with the Agency.

Precautions relating to APU control, protection and monitoring

The software associated with APU control, protection and monitoring functions must
have a quality level and architecture appropriate to their criticality (see paragraph 4.2).

For digital systems, any residual errors not activated during the software development
and certification process could cause an unacceptable failure. (RTCA DO178A (or the
equivalent EUROCAE ED 12A) constitutes an acceptable means of compliance for
software development and certification. The APU software should be at least level 2
according to this document. In some specific cases, level 1 may be more appropriate.

It should be noted, however, that the DO178A states in section 3.3 -

"It is appreciated that, with the current state of knowledge, the software disciplines
described in this document may 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 fully authority fly-by-wire systems. In such casesit is
accepted that other measures, usually within the system, in addition to a high level of
software discipline may be necessary to achieve these safety objectives and demonstrate
that they have been met.
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4.4

It is outside the scope of this document to suggest or specify these measures, butin
accepting that they may be necessary, it is also the intention to encourage the
development of software techniques which could support meeting the overall system
safety objectives."

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, due consideration must be
given to the reliability of electrical power and data supplied to the electronic
controls and peripheral components. Therefore the potential adverse effectson
APU operation of any loss of electrical power supply from the aircraft or failure of
data coming from the aircraft must be assessed during the APU certification.

(a)

Electrical power

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

If the aircraft electrical system supplies power to the APU control system at
any time, the power supplyquality, including transients or failures, must not
leadto asituation identified during the APU certification which is considered
during the aircraft certification to be a hazard to the aircraft.

Data
The following cases should be considered:

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

(ii)  Control system operating faults propagating via data links.

In certain cases, defects of aircraft input data may be overcome by other
data references specific to the APU in order to meet the objectives.

4.4.2 Local Events

(a)

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

Examples of local events include fluid leaks, mechanical disruptions,
electrical problems, fires or overheat conditions. An overheat condition
results when the temperature of the electronic control unit 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.

Whatever the local event, the behaviour of the electronic control system
must not cause a hazard to the aircraft. This will require consideration of
effects such as the overspeed of the APU.

When the demonstration thatthereis no hazard to the aircraft is based on
the assumption that there exists another function to afford the necessary
protection, it must be shown that this functionis not rendered inoperative
by the same local event (including destruction of wires, ducts, power
supplies).
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4.5

(c)  Specific design features or analysis methods may be used to show
compliance with respect to hazardous effects. Where thisis not possible, for
example due to the variability or the complexity of the failure sequence,
thentesting may be required. These tests must be agreed with the Agency.

4.4.3 Lightning and other electromagnetic effects

Electronic control systems are sensitive to lightning and other electromagnetic
interference. The system design mustincorporate sufficient protectionin orderto
ensure the functional integrity of the control system when subjected to designated
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 an approved document. For aircraft
certification, it must be substantiated that these levels 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 control system, the APU certification should take into
account the applicable aircraft requirements.

5 INTER-RELATION BETWEEN APU AND AIRCRAFT CERTIFICATION

51

5.2

53

Objective

To satisfy the CS aircraft requirements, such as CS 25A901, CS 25A903 and CS 25.1309,
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 and reliability 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
APU and aircraft systems in the appropriate documents.

The APU documents should coverin particular -
(a) The software quality level (per function if necessary),

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

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

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

The certification of the APU equipped with electronic controls and of the aircraft may be
shared betweenthe APU certification and aircraft certification. The distribution between
the APU certification and the aircraft certification must be identified and agreed withthe
Agency and/or the appropriate APU and aircraft Authorities (an example is given in
appendix).
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Appropriate evidence provided for APU certification 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 specific precautions taken in respect of the
physical and functional interfaces with the APU.
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An example of tasks distribution between APU and aircraft certification

FUNCTIONS OR
INSTALLATION
CONDITIONS

SUBSTANTIATION UNDER

CS-APU SUBSTANTIATION UNDER CS-25

Safety objective — Reliability

APU CONTROL AND

PROTECTION — Software level — Software level

— Monitoring — Indication system
parameter reliability reliability

— Independence of
control and monitoring
parameters

MONITORING

Protection of APU from
aircraftdata failures

Aircraftdata
reliability

AIRCRAFT DATA
— Software level

— Reliabilityand
quality of aircraft
supplyifused

CONTROL SYSTEM
ELECTRICAL SUPPLY

ENVIRONMENTAL — Equipment protection — Declared capability Aircraftdesign
CONDITIONS, LIGHTNING
AND OTHER ELECTRO-

MAGNETIC EFFECTS

— Aircraftwiring
protection
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AMC 20-4

ED Decision 2003/12/RM

This AMC presents Acceptable means of Compliance relative to the implementation of Basic RNAV
operations within European designatedAirspace, from January 1998. This AMC has been co-ordinated
with EUROCONTROL.

1 PURPOSE

This document provides acceptable means of compliance for airworthiness approval and
operational criteriaforthe use of navigation systemsin European airspace designatedfor Basic
RNAV operations. The document establishes an acce ptable means, but not the only means, that
can be usedinthe airworthinessapproval process, and providesguidelines for operatorswhere
GPS stand-alone equipmentis used as the means for Basic RNAV operations. The document is
in accordance with the April 1990 directive issued by the Transport Ministers of ECAC member
states and with regard to the Basic RNAV operations as defined within the EUROCONTROL
Standard 003-93 Edition 1 and satisfies the intent of ICAO Doc. 9613-AN/937 Manual on
Required Navigation Performance (RNP) First Edition - 1994. It is consistentalso with Regional
Supplementary Procedures contained within ICAO Doc 7030.

2 SCOPE

This document provides guidance related to navigation systems intended to be used for Basic
RNAV operations and considers existing airworthiness approval standards as providing
acceptable means of compliance. The contentis limited to general certification considerations
including navigation performance, integrity, functional requirements and system limitations.

Compliance with the guidance in this Leaflet does not constitute an operational
authorisation/approval to conduct Basic RNAV operations. Aircraft operators should apply to
their Authority for such an authorisation/approval.

ICAO RNP-4criteriaare outside the scope of this AMC, butitis expectedthat navigation systems
based on position updating from traditional radio aids and approved for BasicRNAV operations
in accordance with this AMC will have an RNP-4 capability.

Related specifications

CS/FAR 25.1301, 25.1307, 25.1309, 25.1321, 25.1322, 25.1431
CS/FAR 23.1301, 23.1309, 23.1311, 23.1321, 23.1322, 23.1431
CS/FAR 27.1301, 27.1309, 27.1321, 27.1322

CS/FAR 29.1301, 29.1309, 29.1321, 29.1322, 29.1431
operating requirements

ATC Documents

EUROCONTROL Standard Document 003-93 Edition 1

ICAO Doc. 9613-AN/937 - Manual on Required Navigation Performance (RNP) First Edition -
1994

Powered by EASA eRules Page 21 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-4
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

Related navigation documents

EASA Acceptable means of Compliance

AMC 25-11

AMC 20-5

Electronic Display Systems

Acceptable Means of Compliance for Airworthiness Approval and Operational Criteria
for the use of the NAVSTAR Global Positioning System (GPS)

FAA Advisory Circulars

AC 20-121 A
AC 20-130()

AC 20-138

AC 25-4
AC 25-15
AC 90-45 A

ETSOs

ETSO-C115b
ETSO-C129a

ETSO-C145

ETSO-C146

Airworthiness Approval of LORAN C for use in the U.S. National Airspace System

Airworthiness Approval of Multi-sensor Navigation Systems for use in the U.S. National
Airspace System

Airworthiness Approval of NAVSTAR Global Positioning System (GPS) for use as a VFR
and IFR Supplemental Navigation System

Inertial Navigation Systems (INS)
Approval of FMS in Transport Category Airplanes

Approval of Area Navigation Systems for usein the U S. National Airspace System

Airborne Area Navigation Equipment Using Multi Sensor Inputs

Airborne Supplemental Navigation Equipment Using the Global Positioning System
(GPS)

Airborne Navigation Sensors Using the Global Positioning System (GPS) Augmented by
the Wide Area Augmentation System (WAAS).

Stand-Alone Airborne Navigation Equipment Usingthe Global Positioning System (GPS)
Augmented by the Wide Area Augmentation System (WAAS)

EUROCAE/RTCA documents

ED-27

ED-28

ED-39
ED-40

ED-58

ED-72()
DO-180()

DO-18
DO-200

Minimum Operational Performance Requirements (MOPR) for Airborne Area
Navigation Systems, based on VOR and DME as sensors

Minimum Performance Specification (MPS) for Airborne Area Navigation Computing
Equipment based on VOR and DME as sensors

MOPR for Airborne Area Navigation Systems, based on two DME as sensors

MPS for Airborne Computing Equipment for Area Navigation System usingtwo DME as
sensors

Minimum Operational Performance Specification (MOPS) for Area Navigation
Equipment using Multi-Sensor Inputs

MOPS for Airborne GPS Receiving Equipment

Minimum Operational Performance Standards (MOPS) for Airborne Area Navigation
Equipment Using a Single Collocated VOR/DME Sensor Input

MOPS for Airborne Area Navigation Equipment Using Multi Sensor Inputs

Preparation, Verification and Distribution of User-Selectable Navigation Data Bases

Powered by EASA eRules Page 22 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-4
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

DO-20 User Recommendations for Aeronautical Information Services

DO-208 MOPS for Airborne Supplemental Navigation Equipment Using Global Positioning
System (GPS)

3 SYSTEMS CAPABILITY

Area navigation (RNAV) is a method which permits aircraft navigation along any desired flight
path withinthe coverage of either station referenced navigation aids or within the limits of the
capability of self-contained aids, or a combination of both methods.

Ingeneral terms, RNAV equipmentoperates by automatically determining aircraft position from
one, or a combination, of the following together with the means to establish and follow a
desired path:

VOR/DME

DME/DME

INS* or IRS

LORAN C*

GPS*

Equipment marked withan asterisk *, is subject to the limitations containedin paragraph 4.4.2.
4 AIRWORTHINESS APPROVAL

4.1  Criteria For Basic RNAV System

4.1.1 Accuracy

The navigation performance of aircraft approved for BasicRNAV operations within
European airspace requires a track keeping accuracy equal to or better than +/- 5
NM for 95% of the flight time. This value includes signal source error, airborne
receiver error, display system error and flight technical error.

This navigation performance assumesthe necessary coverage provided by satellite
or ground based navigation aids is available for the intended route to be flown.

4.1.2 Availability and Integrity

Acceptable means of compliance for assessment of the effects associated with the
loss of navigation function or erroneous display of related information is given in
AMC 25-11 paragraph 4 a (3)(viii).

The minimum level of availability and integrityrequired for BasicRNAV systems for
use in designated European airspace can be met by a single installed system
comprising one or more sensors, RNAV computer, control display unit and
navigation display(s) (e.g.ND, HSI or CDI) provided that the system is monitored by
the flight crew and that in the event of a system failure the aircraft retains the
capability to navigate relative to ground based navigation aids (e.g. VOR, DME and
NDB).

4.2 Functional Criteria
4.2.1 Required Functions

The following system functions are the minimum required to conduct Basic RNAV
operations.
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4.2.2

4.3

4.4.

(a)  Continuousindication of aircraft position relative to track to be displayed to
the pilot flying on a navigation display situated in his primary field of view

Inaddition wherethe minimum flight crew istwo pilots, indication of aircraft
position relative to track to be displayed to the pilot not flying on a
navigation display situated in his primary field of view

(b) Display of distance and bearing to the active (To) waypoint

(c) Display of ground speed or time to the active (To) waypoint

(d)  Storage of waypoints; minimum of 4

(e) Appropriate failure indication of the RNAV system, including the sensors.
Recommended Functions

In addition to the requirements of paragraph 4.2.1, the following system functions
and equipment characteristics are recommended:

(a)  Autopilot and/or Flight Director coupling

(b)  Present position in terms of latitude and longitude

(c) "Direct To" function

(d) Indication of navigation accuracy (e.g. quality factor)

(e)  Automaticchannel selection of radio navigation aids

(f)  Navigation data base

(g) Automaticlegsequencing and associated turn anticipation
Aircraft Flight Manual - MMEL (Master Minimum Equipment List)

The basis for certification should be stated in the Aircraft Flight Manual (AFM),
together with any RNAV system limitations. The AFM may also provide the
appropriate RNAV system operating and abnormal procedures applicable to the
equipmentinstalled,including, where applicable, referenceto requiredmodesand
systems configuration necessary to support an RNP capability.

The (Master) Minimum Equipment List MMEL/MEL should identify the minimum
equipment necessary to satisfy the Basic RNAV criteria defined in paragraphs 4.1
and 4.2.

Basic RNAV Systems - Acceptable Means Of Compliance
4.4.1 Acceptable Means of Compliance

Navigation systems which are installed on aircraft in accordance with the
advisory material contained within FAA AC 90-45A, AC 20-130(), AC 20-138
or AC 25-15, are acceptable for Basic RNAV operations. Where reference is
made inthe AFM to eitherthe above advisory material orthe specificlevels
of available navigation performance (RNP), no further compliance
statements will be required.

Compliance may be based also on the lateral navigation standards defined
in ETSO-C115b, ETSO-C129a, ED-27/28, ED-39/40, DO-187/ED-58 or DO-
180(). However, qualification of the equipment to these standards, initself,
is not considered as sufficient for the airworthiness approval.
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4.4.2 Limitations on the Use of Navigation Systems

The following navigation systems, although offering an RNAV capability,
have limitations for their use in Basic RNAV operations.

4.4.2.1 INS

INS without a function for automatic radio updating of aircraft
position and approved in accordance with AC 25-4, when
complying with the functional criteria of paragraph 4.2.1, may
be used only for a maximum of 2 hours from the last
alignment/position update performed on the ground.
Consideration may be given to specific INS configurations (e.g.
triple mix) where either equipment or aircraft manufacturer's
data, justifies extended use from the last on-ground position
update.

INS with automatic radio updating of aircraft position, including
those systems where manual selection of radio channels is
performed in accordance with flight crew procedures, should
be approved in accordance with AC 90-45A or equivalent
material.

4.4.2.2 LORAN C

No EASA advisory material currently exists for operational or
airworthiness approval of LORAN C system within European
airspace. Where LORAN C coverage within European Airspace
permits use on certain Basic RNAV routes, AC 20-121A may be
adopted as a compliance basis.

4.4.2.3 GPS

The use of GPS to perform Basic RNAV operations is limited to
equipment approved to ETSO-C129a, ETSO-C 145, or ETSO-C
146 and which includethe minimum system functions specified
in paragraph

4.2.1. Integrity should be provided by Receiver Autonomous Integrity Monitoring (RAIM)
or an equivalent means within a multi-sensor navigation system. The equipment
should be approvedin accordance withthe AMC 20-5. In addition, GPS stand-alone
equipment should include the following functions:

(a)
(b)

Pseudorange step detection
Health word checking.

These two additional functions are required to be implemented in
accordance with ETSO-C129a criteria.

Traditional navigation equipment (e.g. VOR, DME and ADF) will need to be
installed and be serviceable, so as to provide an alternative means of
navigation.

Note: Where GPS stand-alone equipment provides the only RNAV capability
installed onboard the aircraft, this equipment, on its own, may be
incompatible with a future airspace infrastructure such as Precision RNAV
routes, terminal procedures, and where implementation of an augmented
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5

satellite navigation system will allow, the decommissioning of traditional
ground based radio navigation aids.

OPERATIONAL CRITERIA FOR USE OF GPS STAND-ALONE EQUIPMENT

51

5.2

General Criteria

GPS stand-alone equipment approved in accordance with the guidance provided in this
Leaflet, may be used for the purposes of conducting Basic RNAV operations, subject to
the operational limitations contained herein. Such equipment should be operatedin
accordance with procedures acceptable to the Authority. The flight crew should receive
appropriate training for use of the GPS stand-alone equipment for the normal and
abnormal operating procedures detailed in paragraphs 5.2 and 5.3.

Normal Procedures

The procedures for the use of navigational equipment on Basic RNAV routes should
include the following:

(a)

5.3

During the pre-flight planning phase, given a GPS constellation of 23 satellites or
less (22 or less for GPS stand-alone equipment that incorporate pressure altitude
aiding), the availability of GPS integrity (RAIM) should be confirmed for the
intended flight (route and time). This should be obtained from a prediction
program either ground-based, or provided as an equipment function (see
Annex 1), or from an alternative method that is acceptable to the Authority.

Dispatch should notbe made inthe event of predicted continuous loss of RAIM of
more than 5 minutes for any part of the intended flight.

Where a navigation data base is installed, the data base validity (current AIRAC
cycle) should be checked before the flight;

Traditional navigation equipment (e.g. VOR, DME and ADF) should be selected to
available aids so asto allow immediate cross-checking orreversionin the event of
loss of GPS navigation capability.

Abnormal Procedures in the event of loss of GPS navigation capability

The operating procedures should identify the flight crew actions required in the
event of the GPS stand-alone equipment indicating a loss of the integrity
monitoring detection (RAIM) function or exceedance of integrity alarm limit
(erroneous position). The operating procedures should include the following:

(a) Inthe eventof loss of the RAIM detection function, the GPS stand-alone
equipment may continue to be used for navigation. The flight crew should
attempt to cross-check the aircraft position, where possible with VOR, DME
and NDB information, to confirm an acceptable level of navigation
performance. Otherwise, the flight crew should revert to an alternative
means of navigation.

(b)  Inthe event of exceedance of the alarm limit, the flight crew should revert
to an alternative means of navigation.
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ED Decision 2003/12/RM

Where a GPS Integrity Monitoring (RAIM) Prediction Programis used as a means of compliance with
paragraph 5.2(a) of this document, it should meet the following criteria:

1

The program should provide prediction of availability of the integrity monitoring (RAIM)
function of the GPS equipment, suitable for conducting Basic RNAV operations in designated
European airspace.

The prediction program software should be developed in accordance with at least RTCA DO
178B/EUROCAE 12B, level D guidelines.

The program should use either a RAIM algorithm identical to that used in the airbome
equipment, or an algorithm based on assumptions for RAIM prediction that give a more
conservative result.

The program should calculate RAIMavailability based on asatellite mask angle of not less than
5 degrees, except where use of alower mask angle has been demonstrated to be acceptableto
the Authority.

The program should have the capability to manually designate GPS satellites which have been
notified as being out of service for the intended flight.

The program should allow the user to select:
a) the intended route and declared alternates;

b)  the time and duration of the intended flight.
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1 PURPOSE

AMC 20-5

ED Decision 2003/12/RM

This AMC establishes an acceptable means, but not the only means that can be used for
airworthiness approval and provides guidelines for operatorsin the use of the NAVSTAR Global
Positioning System (GPS).

2 RELATED MATERIAL

Document-ID
EUROCAE ED 72A

ETSO-C115b/

FAA TSO-C115 ()
ETSO-C129a/

FAA TSO-C129()
ETSO-C145
ETSO-C146

RTCA DO 208

FAA AC 20-138

FAA AC 20-130A

FAA AC 90-94

FAA Notice 8110.60

DOT/FAA/AAR-95/3

FAA Order 8400.10

Title of Document

Minimum Operational Performance Specification for Airborne GPS Receiving
Equipment used for Supplemental Means of Navigationk

Airborne Area Navigation Equipment using Multi-sensor Inputs

Airborne Supplemental Navigation Equipment using the Global Positioning
System (GPS)

Airborne Navigation Sensors Using the Global Positioning System (GPS)
Augmented by the Wide Area Augmentation System (WAAS).

Stand-Alone Airborne Navigation Equipment Usingthe Global Positioning System
(GPS) Augmented by the Wide Area Augmentation System (WAAS)

Minimum Operational Performance Standards for Airborne Supplemental
Navigation Equipment using Global Positioning System (GPS)

Airworthiness Approval of Global Positioning System (GPS) Navigation Equipment
for use as a VFR and IFR Supplemental Navigation System (formerly FAA Notice
8110-47).

Airworthiness Approval of Navigation or Flight Management Systems Integrating
Multiple Navigation Sensors (formerly FAA Notice 8110-48).

Guidelines for using GPS Equipment for IFR En-route and Terminal Area
Operations and for Non-precision Instrument Approaches in the US National
Airspace System

GPS as Primary Means of Navigation for Oceanic/Remote Operations

FAA AircraftCertification Human Factors and Operations Checklist for Stand Alone
GPS Receivers (TSO C129 Class A)

HBAT 95-09, Guidelines for Operational Approval of Global Positioning System
(GPS) to Providethe Primary Means of Class IINavigation in Oceanic and Remote
Areas of Operation
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3 BACKGROUND

3.1 The declaration of Full Operational Capability (FOC) for the NAVSTAR GPS constellation,
by the United States Department of Defense (DOD) and Department of Transportation
(DOT) gives the civil aviation community the opportunity to use the navigation
information provided by the constellation.

3.2  Acceptable Means of Complianceforthe use of GPS, willassistin the future development
of satellite based systems. The aim is to create a Global Navigation Satellite System
(GNSS) under civilian control. In the transition to the GNSS, and in order to obtain early
benefits, it will be necessary to augment the present military controlled systems - GPS
and GLONASS - forexample witha combination of geostationary satellites, ground based
integrity monitors, civilian funded satellites in conjunction with airborne integrity
monitoring techniques such as Receiver Autonomous Integrity Monitoring (RAIM). Other
techniques wherebythe navigation systemdetermines the integrity of the GPS navigation
signals by using other installed aircraft sensor inputs such as INS, DME or other
appropriate sensors may be accepted.

Note: Full Operational Capability for GLONASS the Russian navigation system has been
declared since 05.02.1996.

3.3 Whereverpossible, EASA AMC on the use of GPS will follow thatauthorised by the FAA.
However, some differences will be inevitable due to differences in the organisation of
national airspace and the datum used to determine position on the earth’s surface.

3.4 Itis assumedthat the State‘s bodiesresponsible for ATMand aerodromes, will take the
necessary steps to authorise/publish the use of GPS.

3.5 In the context of this AMC the use of the term ,approach“ means ,non-precision
approach”.

4 TERMINOLOGY

GPS Class A ( ) equipment Equipment incorporating both the GPS sensor and navigation
capability. This equipment incorporates RAIM as defined by FAA TSO-C129( ).

GPS Class B ( ) equipment Equipment consisting of a GPS sensor that provides data to an
integrated navigation system e.g. flight management navigation system, multi-sensor
navigation system, (FAA TSO-C129( )).

GPS Class C ( ) equipment Equipment consisting of a GPS sensor that provides data to an
integrated navigation system (e.g. flight management navigation system, multi-sensor
navigation system) which provides enhancedguidanceto an autopilot or flight directorin order
to reduce the flight technical error (FAA TSO-C129( )).

Receiver Autonomous Integrity Monitoring (RAIM) A technique whereby a GPS receiver
processordeterminesthe integrity of the GPS navigation signals using only GPS signals or GPS
signals augmented with altitude. This determinationis achieved by a consistency check among
redundant pseudorange measurements. At least one satellite in addition to those required for
navigation should be inviewforthe receiverto performthe RAIMfunction (FAA AC20-138, AC
90-94).

Stand-Alone GPS Navigation System Stand-alone GPS equipmentis equipment that is not
combined with other navigation sensors or navigation systems such as DME, Loran-C, Inertial.
Standalone GPS equipment can, however, include other augmentation features such as
altimetry smoothing, clock coasting. (FAA AC 20-138).
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5 AIRWORTHINESS APPROVAL

The following airworthiness criterionis applicable to the installation of GPS equipment intended
for IFR operation, certified according to CS-23, -25, -27 and -29 or the corresponding FAR or
national requirements on any aircraft registered in a member state.

5.1

5.2

General

This AMC uses FAA Advisory Circulars AC 20-130A and AC 20-138 as the basis for
airworthiness approval of GPS.

For certifications granted priortothe issue of these AC’s, the corresponding FAA Notices
are recognised as being equivalent. The feasibility of this course of action has already
been shown: the two Notices have been used within Europe to approve aircraft
installations. This AMCisintended to prevent the proliferation of installations of systems
non-compliant with the current Advisory Circulars (basedfor example on the former FAA
interim policy dated July 20th 1992).

For multi-sensor navigation systems using GPS inputs, qualified prior to the publication
of FAA TSO-C129, where the intent of the TSO may be demonstrated, authorisation for
the use of the equipment for the purposes described in this interim guidance may be
granted.

The FAA AC’s are to be used as Interpretative Material to show compliance with the
applicable CS, on each application e.g. 25.1301 and 25.1309.

Inthe AC’s, where reference is made to FAA rules and approval procedures, national or
EASA equivalent material should be substituted as appropriate.

Airworthiness Criteria

The following FAA AC's are to be used as the basis for approval of the GPS equipment
installation:

AC 20-130A for multi-sensor navigation systems using GPS inputs
AC 20-138 for stand-alone GPS equipment.

In addition to AC 20-138 stand-alone GPS equipment will need to be approved to FAA
TSO-C129.

Forall classes of equipment, integrity should be provided either by Receiver Autonomous
Integrity Monitoring (RAIM) oran equivalent method, e.g. by comparison within a multi-
sensornavigation system with otherapproved sensors. The following Table summarises
the Classes and sub class definitions. The types of equipment are specifiedin FAATSO C-
129( ). Refer to section 4 of this AMC for the definition of Class A, B or C.
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5.3 Additional Criteria for all GPS installations

In showing compliance with the FAA AC material when verifying GPS accuracy by flight
test evaluations, position information should be referenced in WGS-84 coordinates.

Stand . Non- Precision
Class Terminal
Alone Approach
Al X X

A2
B1
B2
B3
B4
C1
C2
Cc3
c4

X X X
X X X X
X X X X X
X X X X
X X X X X
X X X X
X X X X X
X X X X
X X X X X
X X X X

5.4 Additional Criteria for Stand-alone GPS equipment only.

The following points need to be taken into consideration as part of the airworthiness
approval:

(a)

For IFR operations, Class A equipment, is required to be approved to either:
(i) FAA TSO-C129a or

(ii)  FAATSO-C129 and the additional paragraphs (a).(3),(xv).5and (a).(6) of TSO
C- 129a.

Where other navigation sources, apart from the stand-alone GPS equipment,
provide display and/or guidance to a Flight Director/Autopilot, means should be
provided for:

- a navigation source selector as the only means of selection;
- clear annunciation of the selected navigation source;

- display guidance information appropriate to the selected and navigation
source; and

- guidance information to a Flight Director/Autopilot appropriate to the
selected and navigation source.

Annunciations for Flight Director, Autopilot and navigation source should be
consistent, and compatible with the original design philosophy of the cockpit.

Loss of navigation capability should be indicated to the flight crew.

If altitude inputis used, lossof altitude information should be indicated by the GPS
equipment.

Installation configuration features provided by the GPS equipment which affect
airworthiness or operational approval, such as

- external CDI selection;

- external CDlI calibration;
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- entering of GPS antenna height above ground;
- serial Input/Output port configuration;
- reference datum

should not be selectable by the pilot. Instructions on how to configure the GPS
equipment for the particular installation should be listed in the appropriate
manual.

(f)  Controls, displays, operating characteristics and pilot interface to GPS equipment
should be assessedin relation to flight crew workload, particularly in the approach
environment.

The FAA checklist concerning the pilot system interface characteristics (ref.
DOT/FAA/AAR-95/3) oran equivalent checklist should be appliedfor GPS approval.

6 OPERATIONAL CRITERIA

This AMC describes acceptable operational criteria for oceanic, en-route, terminal and
approach operations, subject to the limitations given below. The operational criteria assumes
that the corresponding installation/airworthiness approval has been granted.

Operations of GPS equipment should be in accordance with the AFM or AFM supplement.The
(Master) Minimum Equipment List (MMEL/MEL) should identify the minimum equipment
necessary to satisfy operations using GPS.

Compliance with the guidance material of this AMC, by itself, is not sufficient to meet the
airworthiness or operational criteria specified for Precision RNAV (P-RNAV) operations (See
A&GM Section 1, Part 3, TGL 10).

The use of GPS for vertical navigation should not be authorised.
6.1 Use of GPS for Oceanic, En-route and Terminal areas

The following table summarises the operational conditions for the use of GPS for IFR
oceanic, domestic en-route and terminal area operations.

OCEANIC/REMOTE EN-ROUTE TERMINAL

Refer to chapter 7for  Traditional IFR approved Traditional IFR approved
specific operational navigation equipment will need navigation equipment will need
criteria. to be availableto continue the to be availableto continue the
flightwhen integrity* is lost. flight when integrity* is lost.
* Integrity may be provided by * Integrity may be provided by
RAIM or equivalent RAIM or equivalent
See Note 1 See Notes 1, 2and 3
Notes:

(1) When applying these conditions, they mean

a) The ground based aids on the route to be flown or ground based aids for
RNAV-Routes are operational, and

b) Aircraft equipment, other than GPS, suitable for the route to be flown, is
serviceable

(2) TheSID/STARwill needtobe selectablefrom the navigation data base. The coding
of the data base will need to support the officially published SID/STAR.
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Caution: Some navigation data bases may not contain all required flight path
parameters to ensure compliance with the published procedure.

When flying SID/STARSs,

a) the procedure established by the State of the aerodrome has to be
authorised/published by that State for the use of GPS.

b) the state of operator/registry (as applicable) has to approve the operator for
such operations.

6.2 Use of GPS Equipment for Non-precision Approaches

In additionto the paragraph 6.1, GPS-based navigation equipment can be used to fly any
part of instrument non-precision approaches provided each of the following conditions
are met and checked, as required during pre-flight planning:

(a)

(b)

6.2.1

The State of operator/registry (as applicable) has authorised the use of multi-
sensor equipment using GPS as one sensor or GPS Class Al equipment for this
purpose;

the State of the aerodrome has authorised/published an approach for use with
GPS;

the published approach procedure is referenced to WGS-84 co-ordinates;

the navigation database contains current information on the non-precision
approach to be flown (actual AIRAC cycle);

the approachto be flownis retrievable from the database and defines the location
of all navigation aids and all waypoints required for the approach;

the informationstoredinthe databaseis presentedto the crew in the order shown
on the published non-precision approach plate;

the navigation data base waypoints showing the non-precision approach cannot
be changed by the flight crew;

the appropriate airborne equipment required for the route to be flown from the
destinationtoanyrequired alternate airportand foran approach at this airport, is
installed in the aircraft and is operational. Also, the associated ground-based
navaids are operational.

The approach is selectable from the navigation data base. The coding of the data
base will need to support the officially published approach.

Caution: Some navigation data bases may not contain all required flight path
parameters to ensure compliance with the published procedure.

‘Overlay’ Approaches

Anoverlay approachis one which allows pilots to use GPS equipment to fly existing
non-precisioninstrumentapproach procedures. Forthe purpose of this document,
this is restricted to overlay of approaches based on VOR, VOR/DME or VORTAC,
NDB, NDB/DME and RNAV.

Inaddition to paragraphs 6.2 above, compliance with the published procedure will
need to be checked against raw data from ground based navaids, if

(a) theintegrity monitoring function (RAIM or equivalent) is not available or
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(b) for Class Al equipment approved prior to this AMC the requirements of
paragraph 5.4(a) are not satisfied.

The ground-based navaids and the associatedairborne equipment required for the
published approach procedure, will need to be operational.

6.2.2 GPS Stand-Alone Approaches

A GPS stand-alone approach refers to a non-precision approach procedure based
solely on GPS without reference to conventional ground navaids.

In addition to paragraphs 6.2 above, each of the following conditions apply:
(a) theintegrity monitoring function (RAIM or equivalent) is available,

(b)  Class Al equipment complies with the requirements of paragraph 5.4(a) of
this AMC;

(c)  thepublished approach procedure isidentified as a GPS approach (e.g.: GPS
RWY 27;

(d)  duringthe pre-flight planning stage for an IFR flight:

(i)  whereadestinationalternate is required, anon-GPS based approach
procedure is available at the alternate;

(ii)  where a destination alternate is not required, at least one non-GPS
based approach procedure is available at the destination aerodrome;

(ii)  predictive RAIM or an equivalent prediction tool is used, and the
monitoring capability (RAIM or equivalent) is available at the
destination aerodrome at the expected time of arrival.

(e) where atake off and/oren-route alternateis required, atleast one non-GPS
based approach procedure is available at the alternate(s).

(f)  amissedapproach procedure is available based on traditional navigation.
7 CRITERIA FOR USE OF GPS IN OCEANIC/REMOTE OPERATIONS
EASA recognises that this operation is a specific application for the use of GPS

FAA Notice 8110.60, titled ,GPS as a Primary Means of Navigation for Oceanic/Remote
Operations” proposes interim guidance for approving the installation of GPS equipment to be
used for oceanic/remote operations. The notice contains criteria for the GPS equipment in
addition to that required for FAA TSO-C129( ) approval, including capability to automatically
detect and exclude a GPS satellite failure by means of a fault detection and exclusion (FDE)
algorithm. Guidance isincluded forthe detection of a failure which causes a pseudorange step
function and for monitoring the use of GPS navigation data. A prediction program to support
operational departure restrictions, is defined.

Where GPSis to be used for oceanic/remote operationsas an approved Long Range Navigation
System (LRNS), then it should be installed in compliance with FAA Notice 8110.60.

For operationsinairspace where an aircraft is required to be equipped with two independent
LRNS (i.e. dual control display unit, dual GPS antenna, dual power sources, dual GPS sensors,
etc.), such as in North Atlantic Minimum Navigation Performance Specification (MNPS)
Airspace, both GPS installations should be approved in accordance with FAA Notice 8110.60.

Compliance with the guidance in this notice does not constitute an operational approval.
Operators should apply to their Authority for this approval.
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ED Decision 2003/12/RM

Description of GPS

The Navstar Global Positioning System (GPS) of the United States Department of Defence (DOD)
is a satellite based radio navigation system. Today, twenty-four satellites are in various orbits
approximately 11,000 nautical miles above the surface of the earth. Each satellite broadcasts a
timingsignal and data message. A portion of the data message gives a GPS receiverthe orbital
details of each satellite. The receiver measures the time taken forthe signal to arrive from the
satellites in view and from this information computes a position and velocity.

Three satellites are needed to determine atwo dimensional position, and four for a three
dimensional position. The elevation and geometry of each satellite relative to the receiver
should satisfy certain criteria before the designed system accuracy can be achieved. Accuracy
in predictable horizontal positions of 100 meters or bettershould be available on 95% of time
and 300 meters or better on 99.99% of time.

The figures quoted for accuracy are based on the assumption that the position given is
referenced to the World Geodetic System 1984 (WGS 84) Datum. This datum relates position
on the earth’s surface or in space to a mathematically defined ellipsoid that approximates the
complex shape of the Earth. The point of origin of the WGS 84 Datum is the Earth’s centre of
mass. This allows position information to be derived for the world from one reference. ICAO
adopted WGS 84 as a world standard, to be in use by 1998.

Currently, position information throughout the world is derived from local or regional datums;
for example, European Datum 1950 and Nouvelle Triangulation de France (NTF) 1970. These
datums use different ellipsoids that approximate the shape of the Earth over a selected area,
but are not valid on a global scale. Conversion between datums is possible, but inherent
inaccuracies present in National datums can result in large residual errors.

Consequently, a given position today could be referenced to one of many datums and that
position may be significantly displaced from the co-ordinates of the same position when
measured against WGS 84. Differences of several hundred meters are not uncommon. With the
accuracy provided by today‘s ground based navigation aids - other than precision approach
aids - these discrepancies in position between datums become important when flying a non-
precision approach. The introduction of position information provided by satellites for more
precise navigation changes this situation, butonly when all positions world-wide are based on
one datum can the full potential of satellite navigation be realised. Until this stage is reached it
isnecessary to place some restrictions on the airborne use of the Navstar GPS constellation.

Limitations of the GPS Constellation and Equipment

Currently, this AMC is consistent with the use of GPS as authorised by the FAA in most areas,
but certain differencesin the characteristics of different airspace leads to differences in
application.

Even with FOC, when flying under IFR, the system will not provide the continuity, availability
and integrity needed fora Sole Means Air Navigation System. Continuityand availability can be
forecast, but determining the integrity of the signals requires other means.

Most existing ground based navigation aids are flight calibrated and can signal an alarm if
erroneous signals are being radiated. For example, VOR signal characteristics are monitored and
where the set tolerances are not met the VOR automatically stops transmitting. The GPS
constellation is monitored from the ground and it may take some considerable time before
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3.1
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3.3

users become aware ofa malfunctionwithinthe system. Several possibilities for providing signal
integrity equivalent to that obtained from conventional navigation aids are under
consideration, butit will be some years before these possibilities are realised. At present, two
methods existwithin airborne equipment to provide theintegrity of navigation when using GPS
signals: Receiver Autonomous Integrity Monitoring (RAIM) and that given by an integrated
navigation system where other sensors are used in addition to GPS.

In airborne equipment incorporating both the GPS sensor and navigation capability,
determination of a 3D position requires four satellites with adequate elevation and suitable
geometry. An additional satellite is needed to perform the RAIM function. A sixth satellite is
requiredtoisolate afaulty satellite and to removeit from the navigation solution (FDE function).
Where a GPSreceiveruses barometricaltitude orclock aiding as an augmentation to RAIM, the
number of satellites needed forthe receiverto performthe RAIM function may be reduced by
one, given appropriate geometry. Not all GPS receivers possess RAIM, but in stand-alone GPS
equipment this function is essential for airborne use when flying under IFR.

In airborne equipment where a GPS sensor provides data to an integrated navigation system,
e.g. FMS or amulti-sensor navigation system, eitherthe GPS sensoris required to provide RAIV,
or the multi-sensor navigation system should possess a level of integrity equivalent to that
provided by RAIM. This level of integrity is required when flying under IFR.

The availability of six satellites is less than 100%. Consequently, the RAIM function (including
FDE) may be interrupted. However, predictive RAIMmay be used to predict such interruptions
and higheravailability figures may be achieved by multi-sensor systems using certain equivalent
integrity techniques.

Without proper airborne integrity monitoring implementations, potential for unannunciated
failures may exist.

At this time, the only GPS NOTAM system available is provided by US Government services.

The Future

At present, GPS and GLONASS are the only satellite-based system capable of giving a usable
service to aviation. It is anticipated that GLONASS, the Russian Global Navigation Satellite
System, will provide the same service as GPS, inthe future. Combinations of GPS and GLONASS
plus othercivil satellites and ground augmentation facilities are possible components for a civil
Global Navigation Satellite System (GNSS).

This AMC will be extended to the use of GLONASS as soon as applicable.

ICAO has established working groups to develop the principlesgoverning the operation of GNSS.
Many technical and institutional issues require resolution before GPS can be used without any
restrictions. When GNSS as defined by ICAO becomes available (e.g. GPS augmented by other
orbiting satellites, geostationary satellites, ground reference stations and differential
techniques, eitherasindividual itemsorin combination),additional applicationswill be defined.
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AMC 20-6

ED Decision 2003/12/RM
1 PURPOSE

This AMC states an acceptable means but not the only means for obtaining approval for two-
engine aeroplanes to operate over a route that contains a point further than one hour flying
time at the approved one-engine inoperative cruise speed (under standard conditions in still
air) froman adequate aerodrome. This AMC allowsa continuous curve of diversion time versus
propulsion system reliability, however steps of diversion time may be necessary for practical
reasons (e.g., 90 minutes, 120 minutes, etc.). Operational requirements may also be related to
diversion time.

The content of the AMC will be related to diversion time as follows:

a. by havingthree sets of design criteriafor 75 minutes orless, more than 75 but less than
90 minutes or above 90 minutes, exceptthat diversion time may be a parameterforthe
assessment of certain systems;

b. by applying the same set of criteria for maintenance;

C. by havingthree sets of operational criteria: greaterthan 60 but less than or equal to 90
minutes: greaterthan 90 minutes butlessthan orequal to 120 minutes: greaterthan 120
minutes up to a maximum of 180 minutes.

Accelerated ETOPS.
Operational Approval

Factorsto allow reduction or substitution of operator’sin-service experience whenapplying for
Accelerated ETOPS, are contained in Appendix 7 of this AMC. Each application will be dealt with
by the Authority on a case by case basis and will be based on a specific approved plan.

(see Appendix 7)
Type Design Approval (TDA)

i 180 minutes ETOPS Approval is considered feasible at the introduction to service of an
airframe/engine combination, as longas the Agencyis totally satisfied that all aspects of
the Approval Plan (CRI) have been completed. The Agency must be satisfied that an
approval plan achieves an equivalent level of safety to that intended in that AMC.

ii. Any deficiencyin compliance with the Approved Plan canresultin some lesserapproval
than that sought.

iii.  Operatorsand Manufacturers will be required to respond to any incident or occurrence
in the most expeditious manner. Aserious single eventorseries of related events could
result in immediate revocation of ETOPS approval. Any isolated problem not justifying
immediate withdrawal of approval, must be included in a Certification Authority
approved plan within 30 days.

2 RELATED CERTIFICATION SPECIFICATIONS

CS 25.901, 25.903, 25.1309, 25.1351 d, CS 25 Subpart J, CS-E 510, CS-E 515, CS-E 520,
operational requirements.
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3
4

RESERVED
TERMINOLOGY

a.

Aerodrome

(1) Adequate. Forthe purpose of this AMC, an adequate aerodrome is an aerodrome,
which the operator and the Authority consider to be adequate, having regard to
the performance requirements applicable at the expected landing weight or mass.
In particular, it should be anticipated that at the expected time of use:

(i)  The aerodrome will be available, and equipped with necessary ancillary
services, such as ATC, sufficient lighting, communications, weather
reporting, navaidsand emergency services. Rescue and Fire Fighting Services
(RFFS) equivalent to ICAO category 4 (for RFFS not located on the
aerodrome; capable of meeting the aeroplane with 30 minutes notice) or
the relevantaeroplane categoryif lower, is acceptablefor planning purposes
only, when being considered as an ETOPS en- route alternate; and

(ii) Atleastoneletdownaid(ground radarwould so qualify) will be available for
an instrument approach.

(2) Suitable. For the purpose of this AMC a suitable aerodrome is an adequate
aerodrome with weather reports, or forecasts, or any combination thereof,
indicating that the weather conditions are at or above operating minima and the
field condition reportsindicate that asafe landing can be accomplished at the time
of the intended operation (see Appendix 3).

Auxiliary Power Unit (APU)

A gasturbine engine intendedforuse as a powersource fordriving generators, hydraulic
pumps and other aeroplane accessories and equipment and/or to provide compressed
air for aeroplane pneumatic systems.

ETOPS Configuration, Maintenance and Procedures (CMP) Standard

The particular aeroplane configuration minimum requirements including any spedal
inspection, hardware life limits, Master Minimum Equipment List (MMEL) constraints,
and maintenance practices found necessary by the Authority to establish the suitability
of an airframe-engine combination for extended range operation.

Engine
The basic engine assembly as supplied by the engine manufacturer.
Extended Range Operations

Forthe purpose of this AMC, extended range operations are those flights conducted over
a route that contains a point further than one hour flying time at the approved one-
engine-inoperative cruise speed (under standard conditions in still air) from an adequate
aerodrome.

Extended Range Entry Point

The extended range entry pointisthe pointon the aeroplane's outbound route which is
one hour flying time at the approved one-engine-inoperative cruise speed (under
standard conditions in still air) from an adequate aerodrome.
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g. Maintenance Personnel

Mechanics, Licensed Ground Engineers, Maintenance Support Personnel.

h. In-flight Shutdown (IFSD)

When an engine ceasestofunctioninflightandis shutdown, whether self-induced, crew
initiated or caused by some other externalinfluence (i.e., In Flight Shutdown (IFSD) for all
causes; for example: due to flameout, internal failure, crew-initiated shutoff, foreign
object ingestion, icing, inability to obtain and/or control desired thrust).

i ETOPS significant system

(1)

(2)

(4)

A system for which the fail-safe redundancy characteristics are directly linked to
the number of engines, e.g., hydraulic system, pneumatic system, electrical
system.

A system that may affectthe properfunctioning of the enginestothe extentthat
it could resultin an in-flight shutdown or uncommanded loss of thrust, e.g., fuel
system, thrust reverser or engine control or indicating system, engine fire
detection system.

A system which contributes significantly to the safety of flight and a diversion with
one engine inoperative, such as back-up systems used in case of additional failure
during the diversion. These include back-up or emergency generator, APU or
systems essential for maintaining the ability to cope with prolonged operation at
single engine altitudes, such as anti-icing systems.

A system for which certain failure conditions may reduce the safetyof adiversion,
e.g. navigation, communication, equipment cooling, time limited cargo fire
suppression, oxygen system.

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

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

(ii)  Propulsion System. The aeroplane propulsion system includes: each
component that is necessary for propulsion; components that affect the
control of the major propulsion units; and components that affect the safe
operation of the major propulsion units.

j. Approved One-Engine-Inoperative Cruise Speed

(1)

(2)

The approved one-engine-inoperative cruise speed for the intended area of
operation must be aspeed, within the certificated limits of the aeroplane, selected
by the operator and approved by the authority.

The operator must use this speed in

(i)  establishing the outer limit of the area of operation and any dispatch
limitation

(ii)  calculation of singleengine fuelrequirementsunder paragraph 10.d.(4) Fuel
and Oil Supply of this AMC and
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(iii) establishing the level off altitude (net performance) data. This level off
altitude (net performance) must clear any obstacle en route by margins as
specified in the operational requirements.

(3) As permitted under paragraph 10.f.(3) of this AMC, based on evaluation of the
actual situation, the pilot in command has the authority to deviate from the
planned one-engine-inoperative cruise speed.

5 DISCUSSION

To be eligible for extended range operations, the specifiedairframe-engine combinationshould
have been certificated to the airworthiness standards of Large Aeroplanes and should be
evaluated considering the concepts in paragraph 7, evaluated considering the type design
considerationsin paragraph 8 and Appendix 2, evaluated considering in-service experience for
ETOPS type design discussed in paragraph 9 or Approval Plan (CRI) for Accelerated ETOPS Type
Design Approval and evaluated considering the continuing airworthiness and operational
concepts outlined in paragraph 10.

6 APPLICABILITY AND GRANDFATHER CLAUSES

Applicability and grandfather clauses will be found, when appropriate, in the operational
requirements.

7 CONCEPTS

Although it is self-evident that the overall safety of an extended range operation cannot be
better than that provided by the reliability of the propulsion systems, some of the factors
related to extended range operation are not necessarily obvious.

Forexample, cargo compartment fire suppression/containment capability could be asignificant
factor, or operational/maintenance practices may invalidate certain determinations made
during the aeroplane type design certification or the probability of system failures could be a
more significant problem than the probability of propulsion system failures. Although
propulsion system reliabilityis a critical factor, itis not the only factor which should be seriously
considered in evaluating extended range operation. Any decision relating to extended range
operation with two-engine aeroplanesshould also consider the probability of occurrence of any
conditions which wouldreduce the capability of the aeroplane orthe ability of the crew to cope
with adverse operating conditions.

The followingis provided to definethe concepts forevaluating extended range operation with
two-engineaeroplanes. This approach ensures that two-engine aeroplanes are consistent with
the level of safety required for current extended range operation with three and four-engine
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, the type design certification of the aeroplane should be reviewed to ensure
that the design of these systems are acceptable for the safe conduct of the intended
operation.

b. Propulsion Systems

In orderto maintain a level of safety consistent with the overall safety level achieved by
modern aeroplanes, it is necessary for two-engine aeroplanes used in extended range
operation to have an acceptably low risk of significantloss of power/thrust forall design
and operation related causes (see Appendix 1).
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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 required for
extendedrange operation, an assessment should be made of the proposed maintenance
and reliability 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, an in-depth review of the
applicant's training programmes, operations and maintenance 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 extended range operation could affect
flight crew workloadand procedures. Since the demandson the flight crew may increase,
an assessment should be made to ensure that more than average piloting skills or crew
co-ordination are not required.

f. Approval Basis

Each applicant (manufacturer or operator as appropriate) for extended range Approval
should show that the particular airframe-engine combination is sufficiently reliable.
Systemsrequired for extended range operation should be shown by the manufacturer to
be designedto afail-safe criteriaand shouldbe shown by the operator to be continuously
maintained and operated at levels of reliability appropriate forthe intended operation.

(1) Type Design ETOPS Approval

(i)  The process whichwill normally lead to the type design ETOPS Approval can
be divided into two steps:

(A) Eligibility for ETOPS: The applicant should show that the design
features of the particular airframe-engine combination are suitable
forthe intended operations (see paragraph 8).

(B)  Capability for ETOPS: The applicant should show that the particular
airframe-engine combination, having been recognised eligible for
ETOPS, can achieve a sufficiently high level of reliability in service so
that safe extended range operation may be conducted. The
achievement of the required level of propulsion system reliability is
determined in accordance with Appendix 1 (see paragraph 9). The
reliability of the airframe systems is determined in accordance with
Appendix 2 (see paragraph 8).

(ii)  Evidence that the type design of the aeroplane is approved for extended
range operation is normally reflected by a statement in the Authority
approved Aeroplane Flight Manual (AFM) and Type Certificate Data sheet
which references the CMP standard requirements for extended range
operations.
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(2)

In-service experience

It is also necessary for each operator desiring approval for extended range
operation to show that it has obtained sufficient maintenance and operations
experience with that particular airframe-engine combination to conduct safely
these operations (see paragraph 10.a).

Operations Approval

The type designapprovaldoesnotreflect a continuing airworthiness or operational
approval to conduct extended range operations. Therefore, before approval, each
operatorshould demonstrate the abilityto maintain and operate the aeroplane so
as to achieve the necessary reliability and to train its personnel to achieve the
competence in extended operation. The operational approval to conduct an
extended range operation is made by amendment to the operator certificate
issued by the appropriate Authority (see paragraph 10) which includes requisite
items provided in the AFM.

Continuing Airworthiness

The type design ETOPS Approval holderand the Agency should periodically review
the in-service reliability of the airframe-engine combination. Further to these
reviews and every time that an urgent problem makes it necessary, the Agency
may require thatthe type design CMP standard be revised to achieve and maintain
the desired level of reliability and, therefore safety of the extended range
operation. The CMP standard in effect prior to revision will no longer be considered
suitable for continued extended range operation. The CMP standard and its
revisions, may require priority actions to be implemented before the next ETOPS
flight and other actions to be implemented according to a schedule accepted by
the Agency.

Note: See also Appendix 1 paragraph e Continuing Airworthiness for Aircraft
Systems. Periodically means in this context typically two years. This means that
reviews are conducted every 24 months.

8 TYPE DESIGN APPROVAL CONSIDERATION FOR ELIGIBILITY

When atwo-enginetype designaeroplaneisintended to be usedin extendedrange operations,
a determination should be made that the design features are suitable for the intended
operation. In some cases modifications to systems may be necessary to achieve the desired
reliability. The essential airframe systems and the propulsion system for the particular airframe-
engine combination should be shown to be designed to fail -safe criteria and through service
experience it must be determined that it can achieve a level of reliability suitable for the
intended operation.

a.

Request for Approval

An aeroplane manufacturer or other civil airworthiness Authorities, requesting a
determination thata particularairframe-engine combinationis asuitable type design for
extended range operation, should apply to the Certification Authority. The Certification
Authority will then initiate an assessment of the airframe-engine combination in
accordance with paragraphs 8, 9 and Appendix 1 & 2 of this AMC.

Criteria

The applicant should conduct an evaluation of failuresand failure combinations based on
engineering and operational consideration as well as acceptable fail-safe methodology.
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The analysis should consider effects of operations with a single engine, including
allowance for additional stress that could result from failure of the first propulsion
system. Unless it can be shown that equivalent safety levels are provided or the effects
of failure are minor, failure and reliabilityanalysis should be used as guidance in verifying
that the proper level of fail-safe design has been provided. The following criteria are
applicable to the extended range operation of aeroplanes with two engines:

(1)
(2)

(5)

Airframe systems should be shown to comply with CS 25.1309.
The propulsion systems should be shown to comply with CS 25.901.

(i) Engineering and operational judgement applied in accordance with the
guidance outlined in paragraph 9 and Appendix 1 should be used to show
that the propulsion system can achieve the desired level of reliability.

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

(iii) It should be shown duringtype design evaluation that adequate engine limit
margins exist (i.e., rotor speed, exhaust gas temperatures) for conducting
extended duration single-engine operation during the diversion at all
approved power levels and in all expected environmental conditions. The
assessment should account for the effects of additional engine loading
demands (e.g., anti-icing, electrical, etc.) which may be necessaryduring the
single-engineflight phase associated with the diversion (see Appendix 4).

Note: Adequate, as referred to in first line of 8.b.(2)(iii), means that engine
limits margins after allowing for the effects of additional loading demands
associated with single-engine flight will not exceed the approved engine
limits at a particular power setting.

The safety impact of an uncontained engine failure should be assessed in
accordance with CS 25.903, CS-E 510 and CS-E 520.

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

Extended duration, single-engine operations should not require exceptional
piloting skills and/or crew co-ordination. Considering the degradation of the
performance of the aeroplanetype with an engineinoperative, the increased flight
crew workload, and the malfunction of remaining systems and equipment, the
impact on flight crew procedures should be minimised.

Considerationshould also be givento the effects of continued flight with an engine
and/or airframe system inoperative on the flight crew's and passengers'
physiological needs (e.g., cabin temperature control).

It should be demonstratedforextended duration single-engine operation, that the
remaining power (electrical, hydraulic, pneumatic) will continue to be available at
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(7)

levels necessary to permit continued safe flightand landing, and to provide those
services necessary for the overall safety of the passengers and crew.

Unless it can be shown that cabin pressure can be maintained on single-engine
operation at the altitude necessary for continued flight to a suitable aerodrome,
oxygen should be available to sustain the passengers and crew for the maximum
diversion time.

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, avionics, communications,
navigation, requiredroute or destination guidance equipment, supportive systems
and/orhardware and any otherequipment deemed necessary for extended range
operationto continue safe flightand landing at a suitable aerodrome. 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 Authority/Agency. These should normally include:

(i)  attitude information;
(ii) adequate radio communication and intercommunication capability;
(iii) adequate navigation capability (including weather radar);

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

(v)  sufficient captain and first officer instruments, provided cross-reading has
been evaluated;

(vi) heading, airspeed and altitude including appropriate pitot/static heating;
(vii) adequate flight controls including auto-pilot;

(viii) adequate engine controls, and restart capability with critical type fuel (from
the stand-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 engine instrumentation;

(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 de-icing;

(xiv) adequate control of cockpit and cabin environment including heating and
pressurisation; and,

(xv) ATC Transponder.

Note: For 90 minutes orless ETOPS operations, the functions to be provided must
satisfy the requirements of CS 25.1351(d)(2) as interpreted by AMC 25.1351(d)(4)
and (5).
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(8)

(11)

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

(i)  The APU, when installed, should meet the criteria in paragraph 8.b.(4).

(ii)  The hydraulic power source should be reliable. 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).

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

Note: For 75 minutes or less ETOPS operations, if one of the required electrical
power sources is provided by batteries, the following criteria apply:

The electrical power and distribution system including the standby or alternate
power system, should comply with the requirements of CS 25.1351 and associated
AMC's. Where the alternate power source provided to comply with CS 25.1351(d)
is time limited (e.g. batteries), such a power source should have a capability to
enable the items required by the verifying authority in paragraph 8.b.(7) to be
powered forthe maximumcertificated diversion timein stillair conditions, plus an
allowance for holding, approach and landing, and the likely prevailing weather
conditions for the planned routes, (e.g. an allowance for headwinds).

It should be shown that adequate status monitoring information and procedures
on all critical systems are available for the flight crew to make pre-flight, in-flight
go/no-go and diversion decisions.

Extended range operations are not permitted with time-related cargo fire
limitations less than the approved maximum diversion time in still air conditions
(plus an allowance for 15 minutes holding an approach and landing, and the likely
prevailing weather conditions forthe planned route, e.g. allowance for headwinds)
determined by considering other relevant failures, such as an engine inoperative,
and combinations of failures not shown to be Extremely Improbable.

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 diversion, cruise, holding, approach and landing.

Solutions to achieve required reliability

The permanent solution to a problem should be, 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 thereforeare required in the CMP standard document, this type of
solution should normally be temporary and the specific maintenance information
should be easilyretrievableand clearlyreferenced and identifiedin an appropriate
maintenance document.
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C.

Analysis of Failure Effects and Reliability

(1)

General

The analysis and demonstration of airframe and propulsion system failure effects
and reliability provided by the applicant as required by paragraph 8.b. should be
based on in-service experience as required by paragraph 9, and the expected
longest diversion time for extended range routes likely to be flown with the
aeroplane. Ifitis necessaryin certain failure scenarios to consider lesstime due to
time limited systems, the latter will be established as the maximum diversion time.

Propulsion systems

(i) An assessment of the propulsion system's reliability for particular airframe-
engine combinations should be made in accordance with paragraph 9 and

Appendix 1.
(ii)  The analysis should consider:

(A) Effectsof operation with a single-propulsion system (i.e., high-power
demands including extended use of MCT and bleed requirements,
etc.)andinclude possible 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.,cross-feed valvefailures, 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 shownto be
Extremely Improbable (includes design and maintenance).

Hydraulic Power and Flight Control

An analysis should be carried out taking into account the criteria detailed in
paragraph 8.b.(6).

Consideration of these systems may be combined, since many commercial
aeroplanes have full hydraulically powered controls. Foraeroplanes with all flight
controls being hydraulically powered, evaluation of hydraulic system redundancy
should show that singlefailures or failure combinations, not shownto be Extremely
Improbable, do not preclude continued safe flight and landing at a suitable
aerodrome. As part of this evaluation, the loss of any two 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 location of the damage
sources are such that this failure condition will not occur.

Note: For 75 minutes or less ETOPS approval, additional analysis to show
compliance with paragraph 8.b will not be required for airframe systems, where
forbasic(non ETOPS) Type Design Approval (TDA), compliance with CS 25.1309, or
its equivalent, has already been shown.
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(4)

Services Provided by Electrical Power

Ananalysis should show that the criteria detailed in paragraphs 8.b.(6), (7) and (8)
are satisfied taking into account the exposure times established in paragraph
8.c.(1).

Note: For 75 minutes or less ETOPS approval, additional analysis to show
compliance with paragraph 8.b will not be required for airframe systems, where
forbasic(non ETOPS) Type Design Approval (TDA), compliance with CS 25.1309, or
its equivalent, has already been shown.

Equipment Cooling

An analysis should establish that the 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 cooling system 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 8.b will not be required for airframe systems, where
forbasic(non ETOPS) Type Design Approval (TDA), compliance with CS 25.1309, or
its equivalent, has already been shown.

Cargo Compartment

It should be shown thatthe cargo compartmentdesign and fire protection system
capability (where applicable) is consistent with the following:

(i) Design

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

(ii)  Fire Protection

An analysis or tests should be conducted to show, considering approved
maximum diversioninstill air (including an allowance for 15-minute holding
and/or approach and land), that the ability of the system to suppress or
extinguish fires is adequate to ensure safe flight and landing at a suitable
aerodrome.

Reserved
Cabin Pressurisation

A review of fail-safe and redundancy features should show that the loss of cabin
pressure is Improbable under single-engine operating conditions.
Authority/Agency approved aeroplane performance data should be available to
verify the ability to continue safe flight and landing after loss of pressure and
subsequent operation at a lower altitude (see also paragraph 8.b.(6)).

Cockpit and Cabin Environment

The analysis should show that an adequate cockpit and cabin environment is
preserved following all combinations of propulsion and electrical system failures
which are not shown to be Extremely Improbable.
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Note: For 75 minutes or less ETOPS approval, additional analysis to show
compliance with paragraph 8.b will not be required for airframe systems, where
forbasic(non ETOPS) Type Design Approval (TDA), compliance with CS 25.1309, or
its equivalent, has already been shown.

d. Assessment of Failure Conditions

In assessing the fail-safe features and effects 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 initial failure condition,
including consequential orrelated conditions existing within the aeroplane which
may affectthe ability of the crew to deal with direct effects, such as the presence
of smoke, aeroplane accelerations, interruption of air-to-ground communication,
cabin pressurisation problems, etc.

(3) A flight test should be conducted to validate expected aeroplane flying qualities
and performance considering propulsion system failure, electrical power losses,
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. Depending on the scope, content, and review by the Agency of the
manufacturer's 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 paragraph 10.d.(6).

e. Authority Aeroplane Assessment Report

The assessment of the reliability of propulsion and airframe systems for a particular
airframe-engine combination will be contained in an Authority - approved Aeroplane
Assessment Report. This report will be approved by the Certification Authority after
review and concurrence by the Authority responsible for Operations. In the case of a
subsequent Certification Authority, the report may incorporate partly or totally the
report established by the original Authority.

Following approval of the report, the propulsion and airframe system recommendations
will be included in an Authority-approved document that establishes the CMP standard
requirements forthe candidate aeroplane. This document will then be referenced in the
Operation Specification and the Aeroplane Flight Manual.

f. ETOPS Type Design Approval

Upon satisfactory completion of the aeroplane evaluation through an engineering
inspection and test programme consistent with the type certification proce dures of the
Agency and sufficient in-service experience data. (see Appendix 1 & 2)

(1) The type design approval will be reflected in the approved AFM or supplement,
and Type Certification Data Sheet or Supplemental Type Certificate which contain
directly or by reference the following pertinent information, as applicable:

(i)  special limitations (if necessary), including any limitations associated with a
maximum diversion time established in accordance with paragraph 8.c.(1);

(ii)  additional markings or placards (if required);
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(iii) revisiontothe performance sectioninaccordance with paragraph 10.d.(6);

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

(v) descriptionorreference toa document containingthe approved aeroplane
configuration CMP standard;

(vi) astatementto the effect that:

"The type design reliability and performance of this airframe-engine combination
has been evaluated in accordance with AMC 20-6 and found suitable for (state
maximum diversion time) extended range operations with the incorporation of the
approved aeroplane configuration CMP standard. This finding does not constitute
approval to conduct extended range operations".

g. Type Design Change Process

(1)

(2)

(4)

The Agency will include the consideration of extended range operation in its
normal monitoring and design change approval functions.

The Propulsion SystemReliability AssessmentBoard (PSRAB) will periodically check
that the propulsion system reliability requirements for extended range operation
(see Appendix 1) are achieved or maintained.

Note: Periodically means in this context two years.

Any significant problems which adversely affect extended range operation will be
corrected. Modifications or maintenance actions to achieve or maintain the
reliability objective of extended range operations for the airframe-engine
combination will be incorporated into the design CMP standard document. The
Agency/Authority will co-ordinate this action with the affected manufacturerand
operator.

The Airworthiness Directive process may be utilised as necessary to implementa
CMP standard change.

h. Continued Airworthiness

The type design CMP standard which establishes the suitability of an aeroplane for
extended range operation defines the minimum standard for the operation.

Additional modifications or maintenance actions generated by an operator or
manufacturerto enhance or maintain the continuedairworthiness of the aeroplane must
be made through the normal approval process.

The operator or manufacturer (as appropriate) should thoroughly evaluate such changes
to ensure that they do not adversely affect reliability or conflict with requirements for
extended range approval.

9 IN-SERVICE EXPERIENCE FOR ETOPS TYPE DESIGN APPROVAL

In establishing the suitability of a type design in accordance with paragraph 8 of this AMC and
as a pre-requisite to obtaining any operational approval in accordance with the criteria of
paragraph 10 of this AMC, it should be shown thatan acceptable level of propulsion system and
airframe systems reliability can be or has been achieved in service by the world fleet for the
particular airframe-engine combination.

For this purpose, prior to the type design approval, paragraph 8, it should be shown that the
world fleet of the particular airframe-engine combination for which approval is sought can
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10

achieve or has achieved, as determined by the Agency (see Appendix 1), an acceptable and
reasonably stable level of single propulsion system in-flight shutdown (IFSD) rate and airframe
system reliability. Engineering and operational judgement applied in accordance with the
guidance outlined in Appendix 1 will then be used to determine thatthe IFSD rate objective for
allindependent causes can be or has been achieved. Thisassessmentis an integral part of the
determination in paragraph 8.b.(2) for 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 in-flight shutdown events, all significant engine reliability
problems, design and test data and available data on cases of significant loss of thrust, including
those where the propulsionsystem failed or the engine was throttled back or shut down by the
pilot. This determination will take due account of the approved maximum diversion time,
proposed rectification of all identified propulsion and ETOPS significant systems problems, as
well as events where in-flight starting capability may be degraded.

OPERATIONAL APPROVAL CONSIDERATIONS
Three sets of criteria are to be used:

- Operational approval criteria for extended range operations with a maximum diversion
time of 90 minutes or less to an en-route alternate (at the approved one-engine-
inoperative cruise speed under standard conditions in still air). Paragraphs 10.a. to 10.i.
and Appendix 5 apply.

- Operational approval for extended range operations with a maximum diversion time
above 90 minutes up to 120 minutes to an en-route alternate (at the approved one-
engine-inoperative cruise speed under standard conditions in still air). Paragraph 10.a. to
10.i. applies.

- Operational approval for extended range operations with a maximum diversion time
above 120 minutes up to 180 minutes to an en-route alternate (at the approved one-
engine-inoperative cruise speed under standard conditions in still air). Paragraph 10j
applies in addition to 10.a. to 10.i.

Purposes of Appendices:

Appendices 3, 4and 5 provide additional and expanded explanations on the requirements for
en-route alternates and maintenance requirements respectively.

a. Requesting Approval

Any operator requesting approval for extended range operations with two-engine
aeroplanes (after the satisfaction of the considerations in paragraphs 8 and 9) should
submitthe requests, withthe required supporting data, to the Authority atleast3 months
priortothe proposed start of extended range operation with the specificairframe -engine
combination.

(1)  In-service Experience for Operational Approval

Each operator requesting Approval will be required to have appropriate
experience. A summary must be provided to the Authority, indicating the
operator's capability to maintain and operate the specific airframe-engine
combination for the intended extended range operation. This summary should
include experience with the engine type or related engine types, experience with
the aeroplane systems or related aeroplane systems, or experience with the
particular airframe-engine combination on non-extended range routes. Approval
would be based on a review of this information.
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Note 1: Additional information regarding Reduction of Operator’s in-service
experience is contained in Appendix 7.

Note 2: The operator's authorised maximum diversion time may be progressively
increased by the Authority as the operator gains experience on the particular
airframe-engine combination. Notlessthan 12 consecutive months experiencewill
normally be required before authorisation of 120 minutes maximum diversion
time, unlessthe operator can show compensating factors. The factors to consider
may include calendar time, total number of flights, operator's diversion events,
record of the airframe-engine combination with other operators, quality of
operator's programmes and route structure. However, the operator will still need,
in the latter case, to demonstrate his capability to maintain and operate the new
airframe-engine combination at a similar level of reliability.

(2) In considering an application from an operator to conduct extended range
operations, an assessment should be made of the operator's overall safety record,
past performance, flight crew training and experience, and maintenance
programme. The data provided with the request should substantiate the
operator's ability and competenceto safely conduct and support these operations
and 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 suitability of the intended operation.)

b. 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 an IFSD rate objectivein
accordance with Appendix 1 for use in ensuring the propulsion system reliability
necessary for extended range operations, an assessment should be made of the
applicant's ability to achieve and maintain this level of propulsion system reliability.

This assessment should include trend comparisons of the operator's data with other
operators as well as the world fleet average values, and the application of a qualitative
judgement that considers all of the relevant factors. The operator's past record of
propulsion systemreliability with related types of power units should also be reviewed,
as well asits record of achieved systems reliability with the airframe-engine combination
for which authorisation is sought to conduct extended range operations.

Note: Where statistical assessment alone may not be applicable, e.g.,when the fleet size
is small, the applicant's experience will be reviewed on a case-by-case basis.

C. Engineering Modifications and Maintenance Programme Considerations

Although these considerations are normally part of the operator's continuing
airworthiness programme, the maintenance and reliability programme may needto be
supplemented in consideration of the special requirements of extendedrange operation
(Appendix 4). The followingitems, as part of the operator's programme will be reviewed
to ensure that they are adequate for extended range operations:

(1) Engineering Modifications

The operator should provide to the Authority all titles and numbers of all
modifications, additions, and changes which were made in order to substantiate
the incorporation of the CMP standard in the aeroplanes used in extended range
operation.
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(2)

(3)

(5)

Maintenance Procedures

Following Approval of the changes in the maintenance and training procedures,
substantial changes to maintenance and training procedures, practices, or
limitations established to qualify for extended range operations should be
submitted to the Authority at least two months before such changes may be
adopted.

Reliability Reporting

The reliability reporting programme as supplemented and approved, should be
implemented priorto and continued afterapproval of extended range operation.
Data from this process should resultin a suitable summary of problem events,
reliability trends and corrective actions and be provided regularly to the Authority
and to the relevant airframe and engine manufacturers. Appendix 4 contains
additional information concerning propulsion and airframe system reliability
monitoring and reporting.

Implementation

Approved modifications and inspections which would maintain the reliability
objective for the propulsion and airframe systems as a consequence of
Airworthiness Directive (AD) actions and/or revised CMP standards should be
promptly implemented.

Note:In principle, the CMP does not repeat Airworthiness Directives. An operator
thus needs to ensure compliance with both the ADs applicable in its country and
the CMP standards when operating ETOPS.

Other recommendations made by the engine and airframe manufacturers should
alsobe considered for promptimplementation. This would apply to both installed
and spare parts.

The ETOPS operational approval of each ETOPS operator will requireitto keepits
ETOPS fleets in conformity with the current CMP standards, taking into account
implementation delays (see paragraph 7.f.(4)).

Control Process

Procedures and a centralised control process should be established which would
preclude an aeroplane being released for extended range operation after
propulsion system shutdown or primary airframe system failure on a previous
flight, or significant adverse trends in system performance, without appropriate
corrective action having been taken. Confirmation of such action as being
appropriate, in some cases, may require the successful completion of one or more
non-revenue or non-ETOPSrevenueflights (as appropriate) priorto beingreleased
on an extended range operation.

Programmes

The maintenance programme used, will ensure that the airframe and propulsion
systems will continue to be maintained atthe level of performance and reliability
necessary for extended range operation, including such programmes as engine
condition monitoring and engine oil consumption monitoring.
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d.

Flight Preparation and In-flight Considerations

(1)

(3)

General

The flight release considerations specified in this paragraph are in addition to, or
amplify, the operational requirements and specifically apply to extended range
operations. Although many of the considerations in this AMC are currently
incorporatedinto approved programmes for otheraeroplanes or route structures,
the unique nature of extended range operations with two-engine aeroplanes
necessitatesa re-examination of these operations to ensure that the Approved
programmes are adequate for this purpose.

Minimum Equipment List (MEL)

System redundancy levels appropriate to extended range operations should be
reflectedinthe Master Minimum Equipment List (MMEL). An operator's MEL may
be more restrictive than the MMEL considering the kind of extended range
operation proposed and equipmentand service problems unique to the operator.
Systems considered to have a fundamental influence on flight safety may include,
but are not limited to, the following:

(i)  electrical, including battery;

(ii)  hydraulic;

(iii) pneumatic;

(iv) flightinstrumentation;

(v) fuel,;

(vi) flight control;

(vii) ice protection;

(viii) engine start and ignition;

(ix) propulsion system instruments;

(x)  navigation and communications;

(xi) auxiliary power-unit;

(xii) air conditioning and pressurisation;

(xiii) cargo fire suppression;

(xiv) engine fire protection;

(xv) emergency equipment; and

(xvi) any other equipment necessary for extended range operations.
Communication and Navigation Facilities

An aeroplane should not be released on an extended range operation unless:

(i) Communications facilities are available to provide under normal conditions
of propagation at the appropriate one-engine-inoperative cruise altitudes,
reliable two-way voice communications between the aeroplane and the
appropriate air traffic control unit over the planned route of flight and the
routes to any suitable alternate to be used in the event of diversion.
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(ii)

(iii)

Non-visual ground navigationaids are availableand locatedso as to provide,
taking account of the navigation equipment installed in the aeroplane, the
navigation accuracy necessary for the planned route and altitude of flight,
and the routes to any alternate and altitudes to be usedin the event of an
engine shutdown; and

Visual and non-visual aids are available at the specified alternates for the
anticipated types of approaches and operating minima.

(4)  Fuel and Oil Supply

(i)

(if)

General

An aeroplane should not be released on an extended range operation unless
it carries sufficient fuel and oil to meet the operational requirements and
any additional fuel that may be determined in accordance with paragraph
10.d.(4)(ii). Incomputing fuel requirements, at least the following should be
considered as applicable:

(A) Current forecast winds and meteorological conditions along the
expected flight path atthe appropriate one-engine-inoperative cruise
altitude and throughout the approach and landing;

(B)  Any necessary operation of ice protection systems and performance
loss due to ice accretion on the unprotected surfaces of the
aeroplane;

(C)  Any necessary operation of Auxiliary Power Unit (APU);

(D) Loss of aeroplane pressurisation and air conditioning; consideration
should be givento flying atan altitude meeting oxygen requirements
in the event of loss of pressurisation;

(E)  An approach followed by a missed approach and a subsequent
approach and landing;

(F)  Navigational accuracy necessary; and

(G)  Any known Air Traffic Control (ATC) constraints.

Note: APU oil consumption should also be considered as necessary.
Critical Fuel Reserves

In establishing the critical fuel reserves, the applicant is to determine the
fuel necessary to fly to the most critical point and execute a diversion to a
suitable alternate under the conditions outlined in paragraph 10.d.(4)(iii),
the 'Critical Fuel Scenario'. These critical fuel reserves should be compared
to the normal applicable operational rule 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 rule requirements, additional fuel
should be included to the extent necessary to safely complete the critical
fuel scenario.In consideration of the items listed inparagraph 10.d.(4)(i), the
critical fuel scenario should allow for a contingency figure of 5 per cent
added to the calculated fuel burn from the critical point to allow for errors
in wind forecasts, a5 per cent penalty in fuel mileage **, any Configuration
Deviation Listitems, both airframe and engine anti-icing; and account forice
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accumulation on unprotected surfaces if icing conditions are likely to be
encountered during the diversion. If the APU is a required power source,
then its fuel consumption should be accounted for during the appropriate
phase(s) of flight.

(** or operator's demonstrated value for in-service deterioration in cruise
fuel mileage)

(iii)  Critical Fuel Scenario

The following describes ascenariofor a diversion at the most critical point.
The applicant should confirm the scenario to be used when calculating the
critical fuel reserve necessary. it is operationally the most critical when
consideringboth time and aeroplane configuration (e.g., two-engine versus
one-engine at 3048 m (10 000 feet) non-standard aeroplane configuration
not shown to be Extremely Improbable, paragraph 8.c.(2)(ii)(D)):

(A)  Atthe critical point, consider simultaneous failure of one propulsion
system and the pressurisation system (critical point based ontime to
a suitable alternate at the approved one-engine-inoperative cruise
speed).

(B) Immediate descenttoand continued cruiseat 3048 m (10 000 feet) at
the relevant one-engine-inoperative cruise speed or continued cruise
above 3048 m (10000 feet) if the aeroplane is equipped with
sufficient supplemental oxygen in accordance with the operational
requirements.

(C)  Upon approaching the ETOPS en-route alternate, descent to 457 m
(1500 feet) above destination, hold for 15 minutes, initiate an
approach followed by a missed approach and then execute a normal
approach and landing.

(5) Alternate Aerodromes

An aeroplane should not depart on an extended range operation unless the
required take-off, destination and alternate aerodromes, including suitable en-
route alternate aerodromes, to be used in the event of propulsion system failure
or aeroplane system failure(s) which require a diversion, are listed in the cockpit
documentation (e.g. computerised flight plan).Suitable en-route alternates should
also be identified and listed in operational flight plan for all cases where the
planned route of flight contains a point more than one hourflying timeat the one-
engine-inoperative speed from an adequate aerodrome. Since these suitable en-
route alternates serve a different purpose than the destination altemate
aerodrome and would normally be used only in the event of an engine failure or
the loss of primary aeroplane systems, an aerodrome should not be listed as a
suitable en-route alternate unless:

(i)  Thelandingdistancesrequired as specifiedin the AFMforthe altitude of the
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 aerodrome authorities and computed
in accordance with the operational requirements.
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(ii)

(iii)

(iv)

The aerodrome servicesand facilities are adequate to permit the conduct of
an instrumentapproach procedure to the runwayexpected to be used while
complying with the applicable aerodrome operating minima.

The latest available forecast weather conditions for a period commencding
one hourbefore the established earliest time of landing and ending one hour
after the established latest time of landing at that aerodrome, equals or
exceedsthe authorised weather minimaforen-route alternate aerodromes
in Appendix 3. In addition, for the same period, the forecast crosswind
component, including gusts, for the landing runway expected to be used
should not exceed the maximum permitted crosswind for single engine
landing taking into account the runway condition (dry, wet or
contaminated).

During the course of the flight, the flight crew are to continue to remain
informed of any significant changes in conditions at designated en-route
alternates. Priorto proceeding beyond the extended range entry point, the
forecast weatherfor the time periods established in paragraph 10.d.(5)(iii),
aeroplane status, fuel remaining, runway surface conditions, landing
distances and aerodrome services and facilities at designated en-route
alternates should be evaluated. If any conditions are identified (such as
weather forecast below landing minima) which would preclude safe
approach and landing, then the pilot should take an appropriate course of
action.

In addition, the operator's programme should provide flight crews with
information on adequate aerodromes appropriate to the route to be flown
which are not forecast to meet Appendix 3 en-route alternate weather
minima. Aerodrome facility information and other appropriate planning
dataconcerningthese aerodromes shouldbe provided to flight crews for use
when executing a diversion.

Note: The alternate aerodromes should be chosenin orderto make it possible for
the aeroplane to reach the alternate while complying with the requirements,
especially with regard to performance (flight over obstacles) and/or oxygen
considerations.

(6) Aeroplane Performance Data

No aeroplane shouldbe released on an extended range flight unless the operator's
Operations Manual contains sufficient datato support the critical fuel reserve and
area of operations calculation. The following data should be based on
Agency/Authority-approved information (see paragraph 8.d.(3)) provided or
referenced in the Aeroplane Flight Manual (AFM).

(i)

Detailed one-engine-inoperative performance data including fuel flow for
standard and non-standard atmospheric conditions and as a function of
airspeed and power setting, where appropriate, covering:

(A) driftdown (includes net performance);

(B)  cruise altitude coverage including 3048 m (10 000 feet);
(C)  holding;

(D) altitude capability (includes net performance); and
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e.

(E)  missed approach.

(ii)  Detailedall-engine-operating performance data, including nominalfuel flow
data, for standard and non-standard atmospheric conditions and as a
function of airspeed and power setting, where appropriate, covering:

(A)  Cruise (altitude coverage including 3048 m (10 000 feet)); and
(B) Holding.

(iii) Details of any other conditions relevant to extended range operation which
can cause significant deterioration of performance, such asice accumulation
on the unprotected surfaces of the aeroplane, Ram Air Turbine (RAT)
deployment, thrust reverser deployment, etc.

(iv) The altitudes, airspeeds, thrust settings, and fuel flow used in establishing
the ETOPS area of operations for each airframe-engine combination must be
used in showing the corresponding terrain and obstruction clearances in
accordance with the operational requirements.

Flight Crew Training, Evaluation, and Operating Manuals

(1)

Adequacy of Flight Crew Training and Operating Manuals

The Authority will review in-service experience of significant aeroplane systems.
The review will include system reliability levelsand individual event circumstances,
including crew actions takenin response to equipmentfailures or unavailabilities.
The aviation industry should provide information for and participate in these
reviews. The Authority will use the information resulting from these reviews to
modify or update flight crew training programmes, operating manuals and
checklists, as necessary.

Flight Crew Training and Evaluation Programme

The operator's training programmein respect to extended range operations should
provide training for flight crew members followed by subsequent evaluations and
proficiency checks as well as refresher training in the following areas:

(i) Introduction to ETOPS regulations
(ii)  Routesandaerodromesintended to be usedinthe ETOPS area of operations
(iii) Performance:
(A)  Flight planning, including all contingencies.
(B)  Flight performance progress monitoring.
(iv) Procedures:

(A) Diversion Procedures and Diversion 'Decision making'. Special initial
and recurrent training to prepare flight crews to evaluate probable
propulsion and airframe systems failures should be conducted. The
goal of this training should be to establish crew competency in dealing
with the most probable operating contingencies.

(B)  Use of appropriate navigation and communication systems, including
appropriate flight management devices.

(C)  The flight crew should be provided with detailed initialand recurrent
training which emphasises abnormaland emergency procedures to be
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(D)

(E)

(F)

(6)

(H)

followed in the event of foreseeable failures for each area of
operation, including:

(1)  Procedures for single and multiple failures in flight that would
precipitate go/no-goand diversion decisions. If standby sources
of electrical power significantly degrade cockpit
instrumentation to the pilots, then approved training which
simulates approach with the standby generator as the sole
powersource should be conducted duringinitial and recurrent
training.

(2) Operational restrictions associated with thesefailuresincluding
any applicable Minimum Equipment List (MEL) considerations.

(3)  Proceduresforairstart of the propulsion systems, including the
APU, if required.

(4) Crew incapacitation
Use of emergency equipment including protective breathing and
ditching equipment.

Procedures to be followed in the event that there is a change in
conditions at designated en-route alternates which would preclude
safe approach and landing.

Understanding and effective use of approved additional or modified
equipment required for extended range operations.

Fuel Management

Flight crew should be trained on the fuel management procedures to
be followed during the en-route portion of the flight. These
procedures should provide for an independent cross-check of fuel
quantity

indicators. For example fuel flows could be used to calculate fuel
burned and compared to indicated fuel remaining.

Operators should develop and incorporate annual ETOPS refresher
training programmes for flight crew qualified for ETOPS operations.

(3) ETOPS Check Programme

The objective of the ETOPS check programme should be to ensure standardised
flight crew practices and procedures and also to emphasis the special nature of
ETOPS operations. Only pilots with a demonstrated understanding of the unigue
requirements of ETOPS should be designated as check pilots for ETOPS.

f. Operational Limitations

(1)  Areaof Operation

(i) An operator may be authorised to conduct extended range operations
within an area where the diversion time, at any point along the proposed
route of flight to an adequate aerodrome, is up to a maximum of 180
minutes in still air at the approved one-engine-inoperative cruise speed.
Appendices 1 and 4 provide criteria for such operations.
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(2)

(3)

(ii)

In the case of operations cleared up to 120 minutes maximum diversion
time, small increases in the diversion time for specific routes may be
approved as needed, ifit can be shown that the resulting routing will provide
an enhancement of overall safety.

Such increases:

(A)  Willrequire the Authority to assess overall type design including time
limited systems, demonstrated reliability;

and

(B) to establish an appropriate MEL related to the diversion time
required; and

(C)  Willnot be more than 15 per cent of the original maximum diversion
time approved in accordance with paragraph 10.f.

The area which meets the considerations in paragraph 8.f.(1)(i) may be
approved for extended range operations with two-engine aeroplanes and
should be specified in the operator certificate issued by the appropriate
Authority.

Flight Release Limitation

The flight release limitation should specify the maximum diversion time from a
suitable aerodrome for which an operator can conduct a particular extended range
operation. The maximum diversion time at the approved one-engine-inoperative
cruise speed (understandard conditionsin stillair) should not be any greaterthan
the value established by paragraph 10.f.(1)(i).

(i)

Use of Maximum Diversion Time

The procedures established by the operator should ensure that extended
range operation is limited to flight plan routes where the approved
maximum diversion timeto suitable aerodromes can be met under standard
conditions in still air. Operators should provide for:

(A) Company procedures to state that upon occurrence of an in-flight
shutdown of an engine, the pilot should promptlyinitiate diversion to
flytoandland atthe nearestaerodrome, in terms of time, determined
to be suitable by the flight crew.

(B) A practice to be established such that in the event of a single or
multiple primary system failure, the pilot will initiate the diversion
procedure to fly to and land at the nearest aerodrome in terms of
time, determined to be suitable by the flight crew, unlessit has been
justified that no substantial degradation of safety results from
continuation of the planned flight.

Contingency proceduresshould not be interpreted in any waywhich prejudices the
final authority and responsibility of the pilotin command forthe safe operation of
the aeroplane.
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g. ETOPS Operational Approval Issued by the Appropriate Authority

(1) Anoperator'stwo-engine aeroplane should not be operated on an extended range
flight unless authorised by the operator certificate issued by the appropriate
Authority (both maintenance and operations).

(2) The operator certificate issued by the appropriate Authority for extended range
operations should specifically include provisions covering at least the following:

(i) Definition of the particular airframe-engine combinations, including the
current approved CMP standard required for extended range operation as
normally identified in the AFM (Paragraph 8.f.);

(ii)  authorised area of operation;
(iii)  minimum altitudes to be flown along planned and diversionary routes;

(iv) the maximumdiversiontime, at the approved one-engine-inoperative cruise
speed (understandard conditionsinstill air), that at any point on the route
the aeroplane may be from a suitable aerodrome for landing;

(v) aerodromes nominated for use, including alternates, and associated
instrument approaches and operating minima;

(vi) the approved maintenance and reliability programme (Appendix 4) for
extendedrange operationincluding thoseitems specified in the type design
approved CMP standard;

(vii) identification of those aeroplanes designated for extended range operation
by make and model as well as serial number and registration;

(viii) aeroplane performance reference.
h. Validation of Operator ETOPS Maintenance and Operations Capability

(1) The operator should demonstrate that it has the competence and capability to
conduct safely and support adequately the intended operation.

(2) Prior to being granted ETOPS operational approval, the operator should
demonstrate that the ETOPS maintenance checks, servicing, and programmes
calledforin Appendix 4 are being properly conducted at representative departure
and destination aerodromes.

(3) Theoperatorshould also demonstratethat ETOPS flight release practices, polides,
and procedures are established for operations to and from representative
departure and destination aerodromes.

(4) The operator should also demonstrate to the Authority, using the specified
airframe-engine combination or preferably by use of an approved simulator, that
he has the competence and capability to safely conduct and adequately support
the intended operation. The following emergency conditions should be
demonstrated during the validation flight unless successful demonstration of these
conditions have previously been carried out in an approved simulator:

(i)  total loss of thrust of one engine, (simulated, in the aeroplane, by setting
zero thrust on the simulated failed engine);

(ii)  total loss of normal generated electrical power;
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(iii) any other condition considered to be equivalent in airworthiness, crew
work-load or performance risk.

i. Extended Range Operations Approval

Following a type design approval for extended range operations in accordance with
paragraph 8 and satisfactory application of the criteria in paragraphs 9 and 10 and prior
to the issuance by the appropriate Authority of the ETOPS approval, the operator's
application and supporting data should be forwarded to the appropriate Authority for
review and concurrence. Following the review and

concurrence by the appropriate Authority, the operational validation flight should be
conducted in accordance with any additional guidance specified in the review and
concurrence. When the operational validation flight has been evaluated and found
acceptable, an applicant may be authorised to conduct extended range operation with
the specified airframe-engine combination. Approval to conduct ETOPS is made by the
issuance of the operator certificate by the appropriate Authority containing appropriate
limitations.

j. Criteria for Operations above 120 minutes and up to 180 minutes

Each operator requesting Approval to conduct extended range operations beyond 120
minutes should have approximately 12 consecutive months of operational in-service
experience with the specified ETOPS configured airframe-engine combination in the
conduct of 120 minute operations. The amount of service experience may be increased
or decreased after a review of operator's experience taking into account all factors
including the number of sectors. Prior to approval, the operator's capability to conduct
operations and implement effective ETOPS programmes in accordance with the criteria
detailed in paragraph 10 will be examined. The record of the operator in conducting its
120 minute programme will be consideredwhengranting Approvals beyond 120 minutes
diversion time. These operators should also demonstrate the additional capabilities
discussedinthis paragraph. Approval will be givenon a case-by-case basis foranincrease
to theirarea of operation beyond 120 minutes. The area of operation will be defined by
a maximum diversion time of 180 minutes to an adequate aerodrome at approved one-
engine-inoperative cruise speed (under standard conditions in still air). The release
limitation will be a maximum diversion time of 180 minutes to a suitable aerodrome at
the approved one-engine-inoperative speed (under standard conditions in still air).

(1) Release Considerations
(i) Minimum Equipment List (MEL)

The MEL should reflect adequate levels of primary system redundancy to
support 180 minutes (still air) operations. The systems listed in paragraph
10.d.(2)(i) through (xvi) should be considered.

(ii)  Weather

An operatorshould substantiate that the weatherinformation systemwhich
itutilises can be reliedupontoforecastterminaland en-route weather with
a reasonable degree of accuracy and reliability in the proposed area of
operation.
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(3)

(iii)

Fuel

The critical fuel scenario should also consider fuel required for all-engine-
operations at 3048 m (10 000 feet) or above 3048 m (10 000 feet) if the
aeroplane is equipped with sufficient supplemental oxygen.

Flight Planning

The effects of wind and temperature atthe one-engine-inoperative cruise altitude
should be accounted for in the calculation of equal-time point. In addition, the
operator's programme should provide flight crews with information on adequate
aerodromes appropriate to the route to be flown which are not forecast to meet
Appendix 3 en-route 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 diversion.

(i)

(ii)

(iii)

(iv)

Crew Training and Evaluation

If standby sources of electrical power significantly degrade cockpit
instrumentation to the pilots, then approved training, that simulates an
instrumentapproach with the standby generatoras the sole powersource,
should be conducted during initial and recurrent training.

Contingency Procedures

Flight crews should be provided with detailed initial and recurrent training,
that emphasises established contingency procedures, for each area of
operation intended to be used.

Diversion Decision Making

Special initial and recurrent training to prepare flight crews to evaluate
probable propulsion and airframe systemsfailures should be conducted. The
goal of thistraining should be to establish crew competency in dealing with
the most probable operating contingencies.

Note: Although already required for maximum diversion time between 60
and 120 minutes under standard conditions in still air, the requirements of
paragraph 10.j.(2) are emphasised for maximum diversion time beyond 120
minutes.

Specific instruction should be included in the company operational
procedures so that paragraph 10.d.(5)(iv) is applied, with the additional
proviso that an alternate should be selected that is within 180 minutes
maximum diversion time, at the approved one-engine-inoperative speed
(under standard conditions in still air).

Equipment

(i)

(if)

VHF/HF, Data Link where available

Operators should consider enhancements to their operational control
system as soon as they become feasible.

Automated System Monitoring

The provision of automated aeroplane system status monitoring should be
considered in order to enhance the flight crew's ability to make timely
diversion decisions.
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11

CONTINUING SURVEILLANCE

The fleetaverage In Flight Shut Down (IFSD) rate for the specified airframe-engine combination
will continue to be monitored in accordance with Appendices 1 and 4. As with all other
operations, the appropriate 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 in Appendix 1, and that the
operation continuesto be conducted safely. Inthe eventthat an acceptable level of reliability
isnot maintained, if significant adverse trends exist, orif significant deficiencies are detected in
the type design orthe conduct of the ETOPS operation, then the appropriate Authority should
initiate a special evaluation, impose operational restrictions, if necessary, and stipulate
corrective action for the operatortoadoptinordertoresolve the problemsinatimely manner.
The appropriate Authority should alert the Certification Authority when aspecial evaluationis
initiated and provide for their participation.
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ED Decision 2003/12/RM
ASSESSMENT PROCESS

To establish whether a particular airframe-engine combination has satisfied the propulsion systems
reliability requirements for extended range operation, an assessment will be made by the Agency,
using all pertinent propulsion system data. To accomplish the assessment, the Agency will need world
fleet data, and data from various sources (the operator, the engine manufacturerand the aeroplane
manufacturer) which should be extensive enough and of sufficient maturity 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 Agency will state whether or not the current propulsion system reliability of a
particularairframe-engine combination satisfies the relevant criteria. Included in the statement, if the
operationisapproved, will be the engine build standard, propulsion system configuration, operating
condition and limitations required to qualify the propulsion system as suitable for extended range
operation.

If an approved engine CMP is maintained by the responsible engine Authority and is duly referenced
on the engine Type Certificate Data Sheet, then this must be made available to the Authority
conducting the aeroplane propulsion system reliability assessment. Such a CMP must be produced
taking into account all the requirements of paragraphs 8 and 9 and should be incorporated or
referenced in the aeroplane CMP.

a. Service Experience

When considering the acceptability of a propulsion system for extended range operation,
maturity should be assessed not only in terms of total fleet hours but also take account of fleet
leadertime overacalendartimebut, alsoto the extent to which test data and design experience
can be used as an alternative.

There are two extremes in the ETOPS process with respect to maturity; one is the
demonstration of stable reliability by the accumulation of service experience and the other is
by an agreed design and test program between the manufacturers and authorities. The extent
to which a propulsion systemis aderivative of previous ETOPS-rated systems is also a factor of
the level of maturity.

There is justification for the view that modern propulsion systems achieve a stable reliability
level by 100 000 hoursfor new typesand 50 000 hours for derivatives. 3000 to 4 000 hours is
considered to be the necessary time in service for a specific unit to indicate problem areas.

Normally, the service experience will be:

(1) Fornew propulsion systems: 100 000 hours and 12 months service. Where experience on
another aeroplane is applicable, a significant portion of the 100 000 hours should
normally be obtained on the candidate aeroplane.

On a case-by-case basis, relevant test and design experience, and maximum diversion
time requested, could be takeninto account when arriving at the in-service experience
required.

(2)  Forderivative propulsion systems: 50000 hours and 12 months service.These valuesmay
vary according to the degree of commonality. To this end in determining the derivative
status of a propulsion system, consideration shouldbe given to technical criteria referring
to the commonality with previous ETOPS-rated engines. Prime areas of concerninclude:
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(i)  Turbomachinery

(ii)  Controls and accessories and control logic
(iii) Configuration hardware (piping, cables etc.)
(i

iv) Aircraft to engine interfaces and interaction

(A) Fire

(B)  Thrustreverser
(C)  Avionics

(D) etc.

The extenttowhichthe in-service experience might be reduced would depend upon the
degree of commonality with previous ETOPS-rated engines using the above criteria, and
would be decided on a case-by-case basis.

Alsoon acase-by-case basis, relevant test and design experience and maximum diversion
time requested, could be takeninto account when arriving at the in-service experience
required.

Thus, the required experience to demonstrate propulsion system reliability should be
determined by

(i) The extent to which previous service experience of common ETOPS-rated
propulsion systems can be considered.

(ii)  To what extent compensating factors such as design similarity and test evidence
can be used.

(iii)  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 case-by-case basis and would need to provide
a demonstrated level of propulsion system reliability in terms of in flight shut down IFSD
rate of the orderof 0.05 per 1000 hours, as is necessary also for new propulsion systems.

b. Data Required for the Assessment

(1)

A list of all engine shutdown events, both ground and inflight, for all causes (excluding
normal training events) including flameout. The list should provide the following for each
event:

i) date;
ii) airline;

ii) aeroplane and engine identification (model and serial number);

(
(
(
(iv) power-unit configuration and modification history;
(v) engine position;

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

vii) weather/environmental conditions and reason for shutdown and any comment
regarding engine restart potential.

All occurrences where the intended thrustlevel was not achieved, or where crew action
was taken to reduce thrust below the normal level, for whatever reason:
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3) Unscheduled engine removals/shop visit rates;

4) Total engine hours and aeroplane cycles;

(
(
(5) All events should be considered to determine their effects on ETOPS operations;
(6)  Additional data as required.

(

7) The Agency will also consider relevant design and test data.
C. Risk Management and Risk Model

Propulsion systems approved for extended range operation must be sufficiently reliable to
assure that defined safety targets are achieved.

A review of information for modern fixed wing jet powered aircraft shows that the rate of fatal
accidents for all causes is in the order of 0.3 x 10 per flying hour. The reliability of aeroplane
typesapproved forextended range operation should be such that they achieve atleast as good
anaccidentrecord as equivalent technology equipment. The overalltarget of 0.3x 10 perflying
hour has therefore been chosen as the all-causes safety target.

When considering safety targets,an accepted practice is to allocate appropriate portions of the
total to the various potential contributing factors. By applying thispractice to the overall target
of 0.3 x 10°® per flying hour, in the proportions previously considered appropriate, the
probability of a catastrophic

accident due to complete loss of thrust from independent causes must be no worse than 0.3 x
108 per flying hour.

Propulsion system related accidents may resultfrom independent cause events but, based on
historical evidence, result primarily 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 developed by ICAO, (ref. AN-WP/5593 dated 15/2/84) for the calculation
of engine in-flight shutdown rate, together with the above safety objective and accident
statistics, a relationship between target engine in-flight shutdown rate for all independent
causes and maximum 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 afterapplication of the corrective actions identified during
the engineering assessment (see Appendix 1, paragraph 1.d.), the target engine in-flight
shutdown rates will be achieved. This will provide assurance that the probability objective for
loss of all thrust due to independent causes will be met.
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Figure 1: Target IFED Rate versus Diversicn Time

Engineering Assessment

(1)

There are maintenance programmes, engine on-wing health monitoring programmes,
and the promptness and completenessinincorporating engine service bulletins, etc., that
influence an operator's ability to maintain alevel of reliability. The data and information
required will form a basis from which a world-fleet engine shutdown rate will be
established for use in determining whether a particular airframe-engine combination
complies with criteria for extended range operation.

An analysis will be made on a case-by-case basis, of all significant failures, defects and
malfunctions experienced in service (or during testing) for the particularairframe -engine
combination. Significant failures are principally those causing or resulting in in-flight
shutdown or flameout of the engine(s), but may also include unusual ground failures
and/orunscheduledremoval of engines.In making the assessment, consideration will be
given to the following:

(i)  The type of propulsion system, previous experience, whether the power-unit is
new or a derivative of an existing model, and the operating thrustlevel to be used
after one engine shutdown.

(ii)  The trendsin the cumulative twelve month rolling average, updated quarterly, of
in-flight shutdown rates versus propulsion system flight hours and cycles.

(iii) The demonstrated effect of corrective modifications, maintenance, etc. on the
possible future reliability of the propulsion system.

(iv) Maintenance actions recommended and performance and their effect on
propulsion system and APU failure rates.

(v) The accumulation of operational experience which covers the range of
environmental conditions likely to be encountered.

(vi) Intended maximumflight duration, and maximumdiversioninthe ETOPS segment,
used in the extended range operation under consideration.

Engineering judgement will be used in the analysis of paragraph 1.d.(2) such that the
potential improvement in reliability, following the introduction of corrective actions
identified during the analysis, can be quantified.
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(4)

(8)

The resultant predicted reliability level and the criteria developedin accordance with
paragraph 1.c will together be used to determine the maximum diversion time for which
the particular airframe-engine combination qualifies.

The type design standard for type approval of the airframe-engine combination for
extended range operations will include all modifications and maintenance actions for
which full or partial credit is taken in paragraph 1.d.(3) and other such actions required
by the Agency to enhance reliability. The schedule for incorporation of type design
standard items should normally be established in the Configuration Maintenance
Procedures (CMP) for example in terms of calendar time, hours or cycles.

When a foreign manufacturer's and/or operator's data are evaluated, the respective
foreign Airworthiness Authority will be offered the opportunity to participate in the
assessment.

Propulsion System Reliability Assessment Board (PSRAB) Findings. Once an assessment
has been completed and the PSRAB has documented its findings, the Agency will declare
whether or not the particular combination satisfies the relevant considerations of this
AMC. Items recommended to qualify the propulsion system, such as maintenance
requirements and limitations will be included in the Assessment Report (paragraph 8.e.).

Inorderto establishthat the predicted propulsionsystemreliability levelis achieved, and
subsequently maintained, the aircraft manufacturer should submit to the Agency an
assessment of the reliability of the propulsion system on a quarterly basis. The
assessment should concentrate on the ETOPS configured fleet and should include ETOPS
related events from the non-configured fleetof the subject airframe-engine combination,
and from other combinations utilising a related engine model.

e. Continuing Airworthiness

The Agency will periodically review its original findings. In addition, the Agency document
containing the CMP standard will be revised as necessary.

The periodic meetings of the ETOPS Reliability Tracking Board prescribed in this AMC are
normally frequent at the start of the assessment of a new product, the periodicity is adjusted
by the Agency upon accumulation of substantial service experience ifthere 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 mature by the
Agency.

(1)

Mature ETOPS products
A family of ETOPS products with a high degree of similarity is considered as mature once:

(i)  The product family has accumulated at least 250 000 flight hours for an aircraft
family or 500 000 operating hours for an engine family;

(ii)  The product family has accumulated service experience covering acomprehensive
spectrum of operating conditions (e.g. cold, hot, humid,..);

(iii) Each ETOPS approved model or variant in the family has achieved the reliability
objectivesfor ETOPS and has remainedstableat orbelow the objectives fleet-wide
for at least two years;

New models orsignificant design changes may not be considered mature until they have
individually satisfied the condition of paragraph (i) here-before.
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The Reliability Tracking Board Chairman and the Project Certification Manager make the
determination of when a product or a product family is considered mature.

Surveillance of mature ETOPS products

The Manufacturer 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 Appendix 1and 2 of this AMC. In case of occurrence of an eventor
a series of events or a statistical trend that implies a deviation of the reliability of the
ETOPS fleet ora portion of the ETOPS fleet (e.g. one modelora range of serial numbers)
above the limits specified for ETOPS in this AMC, the Manufacturer must:

(i) Inform the Agency and define a means to restore the reliability through a Minor
Revision of the CMP, with a compliance schedule to be agreed with the Agency if
the situation has no immediate safety impact;

(ii)  Inform the Agency and propose an ad-hoc follow-up by the Agency until the
concern has been alleviated or confirmed if the situation requires further
assessment;

(iii) Informthe 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 Manufacturer must
provide the Agency with the basicstatistical indicators prescribed in Appendix1and 2 of
this AMC on a yearly basis.

Design Organisation Approval

Manufacturers of products approved for ETOPS must hold a Design Organisation
Approval (DOA) conformingto IR 21. Theirapproved Design Organisation Manual (DOM)
must contain appropriate organisation and procedures covering the tasks and
responsibilities of this AMC.

Foreign manufacturers not approved as JAA-DOA must present an equivalent
organisation and procedures that satisfies the intent of this paragraph. FAADER system
is considered acceptable.

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 improvements which have no immediate
impact on the safety of ETOPS flights and are introduced as a means to control the
continued compliance with the reliability objectives of ETOPS.

Minor revisions of the ETOPS CMP Document may be approved by designated personnel
of the Manufacturer under the provisions of its approved DOM.

Foreign manufacturers notapproved as JAA-DOAwho operate under the FAA DER system
may use their DER to approve Minor Revisions of the CMP.
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ED Decision 2003/12/RM
ASSESSMENT PROCESS

The intent of this Appendixis to provide additional clarification to paragraphs 8b, 8c,(1) and 7.f.(4).
Airframe systemsare requiredto show compliance with CS 25.1309. To establish whethera particular
airframe-engine combination has satisfiedthe reliabilityrequirements concerning the aircraftsystems
forextendedrange operations an assessment willbe made by the Agency, using all pertinent systems
data provided by the applicant. To accomplish this assessment the Agency will need world fleet data,
and data from various sources (the operators, the equipment manufacturers, and the aeroplane
manufacturer). This datashould be extensive enough and of sufficient maturity to enablethe Agency
to assesswith a high level of confidence, that the risk of systems failures during a normal ETOPS flight
oradiversion, is sufficiently lowin direct relationshipwith the consequence of such failure conditions,
under the operational environment of ETOPS missions.

The Agency will declare whether or not the current system reliability of a particular airframe-engine
combination satisfies the relevant criteria.

Included in the declaration will be the airframe build standard, systems configuration, operating
conditions and limitations required to qualify the ETOPS significant systems as suitable for extended
range operations.

a. ETOPS Significant Systems
(1)  An ETOPS significant system is:

(i) A system forwhich the fail-safe redundancy characteristics are directly linked to
the number of engines, e.g. hydraulicsystem, pneumaticsystem, electrical system.

(ii) A systemthat may affectthe properfunctioning of the enginestothe extentthat
it could resultin an inflight shutdown or uncommanded loss of thrust, e.g. fuel
system, thrust reverser or engine control or indicating system, engine fire
detection system.

(iii) A system which contributes significantly to the safety of flight and a diversion with
one engine inoperative, such as back-up systems usedin case of additional failure
during the diversion. These include back-up or emergency generator, APU or
systems essential for maintaining the ability to cope with prolonged operation at
single engine altitudes, such as anti-icing systems.

(iv) A systemforwhich certainfailure conditions may reduce the safetyof adiversion,
e.g. navigation, communication, equipment cooling, time limited cargo fire
suppression, oxygen system.

(2) The list of ETOPS significant systems should be agreed with the Agency.
b. Reliability Assessment for Systems

The reliability assessment for systems must determine which systems are significantto ETOPS
and assure that the reliability of such systems is sufficient in direct relationship with the
consequences of their potential malfunctions during ETOPS missions.

The assessment also requires a review of the Systems Safety Assessment (SSA) established in
compliance with AMC 25.1309-1 and specificETOPS requirements in this AMC (e.g., loss of cabin
pressurisation during Single Engine Operation), to take into account the particular conditions
and requirements applicable to ETOPS missions.
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Inorder toachieve the level of confidence intended for ETOPS, the analytical assessment in the
SSA must be confirmed by statistical data from a sufficient data base of directly applicable
service experience and by an engineering assessment of the service experience of the airframe
systems under review.

Statistical indicators (MTBF/MTBUR) and engineering judgement applied to the individual
events must be usedto evaluate the maturity and the reliability of all ETOPS significant systems.

C. Analytical Assessment

The SSA conducted in accordance with CS 25.1309 of all ETOPS significant systems must be
reviewed as follows:

(1) 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:

(i)  Crew workload over a prolonged period of time
(ii) Operating conditions at single engine altitude

(iii) Lesser crew familiarity with the procedures and conditions to fly to and land at
diversion airfields.

(2)  Introduce any additional failure scenario/objectives necessary to comply with this AMC.

(3) Consider maximum ETOPS flight duration and maximum ETOPS diversion time for all
probability calculations. (The probability calculationsforthose systems that cannot affect
the proper functioning of the engines or systems where fail safe/redundancy is not
affected by the number of engines, but which could cause a diversion or contribute to
the safety of a diversion, may be based on average fleet risk mission time for ETOPS
operated aircraft, assuming a maximum diversion time.

(Note - not average risk mission time for whole fleet.)

(4) Consider effects of prolonged time and single engine altitude in terms of continued
operation of remaining systems following failures.

(5) Specific ETOPS maintenance tasks and/or intervals or specific ETOPS flight procedures
necessary to attain the safety objectives must be included in the appropriate approved
document (e.g. CMP document, MMEL).

d. Service Experience/Systems Safety Assessment (SSA)

When considering the acceptability of airframe systems for extended range operations,
maturity should be assessed in terms of the maturity of the technology being used and the
maturity of the particular design under review.

In performing the SSA's particular account will be taken of the following:

(1) Forequipmentidentical or closeto equipment usedon otheraircraft, the SSA failure rates
will be validated by in-service experience.

The amount of service experience (either direct or related) must be indicated for each
equipment of an ETOPS significant system.

Where related service experience is used to validate failure modes and rates, an analysis
must be produced to show the validity of the service experience.
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In particular, if the same equipmentis used on adifferentaircrafttype, it must be shown
that thereis no difference in operating conditions (vibrations, pressure, temperature) or
that these differences do not adversely affect the failure modes and rates.

If service experience on similar equipment on other aircraft is claimed to be applicable
an analysis must be produced substantiating the reliability figures used on the
guantitative analysis. This substantiation analysisshould include details of the differences
between the similarand new equipment, details of the service experience of the similar
equipment and details of any "lessons learnt" modificationsintroduced and included in
the new equipment.

For certainequipment, (e.g., IDGs, TRUs, bleeds, emergency generator) this analysis may
have to be backed up by tests. This must be agreed with the Agency.

For new or substantially modified equipment, account will be taken in the SSA for the
lack of validation of the failure rates by service experience.

A study should be conducted to determine the sensitivity of the assumed SSA failure
condition probabilities to the failure rates of that equipment.

Should a failure case probability be sensitive to this equipment failure rate and close to
the required safety objective, particular provision precautions may be applied (e.g.
temporary despatch restrictions, inspections, maintenance procedures, crew
procedures...)to account forthe uncertainty untilthe failure rate has been appropriately
validated by service experience.

Inorderto confirmthatthe predicted systemreliability levelis achievedand maintained,
the aircraft manufacturer should monitor the reliability of airframe (ETOPS significant)
systems afterentryinto service. The manufacturer should submitareportto the Agency
initially on a quarterly basis (forthe first year of operation) and thereafterona periodic
basisandfora time to be agreed with the Agency(see7.f.(4) and 8.g.(3)). The monitoring
task should include ETOPS significant events from both the ETOPS and non-ETOPS fleet
of the subject family of airframes. This additional reliability monitoring is required only
for those systems that could effect the proper functioning of the engines or systems
where the fail-safe/redundancy is affected by the number of engines and back-up
systems used in the case of additional failure during the diversion.

Note: See also Appendix 1 paragraph e Continuing Airworthiness for aircraft systems.
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ED Decision 2003/12/RM

1 GENERAL

a. One of the distinguishing features of two-engine extended range operations is the
concept of a suitable en-route alternate aerodrome being available to which an
aeroplane can divert after a single failure or failure combinations which require a
diversion.Whereas most two-engine aeroplanes operatein an environment where there
isusually achoice of diversion aerodromes available, the extended range aeroplane may
have only one alternate within arange dictated by the endurance of a particularairframe
system (e.g., cargo fire suppressant), or by the approved maximum diversion time for
that route.

b. It is, therefore, important that any aerodrome designated as an en-route alternate has
the capabilities, services and facilities to support safely that particular aeroplane, and
that the weather conditionsatthe time of arrival provide a high assurance that adequate
visual references are available upon arrival at decision height (DH) or minimum descent
altitude (MDA), and that the surface conditions are within acceptable limits to permit the
approach and landing to be completed safely with one propulsion system and/or airframe
systems inoperative.

c. As well as satisfyingthe ICAO Annex 6 requirementsin relation to crew qualificationfor
operations on such routes, operators should show that these facilities and services
specified are available for the proposed operations.

2 SUITABLE AERODROME SELECTION

For an aerodrome to be suitable for the purpose of this AMC, it should have the capabilities,
services, a minimum of ICAO category 4, or the relevant aeroplane category if lower, Rescue
and Fire Fighting Services (RFFS) and facilities necessary to designate it as an adequate
aerodrome, (for RFFS notlocatedon the aerodrome; capability of meeting the aeroplane within
30 minutes notice) and have weather and field conditions at the time of that particular
operation which provide a high assurance thatan approach and landingcan be safely completed
with one propulsion system and/orairframe systems inoperative, in the event thata diversion
to the en-route alternate becomes necessary. Due to the natural variability of weather
conditions with time, as well as the need to determine the suitability of a particular en-route
aerodrome prior to departure, the en-route alternate weather minima for planning purposes
are generally higher than the weather minima necessary to initiate an instrument approach.
This is necessary to assure that the instrument approach can be conducted safely if the flight
has to divert to the alternate aerodrome. Additionally, since the visual reference necessary to
safely complete an approach and landing is determined, among other things, by the accuracy
with which the aeroplane can be controlledalongthe approach path by reference to instrument
aids, as well as by the tasks the pilotis required to accomplish to manoeuvre the aeroplane so
as to complete the landing, the weather minima for non-precision approaches are generally
higher than for precision approaches.

3 STANDARD EN-ROUTE ALTERNATE AERODROME PRE-DEPARTURE WEATHER MINIMA

The following are established for flight planning and release purposes with two-engine
aeroplanes in extended range operations.

A particularaerodrome may be considered a suitableaerodromefor flight planning and release
purposes for extended range operation if it meets the criteria of paragraph 3 of this Appendix
and has one of the following combinations of instrument approach capabilities and en-route
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alternate aerodrome weather minima at the time of the particular operation. An operator
should include in his Operations Manual either Table 1 or Table 2, but not a combination of
both, for use in determining the operating minima at the planned en-route alternate
aerodrome.

Table 1 Planning minima - ETOPS

. . . s . Weather Minima
Approach Facility Configuration Alternate Airfield Ceiling Visibility/RVR

For aerodromes with at leastone operational A ceilingderived by adding A visibility derived by
navigation facility, providing a precision or 122 m (400 feet) to the adding 1 500 meters to
non-precision runway approach procedureor  authorised DH, MDH the authorised landing
acirclingmanoeuvrefrom an instrument (DA/MDA) or minima.

approach procedure circling minima

The weather minima below applyataerodromes which are equipped with precision or non-precision
approaches on at leasttwo separaterunways (two separate landingsurfaces)

For aerodromes with at leasttwo operational A ceilingderived by adding A visibility derived by
navigation facilities providing a precision or 61 m (200 feet) to the higher adding 800 meters to the
non-precision runway approach procedureto  of the authorised DH/MDH higher of the two
separatesuitablerunways (DA/MDA) forthe approaches authorisedlanding minima

Table 2 Planning minima — ETOPS

Type of Planning Minima (RVR visibility required & ceiling if applicable)
Approach Aerodrome with
atleast atleast or atleast
2 separateapproach procedures 2 separateapproach 1 approach procedure
based on 2 separate aids procedures based on based on
serving 2 separaterunways 2 separateaids 1 aidserving
serving 1 runway 1 runway
Precision Precision Approach Non-Precision Approach Minima
Approach Cat | Minima
Catll, 111
(ILS, MLS)
Precision Non-Precision Approach Circlingminima or, if notavailable, non-precision
Approach Minima approach minima plus 200t/ 1 000 m
Cat I (ILS, MLS)
Non-Precision  The lower of non-precision The higher of circling minima or non-precision
Approach approach minima plus 200 ft/ approach minima plus 200ft/ 1 000 m
1 000 m orcircling minima
Circling Circlingminima
Approach
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4 EN-ROUTE ALTERNATE AERODROME PRE-DEPARTURE WEATHER MINIMA TAKING ADVANTAGE
OF ADVANCED LANDING SYSTEMS

It is recognised that the development of advanced landing systems may lead to certified
capability for planned single engine Category Il and/or Category Ill approach and landings.

Before advantage of any such capability can be used in the pre-flight selection of an en-route
alternate aerodrome the appropriate Authority must be satisfied that the operator has
demonstrated that when an ETOPS aircraft has encountered any failure condition in the
airframe and/or propulsion system that would resultin a diversionto an en-route alternate
aerodrome, subsequent failures during the diversion, that would result in the loss of the
capability to safely conduct and complete the Category Il/Ill approach and landing are
Improbable. The certificated capability of the airframe-engine combinationshould be evaluated
considering the approved maximum diversion time.

Approval of the planned use of these advanced systems to nominate en-route alternate
aerodromes will be on a case-by-case basis and will use the table of paragraph 4 of this
Appendix.

5 EN-ROUTE ALTERNATE SUITABILITY IN FLIGHT
See paragraphs 10.d.(5)(iv) and 10.j.(2)(iv).
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ED Decision 2003/12/RM

1 GENERAL

The maintenance programme should contain the standards, guidance and direction necessary
to support the intended operations. Maintenance personnel and other personnel involved
should be made aware of the special nature of ETOPS and have the knowledge, skillsand ability
to accomplish the requirements of the programme.

2 ETOPS MAINTENANCE PROGRAMME

The basic maintenance programme for the aeroplane being considered for ETOPS is the
continuous airworthiness maintenance schedule currently approved for that operator, for the
make and model airframe-engine combination. This schedule should be reviewedto ensure that
it provides an adequate basis for development of ETOPS maintenance requirements. These
should include maintenance procedures to preclude identical action being applied to multiple
similarelementsinany ETOPS significant system (e.g., fuel control change on both engines).

a. ETOPS related tasks should be identified on the operator's routine work forms and
related instructions.

b. ETOPS related procedures, such as involvement of centralised maintenance control,
should be clearly defined in the operator's programme.

c. An ETOPS service check should be developed to verify that the status of the aeroplane
and certain critical items are acceptable. This check should be accomplished by an
authorised andtrained person priortoan ETOPS flight. Such a person may be a member
of the flight crew.

d. Log books should be reviewed and documented, as appropriate, to ensure proper MEL
procedures, deferred items and maintenance checks, and that system verification
procedures have been properly performed.

3 ETOPS MANUAL

The operator should develop a manual for use by personnel involved in ETOPS. This manual
need not include, but should at least reference, the maintenance programme and other
requirements described by this Appendix, and clearly indicate where they are located in the
operator's manual system.

All ETOPS requirements, including supportive programmes, procedures, duties, and
responsibilities, should be identified and be subjectto revision control. This manual should be
submitted to the Authority 30 days before implementation of ETOPS flights.

Alternatively, the operator mayinclude thisinformation in existing manuals used by personnel
involved in ETOPS.

4 OIL CONSUMPTION PROGRAMME

The operator's oil consumption programme should reflect the manufacturer's
recommendations and be sensitive to oil consumptiontrends. It should consider the amount of
oil added at the departing ETOPS stations with reference to the running average consumption;
i.e., the monitoring must be continuous up to, and including, oil added at the ETOPS departure
station. If oil analysis is meaningful to this make and model, it should be included in the
programme. If the APU is required for ETOPS operation, it should be added to the oil
consumption programme.
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5 ENGINE CONDITION MONITORING

This programme should describe the parameters to be monitored, method of data collection
and corrective action process. The programme should reflect manufacturer's instructions and
industry practice. This monitoring will be usedto detect deterioration atan early stage to allow
for corrective action before safe operation is affected. The programme should ensure that
engine limit margins are maintained so that a prolonged single-engine diversion may be
conducted without exceeding approved engine limits (i.e., rotor speeds, exhaust gas
temperature) at all approved power levels and expected environmental conditions. Engine
margins preserved through this programme should account for the

effects of additional engine loading demands (e.g., anti-icing, electrical, etc.) which may be
required during the single-engine flight phase associated with the diversion.

6 VERIFICATION PROGRAMME AFTER MAINTENANCE

The operatorshould develop averification programme or procedures should be established to
ensure corrective action following an engine shutdown, primary system failure or adverse
trends or any prescribed events which require a verification flight or otheraction and establish
means to assure their accomplishment. A clear description of who must initiate verification
actions and the section orgroup responsibleforthe determination of what actionis necessary
should be identified in the programme. Primary systems or conditions requiring verification
actions should be described in the operator's ETOPS manual.

7 RELIABILITY PROGRAMME

An ETOPS reliability programme should be developed or the existing reliability programme
supplemented. This programme should be designed with early identification and prevention of
ETOPS related problems as the primary goal. The programme should be event-orientated and
incorporate reporting procedures for significant events detrimental to ETOPS flights. This
information should be readily available for use by the operatorand Authority to help establish
that the reliability levelis adequate, and to assess the operator's competence and capabilityto
safely continue ETOPS. The Authority should be notified within 96 hours of events reportable
through this programme.

a. Inadditiontothe itemsrequired to be reported by other regulations, the following items
should be included:

(i)  in-flight shutdowns;
(ii)  diversion or turnback;
(iii) uncommanded power changes or surges;
(iv) inability to control the engine or obtain desired power; and
(v) problems with systems critical to ETOPS.
b. The report should identify the following:
i)  aeroplane identification;
ii) engine identification (make and serial number);
iii) total time, cycles and time since last shop visit;

(
(
(
(iv) forsystems, time since overhaul or last inspection of the defective unit;
(v) phase of flight; and

(

vi) corrective action.
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10

PROPULSION SYSTEM MONITORING

The operator's assessment of propulsion systems reliability for the extended range fleet should
be made available to the Authority (with the supporting data) on at least a monthly basis, to
ensure that the approved maintenance programme continues to maintain a level of reliability
necessary for extended range operation.

The assessmentshould include, asa minimum, engine hoursflownin the period, in flight shut-
down rate for all causes and engine removal rate, both on a 12 month moving average basis.
Where the combined extended range fleetis part of a larger fleet of the same airframe-engine
combination, data from the operator's total fleet will be acceptable. However, the reporting
requirements of paragraph 7 of this Appendix must still be observed for the extended range
fleet.

Any adverse sustained trendwouldrequire animmediate evaluation to be accomplished by the
operator in consultation with the Authority. The evaluation may result in corrective action or
operational restrictions being applied.

Note: Where statistical assessment alone may not be applicable, e.g., when the fleet size is
small, the operator's performance will be reviewed on a case-by-case basis.

MAINTENANCE TRAINING

The Maintenance training should focus onthe special nature of ETOPS. This programm e should
be included in the normal maintenance training. The goal of this programme is to ensure that
all personnel involved in ETOPS are provided with the necessary training so that the ETOPS
maintenance tasks are properly accomplished and to emphasise the special nature of ETOPS
maintenance requirements. Qualified maintenance personnel are those that have completed
the operator's extended range trainingprogramme and have satisfactorily performed extended
range tasks undersupervision, withinthe framework of the operator's approved procedures for
Personnel Authorisation.

ETOPS PARTS CONTROL

The operatorshould develop a parts control programme with support from the manufacturer,
that ensures the proper parts and configuration are maintained for ETOPS. The programme
includes verification that parts placed on an ETOPS aeroplane during parts borrowing or pooling
arrangements, as well as those parts used after repair or overhaul, maintain the necessary
ETOPS configuration for that aeroplane.
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(Note: 180 min provisions are included in the main text)

1

GENERAL

Paragraphs 10.a. through 10.i. of this AMC detail the criteria for operational approval of
extended range operations with a maximum diversion time between 60and 120 minutestoan
en route alternate (at approved single-engine inoperative cruise speed). This appendix serves
the function of differentiating the criteriafor approval of operations up to 90 minutes diversion
time.

90 - MINUTE OPERATION

Since 1976, two-engine aeroplane operations up to 90 minutes diversion time (two engine
speed) were approved over Africa, the Indian Ocean, the Bay of Bengal and the North Atlantic
using ICAO recommendations of the time and the applicable operational rule. The aeroplanes
performing these missions were not designed to meetall the design and reliability criteria now
in Paragraphs 8, 9 and Appendix 1&2 of this AMC and were not subjected to the operational
approval criteriadetailedin Paragraph 10, Appendices 3,4 and 7 of this AMC. However, these
operations have provento be safe and successful due to the short duration of the concemed
ETOPS sectors, the short diversion time, the favourable operating characteristics of the route
and the built-in reliability of the initial product. This experience, along with the ETOPS
operational experience gathered since 1985, has led to the development of the 90 minute
criteria detailed below. This criteria bridges the gap between the 60 min, non-ETOPS,
requirements and the current requirements defined in this AMC. It defines specifically what
needsto be accomplished in orderto obtain an operational approval witha maximum diversion
time of 90 minutes or less.

CRITERIA FOR APPROVALTO OPERATE UP TO 90 MINUTES
a. Type Design

Compliance must be shownto all applicable paragraphs. Whererelevant, specific 90 min,
orless, criteria is denoted directly in the text of paragraphs 8 and Appendix 1.

b. Operational Approval

Consideration may be given to the approval of extended range operations up to 90-
minutes for operators with minimalornoin-service experience withthe airframe-engine
combination. This determination considers such factors as the proposed area of
operations, the operator's demonstrated ability to successfullyintroduce aeroplanes into
operations, the quality of the proposed maintenance and operations programs.

(1) Maintenance

Maintenance programs should be instituted which follow the guidance in
Appendix 4.
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(2) Operations

(i)

(if)

Operation programs should be instituted which follow the guidance in
paragraphs 10.d., 10.e. and 10.f. and Appendix 3.

Minimum Equipment List (MEL): Provision of the JAA Master Minimum
Equipment List (MMEL), including 90 minute or less "Extended Range"
provisos.
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A General

The purpose of this appendix is to establish the factors which the Authority may considerin
exercising its authority to allow reduction or substitution of operator’s in-service experience
requirement in granting ETOPS Operational Approval.

Paragraph 7 of this AMC statesthat "....the concepts forevaluating extended range operations
with two-engineaeroplanes....ensures that two-engine aeroplanes are consistent with the level
of safety required for current extended range operations with three and four-engine turbine
powered aeroplanes without unnecessarily restricting operation".

It is apparent that the excellent propulsion related safety record of two-engine aeroplaneshas
not only been maintained, but potentially enhanced, by the process related provisions
associated with ETOPS Type Design and Operational Approvals. Further, currentlyavailable data
shows that these process related benefits are achievable without extensive in-service
experience. Therefore, reduction orelimination of in-service experience requirements may be
possible when the operator shows to the Authority that adequate and validated ETOPS
processes are in place.

The Accelerated ETOPS Operational Approval Programme with reduced in-service experience
does not imply that any reduction of existing levels of safety should be tolerated but rather
acknowledges thatan operator may be able to satisfy the objectives of this AMC by a variety of
means of demonstrating that operator’s capability.

This Appendixpermitsan operatorto start ETOPS operations when the operator has established
that those processes necessary for successful ETOPS operationsare in place and are considered
to be reliable. This may be achieved by thorough documentation of processes, demonstration
on another aeroplane/validation (as described in Paragraph G of this Appendix) or a
combination of these.

B Background

When ETOPS requirements were first releasedin 1985 ETOPS was a new concept, requiring
extensive in-service verification of capability to assure the concept was a logical approach. At
the time, the Authorities recognised that a reduction in the in-service requirements or
substitution of in- service experience, on another aeroplane, would be possible.

The ETOPS concept has been successfully applied for close to a decade; ETOPS is now widely
employed. The number of ETOPS operators has increased dramatically, and in the North Atlantic
US airlines have more twin operations than the number of operations accomplished by three
and four engine aeroplanes. ETOPS is now well established.

Under the AMC, an operator is generally required to operate an airframe-engine combination
for one (1) year, before being eligible for 120 minute ETOPS; and another one (1) year, at 120
minute ETOPS, before being granted 180 minute ETOPS approval. Forexample, an operator who
currently has 180 minute ETOPS approval on one type of airframe-engine or who is currently
operatingthatroute with an oldergeneration three orfourengine aeroplane could be required
towaitforuptotwo (2) yearsforsuch anapproval. Sucharequirement creates undue economic
burden on operators and may not contribute to safety. Data indicates that compliance with
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processes has resulted in successful ETOPS operationat earlierthan the standard time provided
forin the AMC.

ETOPS operational dataindicates thattwins have maintained a high degree of reliability dueto
heightened awareness of specific maintenance, engineering and flight operation process
related requirements. Compliance with ETOPS processes is crucial in assuring high levels of
reliability of twins. Data shows that previous experience on an airframe-engine combination
priorto operating ETOPS, does not necessarily make asignificant differencein the safety of such
operations. Commitment to establishment of reliable ETOPS processes has beenfoundtobe a
much more significant factor. Such commitment, by operators, to ETOPS processes has, from
the outset, resulted in operation of twins at a mature level of reliability.

ETOPS experience of the past decade shows that a firm commitment by the operator to
establish proven ETOPS processes priorto the start of actual ETOPS operations and to maintain
that commitment throughout the life of the programme is paramount to ensuring safe and
reliable ETOPS operations.

C Terminology Process:

A process is a series of steps or activities that are accomplished, in a consistent manner, to
ensure that a desired result is attained on an ongoing basis. Paragraph D documents ETOPS
processes that should be in place to ensure a successful Accelerated ETOPS programme.

Proven Process:

A process is considered to be ‘proven’ when the following elements are developed and
implemented:

(1) Definition and documentation of process elements

(2) Definition of process related roles and responsibilities

(3) Procedure forvalidation of process elements
- Indications of process stability/reliability
- Parameters to validate process and monitor (measure) success
- Duration of necessary evaluation to validate process

(4) Procedure forfollow-upin-service monitoringto assure process remains reliable/stable.
Methods of process validation are provided in paragraph G.

D ETOPS Processes

The two-engine airframe-engine combination for which the operator is seeking Accelerated
ETOPS Operational Approval must be ETOPS Type Design approved priorto commencing ETOPS.
The operator seeking Accelerated ETOPS Operational Approval must demonstrate to the
Authority that it has an ETOPS programme in place that addresses the process elements
identified in this paragraph

The following are the ETOPS process elements:
(1) Aeroplane/engine compliance to Type Design Build Standard (CMP)

(2) Compliance with the Maintenance Requirements as defined in Paragraph 10 and
Appendix 4 of this AMC:

- Fully developed Maintenance Programme (Appendix 4, paragraph 2) which
includes a tracking and control programme.
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(4)

- ETOPS manual (Appendix 4, paragraph 3) in place.
- A proven Oil Consumption Monitoring Programme. (Appendix 4, paragraph 4)

- A proven Engine Condition Monitoring and Reporting system. (Appendix 4,
paragraph 5) A proven Plan for Resolution of Aeroplane Discrepancies. (Appendix
4, paragraph 6)

- A proven ETOPS Reliability Programme. (Appendix 4, paragraph 7)

- Propulsion system monitoring programme (Appendix 4, paragraph 8) in place. The
operatorshould establish a programme that resultsin a high degree of confidence
that the propulsion system reliability appropriate to the ETOPS diversion time
would be maintained.

- Training and qualifications programmein place for ETOPS maintenance personnel.
(Appendix 4, paragraph 9).

- Established ETOPS parts control programme (Appendix 4, paragraph 10)

Compliance with the Flight Operations Programme as defined in Paragraph 10 of this
AMC. Proven flight planning and dispatch programmes appropriate to ETOPS. of
meteorological information and MEL appropriate to ETOPS.

Initial and recurrent training and checking programme in place for ETOPS flight
operations personnel.

Flight crew and dispatch personnel familiarity assured withthe ETOPS routes to be flown;
in particular the requirements for, and selection of, en-route alternates.

Documentation of the following elements:

Technology new to the operator and significant difference in primary and secondary
power (engines, electrical, hydraulic and pneumatic) systems between the aeroplanes
currently operated and the two- engine aeroplane for which the operator is seeking
Accelerated ETOPS Operational Approval.

The planto train the flight and maintenance personnel to the differencesidentifiedin 1
above.

The plan to use proven or manufacturer validated Training and Maintenance and
Operations Manual procedures relevantto ETOPS forthe two-engine aeroplane for which
the operator is seeking Accelerated ETOPS Operational Approval.

Changes to any previously proven or manufacturer validated Training, Maintenance or
Operations Manual procedures described above. Depending on the nature of any
changes, the operator may be required to provide a plan for validating such changes.

The validation planforany additional operatorunique trainingand procedures re levant
to ETOPS, if any.

Details of any ETOPS programme support from the airframe manufacturer, engine
manufacturer, other operators or any other outside agency.

The control procedures when maintenance or flight dispatch support is provided by an
outside party as described above.
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E Application

Paragraph 10a of this AMC requires thatrequests for extended range operations be submitted
at least 3months priorto the start of extendedrange operations. Normally, the operator should
submitan ‘Accelerated ETOPS Operational Approval Plan’to the Authoritysix (6) months before
the proposed start of extended range operations. This additional time will permit the Authority
to review the documented plans and assure adequate ETOPS processes are in place.

The operator’s application for Accelerated ETOPS should:
Define proposed routes and the ETOPS diversion time necessary to support those routes.

Define processes and relatedresources being allocatedto initiate and sustain ETOPS operations
in a manner which demonstrates commitment by management and all personnelinvolved in
ETOPS maintenance and operational support.

Identify, where required, the plan forestablishing compliance with the build standard required
for Type Design Approval, e.g. CMP (Configuration, Maintenance and Procedures Document)
compliance.

Document plan for compliance with requirements in Paragraph D.

5. Define Review Gates. A Review Gate is a milestone tracking planto allow for the orderly
tracking and documentation of specificrequirements of this Appendix. Each Review Gate
should be defined in terms of the tasks to be satisfactorily accomplishedin orderforitto
be successfully passed. Iltems for which the Authority visibility is required or the Authority
approval is sought should be included in the Review Gates. Normally, the Review Gate
process will start six (6) months before the proposed start of extended range operations
and should continue atleast six (6) months afterthe start of extended range operations.
Assure that the proven processes comply with the provisions of Paragraph C of this
Appendix.

F Operational Approvals

Operational approvals which are granted with reduced in-service experience should be limited
to those areas agreed by the Authority at approval of the Accelerated ETOPS Operational
Approval Plan. When an operator wishes to add new areas to the approved list, Authority
concurrence is required.

Operatorswill be eligible for ETOPS Operational Approval up to the Type Design Approval limit,
provided the operator complies with all the requirements in Paragraph D.

G Process Validation.

Paragraph D identifies those process elements thatare neededto be proven priorto the start
of Accelerated ETOPS. Fora process to be considered proven, the process mustfirst be defined.
Typically this will include a flow chart showing elements of the process. Roles and
responsibilities of the personnel who will be managing this process should be defined including
any training requirement. The operator should demonstrate that the processis in place and
functions as intended. The operator may accomplish this by thorough documentation and
analysis, or by demonstrating on an aeroplanethat the process worksand consistently provides
the intended results. The operatorshould also show that the feedback loop existstoillustrate
need for revision of the process, if required, based on in- service experience.

Normally the choice to use, or not to use, demonstration on an aeroplane as a means of
validating the process should be left up to the operator. With sufficient preparation and
dedication of resources such validation may not be necessary to assure processes should
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produce acceptable results. However, in any case where the proposed plan to prove the
processes is determined by the Authority to be inadequate or the plan does not produce
acceptable results, validation of the process in an aeroplane may be required.

If any operator is currently operating ETOPS with a different airframe and/or engine
combinationitmay be able to documentthat it has prove n ETOPS processesin place and only
minimal furthervalidation may be necessary. It will, however, be necessary to demonstrate that
means are in place to assure equivalentresults will occuron the aeroplane being proposedfor
Accelerated ETOPS Operational Approval.

The following elements which, while not required, may be useful or beneficial in justifying a
reduction in the requirements of ETOPS processes:

1. Experience with other airframes and/or engines.

2. Previous ETOPS experience.

3. Experience with long range, overwater operations with two, three or four engine
aeroplanes.

Any experience gained by flight crews, maintenance personnel and flight dispatch personnel
while working with other ETOPS approved operators.

Process validation may be done in the airframe-engine combination which will be used in
Accelerated ETOPS operation or in a different aeroplane type than that for which approval is
being sought, including those with three and four engines.

A process may be validated by first demonstrating the process produces acceptable results on
a different aeroplane type or airframe-engine combination. It should then be necessary to
demonstrate that means are in place to assure equivalentresults should occur on the aeroplane
being proposed for Accelerated ETOPS Operational Approval.

Any validation programme should address the following:

The operator should show that it has considered theimpact of the ETOPS validation programme
withregard to safety of flight operations. The operatorshould state inits application any policy
guidance to personnel involved in the ETOPS process validation 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 operations. It should emphasise that during periods of abnormal or
emergency operation or high cockpit workload ETOPS process validation exercises may be
terminated.

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

A means must be established to monitor and report performance with respect to
accomplishment of tasks associated with ETOPS process elements. Any recommended changes
to ETOPS maintenance and operational process elements should be defined.

Prior to the start of the process validation programme, the following information should be
submitted to the Authority:

- Validation periods, including start dates and proposed completion dates.

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

- Definition of designated ETOPS validation routes. The routes should be of duration
required to ensure necessary process validation occurs.

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

- Document how each element of the ETOPS process was utilised during the validation.

- Document any shortcomings with the process elements and measuresin place to correct
such shortcomings.

- Document any changes to ETOPS processes which were required after an in-flight shut
down (IFSD), unscheduled engineremovals, orany othersignificant operational events.

- Provide periodic Process Validation reports to the Authority. This may be addressed
during Review Gates.
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AMC 20-8

ED Decision 2003/12/RM

1 INTENT

This AMC is interpretative material and provides guidance in order to determine which
occurrences should be reported tothe 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 occurrence reporting system includinginternal and
external functions

2. APPLICABILITY

(a)

(a)

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. It does not
address reporting by aerodrome organisations, air navigation service providers and
authorities themselves.

In most casesthe obligationtoreportis onthe holders of a certificate orapproval, which
in most cases are organisations, but in some cases can be a single person. In addition
some reporting requirements are directed to persons. However, in order not to
complicate the text, only the term ‘organisation’ is used.

The AMC also does not apply to dangerous goods reporting. The definition of reportable
dangerous goods occurrencesis different fromthe otheroccurrences 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, The safe Transport of Dangerous Goods by Air, Chapter 12

(ii)  1CAO Doc9284-AN/905, Technical Instructionsforthe Safe Transport of Dangerous
Goods by Air

OBJECTIVE OF OCCURRENCE REPORTING

The occurrence reporting systemis an essential part of the overall monitoring function.
The objective of the occurrence reporting, collection, investigation and anal ysis systems
described in the operating rules, and the airworthiness rules is to use the reported
information to contribute to the improvement of aviation safety, and not to attribute
blame, impose fines or take other enforcement actions.

The detailed objectives of the occurrence reporting systems are:

(i)  Toenableanassessmentof thesafetyimplicationsof each occurrence to be made,
including previous similar occurrences, so that any necessary action can be
initiated. Thisincludes determining what and why ithad occurred and what might
prevent a similar occurrence in the future.

(ii) To ensure that knowledge of occurrences is disseminated so that other persons
and organisations may learn from them.

The occurrence reporting systemis 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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(d)

occurrence reporting system is a tool to identify those occasions where routine
procedures have failed.

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

(a)

Requirements

(i) Asdetailedintheoperatingrules, occurrences definedas an incident, malfunction,
defect, to prevent similar occurrences in the future. Known and planned preventive
actions should be included within the report.

(ii)  The products and part and appliances design rules prescribe that occurrences
defined as afailure, malfunction, defect or otheroccurrence which has resulted in
or may result in an unsafe condition must be reported to the Agency.

(iii)  According to the product and part and appliances production rules occurrences
defined as a deviation which could lead to an unsafe condition must be reported
to the Agency and the national authority.

(iv) The maintenance rulesstipulate that occurrences defined as any condition of the
aircraft or aircraft component that has resulted or may result in an unsafe
condition that could seriously hazard the aircraft must be reported to the national
authority.

(v) Reporting does not remove the reporter’s or organisation’s responsibility to
commence corrective actions to prevent similaroccurrencesin the future. Known
and planned preventive actions should be included within the report.

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 guidan ce for
establishing which occurrencesshallbe reported by which organisation. For example, the
organisation responsible for the design will not need to 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 accident investigating authorities
directly of any accident or serious incident, operators should also report to the national
authority in charge of supervising the reporting organisation

(a)

REPORTING TIME

The period of 72 hours is normally understood to start from when the occurrence took
place orfromthe time whenthe reporter determined that there was, or could have been,
a potentially hazardous or unsafe condition.

Formany occurrences there is no evaluation needed;it must bereported. However, there
will be occasions when, as part of a Flight Safety and Accident Prevention programme or
Quality Programme, a previously non-reportable occurrence is determined to be
reportable
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(c)

Within the overall limit of 72 hours for the submission of areport, the degree of urgency
should be determinedby the level of hazard judged to have resultedfrom the occurrence:

(i)  Where an occurrence is judged to have resulted in an immediate and particularly
significant hazard the Agency and/or national authority expects to be advised
immediately, and by the fastest possible means (e.g. telephone, fax, telex, e -mail)
of whatever details are available at that time. This initial notification should then
be followed up by a report within 72 hours.

(ii)  Where the occurrence is judged to have resulted in a lessimmediate 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

(a)

(b)

Notwithstanding other 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
informationinthe report should be commensurate with the severity of the occurrence.
Each report should at least contain the following elements, as applicable to each
organisation:

i)  Organisation name

ii)  Approval reference (if relevant)

(
(
(iii) Information necessary to identify the aircraft or part affected.
(iv) Date and time if relevant

(v) A written summary of the occurrence

(vi) Any other specificinformation required

Forany occurrence involving asystemor component, which is monitored or protected by
a warning and/or protection 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 occurrences to the national
authority, the following agencies should also be notified in specific cases:

(a)

(b)

(c)

Reports relating to ‘security incidents’ should also be notified to the appropriate local
security agency

Reports relating to air traffic, aerodrome occurrences or bird strikes should also be
notified to the appropriate air navigation, aerodrome or ground agency

Requirements for reporting and assessment of safety occurrences in ATM within the
ECAC Region are harmonised within EUROCONTROL document ESARR 2.

9. REPORTING BETWEEN ORGANISATIONS

(a)

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;
(ii)  Maintenance organisation to the organisation responsible for the design;

(iii) Maintenance organisation to operator;
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(b)

(e)

(iv) Operatorto organisation responsible for the design;
(v)  Production organisation to production organisation.

The ‘Organisation responsible forthe design’ isageneral term, which can be any one or
a combination of the following organisations

i)  Holder of Type Certificate (TC) of an Aircraft, Engine or Propeller;
ii) Holderof aSupplemental Type Certificate (STC) on an Aircraft, Engine or Propeller;

iii) Holder of a European Technical Standard Order (ETSO) Authorisation; or

(
(
(
(iv) Holder of a European Part Approval (EPA)

If it can be determined that the occurrence has an impact on oris related to an aircraft
componentwhichiscovered by a separate design approval (TC, STC, ETSO or EPA), then
the holders of such approval/authorisation should be informed. If an occurren ce happens
on a componentwhichiscoveredbyan TC, STC, ETSO or EPA (e.g. during maintenance),
then only that TC, STC, ETSO Authorisation or EPA holder needs to be informed.

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 organisations to ensure that there is an exchange of information relating to
occurrences.

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 for
establishing which occurrences shall be reported to which organisation. For example,
certain operational occurrences willnot need to be reported by an operatorto the design
or production organisation.

10. REPORTABLE OCCURRENCES

(a)

General. There are different reporting requirements for operators (and/or commanders),
maintenance organisations, design organisations and production organisations.
Moreover, as explainedin paragraph 4. and 9. above, there are not only requirementsfor
reporting to the Agency and national authority, but also for reporting to other (private)
entities. The criteriaforall these different reporting lines are not the same. For example
the authority willnot receive the samekind 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.
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Figure 1
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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 exhaustive and judgement by the reporter of the degree of hazard or
potential hazard involved is essential.

Design. The list of examples will not be used by design organisations directly for the
purpose of determiningwhen areport has to be made to the authority, 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 has resulted or may resultin 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
detailed in the AMC's regarding the issuance of Airworthiness Directives.

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. Onlyin cases where an analysisin conjunction with that design 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).

Customised list. Each approval, certificate, authorisation otherthan those mentioned in
sub paragraph c and d above, should develop a customised list adapted to its aircraft,
operation or product. The list of reportable occurrences applicable to an organisationis
usually published within the organisation’s expositions/handbooks/manuals

Internal reporting. The perception of safety is central to occurrence reporting. Itis 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 internal reporting
system whereby reports are centrally collected and reviewed to establish which reports
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meet the criteria for occurrence reporting to the Agency and/or national authority and
other organisations, as required.

List of examples of reportable occurrences

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 specificlist of reportable occurrences or alist of more generic
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 operation was or could have been
endangered orwhich could have ledto an unsafe condition.If inthe view of the reporter
an occurrence did not hazard the safety of the operation butif repeated in different but
likely circumstanceswould create a hazard, then areport should be made. Whatis judged
to be reportable on one class of product, part orappliance may not be so onanotherand
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.

A lot of the qualifying adjectives like ‘significant” have been deleted from the list. Instead
itisexpected thatallexamplesare qualified by the reporter using the general criteria that
are applicablein hisfield, and specifiedin the requirement. (e.g. for operators: ‘hazards
or could have hazarded the operation’)

CONTENTS:

I. AIRCRAFT FLIGHT OPERATIONS

[I. AIRCRAFT TECHNICAL

[1I. AIRCRAFT MAINTENANCE AND REPAIR

V. AIR NAVIGATION SERVICES, FACILITIES AND GROUND SERVICES

. AIRCRAFT FLIGHT OPERATIONS
A. Operation of the Aircraft

(1) (a) Riskof collision with an aircraft, terrain or other object or an
unsafe situation when avoidance action would have been
appropriate.

(b)  Anavoidance manoeuvre required to avoid a collision with an
aircraft, terrain or other object.

(c)  Anavoidance manoeuvre to avoid other unsafe situations.

(2) Take-off or landing incidents, including precautionary or forced
landings. Incidents such as under-shooting, overrunning or running off
the side of runways. Take-offs, rejected take-offs, landings or
attempted landings on a closed, occupied or incorrect runway.
Runway incursions.
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)
(13)
(14)
(15)

(16)
(17)

(18)
(19)

(20)
(21)

(22)

(23)
(24)

Inability to achieve predicted performance during take-off or initial
climb.

Critically low fuel quantity or inability to transfer fuel or use total
guantity of usable fuel.

Loss of control (including partial or temporary loss of control) from
any cause.

Occurrences close to or above V1 resulting from or producing a
hazardous or potentially hazardous situation (e.g. rejected take-off,
tail strike, engine power loss etc.).

Go-around producing a hazardous or potentially hazardous situation.

Unintentional significant deviation from airspeed, intended track or
altitude. (more than 91 m (300 ft)) from any cause.

Descent below decision height/altitude or minimum descent
height/altitude without the required visual reference.

Loss of position awareness relative to actual position or to other
aircraft.

Breakdown in communication betweenflight crew (CRM) or between
Flight crew and other parties (cabin crew, ATC, engineering).

Heavy landing - a landingdeemedtorequire a'heavy landing check'.
Exceedance of fuel imbalance limits.
Incorrect setting of an SSR code or of an altimeter subscale.

Incorrect programming of, or erroneous entriesinto, equipment used
for navigation or performance calculations, or use of incorrect data.

Incorrect receipt or interpretation of radiotelephony messages.

Fuel system malfunctions or defects, which had an effect on fuel
supply and/or distribution.

Aircraft unintentionally departing a paved surface.

Collision between an aircraftand any other aircraft, vehicle or other
ground object.

Inadvertent and/or incorrect operation of any controls.

Inability to achieve the intended aircraft configuration for any flight
phase (e.g. landing gear and doors, flaps, stabilisers, slats etc).

A hazard or potential hazard which arises as a consequence of any
deliberate simulation of failure conditions for training, system checks
or training purposes.

Abnormal vibration.

Operation of any primary warning system associated with
manoeuvring of the aircraft e.g. configuration warning, stall waming
(stick shake), over speed warning etc. unless:

Powered by EASA eRules

Page 94 of 181| Nov 2018


http://easa.europa.eu/

BAEASA

Easy Access Rules for Acceptable Means of AMC 20-8

Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

(25)

(26)

(27)
(28)

(a) thecrew 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; or

(b)  operated for training or test purposes.
GPWS/TAWS ‘warning’ when:

(a) theaircraft comesinto closer proximity tothe ground than had
been planned or anticipated; or

(b)  thewarningisexperiencedinIMCor at nightandis established
as havingbeentriggered by a high rate of descent (Mode 1); or

(c)  the warningresults from failure to select landing gear or land
flap by the appropriate point on the approach (Mode 4); or

(d)  anydifficulty orhazard arises or might have arisen as aresult of
crew response to the ‘warning’ e.g. possible reduced separation
from other traffic. This could include warning of any Mode or
Type i.e. genuine, nuisance or false.

GPWS/TAWS ‘alert’ when any difficultyor hazard arises or might have
arisen as a result of crew response to the ‘alert’.

ACAS RAs.

Jet or prop blast incidents resulting in significant damage or serious
injury.

Emergencies

(1)

(2)

(3)

(4)
(5)
(6)

(7)

Fire, explosion , smoke or toxic or noxious fumes, even though fires
were extinguished.

The use of any non-standard procedure by the flight or cabin crew to
deal with an emergency when:

(a)  the procedure exists but is not used; or

(b) aprocedure does not exist; or

(c)  the procedure exists butis incomplete orinappropriate; or
(d)  the procedure isincorrect; or

(e) theincorrect procedure is used.

Inadequacy of any procedures designed to be usedin an emergency,
includingwhen being used for maintenance, trainingor test purposes.

An event leading to an emergency evacuation.
Depressurisation.

The use of any emergency equipment or prescribed emergency
procedures in order to deal with a situation.

An event leading to the declaration of an emergency (‘Mayday’ or
‘Pan’).
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(8)

(9)

Failure of any emergency system or equipment, including all exit
doors and lighting, to perform satisfactorily, including when being
used for maintenance, training or test purposes.

Eventsrequiringany emergency use of oxygen by any crew member.

Crew Incapacitation

(1)

(2)

Injury

(1)

Incapacitation of any member of the flight crew, including that which
occurs priorto departure ifitis considered thatit could have resulted
in incapacitation after take-off.

Incapacitation of any member of the cabin crew which renders them
unable to perform essential emergency duties.

Occurrences, which have or could have led to significant injury to
passengers or crew but which are not considered reportable as an
accident.

Meteorology

(1)

(2)

(3)

A lightning strike which resulted in damage to the aircraft or loss or
malfunction of any essential service.

A hail strike which resulted in damage to the aircraft or loss or
malfunction of any essential service.

Severe turbulence encounter — an encounter resulting in injury to
occupantsor deemedtorequire a ‘turbulence check’ of the aircraft.

(4) A windshear encounter.

(5) Icing encounter resulting in handling difficulties, damage to the
aircraft or loss or malfunction of any essential service.

Security

(1)  Unlawful interference with the aircraft including a bomb threat or
hijack.

(2)  Difficulty in controlling intoxicated, violent or unruly passengers.

(3) Discovery of a stowaway.

Other Occurrences

(1) Repetitiveinstancesof aspecifictype of occurrence whichinisolation
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 occupants on board
the aircraft or on the ground.
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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 taken into consideration:

(1)

(2)

(3)

(4)

(5)

(6)

Damage to a Principal Structural Elementthat has not been qualified
as damage tolerant (life limited element). Principal Structural
Elements are those which contribute significantly to carrying flight,
ground, and pressurisation loads, and whose failure could result in a
catastrophicfailure 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 material for rotorcraft.

Defect or damage exceeding admissible damages to a Principal
Structural Element that has been qualified as damage tolerant.

Damage to or defect exceeding allowed tolerances of a structural
elementwhich failure could reduce the structural stiffness to such an
extent that the required flutter, divergence or control reversal
margins are no longer achieved.

Damage to or defect of astructural element, which could resultin the
liberation of items of mass that may injure occupants of the aircraft.

Damage to or defect of a structural element, which could jeopardise
proper operation of systems. See paragraph II.B. below.

Loss of any part of the aircraft structure in flight.

Systems

The following generic criteria applicable to all systems are proposed:

(1)

(2)

(3)

(4)
(5)

(6)

Loss, significant malfunction or defect of any system, subsystem or set
of equipment when standard operating procedures, drills etc. could
not be satisfactorily accomplished.

Inability of the crew to control the system, e.g.:
(a) uncommanded actions;

(b) incorrect and or incomplete response, including limitation of
movement or stiffness;

(c)  runaway;
(d)  mechanical disconnection or failure.

Failure or malfunction of the exclusive function(s) of the system (one
system could integrate several functions).

Interference within or between systems.

Failure or malfunction of the protection device oremergency system
associated with the system.

Loss of redundancy of the system.
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(7)
(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

Any occurrence resulting from unforeseen behaviour of a system.

For aircraft types with single main systems, subsystems or sets of
equipment: Loss, significant malfunction or defectinany main system,
subsystem or set of equipment.

For aircraft types with multiple independent main systems,
subsystems or sets of equipment: The loss, significant malfunction or
defect of more than one main system, subsystemorset of equipment

Operation of any primary warning system associated with aircraft
systems or equipment unless the crew conclusively established that
the indication was false provided that the false warning did not result
indifficulty or hazard arising fromthe crew response to the warning.

Leakage of hydraulicfluids, fuel, oil or other fluids which resultedin a
fire hazard or possible hazardous contamination of aircraft structure,
systems or equipment, or risk to occupants.

Malfunction or defect of any indicationsystem when this results inthe
possibility of misleading indications to the crew.

Any failure, malfunction or defectifit 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
hazardous 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 reportable occurrences
resulting from the application of these generic criteria to specific systems

Propulsion (including Engines, Propellers and Rotor Systems) and APUs

(1)
(2)

(3)

Flameout, shutdown or malfunction of any engine.

Overspeed orinability to control 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 malfunctionof any part of an engine or powerplant resulting
in any one or more of the following:

(a) non containment of components/debris;
(b)  uncontrolled internal or external fire, or hot gas breakout;
(c)  thrustin adifferentdirectionfromthatdemandedby the pilot;

(d)  thrust reversing system failing to operate or operating
inadvertently;

(e) inability to control power, thrust or rpm;
(f)  failure of the engine mount structure;

(g) partial or complete loss of a major part of the powerplant;
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(4)

(5)

(6)

(7)

(8)
(9)

(h) Dense visible fumes or concentrations of toxic products
sufficient to incapacitate crew or passengers;

(i) inability, by use of normal procedures, to shutdown an engine;
(j) inability to restart a serviceable engine.

An uncommanded thrust/power loss, change or oscillation which is
classified as a loss of thrust or power control (LOTC) as defined in
AMC 20-1:

(a) forasingle engine aircraft; or
(b)  where itis considered excessive for the application, or

(c)  wherethiscould affect more than one engine in a multi-engine
aircraft, particularly in the case of a twin engine aircraft; 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 full life.

Defects of common origin which could cause an in flight shut down
rate so high thatthere is the possibility of morethan 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 and -transmission

(10)

Failure or malfunction of any part of a propeller or powerplant
resulting in any one or more of the following:

(a) anoverspeed of the propeller;
(b)  the development of excessive drag;

(c) a thrustin the opposite directionto that commanded by the
pilot;

(d) arelease of the propeller orany major portion of the propeller;
(e) afailure that results in excessive unbalance;

(f)  the unintended movement of the propeller blades below the
established minimum in-flight low-pitch position;

(g) aninability to feather the propeller;

(h)  aninability to command a change in propeller pitch;
(i)  anuncommanded change in pitch;

(1) an uncontrollable torque or speed fluctuation;

(k)  Therelease of low energy parts.
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Rotors and -transmission

(11) Damage or defect of main rotor gearbox / attachment which could
leadtoinflight separation of the rotor assembly, and /or malfunctions
of the rotor control.

(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.

(14) Inability to shut down the APU.

(15) Overspeed.

(16) Inability to start the APU when needed for operational reasons.
D. Human Factors

(1) Anyincident where any feature orinadequacy of the aircraft design
could have ledtoan error of use that could contribute to a hazardous
or catastrophic effect.

E. Other Occurrences

(1)  Anyincident where any feature orinadequacy 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 as reportable (for example,
furnishing and cabin equipment, water systems), where the
circumstances resulted in endangering of the aircraft orits occupants.

(3) Afire, explosion, smoke or toxic or noxious fumes.

(4)  Any other event which could hazard the aircraft, 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 pilots seat control during flight.
lll.  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.

B. Hot bleed air leak resulting in structural damage.

C. Anydefectina life controlled part causing retirement before completion of
its full life.

D. Any damage or deterioration (i.e. fractures, cracks, corrosion, delamination,
disbondingetc) resulting from any cause (such as flutter, | oss of stiffnessor
structural failure) to:

(1)  primary structure or a principal structural element (as defined in the
manufacturers’ Repair Manual) where such damage or deterioration
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exceeds allowable limits specified in the Repair Manual and requires
arepair or complete or partial replacement of the element;

(2) secondary structure which consequently has or may have endangered
the aircraft;

(3) the engine, propeller or rotorcraft rotor system.

Any failure, malfunction or defect of any system or equipment, 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 compliance;

(2) onanysubsequentcompliancewhereitexceedsthe permissible limits
quoted in the instruction and/or published repair/rectification
procedures are not available.

Failure of any emergency systemorequipment, including all exit doors and
lighting, to perform satisfactorily, including when being used for
maintenance or test purposes.

Non compliance or significant errors in compliance with required
maintenance procedures.

Products, parts, appliances and materials of unknown or suspect origin.

Misleading, incorrect or insufficient maintenance data or procedures that
could lead to maintenance errors.

Failure, malfunction or defect of ground equipment used for testor checking
of aircraft systems and equipment when the required routineinspection and
test procedures did not clearly identify the problem when this results in a
hazardous situation.

IV.  AIRNAVIGATION SERVICES, FACILITIES AND GROUND SERVICES

A.

Air Navigation Services

(1)  Provision of significantly incorrect, inadequate 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 prescribed terrain clearance.
(3)  Provisionofincorrect pressure reference data (i.e. altimetersetting).

(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.
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(9) Major ATC/ Air Traffic Management (ATM) failure or significant
deterioration of aerodrome infrastructure.

(10) Aerodrome movement areas obstructed by aircraft, vehicles, animals
or foreign objects, resulting in a hazardous or potentially hazardous
situation.

(11) Errors or inadequacies in marking of obstructions or hazards on
aerodrome movement areas resulting in a hazardous situation.

(12) Failure, significant malfunction or unavailability of airfield lighting.
B. Aerodrome and Aerodrome Facilities
(1)  Significant spillage during fuelling operations.

(2) Loading of incorrect fuel quantities likely to have a significant effect
on aircraft endurance, performance, balance or structural strength.

(3) unsatisfactory ground de-icing / anti-icing
C. Passenger Handling, Baggage and Cargo

(1) Significant contamination of aircraft structure, or systems and
equipment arising from the carriage of baggage or cargo.

(2) Incorrect loading of passengers, baggage or cargo, likely to have a
significant effect on aircraft mass and/or balance.

(3) Incorrectstowage of baggage or cargo (including hand baggage) likely
in any way to hazard the aircraft, its equipment or occupants or to
impede emergency evacuation.

(4) Inadequate stowage of cargo containers or other substantial items of
cargo.

(5) Dangerous goods incidents reporting: see operating rules.
D.  Aircraft Ground Handling and Servicing

(1)  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 hazardous situation.

(2) Non compliance or significant errors in compliance with required
servicing procedures.

(3) Loading of contaminated orincorrect type of fuel or other essential
fluids (including oxygen and potable water).
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ED Decision 2003/12/RM

The following subparagraphs give examples of reportable occurrences resulting from the application
of the generic criteria to specific systems listed in paragraph 10.g. II.B of this AMC.

1. Air conditioning/ventilation
(a) complete loss of avionics cooling
(b) depressurisation
2. 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
3. Communications

(a) failure or defect of passenger address system resulting in loss or inaudible passenger
address

(b)  total loss of communication in flight
4, Electrical system
(a) loss of one electrical system distribution system (AC or DC)
(b)  total loss orloss or more than one electrical generation system
(c) failure of the back up (emergency) electrical generating system
5. Cockpit/Cabin/Cargo
(a) pilotseat 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 cargo loading system
6. Fire protection system
(a) fire warnings, except those immediately confirmed as false

(b)  undetectedfailure or defect of fire/smoke detection/protection system, which couldlead
to loss or reduced fire detection/protection

(c) absence of warningin case of actual fire or smoke
7. Flight controls
(a) Asymmetry of flaps, slats, spoilers etc.

(b) limitationof movement, stiffness or pooror delayed response inthe operation of primary
flight control systems or their associated tab and lock systems

(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

(f)  significant interference with normal control of the aircraft or degradation of flying
qualities

Fuel system

(a) fuel quantityindicating system malfunction resultingin total loss orerroneous indicated
fuel quantity on board

(b) leakage of fuel which resulted in major loss, fire hazard, significant contamination

(c)  malfunction or defects of the fuel jettisoning 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 ordefects which had a significant effect on fuel supply and/or
distribution

(e) inability to transfer or use total quantity of usable fuel

Hydraulics

(a) 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 back up hydraulic system

(e) inadvertent Ram Air Turbine extension

Ice detection/protection system

(a) undetected loss or reduced performance of the anti-ice/de-ice system
(b)  loss of more than one of the probe heating systems

(c) inability to obtain symmetrical wing de icing
(

d) abnormal ice accumulation leading to significant effects on performance or handling
qualities

(e) crew vision significantly affected
Indicating/warning/recording systems

(a)  malfunction or defect of any indicating system when the possibility of significant
misleading indications to the crew could result in an inappropriate crew action on an
essential system

(b) loss of ared warning function on a system

(c)  forglasscockpits: loss or malfunction of more than onedisplay unit or computerinvolved
in the display/warning function

Landing gear system /brakes/tyres

a)  brake fire

(

(b)  significant loss of braking action

(c)  unsymmetrical braking leading to significant path deviation
(

d) failure of the L/G free fall extension system (including during scheduled tests)
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(e) unwanted gear or gear doors extension/retraction
(f)  multiple tyres burst

13.  Navigation systems (including precision approaches system) and air data systems
a) total loss or multiple navigation equipment failures

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 path not caused by pilot input.

(

f)  Problems with ground navigational facilities leading to significant navigation errors not
associated with transitions from inertial navigation mode to radio navigation mode.

14. Oxygen
(a) forpressurised aircraft: loss of 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. Bleedairsystem
(a) hotbleed airleak resulting in fire warning or structural damage
(b) loss of all bleed air systems

(c) failure of bleed air leak detection system
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AMC 20-9

ED Decision 2006/012/R

1 PREAMBLE

11

1.2

13

This AMC is issuedinresponse tothe EUROCONTROL Convergence and Implementation
Plan that recommends an interim deployment of air-to-ground and ground- to-air data
link applications based on the existing airline ACARS technology. One such application is
Departure 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.

The use of ACARS fordatalink purposesis atransitional stepto datalink applications that
will use VDL Mode 2 and the Aeronautical Telecommunications Network (ATN),
compliant with ICAO SARPS, as proposed in the EUROCONTROL LINK2000+ programme?.

Described in EUROCAE document ED-85A (hereafter “ED-85A"), Data Link Application
System document (DLASD) for the “Departure Clearance” Data Link Service, DCL over
ACARS s a control towerapplication providing direct communication between the flight
crew and the air traffic controller. ED-85A addresses three domains: airborne, ground
ATC, and communication service providers. It deals also with associated flight crew and
controller procedures. ED-85A takes account of EUROCAE document ED-78 which
describes the global processes including approval planning, co-ordinated requirements
determination, development and qualification of a system element, entry into service,
and operations.

2 PURPOSE

2.1

2.2

This AMC s intendedforoperators seeking to use Departure Clearance via data link over
ACARS as described in ED-85A. It may assist also other stakeholders such as airspace
planners, airtrafficservice providers, ATS system manufacturers, communication service
providers, aircraft and equipment manufacturers, and ATS regulatory authorities to
advise them of the airborne requirements and procedures, and the related assumptions.

This AMC provides a method for evaluating compliance of a data link system to the
requirements of ED-85A, 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 ED-85A and promoted by the EUROCONTROL Convergence and
Implementation Plan as an interim data link application pending maturity of the
LINK2000+ programme. The AMC is not directly applicable to Pre-Departure Clearance
(PDC) as used in the USA and some other states. For PDC approval, guidance may be
found in FAA document Safety and Interoperability Requirements for Pre- Departure

1 Information on LINK2000+is available at web site www.eurocontrol.int/link2000
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3.2

3.3

3.4

Clearance, issued by AIR-100 on April 21, 1998. A comparison of PDC with DCL may be
found in Appendix 1.

This AMC is not applicable to the phased implementation of data link servi ces 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 (EUROCAE ED-120) and the Interoperability
Requirements (EUROCAE ED-110) are established using EUROCAE document ED-78A,
Guidelinesfor Approval of the Provisionand use of Air TrafficServicessupported by Data
Communications. Guidance for the implementation of DCL over ATN may be foundin
EASA document AMC 20-11.

The operational requirements for the DCL application are published in the
EUROCONTROL document OPR/ET1/ST05/1000, Edition 2, October 15, 1996, Transition
guidelines for initial air ground data communication services. The EUROCONTROL
document includes the re-issued clearance capability, however document ED-85A does
not address this capability and it is not included in the scope of this AMC.

Forthe remainder of this document, the acronym DCLshould be interpreted 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,
requirements of CS 23, 27 and 29 if applicable.

25.1431, 25.1581, or equivalent

Related Standards and Guidance 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

Draft Proposal PANS-Air Traffic Management

Annex 11 Air Traffic Services

Doc 8585 Designators for Aircraft Operating agencies,
Aeronautical Authorities and Services

Doc 8643 Aircraft Type Designators

AMC 25-11 Electronic Display Systems

0 {e)efo)\\Ny;{e]B8 CIP: COM. Implement Air/Ground Communication

ET2.504; 2.1.5 Services- Interim step on non-ATN (ACARS) services.

OPR/ET1/ST05/1000 Transition guidelinesforinitial airground data
communicationservices

ESARR 4 Riskassessmentand mitigationin ATM

AC 25-11 Electronic Display Systems.

AC 120-COM Initial Air Carrier Operational Approval for use of
Digital Communication Systems

AC 20-140 Guidelines for design approval of aircraftdata
communications systems

98-Air-PDC Safety and Interoperability requirement for Pre-
Departure-Clearance (PDC). (Air-100, April 21,1998)

EUROCAE ED 78 Guidance material for the establishment of data link

supported ATS Services
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ED-85A Data Link Application System document (DLASD) for
the “ departure Clearance” data link service

ED-112 Minimum operational performancespecification for
Crash protected airbornerecorder systems

RTCA DO 224 Minimum Aviation System Performance Standards
- (MASPS) for Advanced VHF Digital Data

Communications Including Compatibility with Digital
Voice Techniques.

_ ARP 4791 Human Machine Interfaceon the flightdeck

5 ASSUMPTIONS

Applicants should note that this AMC is based on the assumptions stated in Chapter 3 of ED-
85A together with the following that concern the measures taken by the responsible airspace
authorities to safeguard DCL operations.

5.1

5.2

5.3

5.4

ATS Provider

5.1.1 The datalink service for DCL has been shown to satisfy applicable airspace safety
regulations and the relevant ATS domain performance, safety and interoperability
requirements of ED-85A.

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 ACARS installations approved to earlier standards are
classifiedas “Non Essential” without guarantees of performance or integrity.
Consequently, procedures are necessary to compensate for any deficiency
and to safeguard operations. ED-85A 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 publishedalist of communicationservice providersthat may
be used by aircraft operatorsfor 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 service from the communications service
provider (CSP).

Communications Service Provider

The communications service provider does not modify the operational information
(contentand format) exchanged between the ATS providerand the airborne equipment.

Aeronautical 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 ED-85A.

Message Integrity

The Cyclic Redundancy Check (CRC) is implemented as required by ED-85A and is
providing integrity of the end-to-end data link transmission path. On this basis,
Performance Technical Requirement PTR_3 of ED-85A need not be demonstrated.
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6 AIRWORTHINESS CONSIDERATIONS

6.1

6.2

6.3

7.1

General

6.1.1

6.1.2

The installation will need to be shown compliant with the airborne domain
requirements allocated as per ED-85A (§7.1) covering the Interoperability
Operational Requirements, the Interoperability Technical Requirements, the
Performance Technical Requirements, the Safety Operational & Technical
Requirements.

If multiple ATS data linkapplications are available to the aircraft, the crewinterface
and related crew procedures will need to be based on a common and compatible
philosophy.

Required Functions

An acceptable minimum airborne installation comprises the following functions:

(a)

(f)

A means of data communication appropriate to the area of operation, e.g. plain
old ACARS over AVLC (Aviation VHF Link Control) through VHF or SATCOM;

Note: VDL Mode 2 equipment can be used provided that radio transceiver is
compliant with ED-92A.

A meansto manage data communications and to control the datacommunications
system;

A means to easily check and modify the parameters of the DCL request;
“Visual” alerting of an incoming message, visible to both pilots;

Means to display the text message, e.g. a single display readable by both
crewmembers or a dedicated display for each pilot.

A means to accept the DCL delivered by the ATS.

Recommended Functions

(a)
(b)
(c)

“Audible” alerting of an incoming message;
A means to print the messages;

Recording of DCL messages and flight crew responses on an accident flight
recorder.

Note: Data Link recording may be required in accordance with OPS rules.

7 ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE

Airworthiness

7.11

When demonstrating compliance with this AMC, the following specific points
should be noted:

(a) Compliance withthe airworthiness requirements forintended 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 newantennainstallations, equipment cooling
verification, and evidence of a suitable humanto machineinterface. The DCL
function will need to be demonstrated by end-to-end ground testing that
verifies system operation, either with an appropriate ATS unit, or by means
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7.2

7.3

7.4

of test equipment that has been shown to be representative of the actual
ATS unit.

Note: Thislimited 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 the certification effort for follow-on installations credit may be
granted forapplicable certification and test data obtained from equivalent aircraft
installations.

Performance

The installation should be shown to meet the airborne domain performance
requirements allocated by ED-85A (§7.1). Demonstration of Performance Technical
Requirement PTR_A1may be difficult for some airborne installations. The applicant may
choose an alternative acceptable means of compliance for PTR_A1 consistinginan end-
to-end demonstration of PTR_5 & PTR-6 of ED-85A (§5.2) with an appropriate ATS unit
and communication service provider.

Aircraft Flight Manual
The Flight Manual should state the following limitation.

Note: This limited entry assumes that a detailed description of the installed system and
related operating instructions are available in other operating or training manuals and
that operating procedures take account of ED-85A.

Limitation: The Departure Clearance (DCL) over ACARS application has been
demonstrated with data link services declared compliant with EUROCAE document ED-
85A.

Existing installations

The applicant will need to submitacompliance statementthat shows how the criteria of
this AMC have been satisfied for existing installations. Compliance 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 ED-85 requirement should 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 Aircraftldentification transmitted bydata linkwill need to conform to the ICAO
format and correspond with the flight identity as entered in the applicable flight
plan.

8.1.2 Aircraft type designatorincludes both Aircraft Type and Sub-type and shall be
codedinaccordance with the format describedin ICAO document8643 atits latest
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8.2

83

edition. However, certain ACARS equipment can be pre-programmed only with
Aircraft Type with the possibility of manual insertion of Sub-type via the system
control panel. Absence of the Sub-type information may lead either to a rejected
departure clearance request at some airports, or the issue of an inappropriate
clearance where the aircraft performance capability is not taken into account.
Where, to obtain the DCL service, Sub-type needs to be entered manually, the
entry should be verified.

Operational Safety Aspects

8.2.1

8.2.2

8.2.3

8.2.4

8.2.5

Failure Conditions are presented in ED-85A (§6) together with the resulting safety
requirements and operational means of mitigation. Failure Condition FC3
(undetected erroneous SID) is discussed further in the following paragraphs.

When aSID constructis simple and unambiguous (e.g. onlyone SID for one runway
magnetic orientation (QFU) and one destination) so allowing the flight crew and
the ATS controllerto independently detect any inconsistency in the DCL, then
additional means of mitigation are not required.

Forother, more complex cases wherethe SID construction preventsthe flight crew
and the controller from readily detecting any inconsistency, a specific flight crew
to controller procedure will need to be implemented to verify the 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 of level 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 confirmation procedure is
required.

Note (2): The ATS may agree that voice confirmationis not required where the data
link function is certificated with an integrity level corresponding to the Essential
category of C525.1309.

In all cases, flight crews will need to comply with any mitigating procedures
published by the States where aircraft will operate and use DCL service.

The assumptions of Section 5 need to be satisfied as a condition for operational
use.

Operations Manual and Training

8.3.1

8.3.2

The Operations Manual shall reflect the Flight Manual statement of paragraph 7.3
and define operating procedures for use of the DCL.

Flight crew training should address:

(a) Thedifferentdatalink services available using the same airborne equipment
(e.g. differences between DCL and PDC applications as described in
Annex 1);

(b)  ATS procedures for DCL; and
(c)  Therequired format for the flight identification input.
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8.3.3 Subject to any arrangements that may be required by the responsible operations
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

Significantincidents associated with adeparture clearance transmitted by data link that
affects or could affect the safe operation of the aircraft will need to be reportedin
accordance with applicable operational rules, and to the authority responsible for the
airport where the DCL service was provided.

AVAILABILITY OF DOCUMENTS

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax: 33145 05 72 30). Web site: www.eurocae.org.

JAA documents are available from the JAA publisher Information Handling Services (IHS). Information
on prices, where and how to orderis available on boththe JAAweb site www.jaa.nl and the IHS web
site www.avdataworks.com.

EUROCONTROL documents may be requested from EUROCONTROL, Documentation Centre, GS4, Rue
de la Fusee, 96, B-1130 Brussels, Belgium; (Fax: 32 2 729 9109 or web site www.eurocontrol.int).

ICAO documents may be purchased from Document Sales Unit, International Civil Aviation
Organisation, 999 University Street, Montreal, Quebec, Canada H3C5H7, (Fax: 1514 954 6769, e-mail:
sales unit@icao.org) or through national agencies.

FAA documents may be obtained from Department of Transportation, Subsequent Distribution Office
SVC-121.23, Ardmore East Business Centre, 3341 Q 75th Avenue, Landover, MD 20785, USA. Web site

www.faa.gov

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington, DC
20036, USA., (Tel: 1202 833 9339; Fax 1202 833 9434). Web site: www.rtca.org.

SAE documents may be obtained from SAE World Headquarters, 400 Commonwealth Drive,
Warrendale, PA 15096-0001, USA. Telephone 1-877-606-7323 (U.S. and Canadaonly) or 724/776-4970
(elsewhere). Web site www.sae.org.

[Amdt 20/1]
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ED Decision 2006/012/R

The US Pre-Departure Clearance.

In the United States, the concept of Pre-departure Clearance is used where PDC messages are
deliveredviathe airlines own ACARS network and operational host computer. The airline host, orthe
flight crew, initiatesthe process for the generation of the PDC by submittingthe flight plan information
to the air trafficservice, whichinturn forwards the flight strip information to the appropriate airport
control tower. Approximately 30 minutes beforethe aircraftis scheduled to depart,the approved PDC
is transmitted from the tower via ground-ground data link to the airline host computer. The airline
host responds with an acknowledgement that ultimately feeds back to the tower PDC workstation.
Depending upontheairline capabilities,the PDC may then be transmitted directly to the aircraft flight
deck viathe ACARS data link. If the aircraft is not equipped with ACARS, the approved PDCis sentto
an airport gate printerfordeliveryby handin printed format to the aircraft. Foraclearance 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 network with the approved PDC.

Thus, the airline isresponsible forensuring that the clearance is delivered to the flight crew. Without
PDC, Instrument Flight Rule (IFR) clearances for departing aircraft are provided by the clearance-
delivery controller via a tower voice channel.

The PDC is pre-formatted 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 information with the initial flight plan and, by voice communication, with
departure control.

Guidance onthe use of PDC may be found in FAA document Safety and Interoperability Requirements
for Pre-Departure Clearance, issued by AIR-100 on April 21, 1998.

The European Departure Clearance.

In Europe, departure clearance over ACARS isa direct ATC to pilot data link communication based on
the EUROCAE ED-85A and ARINC 623 standards. The clearance delivered by datalink is fully considered
as an ATC departure clearance and it is not the responsibility of the airline to ensure delivery via its
own facilities. ARINC 623 provides enhanced integrity of end-to-end communication, compared to
ARINC620 as usedinthe USA. However, flight crew verification procedures may still be required due
to departure clearance options such as alternative SIDs, or to satisfy AIP require ments for local safety
reasons.

Current operationalimplementationin Europe doesnotincludeare-issued clearance capability, which
is under study by some ATS providers.

[Amdt 20/1]
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AMC 20-9

Reference should be made to EUROCAE document ED-85A for definition of terms.

Abbreviations

ACARS
AlP
ARINC
ATS
CPDLC
DCL
ESARR
EUROCAE
PDC
PTR
RTCA
SAE
SARPS
SID
VDL

[Amdt 20/1]

Aircraft Communication, Addressingand Reporting System
Aeronautical Information Publication
Aeronautical Radio Inc.

Air Traffic Services

Controller-Pilot Data Link Communication
Departure Clearance

EUROCONTROL Safety Regulatory Requirement
European Organisation for Civil Aircraft EqQuipment
Pre-departure Clearance(as usedin USA)
Performance Technical Requirement

RTCA Inc.

Society of Automotive Engineers

ICAO Standards and Recommended Practices
Standard Instrument Departure

VHF Digital Link

ED Decision 2006/012/R
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AMC 20-10

ED Decision 2006/012/R

1 PREAMBLE

11

1.2

13

This AMC is issuedin response to the EUROCONTROL Convergence and Implementation
Plan that recommends an interim deployment of air-to-ground and ground-to-air data
link applications based on the existing airline ACARS technology. One such application is
Digital Automated Terminal Information Services(D-ATIS) now planned to be operational
at various airportsin Europe. Aircraft operators, on avoluntary 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 fordatalink purposesis atransitional stepto datalink 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 EUROCAE document ED-89A, Data Link Application System document
(DLASD) for the “ATIS” Data Link Service, D-ATIS is a control tower application providing
direct communication of ATIS information to the flight crew and, optionally automatic
updating of thisinformation. The ED-89A document addresses three domains: airbome,
ground ATC, and communication service providers. It deals also with associated flight
crew and air traffic service provider procedures. ED-89A incorporates the protocolsand
message formats formerly published in ARINC Specification 623, and takes account of
EUROCAE document ED-78 which describes the global processes including approval
planning, co-ordinated requirements determination, developmentand qualification of a
system element, entry into service, and operations.

2. PURPOSE

2.1

2.2

ThisAMCisintended foroperatorsintending to use Digital ATIS over ACARS as described
in document EUROCAE ED-89A. It may assist also other stakeholders such as airspace
planners, airtrafficservice providers (ATSP), ATS system manufacturers, communication
service providers (CSP), aircraft and equipment manufacturers, and ATS regulatory
authorities to advisethem of the airbornerequirementsand procedures,and the related
assumptions.

This AMC provides a method for evaluating compliance of a data link system to the
requirements of ED-89A, 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 D-ATIS over ACARS using the ARINC 623 protocol as elaborated in
EUROCAE document ED-89A and promoted by the EUROCONTROL Convergence and
Implementation Plan as an interim data link application pending maturity of the LINK
2000+ programme.

1 Information on LINK2000+is available at web site www.eurocontrol.int/link2000
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3.2

3.3

3.4

3.5

Otherimplementation of D-ATIS service may existin the world. They are not necessarily
identical to the service defined within this AMC and EUROCAE document ED-89A. For
example, application message formats may differ. Similarly, the ATSP may send ATIS
information to an ACARS communication service 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 document 98-AIR D-ATIS: Safety and Interoperability
Requirements for ATIS.

This AMC is not applicable to the phased implementation of datalink services within the
EUROCONTROL LINK2000+ programme, in particular, D-ATIS over the Aeronautical
Telecommunications Network via VHF Digital Link (VDL) Mode 2. In this case, the Safety
and Performance Requirements (EUROCAE ED-120) and the Interoperability
Requirements (EUROCAE ED-110) have been established using EUROCAE document ED-
78A, Guidelines for Approvalof the Provision and use of Air TrafficServices supported by
Data Communications. Guidance for the implementation of data link over ATN may be
found in EASA document AMC 20-11.

The operational requirements forthe D-ATIS applicationare published in EUROCONTROL
document OPR/ET1/ST05/1000, Transition gquidelines for initial air ground data
communication services.

For the remainder of thisdocument, the acronym D-ATIS should be interpreted to mean
D-ATIS over ACARS using the ARINC 623 protocol in accordance with ED-89A unless stated
otherwise.

4 REFERENCE DOCUMENTS

4.1

4.2

Related Requirements

CS/FAR 25.1301, 25.1307, 25.1309, 25.1322,
requirements of CS 23, 27 and 29, if applicable.

25.1431, 25.1581, or equivalent

Related Standards and Guidance Material

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 25-11 Electronic Display Systems

30/ {ele(o]\ Rz {0]88 CIP: COM. Implement Air/Ground Communication Services-

ET2.504; 2.1.5 Interim step on non-ATN (ACARS) services.

OPR/ET1/ST05/1000 Transition guidelines forinitial airground data
communication services

ESARR 4 Riskassessmentand mitigationin ATM

AC 25-11 Electronic Display Systems.

AC 120-70 Initial Air Carrier Operational Approval for use of
Digital Communication Systems

AC 20-140 Guidelines for design approval of aircraftdata
communications systems

98-Air-D-ATIS Safety and Interoperability requirement for D-ATIS

(Air-100, April 21,1998)
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EUROCAE ED 78 Guidance material for the establishment of data link
supported ATS Services
ED-89A Data Link Application System document (DLASD) for
the “ATIS” data linkservice
ED-92A Minimum Operational Performance specification for

anairborneVDL Mode 2 Transceiver

ED-112 Minimum operational performancespecification for
Crash protected airbornerecorder systems
Note: Includes criteria for recording of data link
messages.

D0O-224 Minimum Aviation System Performance Standards
(MASPS) for Advanced VHF Digital Data
Communications Including Compatibility with Digital
Voice Techniques.

_ ARP 4791 Human Machine Interfaceon the flightdeck

5 ASSUMPTIONS

Applicants should note that this AMC is based on the assumptions stated in Chapter 3 of
document ED-89A together with the following that concern the measures taken by the
responsible airspace authorities to safeguard operations affected by the transmission of D-ATIS.

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 ED-89A.

5.1.2 The ATS Providerensures thatinformation provided through D-ATIS 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 publishedalist of communicationservice providersthat may
be used by aircraft operators for the D-ATIS 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 service from the communications service
provider.

5.2 Communications Service Provider

The communications service provider does not modify the operational information
(contentand format) exchanged between the ATS providerand the airborne equipment.

5.3 Aeronautical Information Service

The availability of the D-ATIS service, a statement of compliance with ED-89A, and
additional relevant procedures are published in the AIP or other notification issued by
the States where D-ATIS is offered.

5.4 Message Integrity

The Cyclic Redundancy Check (CRC) is implemented as required by ED-89A and is
providing integrity of the end-to-end data link transmission path. On this basis,
Performance Technical Objective PTO_3 of ED-89A need not be demonstrated by end
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6.1

6.2

6.3

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 end-systems.

Note:The CRCis described in ARINC Specification 622 Chapter 5.
6 AIRWORTHINESS CONSIDERATIONS

General

6.1.1 The installation will need to meetthe airborne domain requirements allocated as

per ED-89A (§7.1) covering the Interoperability Operational Requirements, the
Interoperability Technical Requirements, the Performance Technical
Requirements, and the Safety Operational & Technical Requirements.

6.1.2 If multiple ATS datalinkapplications are available to the aircraft, the crewinterface

and related crew procedures will need to be based on a common and compatible
philosophy.

Required Functions

An acceptable minimum airborne installation comprises the following functions:

(a)

(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 VHF or SATCOM;

Note: VDL Mode 2 equipment can be used provided that radio transceiver is
compliant with ED-92A.

A meansto manage datacommunications and to control the data communications
system.

A means to easily check and modify the D-ATIS request 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 attention-getter during
critical flight phases should be considered.

Means to display the text message, e.g. a single display readable by both pilots or
a dedicated display for each pilot. For the interim deployment of D-ATIS over
ACARS, a printer may serve as the primary display for messages subject to
compliance with paragraph 7.3 of this AMC.

Recommended Functions

(a)
(b)

A means to print the message.

Recording of D-ATIS messages and flight crew requests on an accident flight
recorder.

Note: Data Link recording may be required in accordance with OPS rules.
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7

ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE

7.1

7.2

7.3

Airworthiness
7.1.1 Whendemonstrating compliance with this AMC, the following should be noted:

(a) Compliance withthe airworthiness requirements forintended function and
safety may be demonstrated by equipment qualification, safety analyses of
the interfaces between components of the airborne communications
equipment, structural analyses of new antenna installations, equipment
cooling verification, and evidence of asuitable human to machine interface.
The D-ATIS function will need to be demonstrated by end-to-end ground
testing that verifies system operation, either with an appropriate ATS unit,
or by means of test equipment that has been shown to be representative of
an 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 ACARS and other systems
should show that, under normal or faultconditions, no unwanted interaction
that adversely affects essential systems can occur.

(c)  Where a printer is used as the primary display of the ATIS message, its
readability should be shown to be adequate forthis purpose, and that it does
not present an unacceptable risk of an erroneous display.

Note:

This does not preclude the use of a printer classified as non-essential
provided it has demonstrated a satisfactory in-service record that supports
compliance with paragraph 7.3 of this AMC.

7.1.2 To minimise the certification effort for follow-on installations, the applicant may
claim credit, from the responsible authority, for applicable certification and test
data obtained from equivalent aircraft installations.

Performance

The installation will need to be shown compliant with the airborne domain performance
requirements allocated by ED-89A (§7.1). Demonstration of Performance Technical
Requirement PTR_A1lmay be difficult for some airborne installations. The applicant may
choose an alternative acceptable means of compliance for PTR_A1 consistinginan end-
to-end demonstration of PTR_5 & PTR_6 of ED-89A (§5.2) with an appropriate ATS unit
and communication service provider.

Safety Objectives

7.3.1 Failure Conditions are presented in ED-89A (§6) together with the resulting safety
objectives and operational means of mitigation. Failure Condition FC3 (Non-
detected corrupted ATIS presented to an aircrew) requires that the occurrence of
such a hazard at the aircraft level be demonstrated improbable.
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7.4

7.5

7.3.2 ED-89A takes into account the possibility of using ACARS approved to earlier
standards and classified as “non-essential” without guarantees of performance or
integrity. Consequently, additional procedures are necessary to compensate for
any deficiency and to safeguard operations. (See §8 of this AMC)

Aircraft Flight Manual

The Aircraft Flight Manual (AFM) or the Pilot’s Operating Handbook (POH), whichever is
applicable, should identify the D-ATIS over ACARS application as having been
demonstrated with data link services declared compliant with EUROCAE document ED-
89A.

If certification was not achieved at the level “essential”, the AFM or POH, whichever is
applicable,shall remind the crew that they are responsible for checking the D-ATIS
information received over ACARS is consistent with their request, or revert to a voice
ATIS.

Existing installations

The applicant will need to submitacompliance statement that shows how the criteria of
this AMC have been satisfied for existing installations. Compliance 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 ED 89 requirement should be reinvestigated where the installation is
compliant with Section 6, 7 and 8 of this AMC.

8 OPERATIONAL CONSIDERATIONS

8.1

Operational Safety Aspects

8.1.1 Failure Conditions are presented in ED-89A (§6) togetherwith the resulting safety
requirements and operational means of mitigation. Failure Condition FC3 (Non-
detected corrupted ATIS presented to an aircrew) is discussed further in the
following paragraphs.

8.1.2 Applying existing ICAO operational procedures can independently verify the
majority of ATIS parameters. Certain information may need to be verified by
additional operational procedures. Examples include runway surface conditions,
air and dew point temperatures, and other essential operational information.

8.1.3 If the aircraft systemis classified and certified as “non-essential”, additional flight
crew verification procedures will need to be defined to compensate for this
deficiency.

8.1.4 When the airborne system is certified as “essential”, then integrity and
performance can be considered as acceptable without a voice ATIS cross check
unless otherwise required by the AIP.

8.1.5 Itisimportant thatcrew are aware that they remain responsible for checking that
received ATIS information corresponds to their request in terms of airfield name,
date, type of ATIS (D or A) and type of contract. In case of inconsistency, reversion
to voice ATIS is required.
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Note: ED-89A (§6) SOR-A1 (check of name of airfield), SOR-A2 (ATIS letter
acknowledgement at first contact) and SOR-A3 (check of global consistency of
information) require checks irrespective ofthe level of classification of the data link
system

8.1.6 Flight crews will need to comply with any additional mitigating procedures
published by the States where aircraft will operate and use a D-ATIS service.

8.1.7 The assumptions of Section 5 of this AMC need to be satisfied as a condition for
operational use.

8.2 Operations Manual and Training

8.2.1 The Operations Manual shall reflectthe Flight Manual statement of paragraph 7.4,
and to define operating procedures for the use of D-ATIS via ACARS taking into
account the Operational Considerations discussed in paragraph 8 of this AMC.

8.2.2 Similarly, flight crew training shall address:

(a) Thedifferentdatalink services available using the same airborne equipment
(e.g. differences between ATIS provided through D-ATIS service that are
declared to conform to ED-89A requirements, and ATIS received through
other means such as ACARS AOC).

(b)  The procedures for safe use of D-ATIS over ACARS.

8.2.3 Subject to any arrangements that may be required by the responsible operations
authority in respect of amendments to the Operations Manual, and the approval
of training programmes, the aircraft operator may implement operations using D-
ATIS over ACARS without the need for further formal operational approval.

8.3 Incidentreporting

Significant incidents associated with a D-ATIS 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. The incident should be reported also to the ATS authority
responsible for the airport where the D-ATIS service is provided.

AVAILABILITY OF DOCUMENTS

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax: 33145 05 72 30). Web site: www.eurocae.org

JAA documents are available fromthe JAA publisher Information Handling Services (IHS). Information
on prices, where and how to order is available on both the JAA web site: www.jaa.nl and the IHS web
site: www.avdataworks.com. JAA documents transposed to publications of the European Aviation
Safety Agency (EASA) are available on the EASA web site www.easa.europa.eu

EUROCONTROLdocuments may be requested from EUROCONTROL, Documentation Centre, GS4, Rue
de la Fusee, 96, B-1130 Brussels, Belgium; (Fax: 32 2 729 9109). Web site: www.eurocontrol.int

ICAO documents may be purchased from Document Sales Unit, International Civil Aviation
Organisation, 999 University Street, Montreal, Quebec,Canada H3C5H7, (Fax: 1514 954 6769, e -mail:
sales unit@icao.org) or through national agencies.

FAA documents may be obtained from Department of Transportation, Subsequent Distribution Office
SVC-121.23, Ardmore East Business Centre, 3341 Q 75" Avenue, Landover, MD 20785, USA.

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW. Suite 805, Washington, DC
20036, USA., (Tel: 1202 833 9339; Fax 1202 833 9434). Web site: www.rtca.org
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SAE documents may be obtained from SAE World Headquarters, 400 Commonwealth Drive,
Warrendale, PA 15096-0001, USA. Telephone 1-877-606-7323 (U.S. and Canadaonly) or 724/776-4970
(elsewhere). Web site: www.sae.org

[Amdt 20/1]
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AMC 20-10

Reference should be made to EUROCAE document ED-89A for definition of terms.

Abbreviations

ACARS
AlP
ATIS
ATSP
D-ATIS
ARINC
ATS
CPDLC
ESARR
EUROCAE
NAS
PTR
PTO
RTCA
SAE
SARPS
VDL

[Amdt 20/1]

Aircraft Communication, Addressingand Reporting System
Aeronautical Information Publication

Automatic Terminal Information Service

Air Traffic Service Provider

Digital ATIS

Aeronautical Radio Inc.

Air Traffic services

Controller-Pilot Data Link Communication
EUROCONTROL Safety Regulatory Requirement
European Organisation for Civil Aircraft Equipment
National Airspace System (USA)

Performance Technical Requirement

Performance Technical Objective

RTCA Inc.

Society of Automotive Engineers

ICAO Standards and Recommended Practices

VHF Digital Link

ED Decision 2006/012/R
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AMC 20-12

1 PURPOSE

ED Decision 2006/012/R

This AMC calls attention to the FAA Order 8400.12A "Required Navigation Performance 10
(RNP-10) Operational Approval",issued 9*" February 1998. FAA Order 8400.12A addresses RNP-
10 requirements, the operational approval process, application principles, continuing
airworthiness and operational requirements. This AMC explains how the technical contentand
the operational principles of the Order may be applied asa means, but not the only means, to
obtain EASA approval for RNP-10 operations.

2. REFERENCE DOCUMENTS

2.1 Related Requirements

CS/FAR 25.1301, 25.1307, 25.1309, 25.1316, 25.1321, 25.1322, 25.1329, 25.1431,

25.1335 25.1581.

CS/FAR 23.1301, 23.1309, 23.1311, 23.1321, 23.1322, 23.1329, 23.1335, 23.1431,

23.1581.
2.2 Related Guidance Material
2.2.1 ICAO

ICAO Doc 7030/4
ICAO Doc 9613-AN/937

2.2.2 EASA/IAA

EASA AMC 25-11
EASA AMC 20-5

JAA Leaflet No 9

2.2.3 FAA

Order 8400.12A
Order 8110.60

AC 25-4
AC 25-11
AC 25-15

AC 20-130A

Regional Supplementary Procedures
Manual on Required Navigational Performance

Electronic Display Systems.

Airworthiness Approval and Operational Criteriafor the
use of the Navstar Global Positioning System (GPS).

Recognition of EUROCAE Document ED-76 (RTCA DO-
200A): Standards for Processing Aeronautical Data.

Required Navigation Performance 10 (RNP-10)
Operational Approval,issued February 1998.
GPS as Primary Means of Navigation for
Oceanic/Remote Operations.

Inertial Navigation Systems (INS).

Electronic Display Systems.

Approval of Flight Management Systems in Transport
Category Airplanes.

Airworthiness Approval of Navigation or Flight
Management Systems Integrating Multiple Navigation
Sensors.
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AC 20-138 Airworthiness Approval of NAVSTAR Global Positioning
System (GPS) for use as a VFR and IFR Supplemental
Navigation System.

14 CFR Part121 Appendix G Doppler Radar and Inertial Navigation System (INS):
Request for Evaluation; Equipment and Equipment
Installation; Training Program; Equipment Accuracyand
Reliability; Evaluation Program.

2.2.4 Technical Standard Orders

ETSO-2C115() / TSO-C115() Airborne Area Navigation Equipment Using Multi-sensor
Inputs.

ETSO-C129a / TSO-C129() Airborne Supplemental Navigation Equipment Usingthe
Global Positioning System (GPS)

ETSO-C145/ TSO-C145() Airborne Navigation Sensors Using the Global
Positioning System (GPS) Augmented by the Wide Area
Augmentation System (WAAS).

ETSO-C146/ TSO-C146() Stand-Alone Airborne Navigation Equipment Usingthe
Global Positioning System (GPS) Augmented by the
Wide Area Augmentation System (WAAS).

2.2.5 EUROCAE / RTCA and ARINC

ED-75A / DO-236A Minimum Aviation System Performance Standards:
Required Navigation Performance for Area Navigation.

ED-76 / DO-200A Standards for Processing Aeronautical Data.

ED-77 / DO-201A Standards for Aeronautical Information.

DO-229B Minimum Operational Performance Standards for

Global Positioning System/Wide Area Augmentation
System Airborne equipment.

ARINC 424 Navigation System Data Base.

3. BACKGROUND

3.1 Airspace in various oceanic and remote regions of the world is being restructured
progressively to provide capacity and operating benefits for the aircraft traffic. This
restructuringinvolvesreducedroute spacing (e.g. 50NMin place of 100NM) that, inturn,
demands improved aircraft navigational performance. Airspace for this purpose is
designated as RNP-10 airspace.

3.2 TheRNP-10implementationisforthe oceanicand remote phases of flight where ground
based navigation aids do not exist except possibly at isolated locations. Hence aircraft
navigation will need to be based on a long range navigation capability of acceptable
performance using inertial navigation and/or global positioning systems.

3.3 Aircraft may qualify for RNP-10airspace operational approval on the basis of compliance
with an appropriate RNP build standard. The navigation performance of aircraft already
inservice also may qualifyand this AMC provides a means of determining their eligibility.

3.4 It is not intended that RNP-10 operational approvals already granted by national
authorities in compliance with FAA Order 8400.12A should be re-investigated.
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4

CERTIFICATION CRITERIA

4.1

4.2

4.3

Airworthiness Approval

FAA Order 8400.12A discusses required system performance (paragraphs 10 and 15),
certification actions (paragraph 16), continued airworthiness considerations (paragraph
14), and provides guidance (paragraph 12) for demonstrating eligibility for RNP-10
approval. Key aspects of the FAA Order are summarised in the following paragraphs of
this AMC. These should be appliedin conjunctionwith the technical content of the Order
for the purposes of obtaining RNP-10 approval under EASA regulations.

Required Equipment and Performance

4.2.1 Aircraftoperatingin RNP-10airspace shallhave a 95% cross-track error of less than
10 NM. This includes positioning error, flight technical error (FTE), path definition
error and display error. The aircraft shall have also a 95% along-track positioning
error of less than 10 NM.

4.2.2 Loss of all longrange navigation information should be Improbable (Remote), and
displaying misleading navigational or positional information simultaneously on
both pilot's displays should be Improbable (Remote). This requirement can be
satisfied by the carriage of at least dual independent, long range navigation
systems compliant with the criteria of this AMC and the FAA Order. See also EASA
AMC 25-11.

Eligibility for RNP-10 Operations

In respect of system navigational performance, the Order defines three aircraft groups,
which may be eligible for RNP-10 operations:

- Aircraft eligibility through RNP certification (Eligibility Group 1).
- Aircraft eligibilitythrough prior navigationsystem certification (Eligibility Group 2).
- Aircraft eligibility through Data Collection (Eligibility Group 3).

In all cases, where navigationrelies oninertial systems, ausage limitof 6.2 hours isset
from the time the inertial system is placed into the navigation mode. The FAA Order
explains, in paragraph 12d, the options available to extend the time limits for use of
inertial systems.

RNP containment integrity/continuity, as defined in EUROCAE ED-75() (or RTCA DO-
236( ) “MASPS for RNP Area Navigation”), are not required functions for RNP-10
operations.

4.3.1 Aircraft eligibility through RNP certification (Eligibility Group 1).
Group 1 aircraft are those that have obtained formal certification and approval of

RNP capable systems integrated in the aircraft.

If RNP compliance is stated in the Aircraft Flight Manual (AFM), the operational
approval of Group 1 aircraft will be based upon the performance defined in that
statement.

Note:RNPvaluein AFMis typically notlimited to RNP-10. The AFM will state RNP
levels that have been demonstrated. An airworthiness approval specifically
addressing only RNP-10 performance may be requested and granted.
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4.3.2 Aircrafteligibilitythrough prior navigationsystem certification (Eligibility Group 2).

Group 2 represents aircraft that can equate their level of performance, certified
against earlier standards, to the RNP-10 criteria. Group 2 aircraft are sub-divided
into three parts:

(a)

Aircraft equipped with Inertial Systems

These aircraftare considered to meetall of the RNP-10requirements for up
to 6.2 hours of flight time if the inertial systems have been shown to meet
the intent of CFR Part 121, Appendix G, or equivalent criteria. This time
starts when the system is placed in the navigation mode and no en-route
facility for radio updating is available. Operators may seek approval to
extend this time limit by demonstrating inertial systemaccuracy, better than
the assumed 2 NM per hour radial error, by means of an additional data
collection.

If systems are updated en-route (radio navigation updating), the 6.2 hour
limit can be extended taking account of the accuracy of the update. See
paragraph 4.5 of this AMC.

Aircraft where GPS provides the only means of long range navigation.

For aircraft in this group where GPS provides the only means of long range
navigation (i.e. inertial systems are not carried) when out of range of
conventional ground stations (VOR/DME), the aircraft flight manual should
indicate that the GPS installation is approved as a primary means of
navigation for oceanicand remote operations in accordance with FAA Notice
8110.60%. These aircraft are considered to meet the RNP-10 requirements
withouttime limitations. At least dual GPS equipment, compliantwith ETSO-
C129a/TSO-C129(), are required, together with an approved availability
prediction program for fault detection and exclusion (FDE) for use prior to
dispatch. ForRNP-10 operations, the maximum allowable period of time for
which the FDE capability is predicted to be unavailable is 34 minutes.

Multisensor Systems Integrating GPS with Inertial Data.

Multisensor systems integrating GPS with RAIM, FDE or an equivalent
integrity method that are approvedin accordance with FAA AC 20-130A are
considered to meet RNP-10 requirements without time limitations. In this
case, the inertial system will need to meet the intent of CFR Part 121,
Appendix G, or equivalent criteria.

4.3.3 Aircraft eligibility through Data Collection (Eligibility Group 3).

Group 3 represents older out-of-production aircraft that contain widely varying
navigation capability.

A data collection program, acceptable to the Agency, may be usedby the applicant
to demonstrate that the aircraft and navigation systems provide the flight crew
with acceptable navigational situational awareness relative to the intended RNP-

1 See Annex2

2 Notice 8110.60 is recognised by AMC 20-5. The material is now incorporated in AC 20-138Aas Appendix 1
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4.4

4.5

10 route. The Order describes the essential aspects of a data collection
programme.

The Agency willaccept as evidence, inertial system performance data obtainedand
analysed during previous programmes for RNP-10 approval including data that
validates extended flight time.

Operational Approval and Procedures.

The operational principles given in the FAA Order may be used as the basis for RNP-10
operational approval. To obtain approval, the applicant should address at least the
following:

4.4.1 Eligibility for RNP-10.

Evidence should be made available confirming that the aircraft has an approved
RNP-10 navigation capability.

4.4.2 Aircraft Equipment and Minimum Equipment List.

The applicant should provide a configuration list of equipmentto be used for RNP-
10 operations. The MEL(MMEL) should be reviewed to ensureits compatibility with
RNP-10 operations. Specific attention should be directed to the need for three
inertial navigation units for dispatch if RNP-10 approval is based on a triple-mix
solution.

4.4.3 Operational Procedures and Training.

4.4.3.1 Applicant should demonstrate to the responsible authority that the
trainingitemsrelatedto RNP-100perations are incorporated into flight crew
training. Training for other personnel should be included where appropriate
(e.g., dispatchers and maintenance personnel).

4.4.3.2 Operating manuals and checklists should be revised to include information
and guidance appropriateto RNP-10operations. The manualsshould indude
operating instructions for the navigation equipment, and RNP-10
operational procedures (see Appendix 4 of the Order).

4.4.3.3 Operating procedures will need to take account of the RNP-10 time limit
declared for the inertial system, if applicable, considering also the effect of
weather conditions that could affect flight duration in RNP-10 airspace.
Where an extensiontothe time limitis permitted, the flight crew will need
to ensure en-route radio facilities are serviceable before departure, and to
apply radio updates in accordance with any Flight Manual limits.

4.4.3.4 Manuals and checklists will need to be submitted to the responsible
authority for review as part of the approval process.

Position Updating

Subject to approval, operators may extend their RNP-10 inertial navigation time by
position updating as discussed in paragraph 12e and Appendix 7 of the Order. For position
updating approval, aircraft operators will need to calculate, using statistically based
typical winds for each planned route, points at which updates can be made, and the
points at which further updates will not be possible.

4.5.1 Automatic radio position update.
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Automaticradio position updatingis acceptableforoperationsin RNP-10airspace
as discussed in paragraph 12f of the Order.

4.5.2 Manual radio position update.

Subject to an approved procedure, manual radio updating is permitted as
discussed in the paragraph 12g and Appendix 7, of the Order.

4.6 Incident reporting.

Significant incidents associated with the operation of the aircraft that affect or could
affectthe safety of RNP-10 operations (i.e. navigation error) will need to be reported in
accordance with applicable operational rules.

5. AVAILABILITY OF DOCUMENTS

JAA documents are available from the JAA publisher Information Handling Services (IHS).
Information on prices, where and how to order is available on the JAA website and at
www.avdataworks.com).

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax: 33145 05 72 30). Web site: www.eurocae.org

FAA documents may be obtained from Department of Transportation, Subsequent Distribution
Office SVC-121.23, Ardmore East Business Centre, 3341 Q 75th Avenue, Landover, MD 20785,
USA. Web site www.faa.gov

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington,
DC 20036, USA., (Tel: 1202 833 9339; Fax 1202 833 9434). Web site www.rtca.org

ICAO documents may be purchased from Document Sales Unit, International Civil Aviation
Organisation, 999 University Street, Montreal, Quebec, Canada H3C 5H7, (Fax: 1 514 954 67609,
e-mail: sales_unit@icao.org) or through national agencies.

ARINC documents may be purchased from ARINC Incorporated; Document Section, 2551 Riva
Road, Annapolis, MD 21401-7465, USA, web site www.ARINC.com

[Amdt 20/1]
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AMC 20-13

ED Decision 2006/012/R

1 PREAMBLE

Operating regulationsrequire that an operatorshall not operate an aircraft unlessitis equipped
with;

(1) apressure altitude reporting SSR transponder; and
(2) any other SSR transponder capability required for the route being flown.

In accordance with the European Air Traffic Management Plan, the implementation of
Enhanced Surveillancerequires aircraft to have the capabilityto down-linkaircraft derived data
via a Mode S transponder.

2 PURPOSE

2.1 This AMC has been prepared to provide guidance for the installation, certification and
maintenance of Mode S SSR transponder systems for Enhanced Surveillance. It provides
a method by which equipment installers and aircraft operators can satisfy an authority
that the transponder capability required by airspace regulationshas been addressed. This
AMC is not mandatory and does not constitute a regulation. In lieu of following this
method without deviation, an alternative method may followed provided it is found by
the responsible authority to be in compliance with applicable airworthiness certification
specifications, operational and airspace requirements This document does not change,
create, authorise, or permit deviations from, regulatory requirements.

2.2 Where required,the units of measurement used inthisdocumentare in accordance with
the International System of Units (SI) specified in Annex 5 to the Convention on
International Civil Aviation. Non-SI units are shown in parentheses following the base
units. Where two sets of units are quoted, it should not be assumed that the pairs of
values are equal and interchangeable. It may be inferred, however, that an equivalent
level of safety is achieved when either set of units is used exclusively.

3 SCOPE

This AMC addresses only the Mode S transponderfor Enhanced Surveillance purposes used in
conjunction with interrogating ground stations. It does not deal with Mode S elementary
surveillance, or automatic dependent surveillance (ADS-B or ADS-C), or the use of the
transponder as a data link component of the Aeronautical Telecommunication Network (ATN),
or security aspects relating to unlawful interference with aircraft operation.

4 REFERENCE MATERIAL
4.1 JAA/EASA

(a) EASA ETSO-2C112b, Minimum Operational Performance Specification for SSR
Mode S Transponders. (adopts EUROCAE ED-73B,).

(b) JAA JTSO-C112A, EASA ETSO-2C112a, Minimum Operational Performance
Specification for SSR Mode S Transponders. (Adopts EUROCAE ED-73A).

Powered by EASA eRules Page 130 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-13
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

4.2

4.3

4.4

4.5

EASA AMC 20-18 Certification of Mode S Transponder Systems for Elementary
Surveillance

(d) JAR-OPS 1: Amendment 6: 1.845 and 1.866 and associated AMCs.

(e) JAR-OPS 3: Amendment 2: 3.845, 3.860, 3.865, and associated AMCs.

(f)  JAR-OPS 1/3: MEL Policy Document.

(g) EASA Certification Specifications CS-23, CS-25, CS-27, and CS-29, as applicable.

FAA

(a) FAR121.345, Radio equipment.

(b) TSO-C112, 1986, (Based on RTCA DO-181). This standard of transponder does not
provide the full functionality required for the EuropeanRegion. However, the RTCA
document has been updated to DO-181C that defines an acceptable standard. Itis
expected that the FAA TSO will be updated to reflect this standard.

(c) FAR25, 25, 27 and FAR 29 as applicable.

EUROCONTROL

(a) Document SUR.ET2.ST02.1000-CNP-01-00, Edition 2, Nov 1996 The Concept of
Operations - Mode S in Europe.

(b) Document (Mode S/OHA/001) Edition 1.1, April 2004, Operational Hazard
Assessment of Elementary & Enhanced Surveillance.

(c) Document Mode S/SAF/002, Edition 1.1, dated April 2004, Preliminary System
Safety Analysis for the Controller Access Parameter Service delivered by Mode S
Enhanced Surveillance.

(d) Document SUR/Mode S/ES 3SP MP, Edition 1.0, 30 August 2002, Mode S Three
States Project Master Plan.

(e) Document SUR-EHS/02-001, Edition 2.0, July 2003, Common Framework for the
Regulation of Mode S Enhanced Surveillance.

ICAO

(a) Annex 10, Amd. 77, Aeronautical Communications (Digital Data Communication
Systems), Volume llI, July 2002.

(b) Annex 10, Amd. 77, Aeronautical Communications (Surveillance Radar and
Collision Avoidance Systems), Volume IV, July 2002.

(c)  Manual of the Secondary Surveillance Radar System, Doc 9684, Third Edition 2004.

(d)  EUR Regional Supplementary Procedures, ICAO Doc 7030/4, as amended.

EUROCAE

(a)

(b)

(c)

Minimum Operational Performance Specification for SSR Mode S Transponders,
ED-73B, January 2003.

Minimum Operational Performance Specification for SSR Mode S Transponders,
ED-73A, February 1999.

Minimum Operational Performance Specification for Aircraft Data Link Processors,
ED-82A, November 1999.
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4.6

4.7

(d)  Minimum Operational Performance Specification for Mode S Specific Service
Applications, ED-101, September 2000.

(e) Minimum Operational Performance Specification for Light Aviation SSR
Transponder, ED-115, August 2002

(a) Minimum Operational Performance Specification for Air Traffic Control Radar
Beacon System/ Mode Select (ATCRBS/Mode S) Airborne Equipment, RTCA DO-
181C, June 2001.

(b)  Minimum Operational Performance Specification for the Mode S Airborne Data
Link Processor, RTCA DO-218B, June 2001

ARINC

(a)  Mark 4 Air Traffic Control Transponder (ATCRBS/MODE S), ARINC 718A-1, March
2004

5 ASSUMPTIONS

5.1 Applicantsshould note that this AMC takes account of EUROCONTROL document, Mode
S/OHA/001, Operational Hazard Assessment of Elementary and Enhanced Surveillance
(reference 4.3.b), and is based on the following assumptions concerning the proposed
use of aircraft derived data by the air traffic services:

(a) Thedataisintended fordisplaytothe airtrafficcontroller (referredto as controller
accessed parameters (CAPs)) and that means are implemented, where
appropriate, by the air traffic services to verifythe validity of received data (e.g. as
currently performed by means of the ICAO required controller-pilot verification
procedure for the altitude report).

(b) A safety review is performed to identify the measures needed to confirm an
acceptable level of integrity foraircraft derived data, priorto such databeing used
by the ATC systems (referred to as system accessed parameters (SAPS)) such as
safety nets.

(c) Loss of any parameteris readily detectable by the airtraffic controllerand/orthe
ATC system (as applicable).

(d)  The AirTrafficService Provider supplements the Preliminary SystemSafety Analysis
(reference 4.3(c)) with such additional studies and mitigation as may be necessary
to comply with EUROCONTROL Safety and Regulatory Requirements (ESARR) for
the introduction of Mode S Enhanced Surveillance.

5.2  Onthisbasis, forthe purposes of system certification, Failure Conditions involving lostor
erroneous aircraft derived data can be classified as shownin Annex 1, table 2 of this AMC.

5.3 Enhanced Surveillance is not applicable to helicopters. They are only required to install
Elementary Surveillance. This does not preclude a helicopter from voluntary installation
of Enhanced Surveillance.

6 SYSTEM DESCRIPTION
6.1 The transponder Level is defined by ICAO and identifies the communication protocol

capabilities of the transponder.

Level 1 This is the basic transponder permitting surveillance based on Modes A and C as
well as Mode S. With a Mode S aircraft address, it has the minimum features for
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6.2

6.3

compatible operation withthe Mode S system. It has no data communication capability,
isnot prescribed forinternationalflights,and does not satisfy the European requirement.

Level 2 has the capabilities as Level 1but permits standard length digital communication
from ground to air and air to ground using Comm A and Comm B protocols. It includes
automatic aircraft identification reporting.

Level 3 has the capabilities as level 2 but permits extended data communications from
the ground to the aircraft usingthe Comm C protocol. The usefulness of this standard of
transponder has been largely overtaken by technological advances.

Level 4 has the capabilities as level 3 but permits extended data communications from
the aircraft to the ground using the Comm D protocol.

Level 5extendsthese protocols to permitComm B and extendedlength and simultaneous
data communications with multiple interrogators. This level of transponder has a higher
minimum data communication capability than transponders of lower levels.

In additionto the above designations, the letters “e” and “s” are added to indicate that
the transponder includes extended squitter functionality and surveillance interrogator
(SI) code capability.

Basic functionality with Sl code capability is the minimum level permitted for operations
in European airspace hence the transponderrequired is designated ICAO Level 2s. (Amd
77 to ICAO Annex 10, Vol IV, paragraph 2.1.5.1.7).

The transponder Mark is assigned by ARINC/ EUROCAE and defines required equipment
characteristics for the interface between the transponder and other aircraft systems.
Equipment characteristics have the objective of standardising those aspects of
equipment design which affect interchangeability between different brands.

Mark 3 corresponds to ARINC Characteristic 718.

Mark 4 corresponds to the ARINC Characteristic 718A. This standard of equipment
includes extended interface functions which provide for the access of aircraft derived
data necessary to fulfil the functions of automatic dependent surveillance -broadcast
(ADS-B), extended (112 bit) squitter functions for passive surveillance, the surveillance
capabilities specified in the ICAO Manual on Mode S Specific Services, and dedicated
communication functions.

Notes:

1 The Mark 4 transponder does not support altitude data in Gillham’s code format
and is not backward compatible with the Mark 3 equipment.

2. Compliance with an ARINC Characteristicis not required for certification.

A detailed technical definition of the aircraft derived data is givenin Amd 77 to ICAO
Annex 10, Vol lll, Part 1, Appendix 1 to Chapter 5, ‘Tables for Section 2’.

7 AIRWORTHINESS CERTIFICATION OBJECTIVES

7.1

For the purposes of certification of an installed transponder system for Enhanced
Surveillance, the demonstration of intended function (CS-25.1301) will need to be show
that, exceptas permitted by the Coordinated Exemptions Policy, aircraft derived data can
be transmitted to meet the objectives of the Common Framework (reference 4.3(e)).

Note: The Coordinated Exemptions Policy is determined by the responsible airspace
authorities and managed by EUROCONTROLin accordance with the Guidance Material of
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7.2

Reference 4.3(e). Furtheradvice may be obtained by contactingthe Mode S Exemptions
Coordination Cell at www.eurocontrol.int/mode s or modes.reg@eurocontrol.int.

The minimum required characteristics of aircraft derived data are shown in Table 1 of
Annex 1 to this AMC. Similarly, the criticality classifications of the data that need to be
met are shown in Table 2. These classifications take account of the assumptions of
Section 5, and correspond with the definitions of EASA Certification Specification CS-
25.1309 and associated AMC.

8 FUNCTIONAL CRITERIA

8.1

8.2

8.3

The Enhanced Surveillance functionality will need to ensure, through Ground Initiated
Comm-B (GICB) protocols as defined in ICAO Annex 10 (Amendment 77), Volume llI,
Part 1, Appendixto Chapter5, the extraction and transmission of information contained
in the following standardised transponder registers (designated by BDS x, y and which
may be composed of up to 4 different aircraft data):

BDS Register Contents of BDS Register

a)BDS 6,0 Heading and Speed report
b) BDS 5,0 Trackand Turn report
c) BDS 4,0 Selected vertical intention

As a minimum, unless a specific exemption has been granted, the data transmitted for
Mode S Enhanced Surveillance will need to be:

a) BDS 6,0 (Heading and Speed Report) Magnetic heading
Indicated airspeed
Mach no.
Vertical rate (Barometric rate of climb/descend or
baro-inertial)
b) BDS 5,0 (Track and Turn Report) Roll angle
Trackangle rate (or True Airspeed — see Note 2)
True trackangle
Ground speed
c) BDS 4,0 (Selected Vertical Intention)  Selected altitude

Notes:

1. For aircraft that require ACAS Il, the Resolution Advisory Report will need to be
transmitted also by the transponder (ICAO Annex 10, Volume IV) in BDS 3.0.

2. See Table 1 of Annex 1 for further details relating to the data requirements.

The transponder capability report, as defined in ICAO Annex 10, Volume IV, 3.1.2.6.10.2
and Volume lll, Part 1, Appendix to Chapter 5, 2.5.4, will need to be updated to reflect
the Enhanced Surveillance capability asimplemented and supportedin the aircraft. The
affected BDS to be appropriately filled are: BDS 1,0; BDS 1,7; BDS 1,8 to 1,C; and BDS 1,D
to 1,F. For implementations not supporting MSP services, the correct servicing of register
1,D to 1,F corresponds to at least transmitting O in response to extraction of theses
registers. In such case the setting of the bits correspondingto BDS 1,D to 1,F in BDS 1,8
may be accepted either as being 1 or 0.
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9 ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE

9.1

9.2

9.3

9.4

9.5

9.6

The criteria for Mode S Elementary Surveillance will need to be satisfied prior to, or
concurrently with, the certification tasks for Enhanced Surveillance.

The Mode S Transponder will need to be approved in accordance with EASA European
Technical Standard Order ETSO-2C112b, or an equivalent standard that is consistent with
applicable ICAO SARPSand whichis acceptable to the responsible certification authority.
The transponder manufacturer should state in their Declaration of Design and
Performance (DDP) whether or not they are fully compliant with the requirements of ED-
73B, ED-82A and ICAO Annex 10 amendment 77.

Note: Transponders approvedtoJTSO-2C112aor ETSO-2C112a may be acceptable if they
are fully compliant with ED-73B, ED-82A and ICAO Annex 10amendment 77. Compliance
should be stated in the transponder DDP.

For the processing of data parameters, information may be found in EUROCAE Minimum
Operational Performance Specification for Aircraft Data Link Processors, ED-82A,
November 1999. This specification is applicable to the processing within a Mark 4
transponder, or, to the processing within an Aircraft Data Link Processor or equivalent
when this function is performed separately from the transponder.

When demonstrating compliance with this AMC, the following specific points should be
noted:

(a) The applicant will need to submit, to the responsible authority, a compliance
statement that shows how the criteria of this AMC have been satisfied, together
with evidence resulting from the activities described in the following paragraphs.

(b) Compliance with the airworthiness certification specifications for intended
function and safety may be demonstrated by equipment qualification, safety
analysis of the interface between the transponder and data sources, equipment
coolingverification, and ground tests. To support the approval application, design
data will need to be submitted showingthat the objectives and criteria of Sections
7 and 8 of this AMC have been satisfied.

(c) The safetyanalysisof the interface between the transponder and its data sources
should show no unwanted interaction under normal or fault conditions.

Onthe assumptionthat the transponderinstallation has been shown to meet the existing
criteriafor Modes A, and C, Elementary Surveillance, and ACAS I, then the additional
functionality introduced for Enhanced Surveillance may be demonstrated by ground
testing, using ramp test equipment where appropriate, that verifies:

- correct system operation;

- that the aircraft derived data in the transmitted response, including the 24-bit
aircraft address; and

- correct functioning of system fault detectors.

To minimise the certification effort fortransponder follow-on installations, the applicant
may claim from the responsible authority, credit forapplicable certificationand flight test
data obtained from equivalent aircraft installations.
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10

9.7

9.8

9.9

9.10

Dual transponder and Dual sensors side installation

Particular attention should be given to the interface between dual (or more than 2
transponders) and dual or multiple sensors. In this context, ‘sensors’ refersto FMS, IRS,
AHRS, ADS, GPS, or Data Concentrator (or other) systems used to provide data to the
transponder.

Transponder Selection:

Appropriate means should be provided for the flight crewto select the active transponder
at any given time. At all times, the active transponder should be selected such that it
operates as either the captain’s side or the co-pilot’s side transponder. This is an
important consideration when more than 2 transponders are available to the crew.

Sensor Selection:

In an installation where crew sensor selection capability for the active transponder is
provided, the crew should be aware, at all times, which sensors (captain’s or co-pilots
side) are providing information to the active transponder. The selected active
transpondershould use the crew selected sensor relevant to the aircraft flight profile.

Note 1: In a ‘standard’ installation, where crew sensor selection for the active
transponder is not provided, the captain’s side transponder should utilise the captain’s
side sensors and the co-pilot’s side transponder should utilise the co-pilot’s side sensors.

Note 2: It is important to note that data parameters from different sensors, of the
same type, should not be mixed. For example, Mode-C or Mode-S altitude reporting
information from ADC source #1 should not mixed with reporting of TAS, Baro Vertical
Rate, Mach from ADCsource #2. In this case partially blocking of data output from either
ADC source #1 or #2 will cause uncorrelated results. This could result in problems with
ATC ground processing of the data.

Where only single sensors are available (i.e. single FMS) it is permissible to connect the
single sensor to both transponders. It should be noted that this may result in reduced
operational availability of the transponder function should the single sensor fail.

Guidance on the classification (minor or major change) are stated in GM 21.A.91. Table
3, Annex 1of this AMC offers additional guidance for the classification of Elementary and
Enhanced Surveillance modifications.

An aircraft is considered to be ‘EHS capable’ if the full list of 8 Downlink Aircraft
Parameters, as detailed in Table 1, Annex1, can be transmitted to the ATC ground system.

Note:Table 1 lists 9 parameters, however Indicated Airspeed and Mach No. may be
considered as a single DAP and either parameter may be supplied. If an aircraft can
provide both, it should do so.

FLIGHT MANUAL

10.1

The Aircraft Flight Manual (AFM) or the Pilot’s Operating Handbook (POH), whicheveris
applicable, should provide at least the following information.

- A statement of compliance that the transponder system(s) complywith the criteria
of ICAO Doc 7030/4 Regional Supplementary Procedures for operations where
Enhanced Surveillance is required.
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11

12

10.2

10.3

The Limitations Sectionshould identify those parameters that, at the time of certification,
the transponderare unable to transmit dueto the installation configuration, as permitted
by the Coordinated Exemptions Policy.

Note: Annex 2 provides a template for an AFM Supplement.

In the absence of, or as an alternative to, information in the AFM, appropriate
information may be given in the Operations Manual.

MINIMUM EQUIPMENT LIST

The MEL will needto be revised toindicate the mandatory carriage of a serviceable systemto
meet applicable operational requirements for flight in designated airspace. Despatch with
partial unserviceability of the system, or non-availability of some required aircraft derived data,
may be permitted in accordance with the Coordinated Exemptions Policy (see Section 7).

GROUND TESTING

12.1

12.2

12.3

12.4

12.5

Allthe BDS registers containing dataas definedin Table 1, Annex 1, should be tested to
ensure correct data is received and transmitted by the Mode S transponder.

The rate parameters are particularly difficult to measure statically. To ensure that the
rate parameters are correctly received and transmitted by the transponder it is
acceptable to test that the correct BDS register is transmitted (by the transponder) and
that the parameter value is valid and set to zero.

Where a parameteris not available, and therefore not provided to the transponder, itis
acceptable to test that the correct BDS registeris transmitted and that the parameteris
declaredinvalidin the reply to the appropriateinterrogation. This will prove that the BDS
register is received by the Mode S ground test set and declared invalid.

Other parameterslistedin Table 1 Annex 1, which are derived from an Inertial Reference
System, may also be difficult to measure statically, i.e. Ground Speed. A similar method
as described in paragraph 12.2 may be used.

A test should be performed to ensure that the transponder:

i. does notrespondtoan ‘All Call’ interrogation(Mode A/C/S all-call and Mode S only
all-call) when on ground, and

ii. doesrespond wheninterrogated with its Mode S aircraft address when on ground,
and

iii. does provide DF-11 Acquisition Squitter transmissions in the air (on ground
acquisition squitter is replaced by extended squitter DF-17, when enabled).

These tests are required to ensure that the transponder reacts correctly to the on ground
condition.

Note:These tests are not required if they were conducted as part of the Mode S
Elementary Surveillance ground testing.

The Mode S transponder system(s) should be tested to ensure it has no effect on other
aircraft systems. Similarly, testing should ensure that the aircraft systems have no effect
on the Mode S transponder system(s).
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13

14

15

FLIGHT TESTING

No specific flight testing is required assuming a full ground test of all the parameters listed in
Table 1, Annex 1, is performed. Installation of Mode S antenna’s not previously approved, may
require aflighttestto ensure adequate performance of the antenna’sin the new position. The
Agency should be contacted to define the level of flight testing required for adequate
performance.

MAINTENANCE

14.1 Maintenance testing of altitude reporting transponders should be suitably screened to
minimisethe risk of nuisance traffic or collisionresolution advisoriesin operating aircraft.
When performingtransponder testing which involves the use of the altitude changes, it
isadvisable toensure the transponderisin ‘standby’ or ‘off’ whilst the air data systemis
setto the required altitude. The transponder should only be operated during the testing
phase to minimise the risk of interference with other aircraft. Following completion of
the testing, the transpondershould be returned to ‘standby’ or ‘off’. The air data system
may then be returned to atmospheric pressure. Note: Before performing any
transponder testing involving altitude changes the local Air Traffic Controller should be
contacted and a ‘safe test altitude(s)’ agreed.

14.2 Maintenance tests should include a periodic verification check of aircraft derived data
includingthe ICAO 24 bitaircraft address using suitable ramp test equipment. The check
of the aircraft address should be made also in the event of a change of state of
registration of the aircraft.

14.3 Where possible, maintenance tests should check the correct functioning of system fault
detectors.

14.4 Maintenance tests for encoding altitude sensors with Gillham’s code output should be
based onthe transition points definedin EUROCAE ED-26, Table 13. (Included as Annex 3
to this guidance material).

AVAILABILITY OF DOCUMENTS

JAA documents are available from the JAA publisher Information Handling Services (IHS).
Information on prices, where and how to order is available on the JAA website and at
www.avdataworks.com. JAA documents transposed to publications of the European Aviation
Safety Agency (EASA) are available on the EASA web site www.easa.europa.eu

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax : 33145 05 72 30). Web site: www.eurocae.org

FAA documents may be obtained from Department of Transportation, Subsequent Distribution
Office SVC-121.23, Ardmore East Business Centre, 3341 Q 75" Avenue, Landover, MD 20785,
USA. Web site www.faa.gov

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington,
DC 20036, USA., (Tel: 1202 833 9339; Fax 1202 833 9434), Web site www.rtca.org

ICAO documents may be purchased from Document Sales Unit, International Civil Aviation
Organisation, 999 University Street, Montreal, Quebec, Canada H3C 5H7, (Fax: 1 514 954 67609,
e-mail: sales unit@icao.org or through national agencies.

ARINC documents may be purchased from ARINC Incorporated; Document Section, 2551 Riva
Road, Annapolis, MD 21401-7465, USA, web site www.ARINC.com
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AMC 20-13

16 List of Abbreviations

ACAS
ADS
ADS-B
ADS-C
AFM
AHRS
ATC
ATN
BDS
CAPs
CNS-ATM
CS
DAP
EASA
ED
EHS
ELS
ETSO
ESARR
FAR
FMS
GAT
GPS
ICAO
IFR
IRS
JAA
JAR
JTSO
MSSS
MEL
MCP
NPA
POH
FCU
SAPS
SSR
TAS
TGL
TMA
TSO
WOW

[Amdt 20/1]

Airborne Collision Avoidance System

Air Data System

Automatic Dependent Surveillance—Broadcast
Automatic Dependent Surveillance—Contract
AircraftFlight Manual

Attitude, Heading and Reference System
Air Traffic Control

Aeronautical Telecommunication Network
Comm B Data Selector

Controller Accessed Parameters
Communication, Navigation & Surveillance —Air Traffic Management
Certification Specification

Downlinked Aircraft Parameter

European Aviation Safety Agency

Eurocae Document

Enhanced Surveillance

Elementary Surveillance

European Technical Standard Order
Eurocontrol Safety and Regulatory Requirements
Federal Airworthiness Requirements
Flight Management System

General Air Traffic

Global Positioning System

International Civil Aviation Organisation
Instrument FlightRules

Inertial Reference System

Joint Aviation Authorities

Joint Airworthiness Requirements

JAA Technical Standard Order

Mode S Specific Services

Minimum Equipment List

Management Control Panel

Notice of Proposed Amendment

Pilot’s Operating Handbook

Flight Control Panel

System Accessed Parameters

Secondary Surveillance Radar

True Airspeed

Temporary Guidance Material

Terminal Manoeuvring Area

Technical Standard Order

Weight on Wheels
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ED Decision 2006/012/R

Table 1: Minimum Required Characteristics of Aircraft Derived Data for Enhanced Surveillance

| tem | Parameter | Remarks
5 Magnetic Heading -180, +180 degrees 90/512 As installed sensor BDS Register 6,0
6 Indicated Airspeed (Note 9) As installed sensor 1 kt As installed sensor BDS Register 6,0
7 Mach No. (Note 9) As installed sensor 2.048/512 As installed sensor BDS Register 6,0
8 Vertical Rate -4994, +4984m/minute 8192/256 As installed sensor BDS Register 6,0

(-16384, +16352 ft/minute)

9 Roll Angle -90, +90 degrees 45/256 As installed sensor BDS Register 5,0
10 Track Angle Rate (Note 8) -16, +16 degrees/second 8/256 As installed sensor BDS Register 5,0
11 True Track Angle -180, +180 degrees 90/512 As installed sensor BDS Register 5,0
12 Ground Speed As installed sensor 2 kt As installed sensor BDS Register 5,0
13 Selected Altitude As installed sensor 5m (16ft) See notes 5 & 6 BDS Register 4,0

Notes:

1 See JAA TGL 13 for details of parameters 1 through 4.

2 The minimum parameter characteristicsshown aboveareapplicableto the data sourceand need to be maintained through anyintermediate data processingsystems
until delivered to the transponder.

3 The required characteristics of the transponder BDS registers are defined in Amd 77 to ICAO 10, Vol Ill, Part 1, Chapter 5, Appendix 1, ‘Tables for Section 2’.

4 Where reference is madeto “As installed sensor”, this should be interpreted to mean either the primary system used to fly the aircraft, or an approved system of
equivalent performance and capability.

5 The value of Selected Altitude, transmitted by the transponder, will need to correspond within +/-8m (+/- 25ft) to the value displayed to the flight crew or the
associated output to the flight control /guidance system.

6 The Selected Altitude data to be provided by BDS 4,0 is the “MCP/FCU SELECTED ALTITUDE” (bits 2-13), together with bit1 (STATUS), and bits 48to 51, set as described
inthe register definition.In addition, where readily available, Barometric Pressure Setting in bits 28 to 40 of BDS 4,0 should be provided as definedin Annex 10, Table
2-64 BDS 4,0. The transponder subtracts 800 mb from the Barometric Pressure Setting prior to loading into the register.
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7 The transponder capability report, as defined in ICAO Annex 10, Vol 1V, 3.1.2.6.10.2 and Vol Ill, Part 1, Appendix to Chapter 5, 2.5.4, will need to reflect the enhanced

surveillance capability, as implemented and supported in the aircraft. The affected BDS to be appropriately filled are:- BDS 1,0; BDS 1,7; BDS 1,8 to 1,C; and BDS 1,D
to 1,F.

8 If the Track Angle Rate parameter, as defined in the ARINC 429 data bus specification, Label 335, cannotbereadily provided becausetheaircraftconfigurationis based
on the GAMA 429 specification then ‘True Airspeed’ (TAS) should be substituted. If the aircraftis supplying TAS then ARINC Label 335 should not be transmitted.

9 Indicated Airspeed and Mach No. are considered as a single DAP. If an aircraft can provide both, it should do so.
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Table 2: Failure Condition Categories of Aircraft Derived Data for Enhanced Surveillance

1 The Failure Condition categories listed hereassume that aircraft derived data are used only as air trafficcontroller accessed parameters (CAP) and are
subject to a correspondence check by means of radio communication with the pilot, or verification by the end user by other equivalent means. It is
assumed also, that loss of any parameteris readily detectable by the air trafficcontrollerand ATC system (if applicable). Aircraft derived dataused as
system accessed parameters (SAPs) for air trafficsafetynetsinvolving automated processing may require higher levels of integrity yet to be established.
In anticipation of increasing reliance by the air trafficservices on automatic processing of data for safety nets, the aircraft system should be designed
such as to provide, so far as is practicable, data of high accuracy, high availability and high integrity.

2. Use of aircraft derived data for other purposes such as Automatic Dependent Surveillance - Broadcast, is expectedto require data meeting more
demanding availability and integrity criteria. Designers of Mode S systems are strongly recommended to take account of such expectations.

3. The Failure Condition categories listed here take account of advice from EUROCONTROL based on safety analyses to support Enhanced Surveillance.
(See reference documents 4.3 (b) and (c)).

Loss of Parameter Undetected Erroneous Parameter

Magnetic Heading Minor Minor

Indicated Airspeed Minor Minor

Mach No. Minor Minor

Vertical Rate Minor Minor

Roll Angle Minor Minor

Track Angle Rate (or True Airspeed) Minor Minor

True Track Angle Minor Minor

Groundspeed Minor Minor

Selected Altitude (including Barometric Pressure Setting) Minor Minor
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Table 3 Examples of Modification Classification for Mode S Elementary & Enhanced Surveillance Aircraft Installations

Mass of Is Cruising Elementary & Pressurised | Example
Aircraft | TAS > 250 kts? | Enhanced Surveillance? Yes/No No.
No 1

Less
than
5700 Kgs

Yes

More No

than
5700 kgs Yes

[Amdt 20/1]

Elementary Surveillance
onlyrequired

Elementary & Enhanced
Surveillance Required
(antenna diversityalso
required)

No

Yes

Either
pressurised
or un-
pressurised

Proposed Classification
(Major /Minor Change)

Minor

Major

Major

Major

Minor

Major

Major

Major

Reason/Justification for Classification

Assuminga simplereplacement of existingtransponder and
no antenna change.

STC required to install ModeS transponder on aircraft where
no transponder was previously fitted. Consideration should
be given to antenna location and flight test may be required
to ensure adequate antenna performance

If Mode S transponder is elementary and enhanced capable
and ‘enhanced’ parameters are loaded into transponder (due
to connection to an ADC — transponder will also strip off
ARINC 429 labels required for enhanced surveillance) then a
Flight Manual Supplement or Pilot’s Operating Handbook
Supplement should be raised to record which ‘enhanced’
parameters aredownloaded — See NPA 20-12b.

If Mode S transponder is elementary and enhanced capable
and ‘enhanced’ parameters are loaded into transponder (due
to connectionto an ADC — transponder will also strip off
ARINC 429 labels required for enhanced surveillance) then a
Flight Manual Supplement or Pilot’s Operating Handbook
Supplement should be raised to record which ‘enhanced’
parameters aredownloaded — See NPA 20-12b.

Assuminga simple replacement of existing Mode A/C
transponder and no antenna location changethe
modification may be classed as minor.

Major change because of Flight Manual Supplement and
potential technical complexity

Major change because of Flight Manual Supplement and
potential technical complexity

Major change because of Flight Manual Supplement and
potential technical complexity
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ED Decision 2006/012/R

(Aircraft Type) Flight Manual [or POH as appropriate] Reference (XXXX)

(Company Name)

FLIGHT MANUAL SUPPLEMENT (1) ISSUE (1)
Registration Mark: __ Serial Number:
SSR MODE S ENHANCED SURVEILLANCE
Modification Number (XXXX)

ADDITIONAL LIMITATIONS AND INFORMATION

The limitations and information contained herein either supplement or, in the case of conflict, override
thoseinthe flight manual.

LIMITATIONS

1 The installed Mode S system satisfies the data requirements of ICAO Doc 7030/4, Regional
Supplementary Procedures for SSR Mode S Enhanced Surveillance in designated European
airspace. The capabilityto transmit data parametersis shownin column2: [mark as applicable]:

Available/Not Available

Magnetic Heading

Indicated Airspeed

Mach No

Vertical Rate

Roll Angle

Track Angle Rate / True Airspeed *
True Track Angle

Groundspeed

Selected Altitude

Barometric Pressure Setting

To beinserted in the flight manual and record sheet amended accordingly.

Page 1 of (X) Authority Approval: Date:

[*delete as applicable]

[Amdt 20/1]
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ED Decision 2006/012/R

Transition Enabled Information Pulses

Puse 0, | 0. | A | A | A | 8 ] 8 | 8 1] o | o | c |
1

Nominal Transition
Altitude (feet)

-950 C1 N
1
-850 (0] 1
1
-750 Ba B N
1
-450 Ca 1 1
1 1
-250 B2
1 1
1
750 B1 1
1
2750 Ay 0
6750 A :
1 1
1
14750 AL .
1
30750 D4
1 1
1
62750 D2
1 1

[Amdt 20/1]
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AMC 20-115B

ED Decision 2003/12/RM
PURPOSE

This acceptable means of compliance calls attention to the European Organisation for Civil
Aviation Equipment (EUROCAE) document ED-12B, "Software Consideration in Airbome
Systems and Equipment Certification", issued December 1992. It discusses how the document
may be applied to certification programmes administered by the European Aviation Safety
Agency.

RELATED DOCUMENTS

2.1 EUROCAE document ED-12B istechnically equivalent to RTCA Inc. document DO-178B. A
reference to onedocument,atthe same revision level, may be interpreted to mean either
document.

2.2  This AMCis based on FAA AC 20-115B, dated 11 January 1993.
RELATED CERTIFICATION SPECIFICATIONS (CSs)

Part 21, CS-22, CS-23, CS-25, CS-27, CS-29, CS-AWO, CS-E, CS-P, CS-APU, CS-TSO and CS-VLA.
Existing references to ED-12/D0-178 and ED-12A/D0-178A in the above CSs will be amended,
at the next opportunity, to take into account the principles spelt out in paragraph 6. below.

BACKGROUND

4.1 EUROCAE document ED-12B was developed to establish software considerations for
developers, installers and users when the aircraft equipment design is implemented using
software- based techniques. Currentand future avionics designs will make extensive use
of thistechnology. The EUROCAE document providesguidelines for establishing software
levels, software life cycle planning, development, verification, configuration
managementand quality assurance disciplines to be used in software-based systems.

4.2 The document specifies the information to be made available and/or delivered to the
Agency. Guidance is provided also for dealing with software developed to earlier
standards, tool qualification and alternative methods which may be used.

USE OF EUROCAE ED-12B PROCEDURES

An applicant for EASA certification for any software-based equipment or system may use the
considerations outlined in EUROCAE document ED-12B, as a means, but not the only meansto
secure approval. The Agency may publish acceptable means of compliance for specific CSs,
statingthe required relationship between the criticality of the software-based systems and the
software levels as defined in EUROCAE document ED-12B. Such acceptable means of
compliance will take precedence over the application of EUROCAE document ED-12B.

USE OF PREVIOUS VERSIONS

ED-12/D0-178 and ED-12A/D0-178A will continue to be accepted for systems and equipment
where these have been accepted as the basis for approval or certification.
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7 AVAILABILITY OF EUROCAE DOCUMENT ED-12B

Copies may be purchased from EUROCAE, 17 rue Hamelin, 75783 PARIS Cedex 16, France,
(Fax: 33 1 4505 7230).
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AMC 20-128A

ED Decision 2003/12/RM

1 PURPOSE.

This acceptable means of compliance (AMC) sets forth a method of compliance with the
requirements of CS 23.901(f), 23.903(b)(1), 25.903(d)(1) and 25A903(d)(1)of the EASA
Certification Specifications (CS) pertaining to design precautions taken to minimise the hazards
to an aeroplane in the event of uncontained engine orauxiliary power unit (APU) rotor fai lures.
The guidance provided within this AMC is harmonised with that of the Federal Aviation
Administration (FAA) and is intended to provide a method of compliance that has been found
acceptable. Aswith all AMC material, itis not mandatory and does not constitute aregulation.

2 RESERVED
3 APPLICABILITY.

This AMC applies to CS-23 and CS-25 aeroplanes.
4 RELATED DOCUMENTS.

Paragraphs 23.903, and 25.903 of the CS and other paragraphs relatingto uncontained engine
failures.

a. Related Joint Aviation Requirements. Sections which prescribe requirements for the
design, substantiation and certification relating to uncontained engine debris include:

§ 23.863,25.863 Flammablefluidfire protection
Pressurised compartment loads

§ 25.571 Damage-tolerance and fatigue evaluation of structure
Fuel tanks: general

§ 25.1189 Shut-off means
Equipment containing high energy rotors

CS-APU Auxiliary Power Units

NOTE: The provisions of § 25.1461 have occasionally been used in the approval of APU
installations regardless of protection fromhigh energy rotor disintegration. However, the
more specificrequirements of CS 25.903(d)(1) and associated guidance described within
this AMC take precedence over the requirements of CS 25.1461.

b. Other Documents

o e EPAY  Aircraft— Environmental conditions and test procedures for airborne
equipment —Resistanceto fire in designated fire zones

AC 20-135 Powerplant Installation and Propulsion System Component Fire Protection
Test Methods, Standards, and Criteria.
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Society of Automotive Engineers (SAE) Documents.

Report on Aircraft Engine Containment, October, 1977.

Uncontained Turbine Rotor Events Data Period 1976 through 1983.
Uncontained Turbine Rotor Events Data Period 1984 (Draft) through 1989.
These documents can be obtained from the Society of Automotive Engineers, Inc., 400
Commonwealth Drive, Warrendale, Pennsylvania, 15096.

5 BACKGROUND.

Although turbine engine and APU manufacturers are making efforts to reduce the probability
of uncontained rotor failures, service experience shows that uncontained compressor and
turbine rotor failures continue to occur. Turbine engine failures have resulted in high velocity
fragment penetration of adjacent structures, fuel tanks, fuselage, system components and
otherengines onthe aeroplane. While APU uncontained rotor failuresdo occur, and to date the
impact damage to the aeroplane has been minimal, some rotor failures do produce fragments
that should be considered. Since itis unlikely that uncontained rotor failures can be completely
eliminated, CS-23 and CS-25 require that aeroplane design precautions be taken to minimise
the hazard from such events.

a.

Uncontained gas turbine engine rotor failure statistics are presented in the Society of
Automotive Engineers (SAE) reports covering time periods and number of uncontained
events listed in the table shown below. The following statistics summarise 28 years of
service experience for fixed wing aeroplanes and do not include data for rotorcraft and
APUs:

Category 3 Category 4
44 5

AIR1537 1962-75 275

AIR4003 1976-83 237 27 3
AIR4770 (Draft) 1984-89 164 22 7
TOTAL 676 93 15

The total of 676 uncontained events includes 93 events classified in Category 3 and 15
events classified in Category 4 damage to the aeroplane. Category 3 damage is defined
as significant aeroplane damage with the aeroplane capable of continuing flight and
making a safe landing. Category 4 damage is defined as severe aeroplane damage
involving a crash landing, critical injuries, fatalities or hull loss.

During this 28 year period there were 1,089.6 million engine operating hours on
commercial transports. The events were caused by a wide variety of influences classed
as environmental (bird ingestion, corrosion/erosion, foreign object damage (FOD)),
manufacturing and material defects, mechanical, and human factors (maintenance and
overhaul, inspection error and operational procedures).

Uncontained APU rotor failure statistics covering 1962 through 1993 indicate thatthere
have been several uncontained failures in at least 250 million hours of operation on
transport category aeroplanes. No Category 3 or 4 events were reported and all failures
occurred during ground operation. These events were caused by a wide variety of
influences such as corrosion, ingestion of de-icing fluid, manufacturing and material
defects, mechanical,and human factors (maintenance and overhaul, inspectionerror and
operational procedures).
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The statisticsin the SAE studies indicate the existence of many different causes of failures
notreadily apparentorpredictable by failureanalysis methods. Because of the variety of
causes of uncontained rotor failures, itis difficult to anticipate all possible causes of
failure andto provide protectionto all areas. However, design considerations outlined in
this AMC provide guidelines forachieving the desired objective of minimising the hazard
to an aeroplane from uncontained rotor failures. These guidelines, therefore, assume a
rotor failure will occur and that analysis of the effects of this failure is necessary. These
guidelines are based on service experience and tests but are not necessarily the only
means available to the designer.

6 TERMINOILOGY.

a.

Rotor. Rotor means the rotating components of the engine and APU that analysis, test,
and/orexperience has shown can be released during uncontained failure. The engine or
APU manufacturer should define those components that constitute the rotor for each
engine and APU type design. Typically rotors have included, as a minimum, discs, hubs,
drums, seals, impellers, blades and spacers.

Blade. The airfoil sections (excluding platform and root) of the fan, compressor and
turbine.

Uncontained Failure. For the purpose of aeroplane evaluations in accordance with this
AMC, uncontained failure of aturbine engine is any failure which results in the escape of
rotorfragmentsfromthe engine or APUthat could resultin ahazard. Rotor failures which
are of concern are those where released fragments have sufficient energy to create a
hazard to the aeroplane.

Critical Component. A critical component is any component whose failure would
contribute to or cause a failure condition which would preventthe continued safe flight
and landing of the aeroplane. These components should be considered on an individual
basisandinrelation to other componentswhich could be damaged by the same fragment
or by other fragments from the same uncontained event.

Continued Safe Flight and Landing. Continued safe flight and landing means that the
aeroplane is capable of continuedcontrolledflight and landing, possibly using emergency
procedures and without exceptional pilot skill or strength, with conditions of considerably
increased flightcrew workload and degraded flight characteristics of the aeroplane.

Fragment Spread Angle. The fragment spread angle is the angle measured, fore and aft
from the centre of the plane of rotation of an individual rotor stage, initiating at the
engine or APU shaft centreline (see Figure 1).
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FIGURE 1 — ESTIMATED PATH OF FRAGMENTS

g. Impact Area. The impact area is that area of the aeroplane likely to be impacted by
uncontained fragments generated during a rotor failure (see Paragraph 9).

h. Engine and APU Failure Model. A model describing the size, mass, spread angle, energy
level and number of engine or APUrotor fragments to be considered when analysing the
aeroplane design is presented in Paragraph 9.

7 DESIGN CONSIDERATIONS.

Practical design precautions should be used to minimise the damage that can be caused by
uncontained engine and APU rotor fragments. The most effective methods for minimising the
hazards from uncontained rotorfragmentsinclude location of critical components outside the
fragmentimpactareas or separation, isolation, redundancy, and shielding of critical aeroplane
components and/or systems. The following design considerations are recommended:

a. Consider the location of the engine and APU rotors relative to critical components,
systems or areas of the aeroplane such as:

(1)  Anyotherengine(s) oran APU that provides an essential function;

(2)  Pressurised sections of the fuselage and other primary structure of the fuselage,
wings and empennage;

(3) Pilot compartment areas;
(4)  Fuel system components, piping and tanks;

(5) Control systems, such as primary and secondary flight controls, electrical power
cables, wiring, hydraulicsystems, engine control systems, flammable fluid shut-off
valves, and the associated actuation wiring or cables;
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(6)

(7)

(8)
(9)
(10)

Any fire extinguisher system of a cargo compartment, an APU, or another engine
including electrical wiring and fire extinguishing agent plumbing to these systems;

Engine airinlet attachments and effectsof engine case deformations causedby fan
blade debris resulting in attachment failures;

Instrumentation essential for continued safe flight and landing;
Thrustreverser systemswhereinadvertent deployment could be catastrophic; and

Oxygen systems for high altitude aeroplanes, where these are critical due to
descent time.

b. Location of Critical Systems and Components. Critical aeroplane flight and engine control
cables, wiring, flammable fluid carrying components and lines (including vent lines),
hydraulicfluid linesand components,and pneumaticducts shouldbe located to minimise
hazards caused by uncontained rotors and fan blade debris. The following design
practices should be considered:

(1)

(2)

(3)

Locate, if possible, critical components or systems outside the likely debris impact
areas.

Duplicate and separate critical components or systems, or provide suitable
protection if located in debris impact areas.

Protection of critical systems and components can be provided by using airframe
structure or supplemental shielding.

These methods have been effective in mitigating the hazards from both single and
multiple small fragments within the + 15 impact area. Separation of multiplicated
critical systems and components by at least a distance equal to the 1/2 blade
fragment dimension has been accepted for showing minimisation from a single
high energy small fragment when at least one of the related multiplicated critical
components is shielded by significant structure such as aluminium lower wing
skins, pylons, aluminium skin of the cabinpressure vessel, or equivalent structures.

Multiplicated critical systems and components positioned behind less significant
structures should be separated by at least a distance equal to the 1/2 blade
fragment dimension, and at least one of the multiplicated critical systems should
be:

(i) Located such that equivalent protection is provided by other inherent
structures such as pneumatic ducting, interiors, bulkheads, stringers, or

(ii)  Protected by an additional shield such that the airframe structure and shield
material provide equivalent shielding.

Locate fluid shut-offs and actuation means so that flammable fluid can be isolated
in the event of damage to the system.

Minimise the flammable fluid spillage which could contact an ignition source.

For airframe structural elements, provide redundant designs or crack stoppers to
limit the subsequent tearing which could be caused by uncontained rotor
fragments.

Locate fuel tanks and other flammable fluidsystems and route lines (including vent
lines) behind aeroplane structure to reduce the hazards from spilled fuel or from

Powered by EASA eRules Page 152 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-128A
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

tank penetrations. Fuel tank explosion-suppression materials, protective shields or
deflectors onthe fluid lines, have been used to minimise the damage and hazards.

C. External Shields and Deflectors. When shields, deflection devices oraeroplane structure
are proposed to be usedto protect critical systems or components, the adequacy of the
protection, including mounting points to the airframe structure, should be shown by
testing orvalidated analyses supported by test data, using the fragment energies supplied
by the engine or APU manufacturer or those defined in Paragraph 9. For protection
against engine small fragments, as defined in Paragraph 9, no quantitative validation as
definedin Paragraph 10 isrequired if equivalency to the penetration resistant structures
listed (e.g. pressure cabin skins, etc.) is shown.

8 ACCEPTED DESIGN PRECAUTIONS.

Design practices currently in use by the aviationindustry that have been shownto reduce the
overall risk, by effectively eliminating certain specificrisks and reducing the remaining spedific
risks to a minimum level, are described within this paragraph of the AMC. Aeroplane designs
submitted for evaluation by the regulatory authorities will be evaluated against these proven
design practices.

a. Uncontrolled Fire.

(1)

(2)

Fire Extinguishing Systems. The engine/APU fire extinguishing systems currentlyin
use rely on a fire zone with a fixed compartment air volume and a known air
exchange rate to extinguish a fire. The effectiveness of this type of system along
with firewall integrity may therefore be compromised for the torn/ruptured
compartment of the failed engine/APU. Protection of the aeroplanefollowing this
type of failure relies on the function of the fire warning system and subsequent fire
switch activation toisolatethe engine/APU from airframe flammable fluid (fuel and
hydraulic fluid) and external ignition sources (pneumatic and electrical). Fire
extinguishing protection of such a compromised system may not be effective due
to the extent of damage. Continued function of any other engine, APU or cargo
compartmentfire warning and extinguisher system, including electrical wiring and
fire extinguishing agent plumbing, should be considered as described in
Paragraph 7.

Flammable Fluid Shut-off Valve. As discussed above, shut-off of flammable fluid
supply tothe engine may be the only effective means to extinguish afire following
an uncontained failure, therefore the engine isolation/flammable fluid shut-off
function should be assuredfollowing an uncontainedrotorfailure. Flammable fluid
shut-off valves should be located outside the uncontainedrotorimpact area. Shut-
off actuation controls that need to be routed through the impact area should be
redundantand appropriately separated inrelationto the one-third disc maximum
dimension.

Fire Protection of Critical Functions. Flammable fluid shut-off and other critical
controls should be located so that a fire (caused by an uncontained rotor event)
will not prevent actuation of the shut- off function or loss of critical aeroplane
functions. If shut-off or other critical controls are located where a fire is possible
following an uncontained rotor failure (e.g. in compartments adjacent to fuel
tanks) thenthese items should meetthe applicable fire protectionguidelines such
as IS0 2685:1992 or AC 20-135.
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(4)  Fuel Tanks. If fuel tanks are located in impact areas, the following precautions
should be implemented:

(i) Protection from the effects of fuel leakage should be provided for any fuel
tanks located above an engine or APU and within the one-third disc and
intermediate fragment impact areas. Dry bays or shielding are acceptable
means. The dry bay should be sized based on analysis of possible fragment
trajectories through the fuel tank walland the subsequent fuel leakage from
the damaged fuel tank so that fuel will not migrate to an engine, APU or
otherignition source during either —flight or ground operation. A minimum
drip clearance distance of 10 inches (254 mm) from potential ignition
sources of the engine nacelle, for static conditions, has beenacceptable (see
Figure 2).
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(ii)  Fuel tank penetration leak paths should be determined and evaluated for
hazards during flight and ground phases of operation. If fuel spills into the
airstream away from the aeroplane no additional protection is needed.
Additional protection should be considered if fuel could spill, drain or
migrate into areas housingignition sources, such asengine or APU inlets or
wheel wells. Damage to adjacent systems, wiring etc., should be evaluated
regarding the potential that an uncontained fragment will create both an
ignition source and fuel source. Wheel brakes may be considered as an
ignition source during take-offand initial climb. Protection of the wheel wells
may be provided by airflow discharging from gaps or openings, preventing
entry of fuel, a ventilation rate precluding a combustible mixture or other
provisions indicated in CS 23.863 and CS 25.863.

(iii)  Areasof the aeroplane where flammable fluid migration is possiblethat are
not drained and vented and have ignition sources or potential ignition
sources should be provided with ameans of fire detection and suppression
and be explosion vented or equivalently protected.

b. Loss of Thrust.

(1)

Fuel Reserves. The fuelreserves should be isolatable such that damage from a disc
fragment will not resultin loss of fuel required to complete the flight or a safe
diversion. The effects of fuel loss, and the resultant shift of centre of gravity or
lateral imbalance on aeroplane controllability should also be considered.

Engine Controls. Engine control cables and/or wiring for the remaining
powerplants that pass through the impactarea should be separated by a distance
equal to the maximum dimension of a one- third disc fragment or the maximum
extent possible.

Other Engine Damage. Protection of any other engines from some fragments
should be provided by locating critical components, such as engine accessories
essentialfor properengine operation (e.g., high pressurefuel lines, engine controls
and wiring, etc.), in areas where inherent shielding is provided by the fuselage,
engine or nacelle (including thrust reverser) structure (see Paragraph 7).

C. Loss of Aeroplane Control

(1)

(2)

Flight Controls. Elements of the flight control system should be adequately
separated or protected so that the release of a single one-third discfragment will
not cause loss of control of the aeroplanein any axis. Where primary flight controls
have duplicated (or multiplicated) elements, these elements should be located to
prevent all elements in any axis being lost as a result of the single one- third disc
fragment. Credit for maintaining control of the aeroplane by the use of trim
controls or other means may be obtained, providing evidence shows that these
means will enable the pilot to retain control.

Emergency Power. Loss of electrical power to critical functions following an
uncontained rotor event should be minimised. The determination of electrical
system criticality is dependent upon aeroplane operations. For example,
aeroplanes approved for Extended Twin Engine Operations (ETOPS) that rely on
alternate power sources such as hydraulic motor generators or APUs may be
configured with the electrical wiring separated to the maximum extent possible
within the one-third disc impact zone.

Powered by EASA eRules Page 156 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-128A
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

(3)

Hydraulic Supply. Any essential hydraulic system supply that is routed within an
impact areashould have meanstoisolatethe hydraulicsupply required to maintain
control of the aeroplane. The single one-third disc should not result in loss of all
essential hydraulicsystems or loss of all flight controls in any axisof the aeroplane.

Thrust reverser systems. The effect of an uncontained rotorfailure oninadvertent
in-flight deployment of each thrust reverserand possible loss of aeroplane control
shall be considered. The impactareafor componentslocated onthe failed engine
may be different from the impact area defined in Paragraph 6. If uncontained
failure could cause thrust reverser deployment, the engine manufacturer should
be consulted to establish the failure model to be considered. One acceptable
method of minimisationistolocate reverserrestraints such that not all restraints
can be made ineffective by the fragments of a single rotor.

d. Passenger and Crew Incapacitation.

(1)

Pilot Compartment. The pilot compartment of large aeroplanes should not be
located withinthe £15° spread angle of any engine rotorstage or APU rotor stage
that has not been qualified as contained, unless adequate shielding, deflectors or
equivalent protectionis providedforthe rotor stage in accordance with Paragraph
7c. Due to design constraints inherent in smaller CS-23 aeroplanes, it is not
considered practical to locate the pilot compartment outside the +15° spread
angle. Therefore for other aeroplanes (such as new CS-23 commuter category
aeroplanes) the pilot compartment area should not be located within the *5°
spread angle of any engine rotor stage or APU rotor stage unless adequate
shielding, deflectors, or equivalent protection is provided for the rotor stage in
accordance with Paragraph 7c of this AMC, except for the following:

(i) For derivative CS-23 category aeroplanes where the engine location has
been previously established, the engine location in relation to the pilot
compartment need not be changed.

(ii)  For non-commuter CS-23 category aeroplanes, satisfactory service
experience relative to rotor integrity and containment in similar engine
installations may be considered in assessing the acceptability of installing
engines in line with the pilot compartment.

(iii) For non-commuter new CS-23 category aeroplanes, where due to size
and/or design considerations the +5° spread angle cannot be adhered to,
the pilot compartment/engine location should be analysed and acceptedin
accordance with Paragraphs 9 and 10.

Pressure Vessel. For aeroplanes that are certificated for operation above 41,000
feet, the engines should belocated such that the pressure cabin cannot be affected
by an uncontained one- third or intermediate disc fragment. Alternatively, it may
be shown that rapid decompression due to the maximum hole size caused by
fragments withinthe + 15° zone and the associated cabin pressure decay rate will
allow an emergency descent without incapacitation of the flightcrew or
passengers. A pilot reaction time of 17 seconds for initiation of the emergency
decenthas beenaccepted. Where the pressure cabin could be affected by a one-
third disc or intermediate fragments, design precautions should be taken to
preclude incapacitation of crew and passengers. Examples of design precautions
that have been previously accepted are:

Powered by EASA eRules Page 157 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-128A
x E A S A Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

(i) Provisionsforasecond pressure or bleeddown bulkhead outside the impact
area of a one- third or intermediate disc fragment.

(ii)  The affected compartmentinbetween the primary and secondary bulkhead
was made inaccessible, by operating limitations, above the minimum
altitude where incapacitation could occur due to the above hole size.

(iii)  Airsupply ducts running through thiscompartment were provided withnon-
return valves to prevent pressure cabin leakage through damaged ducts.

NOTE: If ableed down bulkhead is usedit should be shown that the rate of pressure
decay and minimum achieved cabinpressure would not incapacitate the crew, and
the rate of pressure decay would not preclude a safe emergency descent.

e. Structural Integrity. Installation of tear straps and shear ties within the uncontained fan
blade and engine rotor debris zone to prevent catastrophicstructural damage has been
utilised to address this threat.

9. ENGINE AND APU FAILURE MODEL.

The safety analysis recommended in Paragraph 10 should be made usingthe following engine
and APU failure model, unless for the particular engine/APU type concerned, relevant service
experience, design data, test results or other evidence justify the use of a different model.

a. Single One-Third Disc fragment. It should be assumed that the one-third disc fragment
has the maximum dimension corresponding to one-third of the disc with one-third blade
height and a fragment spread angle of + 3°. Where energy considerations are relevant,
the mass should be assumed to be one-third of the bladed disc mass and its energy, the
translational energy (i.e., neglecting rotational energy) of the sector travelling at the
speed of its c.g. location as defined in Figure 3.

b. Intermediate Fragment. It should be assumed that the intermediate fragment has a
maximum dimension correspondingto one-third of the bladed disc radius and a fragment
spread angle of £ 5°. Where energy considerations are relevant, the mass should be
assumed to be 1/30 of the bladed disc mass and its energy the transitional energy
(i.e. neglecting rotational energy) of the piece travelling at rim speed (see Figure 4).
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e MAXIMUM DIMENSION

Where R =disc rediug
b = biade iength

Tha CG is takan 1 lie on the maxitnum dimension as shows.

FIGURE 3 — SINGLE ONE-THIRD ROTOR FRAGMENT
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FIGURE 4 — INTERMEDIATE FRAGMENT

C. Alternative Engine Failure Model. Forthe purpose of the analysis, as an alternative to the
engine failure model of Paragraphs 9a and b, the use of a single one-third piece of disc
having a fragment spread angle + 5° would be acceptable, provided the objectives of
Paragraph 10c are satisfied.

d. Small Fragments. It should be assumed that small fragments (shrapnel) range in size up
to a maximum dimension corresponding to the tip half of the blade airfoil (with exception
of fan blades) and a fragment spread angle of + 15°. Service history has shown that
aluminium lower wing skins, pylons, and pressure cabin skin and equivalent structures
typically resist penetration fromall but one of the most energetic of these fragments. The
effects of multiple small fragments should also be considered. Penetration of less
significant structures such as fairings, empennage, control surfaces and unpressurised
unpressurized skin has typically occurred at the rate of 2% percent of the number of
blades of the failed rotor stage.Refer to paragraph 7b and 7c for methods of minimisation
of the hazards. Where the applicant wishes to show compliance by considering the
energy required for penetration of structure (or shielding) the engine manufacturer
should be consulted for guidance as to the size and energy of small fragments within the
impact area.

For APUs, where energy considerations are relevant, it should be assumed that the mass
will correspond to the above fragment dimensions and thatit has a translational energy
level of one percent of the total rotational energy of the original rotor stage.

e. Fan Blade Fragment. It should be assumed that the fan blade fragment has a maximum
dimension corresponding to the blade tip with one-third the blade airfoil height and a
fragment spread angle of + 15°. Where energy considerations are relevant the mass
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should be assumed to be correspondingto the one-third of the airfoil including any part
span shroud and the transitional energy (neglecting rotational energy) of the fragment
travelling at the speed of its c.g. location as defined in Figure 5. As an alternative, the
engine manufacturer may be consulted for guidance as to the size and energy of the
fragment.

Geormetric Center of Gravity

/

s

l = Where X = Airfoil Length
‘ (less blade root & platform)

CG is taken to lie at the
centeriine of the 1/3
X fragment

Fragment velocity taken at
geometric CGr

Fragment mass assumed to
be 1/3 of the zirfoil mass

Z >

FIGURE 5 — FAN BLADE FRAGMENT DEFINITION

f. Critical Engine Speed. Where energy considerations are relevant, the uncontained rotor
event should be assumed to occur at the engine or APU shaft red line speed.

g. APU Failure Model. For all APU's, the installer also needs to address any hazard to the
aeroplane associated with APU debris (up to and including a complete rotor where
applicable)exiting the tailpipe. Paragraphs9g(1) or(2) below orapplicable service history
provided by the APU manufacturer may be usedto define the size, mass, and energy of
debris exiting that tailpipe. The APU rotor failure model applicable for a particular APU
installation is dependent upon the provisions of CS-APU that were utilised for receiving
approval:
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10

(1)

For APU's where rotor integrity has been demonstrated in accordance with CS-
APU, i.e. without specific containment testing, Paragraphs 9a, b, and d, or
Paragraphs 9c and 9d apply.

For APU rotor stages qualified as contained in accordance with CS-APU, historical
data shows that in-service uncontained failures have occurred. These failure
modes have included bi-hub, overspeed, and fragments missing the containment
ring which are not addressed by the CS-APU containmenttest. In orderto address
these hazards, the installer should use the APU small fragment definition of
Paragraph 9d or substantiated in-service data supplied by the APU manufacturer.

SAFETY ANALYSIS.

The numerical assessment requested in Paragraph 10c(3) is derived from methods previously
prescribedin ACJNo. 2to CS 25.903(d)(1). The hazard ratios provided are based upon evaluation
of various configurations of large aeroplanes, made over a period of time, incorporating
practical methods of minimising the hazard to the aeroplane from uncontained engine debris.

a.

Analysis. An analysis should be made usingthe engine/APUmodel defined in Paragraph
9 to determine the critical areas of the aeroplane likely to be damaged by rotor debris
and to evaluate the consequences of an uncontained failure. This analysis should be
conducted in relation to all normal phases of flight, or portions thereof.

NOTE: APPENDIX 1 provides additional guidance for completion of the numerical analysis
requested by this paragraph.

(1)

(3)

A delay of at least 15 seconds should be assumed before start of the emergency
engine shut down. The extent of the delay is dependent upon circumstances
resulting from the uncontained failure including increased flightcrew workload
stemming from multiplicity of warnings which require analysis by the flightcrew.

Some degradation of the flight characteristics of the aeroplane or operation of a
system is permissible, provided the aeroplane is capable of continued safe flight
and landing. Account should be taken of the behaviour of the aeroplane under
asymmetrical engine thrust or power conditions together with any possible
damage to the flight control system, and of the predicted aeroplane recovery
manoeuvre.

When considering how or whether to mitigate any potential hazard identified by
the model, credit may be given to flight phase, service experience, or other data,
as noted in Paragraph 7.

Drawings. Drawings should be provided to define the uncontained rotor impact threat
relative to the areas of design consideration defined in Paragraphs 7a(1) through (10)
showing the trajectory paths of engine and APU debris relative to critical areas. The
analysis should include at least the following:

(1)

Damage to primary structure including the pressure cabin, engine/APU mountings
and airframe surfaces.

NOTE: Any structural damage resulting from uncontained rotor debris should be
considered catastrophic unless the residual strength and flutter criteria of AC)
25.571(a) subparagraph 2.7.2 can be met without failure of any part of the
structure essential for completion of the flight. In addition, the pressurised
compartment loads of CS 25.365(e)(1) and (g) must be met.
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Damage to any other engines (the consequences of subsequent uncontained
debris from the other engine(s), need not be considered).

Damage to services and equipment essential for safe flight and landing (including
indicating and monitoring systems), particularly control systems for flight, engine
power, enginefuelsupply and shut-off means and fire indicationand extinguishing
systems.

Pilot incapacitation, (see also paragraph 8 d(1)).

Penetration of the fuel system, where this could result in the release of fuel into
personnel compartments or an engine compartment or other regions of the
aeroplane where this could lead to a fire or explosion.

Damage to the fuel system, especially tanks, resulting in the release of a large
quantity of fuel.

Penetration and distortion of firewalls and cowling permitting a spread of fire.

Damage to or inadvertent movement of aerodynamic surfaces (e.g.. flaps, slats,
stabilisers, ailerons, spoilers, thrust reversers, elevators, rudders, strakes, winglets,
etc.) and the resultant effect on safe flight and landing.

C. Safety Analysis Objectives. It is considered that the objective of minimising hazards will
have been met if:

(1)

(2)

(3)

The practical design considerations and precautions of Paragraphs 7 and 8 have
been taken;

The safety analysis has been completed using the engine/APU model defined in
Paragraph 9;

For CS-25 large aeroplanes and CS-23 commuter category aeroplanes, the
following hazard ratio guidelines have been achieved:

(i)  Single One-Third DiscFragment. There is not more than a 1in 20 chance of
catastrophe resultingfromthe release of asingle one-third discfragment as
defined in Paragraph 9a.

(ii)  Intermediate Fragment. There is not more than a 1 in 40 chance of
catastrophe resulting from the release of a piece of debris as defined in
Paragraph 9b.

(iii)  Multiple Disc Fragments. (Only applicable to any duplicated or multiplicated
system when all of the system channels contributing to its functions have
some part which is within a distance equal to the diameter of the largest
bladed rotor, measured from the enginecentreline). Thereis not more than
1 in 10 chance of catastrophe resulting from the release in three random
directions of three one-third fragments of a disc each having a uniform
probability of ejection over the 360° (assuming an angular spread of +3°
relative to the plane of the disc) causing coincidental damage to systems
which are duplicated or multiplicated.

NOTE: Where dissimilar systems can be used to carry out the same function (e.g.
elevator control and pitch trim), they should be regarded as duplicated (or
multiplicated) systems for the purpose of this subparagraph provided control can
be maintained.
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The numerical assessments described above may be used to judge the relative
values of minimisation. The degree of minimisation that is feasible may vary
dependingupon aeroplane size and configuration and this variation may prevent
the specific hazard ratio from being achieved. These levels are design goals and
should not be treated as absolute targets. Itis possible that any one of these levels
may not be practical to achieve.

(4) Fornewlydesigned non-commuter CS-23 aeroplanesthe chance of catastropheis
not more than twice that of Paragraph 10(c)(3)(i), (ii) and (iii) for each of these
fragment types.

(5) A numerical risk assessment is not requested for the single fan blade fragment,
small fragments,and APUand enginerotorstages which are qualified as contained.

d. APU Analysis For APU's that are located where no hazardous consequences would result
from an uncontained failure, a limited qualitative assessment showing the relative
location of critical systems/components and APU impact areas is all that is needed. If
critical systems/components are located within the impact area, more extensive analysis
is needed. For APUs which have demonstrated rotor integrity only, the failure model
outlined in Paragraph 9g(1) should be considered as a basis for this safety assessment.
For APU rotor stages qualified as contained per CS—APU, the aeroplane safety analysis
may be limited to an assessmentof the effects of the failure model outlined in Paragraph
9g(2).

e. Specific Risk The aeroplane risk levels specified in Paragraph 10c, resulting from the
release of rotor fragments, are the mean values obtained by averaging those forall rotors
onall engines of the aeroplane, assuming a typical flight. Individual rotors or engines need
not meet these risk levels nor need these risk levels be met for each phase of flight if
either:

(1) Norotorstage showsa higherlevel of risk averaged throughout the flight greater
than twice those stated in Paragraph 10c.

NOTE: The purpose of this Paragraph is to ensure that a fault which resultsin
repeated failures of any particular rotor stage design, would have only a limited
effect on aeroplane safety.
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Average of UK and US Data (1966-76)

* SAE data for the period 1962 to 1989
35 shows a similar distribution.

% OF INCIDENTS

Take-off bafore Vi V1 to first Power Climb Ciuise Approgch Descent Landing/Reverse
Reduction

PHASE OF FLIGHT

FIGURE 6 — ALL NON-CONTAINMENTS BY PHASE OF FLIGHT

(2) Where failures would be catastrophic in particular portions of flight, allowance is
made for this on the basis of conservative assumptions as to the proportion of
failureslikely tooccur in these phases. A greaterlevel of risk could be accepted if
the exposure exists onlyduring a particular phase of flight e.g., during take -off. The
proportional risk of engine failure during the particular phases of flightis givenin
SAE Papersreferencedin Paragraph 4d. See also data contained in the CAA paper
"Engine Non-Containments — The CAA View", which includes Figure 6. This paper
ispublishedin NASA Report CP-2017, "An Assessment of Technology for Turbo-jet
Engine Rotor Failures", dated August 1977.
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The design of aeroplane and engine systems and the location of the engines relative to
critical systems and structure have a significantimpact on survivability of the aeroplane
following an uncontained engine failure. CS 23.903(b)(1) and 25.903(d)(1) of the EASA
CertificationSpecifications (CS) require that design precautions be taken to minimise the
hazard to the aeroplane due to uncontained failures of engine or auxiliary power unit
(APU). AMC 20-128A provides guidance for demonstrating compliance with these
requirements.

As a part of this compliance demonstration, it is necessary to quantitatively assess the
risk of a catastrophic failure in the event of an uncontained engine failure. This User’s
Manual describes an acceptable method for this purpose.

The objective of the risk analysis is to measure the remaining risk after prudent and
practical design considerations have been taken. Since each aeroplane would have
unique features which must be considered when applying the methods described in this
manual, there should be some flexibility in the methods and procedures.

It is a preferred approach to use these methods throughout the development of an
aeroplane design to identify problem areas at an early stage when appropriate design
changes are least disruptive. It is also advisable to involve the European Aviation Safety
Agency (EASA) in this process at an early stage when appropriate interpretation of the
methodology and documentation requirements can be established.

Itshould be noted that althoughthe riskanalysis produces quantitative results, subjective
assessments are inherent in the methods of the analysis regarding the criticality of
specific types of aeroplane component failures. Assumptions for such assessments
should be documented along with the numerical results.
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1.13

Aeroplane manufacturers have each developedtheir own methodof assessing the effects
of rotor failure, as there are many ways to get to the same result. This User’'s Manual
identifies all the elements that should be contained in an analysis, so that it can be
interpreted by a person not familiar with such a process.

The intent of this manual therefore isto aid in establishing how an analysisis prepared,
without precluding any technological advances or existing proprietary processes.

AMC 20-128A makes allowance for the broad configuration of the aeroplane as such
damage to the structure due to rotor failure generallyallows for little flexibility in design.
System lay-out within a rotor burst zone, however, can be optimized.

Damage to structure, which may involve stress analysis, generally can be analyzed
separately, and later coordinated with simultaneous system effects.

For an analysis of the effects on systems due to a rotor failure the aeroplane must be
evaluated as a whole; and a risk analysis must specifically highlight all critical cases
identified which have any potential to result in a catastrophe.

Such an analysis can then be used to establish that reasonable precautions have been
taken to minimise the hazards, and that the remaining hazards are an acceptable risk.

A safetyand a risk analysis are interdependent, as the risk analysis must be based on the
safety analysis.

The safety analysis therefore is the starting point that identifies potential hazardous or
catastrophic effects from a rotor failure and is the basic tool to minimise the hazard in
accordance with the guidelines of AMC 20-128A.

The risk analysis subsequentlyassesses and quantifies the residualrisk to the aeroplane.

SCOPE

The following describes the scope of analyses required to assess the aeroplane risk levels
against the criteria set forth in Paragraph 10 of AMC 20-128A.

2.1

2.2

Safety

Analysis is required to identify the critical hazards that may be numerically analyzed
(hazards remaining after all practical design precautions have been taken).

Functional criticality will vary by aeroplane and may vary by flight phase.

Thorough understandingof each aeroplane structure and system functionsis required to
establish the criticality relative to each fragment trajectory path of the theoretical failure.

Assistance from experts within each discipline is typically required to assure accuracy of
the analysisin such areas as effects of fuel tank penetration on leakage paths and ignition
hazards, thrust level control (for loss of thrust assessment), structural capabilities (for
fuselage impact assessment), aeroplane controllability (for control cables impact
assessment), and fuel asymmetry.

Risk

For each remainingcritical hazard, the following assessments may be prepared using the
engine/APU failure models as defined in Paragraph 9 of AMC 20-128A.:

a. Flight mean risk for single 1/3 disc fragment.

b. Flight mean risk for single intermediate fragment.
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3.0

4.0

C. Flight mean risk for alternate model (when used as an alternate to the 1/3 disc
fragment and intermediate fragment).

d. Multiple 1/3 disc fragments for duplicated or multiplicated systems.

e. Specificrisk for single 1/3 disc fragment and single intermediate fragment.
f. Specificrisk for any single discfragmentthat may resultin catastrophic structural
damage.

The risk level criteriafor each failure model are definedin Paragraph 10 of AMC 20-128A.

FUNDAMENTAL COMPONENTS OF A SAFETY AND RISK ANALYSIS

3.1 The logical steps for a complete analysis are:

a. Establish at the design definitionthe functional hazards that can arise from the
combined or concurrent failures of individual systems, including multiplicated
systems and critical structure.

b. Establish a Functional Hazard Tree (see Figure 1), ora System Matrix (see Figure 2)
that identifies all system interdependencies and failure combinations that must be
avoided (if possible) when locating equipment in the rotor burst impact area.

In theory, if this is carried out to the maximum, no critical system hazards other
than opposite engine or fuel line hits would exist.

C. Establish the fragment trajectories and trajectoryranges both for translational and
spreadrisk anglesforeach damage. Plottheseon achart or graph, and identify the
trajectory ranges that could resultin hazardous combinations (threats) as per the
above system matrix or functional hazard analysis.

d. Apply risk factors, such as phase of flight or other, to these threats, and calculate
the risk for each threat for each rotor stage.

e. Tabulate, summarize and average all cases.

3.2 In accordance with AMC 20-128A the risk to the aeroplane due to uncontained rotor
failure is assessed to the effects, once such a failure has occurred.

The probability of occurrence of rotor failure, as analyzed with the probability methods

of AMC25.1309 (i.e. probabilityas afunction of critical uncontained rotor failure rate and

exposure time), does not apply.

3.3 The total risklevel to the aeroplane, as identified by the risk analysis, isthe mean value
obtained by averaging the values of all rotor stages of all engines of the aeroplane,
expressed as Flight Mean Risk.

ASSUMPTIONS

4.1 The following conservative assumptions, in addition to those in Paragraphs 10(a)(1), (2)

and (3) of AMC 20-128A, have been made in some previous analyses. However, each
aeroplane design may have unique characteristics and therefore a unique basis for the
safety assessment leading to the possibility of different assumptions. All assumptions
should be substantiated within the analysis:

a. The 1/3 disc fragment as modeled in Paragraph 9(a) of the AMC 20-128A travels
along a trajectory path that is tangential to the sector centroid locus, in the
direction of rotor rotation (Refer to Figure 3).
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5.0

The sectorfragment rotates about its centroid without tumbling and sweeps a path
equal to twice the greatestradius that can be struck from the sector centroid that
intersects its periphery.

The fragmentis considered to possessinfinite energy, and thereforeto be capable
of severing lines, wiring, cables and unprotected structure in its path, and to be
undeflected from its original trajectory unless deflection shields are fitted.
However, protective shielding or an engine being impacted may be assumed to
have sufficient mass to stop even the most energetic fragment.

b.  The probability of release of debris within the maximum spread angleis uniformly
distributed over all directions.

C. The effects of severed electrical wiring are dependent on the configuration of the
affected system. Ingeneral, severed wiringis assumed to not receive inadvertent
positive voltage for any significant duration.

d. Control cables that are struck by a fragment disconnect.

e. Hydraulically actuated, cable driven control surfaces, which do not have
designated “fail to” settings, tend to fail to null when control cables are severed.
Subsequent surface float is progressive and predictable.

f. Systems components are considered unserviceable if their envelope has been
touched. In case of an engine being impacted, the nacelle structure may be
regarded as engine envelope, unless damage is not likely to be hazardous.

g. Uncontained events involving in-flight penetration of fuel tanks will not result in
fuel tank explosion.

h. Unpowered flight and off-airportlandings, including ditching, may be assumed to
be not catastrophicto the extentvalidated by accident statistics or other accepted
factors.

i Damage to structure essential for completionof flightiscatastrophic (Ref. AMC 20-
128A, Paragraph 10.b(1)).

j. The flight begins when engine power is advanced for takeoffand ends after landing
when turning off the runway.

PLOTTING

51

5.2

5.3

5.4

Cross-section and plan view layouts of the aeroplane systems in the ranges of the rotor
burst impact areas should be prepared, either as drawings, or as computer models

These layouts should plot the precise location of the critical system components,
including fuel and hydraulic lines, flight control cables, electric wiring harnesses and
junction boxes, pneumaticand environmental system ducting, fire extinguishing; critical
structure, etc.

For everyrotorstage a planeis developed. Each of these planes containsaview of all the
system components respective outerenvelopes, whichisthen usedto generate across-
section. See Figure 4.

Models or drawings representing the various engine rotor stages and their fore and aft
deviation are then generated.

The various trajectory paths generated for each engine rotor stage are then
superimposed onthe cross-section layouts of the station planes that are in the range of
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5.5

5.6
5.7

5.9

that potential rotor burstin orderto study the effects (see Figure 5). Thus separate plots
are generated for each engine rotor stage or rotor group.

To reduce the amount of an analysis the engine rotor stages may also be considered as
groups, as applicable for the engine type, using the largest rotor stage diameter of the

group.
These trajectory paths may be generated as follows and as shown in Figure 6:

a. Two tangentlines T1 are drawn between the locus of the centroid and the target
envelope.

b. At the tangentline touch points, lines N1 and N2 normal to the tangentlines, are
drawn with the length equal to the radius of the fragment swept path (as also
shown in Figure 1).

C. Tangentlines T2are drawn between the terminal point of the normal linesand the
locus of the centroid. The angle between these two tangent lines is the
translational risk angle.

The entry and exit angles are then calculated.

The initial angle of intersection and the final angle of intersection are recorded, and the
trajectories in between are considered to be the range of trajectories in which this
particular partwould be impacted by arotor sector, and destroyed (i.e. the impact area).

The intersections thus recorded are then entered on charts in tabular form so that the
simultaneous effects can be studied. Refer to Figure 8.

Thusit will be seen that the total systems’ effects can be determined and the worst cases
identified.

If a potentially serious multiple system damage case is identified, then a more detailed
analysis of the trajectory range will be carried out by breaking the failure case downinto
the specific fore-aft spread angle, using the individual rotor stage width instead of
combined groups, if applicable.

6.0 METHODOLOGY — PROBABILITY ASSESSMENT

6.1

Those rotor burst cases that have some potential of causing a catastrophe are evaluated
inthe analysisin an attempt to quantify an actual probability of a catastrophe, which will,
in all cases, depend on the following factors:

a. The location of the engine that is the origin of the fragment, and its direction of
rotation.

b. The location of critical systems and critical structure.

C. The rotor stage and the fragment model.

d.  The translational trajectory of the rotor fragment,

e.  The specificspread angle range of the fragment.

f. The specific phase of the flight at which the failure occurs.

g. The specificrisk factor associated with any particular loss of function.
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6.2

6.3

6.4

6.5

6.6

6.7

6.8

Engine Location

The analysis should address the effects on systems during one flight after a single rotor
burst has occurred, with a probability of 1.0. As the cause may be any one of the engines,
the risk from each engine is later averaged for the number of engines.

The analysis trajectory charts willthenclearlyshow that certain system damage is unique
to rotor fragmentsfroma particular engine due to the direction of rotation, or, that for
similar system damage the trajectory range varies considerably between engines.

A risk summary should table each engine case separately with the engine location
included.

Rotor Element

The probability of rotor failure is assumed to be 1.0 for each of all rotor stages. For the
analysisthe individual risk(s) from each rotor stage of the engine should be assessed and
tabled.

Translational Risk Angle

The number of degrees of included arc (out of 360) at which a fragment intersects the
component/structure being analyzed. Refer to Figure 6 and Figure 7.

Trajectory Probability (P)

The probability of aliberated rotor fragment leaving the engine case is equal over 3600,
thus the probability P of that fragment hitting a system component is the identified
Translational Risk Angle ¢ in degrees °, divided by 360, i.e.
P= ¢/360
or
¢l — 2
360
Spread Angle
If the failure model of the analysisassumes a (fore and aft) spreadof +5°, then the spread
angleis a total of 10°. If a critical componentcan only be hit at a limited position within

that spread, then the exposure of that critical component can then be factoredaccording
to the longitudinal position within the spread angle, e.g.:

Y2 -l
spread angle

Ifa component canonly be hitatthe extremeforward range of +4°to +5°, then the factor
is .1 (for one degree out of 10).

Threat Window
The definition of a typical threat window is shown in Figure 7.
Phase of Flight

Certain types of system damage may be catastrophiconly during a specific portion of the
flight profile, such as a strike on the opposite engine during take-off after V, (i.e. a
probability of 1.0), while with altitude a straight-ahead landing may be possible under
certain favourable conditions (e.g. a probability of less than 1.0). The specific case can
then be factored accordingly.
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6.9

6.8.1 The most likely time for an uncontained rotor failure to occur is during take -off,
whenthe engineisunderhighest stress. Using the industry accepted standards for
the percentage of engine failures occurring within each flight phase, the following
probabilities are assumed:

Take-off before Vi1 35%
V1 to first power reduction 20%
Climb 22%
Cruise 14%
Descent 3%
Approach 2%
Landing/Reverse 4%

6.8.2 The flight phase failure distribution above is usedin the calculations of catastrophic
risk for all cases where this risk varies with flight phase.
Dp = P flight phase %
100

Other Risk Factors

Risks such as fire, loss of pressurization, etc., are individually assessed for each case
where applicable, using conservative engineering judgment. This may lead to a
probability of catastrophe (i.e., risk factor) smaller than 1.0.

6.9.1 The above probabilities and factors are used in conjunction with the critical
trajectory range defined to produce a probability of the specific event occurring
from any random rotor burst.

This value is then factored by the "risk" factor assessed for the case, to derive a
calculated probability of catastrophe for each specific case.

Typical conditional probability values for total loss of thrust causing catastrophic
consequences are:

T.0.-V1 to first power reduction 0.20 1.0
Climb 0.22 0.4
Cruise 0.14 0.2
Descent 0.03 0.4
Approach 0.02 0.4

6.10 All individual case probabilities are then tabled and summarised.

6.11 Theflight meanvaluesare obtained by averagingthose forall discs orrotor stages on all

engines across a nominal flight profile.

The following process may be used to calculate the flight mean value for each Failure
Model:

a. Establishfromthe table in Figure 8the threat windows where, due to combination
of individual damages, a catastrophic risk exists.

b. For each stage case calculate the risk for all Critical Hazards
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C. For each stage case apply all risk factors, and, if applicable, factorfor Flight Phase-
Failure distribution

d. For each engine, average all stages over the total number of engine stages

e. For each aeroplane, average all engines over the number of engines.

7.0  RESULTS ASSESSMENT

7.1  An applicant may show compliance with CS 23.903(b)(1) and CS 25.903(d)(1) using
guidelines set forth in AMC 20-128A. The criteria contained in the AMC may be used to
show that:

a. Practical design precautions have been taken to minimise the damage that can be
caused by uncontained engine debris, and

b. Acceptable risk levels, as specified in AMC20-128A, Paragraph 10, have been
achieved for each critical Failure Model.

7.2  The summary of the applicable risk level criteria is shown in Table 1 below.

Table 1 Summary of Acceptable Risk Level Criteria

Average 1/3 Disc Fragment 1in20
Average Intermediate Fragment 1in40
Average Alternate Model 1in 20 @ +5 degree Spread Angle
Multiple Disc Fragments 1in10
Any singlefragment (except for structural damage) 2 x corresponding average criterion

Powered by EASA eRules Page 173 of 181| Nov 2018


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-128A

Compliance for Airworthiness of Products, Parts and
Appliances (AMC-20) (Amendment 1)

BAEASA

[ ANALYSIS OF HAZARD

| |

ESSENTIAL FIRES LOSS OF STRUCTURE OPERATION
SYSTEMS THRUST
—
[ FLIGHT CREW RANGE
MAIN TANK FIREX INCAPACITANCE
DRY BAY SYSTEM
| | I
ABORTED | |FUEL FEED TANK
TAKE-OFF | | SHUT-OFF ENTRY
WING FUSELAGE
[ [ I
FUSELAGE | |ELECTRICAL| | HYDRAULIC
ENTRY WIRING EQUIFMENT |
STRENGTH || FLUTTER
I |
STRENGTH | |DECOMPRESSION
[ [ | I
DAMAGE TO || INTER-ENGINE | | DAMAGE TC | | BLEED AIR
FUEL FEED DAMAGE CONTROLS SYSTEM
| | | I
HYDRAULICS || NOSE STEER || ELECTRICAL FLIGHT PASS.
MAIN BRAKES POWER CONTROLS || OXYGEN

EXAMPLE — HAZARD TREE

FIGURE 1
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| SYSTEM LOADED | DETAL |

LEFT AILERON CABLES/SURFACE HYDRAULIC POWER #1 & #3

RIGHT AILERON CABLES/SURFACE HYDRAULIC POWER #2 & #3

LEFT SPOILER - OUTBD CONTROL/SURFACE HYDRAULIC POWER #1

MULTI-FUNCTION
RIGHT SPOILER - OUTBD CONTROL/SURFACE HYDRAULIC POWER #1
MULTI-FUNCTION
LEFT FLAP-OUTBD TRACK/SURFACE ELECTRICAL POWER AC BUS1
AC ESS
RIGHT FLAP-OUTBD TRACK/SURFACE ELECTRICAL POWER AC BUS1
AC ESS

LEFT RUDDER CABLE HYDRAULIC POWER H#1,H2&H#3

RIGHT RUDDER CABLE HYDRAULIC POWER #1,H2&H#3

LEFT ELEVATOR CABLES HYDRAULIC POWER #1 & #3
Note 1

RIGHT ELEVATOR CABLES HYDRAULIC POWER #2 & #3
Note 1

CHAN1 PITCH TRIM CONTROL/POWER ELECTRICAL POWER AC BUS1
Note 2 DC BUS1

CHAN2 PITCH TRIM CONTROL/POWER ELECTRICAL POWER AC ESS
Note 2 DC ESS

FLIGHT CONTROLS - SYSTEM LOADING
Note 1:

Same fragment path must not sever:

ON-SIDE cables + OFF-SIDE hydraulic system + HYDRAULIC PWR #3

e.g.. Left elevator cable and HYDRAULIC PWR #2 and #3 or,
Right elevator cable and HYDRAULIC PWR #1 and #3

Note 2:
Same fragment path must not sever:

1. Both CHAN1 and CHAN2 circuits
2. ON-SIDE control circuit + OFF-SIDE power circuit

3. OFF-SIDE control circuit + ON-SIDE power circuit

EXAMPLE — SYSTEM LOADING MATRIX
FIGURE 2
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Reduced 1/3 Blade Height Diameter

Y
\

Rotor Disk

Original Diameter
\ Locus of

\ Centroid

Sector Centroid

Limit of

swept Path

Reference Angle
for all Rotors

-y
Trajectory
Limit of .
swept Path
-
Rotation
TRI-SECTOR ROTOR BURST

FIGURE 3
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HYDRAULIC S¥YSTEM NO.1
[PRESSURE, RETURN]
f

f

|

RUDDER LH 2X
\ ELEVATOR LH 2X |
MOTIVE FLOW |

{

\ FUEL FEED
' /
]

W

HYDRAULIC SYSTEM NO.2
[PRESS., RETURN BRAKE 2]

RUDDER RH 2X
ELEVATORRH 2X |

MOTIVE FLOW
\ FUEL FEED f
f

WL73.5

APU FUEL
PRESS+RETURN \

: N

a

H-STABTRIM —

APU FUEL NEG-G
APU GEN

TYPICAL LAYOUT OF SYSTEMS IN ROTOR

FIGURE 4

HYDRAULIC SYSTEM NO.3
PRESSURE + RETURN

\..O

BLEED AIR 14TH __ ol
k““—-__‘ \¥

HYD PUMP 2B O
H-STAB TRIM CH1

™
"\ YD PUMP 18
o 0
O*"'---a,_% TAIL TANK
o _
"———_______ TRAMSFER +
REFUEL/DEFUEL
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Page 177 of 181| Nov 2018

Powered by EASA eRules


http://easa.europa.eu/

BAEASA

Easy Access Rules for Acceptable Means of AMC 20-128A
Compliance for Airworthiness of Products, Parts and

Appliances (AMC-20) (Amendment 1)

TRAJECTORY RANGE PLOTTING
FIGURE 5

LEFT ELEVATOR CABLES

RIGHT RUDDER CABLES

RIGHT ELEVATOR CABLES

—— LEFT RUDDER CABLES |

EXAMPLE:

The right rudder cables are cut by a 1/3 fan fragment

from the right engine at all trajectory angles between

2217 and 240°. Trajectory range A - B is therefare 19°
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. SWEPT le——
PATH 2R

LOCUS OF I
CENTROID

TARGET

T1

T1

T2

TYPICAL TRAJECTORY PLOTTING
FIGURE 6
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TRANSLATIONAL RELEASE

TRANSLATIONAL RISK
ANGLE

SEE FIGURE 6
FOR DETAILS

PLANE OF ROTATION

SPREAD RISK ANGLE

PLANE NORMAL TO PLANE OF ROTATION

DEFINITION - THREAT WINDOW
FIGURE 7
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