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Easy Access Rules for Acceptable Means of
Compliance for Airworthiness of Products,
Parts and Appliances (AMC-20)
(Amendment 16)

EASA eRules: aviation rules for the 21st century

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

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

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

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

Published February 2020*

1 The published date represents the date when the consolidated version of the document was generated.
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Easy Access Rules for Acceptable Means of Disclaimer
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

DISCLAIMER

This version is issued by the European Union Aviation Safety Agency (EASA) in order to provide its
stakeholders with an updated, consolidated, and easy-to-read publication. It has been prepared by
putting together the acceptable means of compliance with the related guidance material. However,
this is not an official publication and EASA accepts no liability for damage of any kind resulting from
the risks inherent in the use of this document.
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x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

NOTE FROM THE EDITOR

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

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

ED decision
Guidance material
ED decision

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

Incorporated ED Decision

ED Decision 2003/12/RM

ED Decision 2006/012/R

ED Decision 2007/019/R

ED Decision 2008/004/R

ED Decision 2008/007/R

ED Decision 2009/019/R

ED Decision 2010/003/R

ED Decision 2010/012/R

ED Decision 2011/001/R

ED Decision 2012/014/R

ED Decision 2013/026/R

ED Decision 2013/030/R

ED Decision 2014/001/R

ED Decision 2015/017/R

ED Decision 2017/020/R

ED Decision 2018/008/R

ED Decision 2019/008/R

AMC/GM (ED DECISIONS)

AMC/GM Issue No, Amendment No | Applicability date

AMC-20/ Initial issue
AMC-20/ Amendment 1
AMC-20/ Amendment 2
AMC-20/ Amendment 3
AMC-20/ Amendment 4
AMC-20/ Amendment 5
AMC-20/ Amendment 6
AMC-20/ Amendment 7
AMC-20/ Amendment 8
AMC-20/ Amendment 9
AMC-20/ Amendment 10
AMC-20/ Amendment 11
AMC-20/ Amendment 12
AMC-20/ Amendment 13
AMC-20/ Amendment 14
AMC-20/ Amendment 15
AMC-20/ Amendment 16

INCORPORATED AMENDMENTS

5/11/2003
29/12/200
26/12/200
2/5/2008

5/9/2008

23/12/200
26/07/201
23/12/201
30/3/2011
24/9/2012
1/1/2014*
1/1/2014

8/2/2014

16/7/2015
25/10/201
28/8/2018
9/7/2019

6
7

S
0
0

7

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

This is the main applicability date defined in the ED Decision. However, the decision allowed that this AMC was not applied to
applications received until 30 June 2014, if so requested by the applicant and providing that in such a case the applicant could
demonstrate that the process of development of the relevant part or appliance started before the entry into force of the ED Decision

(1 January 2014), in accordance with the specifications applicable at that time.
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PREAMBLE
ED Decision 2019/008/R
Amendment 16
The following is a list of paragraphs affected by this amendment:
AMC 20-25 Amended (NPA 2016-12)
ED Decision 2018/008/R
Amendment 15
The following is a list of paragraphs affected by this amendment:
AMC 20-170 Created (NPA 2017-11)
ED Decision 2017/020/R
Amendment 14
The following is a list of paragraphs affected by this amendment:
AMC 20-115 Amended (NPA 2017-02)
ED Decision 2015/017/R
Amendment 13
The following is a list of paragraphs affected by this amendment:
AMC 20-136 Created (NPA 2014-16)
AMC 20-158 Created (NPA 2014-16)
ED Decision 2014/001/R
Amendment 12
The following is a list of paragraphs affected by this amendment:
AMC 20-25 Created (NPA 2012-02)
ED Decision 2013/030/R
Amendment 11
The following is a list of paragraphs affected by this amendment:
AMC 20-11 Cancelled (NPA 2013-06)
AMC 20-13 Cancelled (NPA 2012-19)
ED Decision 2013/026/R

Amendment 10

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

AMC 20-2 Amended (NPA 2012-11)
AMC 20-3 Amended (NPA 2012-11)
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https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2012-19
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https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2012-11
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AMC 20-4 Amended (NPA 2012-11)
AMC 20-27 Amended (NPA 2012-11)
AMC 20-115 Amended (NPA 2012-11)
ED Decision 2012/014/R
Amendment 9
The following is a list of paragraphs affected by this amendment:
AMC 20-28 Created (NPA 2009-04)
ED Decision 2011/001/R
Amendment 8
The following is a list of paragraphs affected by this amendment:
AMC 20-15 Created (NPA 2010-03)
ED Decision 2010/012/R

Amendment 7

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

AMC 20-6 rev. 2 Created (NPA 2008-01)
AMC 20-6 adopted on the 05/11/2003 by means of ED Decision 2003/12/RM is replaced by AMC 20-6 rev. 2.

ED Decision 2010/003/R
Amendment 6
The following is a list of paragraphs affected by this amendment:
AMC 20-29 Created (NPA 2009-06)
ED Decision 2009/019/R
Amendment 5
The following is a list of paragraphs affected by this amendment:
AMC 20-26 Created (NPA 2008-14)
AMC 20-27 Created (NPA 2008-14)
ED Decision 2008/007/R

Amendment 4

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

AMC 20-21 Created (NPA 2007-01)
AMC 20-22 Created (NPA 2007-01)
AMC 20-23 Created (NPA 2007-01)
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https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2012-11
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-04
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2010-03
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2009-06
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2008-14
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
https://www.easa.europa.eu/document-library/notices-of-proposed-amendments/npa-2007-01
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ED Decision 2008/004/R
Amendment 3
The following is a list of paragraphs affected by this amendment:
AMC 20-24 Created (NPA 2007/05)
ED Decision 2007/019/R
Amendment 2
The following is a list of paragraphs affected by this amendment:
AMC 20-1 Amended (NPA 04/2005)
AMC 20-3 Created (NPA 04/2005)
AMC 20-11 Created (NPA 11/2005)
AMC 20-20 Created (NPA 05/2006)
ED Decision 2006/012/R

Amendment 1

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

AMC 20-9 Created
AMC 20-10 Created
AMC 20-12 Created
AMC 20-13 Created
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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 16)

AMC-20-1

ED Decision 2007/019/R
1 GENERAL

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

This AMC 20-1 addresses the compliance tasks relating to certification of the installation of
propulsion systems equipped with electronic control systems. AMC 20-3 is dedicated to
certification of Engine Control Systems but identifies some engine installation related issues,
that should be read in conjunction with this AMC 20-1.

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

2 RELEVANT SPECIFICATIONS
For aircraft certification, the main related certification specifications are:
For aeroplanes in CS-25 (and, where applicable, CS-23)

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

— For rotorcraft: equivalent specifications in CS-27 and CS-29.
3 SCOPE

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

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

Precautions have to be adapted to the criticality of the functions. These precautions may be
affected by the degree of authority of the system, the phase of flight, and the availability of a
back-up system.

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

It does not cover APU control systems APU, which are not used as “propulsion systems”, are
addressed in the dedicated AMC 20-2.
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4

PRECAUTIONS

(a)

(b)

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

— A greater dependence of the Engine or Propeller on the aircraft owing to the use
of electrical power and/or data supplied from the aircraft.

— an increased integration of control and related indication functions,

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

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

— Insufficient integrity of the aircraft electrical power supply,
— Insufficient integrity of data supplied from the aircraft,

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

— Omissions or errors in the system/software specification.

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

Objective

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

When possible, early co-ordination between the Engine, Propeller and aircraft applicants
is recommended in association with the Agency as discussed under paragraph (5) of this
AMC.

Precautions relating to electrical power supply and data from the aircraft

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

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

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

— 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
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(d)

(e)

(f)

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

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

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

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

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

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

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

Environmental effects

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

5 INTER-RELATION BETWEEN ENGINE, PROPELLER AND AIRCRAFT CERTIFICATION

(a)

(b)

Objective

To satisfy the aircraft certification specifications, 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

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

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

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

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

6. TABLE

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

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

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

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

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

TASK SUBSTANTIATION UNDER SUBSTANTIATION UNDER CS-25
CS-E

ENGINE CONTROL
AND PROTECTION

MONITORING

AIRCRAFT DATA

Safety objective
Software level

Independence of
control and
monitoring
parameters

Protection of

Consideration of
common mode
effects (including
software)
Reliability
Software level
Monitoring
parameter
reliability

Indication system
reliability
Independence
engine/ engine

Aircraft data

engine from aircraft reliability
data failures Independence
— Software level engine/ engine
THRUST — Software level System reliability Safety objectives
REVERSER Architecture
CONTROL/ Consideration of
MONITORING common mode
effects (including
software)
CONTROL — Reliability or quality Reliability of
SYSTEM Requirement of quality of aircraft
ELECTRICAL aircraft supply, if supply, if used
SUPPLY used Independence
engine/ engine
ENVIRONMENTAL — Equipment Declared Aircraft design
CONDITIONS protection capability
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TASK SUBSTANTIATION UNDER SUBSTANTIATION UNDER CS-25
CS-E

LIGHTNING AND = Equipment Declared Aircraft wiring
OTHER protection capability protection and
ELECTROMAGNET Electromagnetic = Declared electromagnetic
IC EFFECTS emissions emissions compatibility
FIRE PROTECTION — Equipment = Declared — Aircraft design
protection capability
[Amdt 20/2]

Powered by EASA eRules Page 18 of 651| Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-2A
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

AMC 20-2A

ED Decision 2013/026/R

1. GENERAL

The existing regulations for APU and aircraft certification may require special interpretation for
essential APU 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 document is 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 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, Al1141, 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 the relevant
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 monitoring and, where applicable, for integration of functions specific
to the aircraft.

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

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.

4.1

4.2

4.3

PRECAUTIONS

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

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

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

(v)  Omissions or 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
equivalent safety, 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 software level and architecture appropriate to their criticality of those functions
(see paragraph 4.2).

For digital systems, any residual errors not detected during the software development
and certification process could cause an unacceptable failure. The latest edition of AMC
20-115 constitutes an acceptable means of compliance for software development,
verification and software aspects of certification. The APU software should be at least
level B according to the industry documents referred in the latest edition of AMC 20-115.
In some specific cases, level A may be more appropriate.

It should be noted that the software disciplines described in the latest edition of AMC 20-
115 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 digital control systems. In such cases it is accepted that other
measures, usually within the system, in addition to a high level of software discipline may
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be necessary to achieve these safety objectives and demonstrate that they have been

met.

It is outside

the scope of the latest edition of AMC 20-115 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."

4.4  Precautions relating to APU independence from the aircraft

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

When considering the objectives of paragraph 4.2, 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
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)

(b)

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 supply quality, including transients or failures, must not
lead to a situation 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

(i)  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)

(b)

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 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 function is not rendered inoperative
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4.5

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

(c)  Specific design features or analysis methods may be used to show
compliance with respect to hazardous effects. Where this is not possible, for
example due to the variability or the complexity of the failure sequence,
then testing 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 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 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

5.1

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 cover in 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 between the APU certification and aircraft certification. The distribution between
the APU certification and the aircraft certification must be identified and agreed with the
Agency and/or the appropriate APU and aircraft Authorities (an example is given in
appendix).
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Appropriate evidence provided for APU certification should be used for aircraft
certification. For example, 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.

[Amdt 20/10]
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ED Decision 2003/12/RM

An example of tasks distribution between APU and aircraft certification

FUNCTIONS OR
INSTALLATION CS-APU SUBSTANTIATION UNDER CS-25
CONDITIONS

APU CONTROL AND Safety objective

SUBSTANTIATION UNDER

Reliability

PROTECTION = Software level — Software level
— Independence of — Monitoring — Indication system
MONITORING control and PRI reliability
monitoring reliability
parameters
— Protection of APU — Aircraft data
AIRCRAET DATA frc.Jm aircraft data reliability
failures

— Software level
— Reliability and
quality of aircraft
supply if used

CONTROL SYSTEM
ELECTRICAL SUPPLY

ENVIRONMENTAL — Equipment — Declared — Aircraft design
CONDITIONS, LIGHTNING protection capability — Aircraft wiring
AND OTHER ELECTRO- protection
MAGNETIC EFFECTS
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(1)

(2)

AMC 20-3A

ED Decision 2013/026/R
PURPOSE

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

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

SCOPE

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

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

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

This document also discusses the division of compliance tasks for certification between the
applicants for Engine, Propeller (when applicable) and aircraft type certificates. This guidance
relates to issues to be considered during engine certification. AMC 20-1 addresses issues
associated with the engine installation in the aircraft.

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

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

— an increased integration of control and related indication functions,

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

— Insufficient protection from electromagnetic disturbance (lightning, internal or
external radiation effects) (see CS-E 50(a)(1), CS E-80 and CS-E 170),

— Insufficient integrity of the aircraft electrical power supply (see CS-E 50(h)),
— Insufficient integrity of data supplied from the aircraft (see CS-E 50(g)),
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— Hidden design Faults or discrepancies contained within the design of the
propulsion system control software or complex electronic hardware (see CS-E
50(f)), or

— Omissions or errors in the system/software specification (see CS-E 50(f)).

Special design and integration precautions should therefore be taken to minimise any adverse
effects from the above.

(3) RELEVANT SPECIFICATIONS AND REFERENCE DOCUMENTS

Although compliance with many CS-E specifications might be affected by the Engine Control
System, the main paragraphs relevant to the certification of the Engine Control System itself
are:

CS-E 20 (Engine configuration and interfaces) v

CS-E 25 (Instructions for Continued Airworthiness),

CS-E 30 (Assumptions),

CS-E 50 (Engine Control System)

CS-E 60 (Provision for instruments)

CS-E 80 (Equipment)

CS-E 110 (Drawing and marking of parts - Assembly of parts)
CS-E 130 (Fire prevention)

CS-E 140 (Tests-Engine configuration)

A NI N NI NI NI NI NI T NI N

CS-E 170 (Engine systems and component verification)
CS-E 210 (Failure analysis)

CS-E 250 (Fuel System)

CS-E 390 (Acceleration tests)

CS-E 500 (Functioning)

CS-E-510 (Safety analysis)

CS-E 560 (Fuel system)

CS-E 745 (Engine Acceleration)

CS-E 1030 (Time limited dispatch)

NI NI NI N N NI NI NI NI N NI

AN NI NI NI N

The following documents are referenced in this AMC 20-3:

— International Electrotechnical Commission (IEC), Central Office, 3, rue de Varembé, P.O.
Box 131, CH - 1211 GENEVA 20, Switzerland

— IEC/PAS 62239, Electronic Component Management Plans, edition 1.0, dated April
2001.

— IEC/PAS 62240, Use of Semiconductor Devices Outside Manufacturers’ Specified
Temperature Ranges, edition 1.0, dated April 2001.

— RTCA, Inc. 1828 L Street, NW, Suite 805, Washington, DC 20036 or EUROCAE, 17, rue
Hamelin, 75116 Paris, France

— RTCA DO-254/ EUROCAE ED-80, Design Assurance Guidance for Airborne Electronic
Hardware, dated April 19, 2000.

— RTCA DO-160/EUROCAE ED 14, Environmental Conditions and Test Procedures for
Airborne Equipment.
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(4)

AMC 20-115 on software considerations for certification of airborne systems and
equipment.

Aeronautical Systems Center, ASC/ENOI, Bldg 560, 2530 Loop Road West, Wright-
Patterson AFB, OH, USA, 45433-7101

— MIL-STD-461E, Requirements for the Control of Electromagnetic Interference
Characteristics, dated August 20, 1999

— MIL-STD-810 E or F, Test Method Standard for Environmental Engineering, E dated
July 14, 1989, F dated January 1, 2000

U.S. Department of Transportation, Subsequent Distribution, Office Ardmore East
Business Center, 3341 Q 75" Ave, Landover, MD, USA, 20785

— AC 20-136, Protection of Aircraft Electrical/Electronic Systems Against the Indirect
Effects of Lightning, dated March 5, 1990

Society of Automotive Engineers (SAE), 400 Commonwealth Drive, Warrendale, PA
15096-0001 USA or EUROCAE, 17, rue Hamelin, 75116 Paris, France

— SAE ARP 5412 / EUROCAE ED-84, with Amendment 1 & 2, Aircraft Lightning
Environment and Related Test Waveforms, February 2005/May 2001 respectively.

— SAE ARP 5413 / EUROCAE ED-81, with Amendment 1, Certification of Aircraft
Electrical/Electronic Systems for the Indirect Effects of Lightning, November
1999/August 1999 respectively.

— SAE ARP 5414 / EUROCAE ED-91, with Amendment 1, Aircraft Lightning Zoning,
February 2005/June 1999 respectively.

— SAE ARP 5416 / EUROCAE ED-105, Aircraft Lightning Test Methods, March
2005/April 2005 respectively.

DEFINITIONS
The words defined in CS-Definitions and in CS-E 15 are identified by capital letter.

The following figure and associated definitions are provided to facilitate a clear understanding
of the terms used in this AMC.
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(6)

DEFINITIONS VISUALISED

SYSTEMS MODES

ENGINE CONTROL SYSTEM

PRIMARY MODE /

Primary System >
s i NORMAL MODE

ALTERNATE MODES

May be one or more

Lanes (Channels) ALTERNATE MODE 1

v

Lanes typically have
equal functionality

v

ALTERNATE MODE 2

. Back-Up System

v

BACK-UP MODE 1

v

|
|
!
! May be Hydro mechanical
|
|

lorl lel
! Control or less capable lane BACK-UP MODE 2

GENERAL

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

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

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

SYSTEM DESIGN AND VALIDATION
(a)  Control Modes - General

Under CS-E 50(a) the applicant should perform all necessary testing and analysis to
ensure that all Control Modes, including those which occur as a result of control Fault
Accommodation strategies, are implemented as required.

The need to provide protective functions, such as over-speed protection, for all Control
Modes, including any Alternate Modes, should be reviewed under the specifications of
CS-E 50(c), (d) and (e), and CS-E 210 or CS-E 510.

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

(c)

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

Analyses and/or testing are necessary to substantiate that operating in the Alternate
Modes has no unacceptable effect on Engine durability or endurance. Demonstration of
the durability and reliability of the control system in all modes is primarily addressed by
the component testing of CS-E 170. Performing some portion of the Engine certification
testing in the Alternate Mode(s) and during transition between modes can be used as
part of the system validation required under CS-E 50(a).

(i) Engine Test Considerations

If the Engine certification tests defined in CS-E are performed using only the Engine
Control System’s Primary Mode in the Full-up Configuration and if approval for
dispatch in the Alternate Mode is requested by the applicant under CS-E 1030, it
should be demonstrated, by analysis and/or test, that the Engine can meet the
defined test-success criteria when operating in any Alternate mode that is
proposed as a dispatchable configuration as required by CS E-1030.

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

(i)  Availability

Availability of any Back-up Mode should be established by routine testing or
monitoring to ensure that the Back-up Mode will be available when needed. The
frequency of establishing its availability should be documented in the instructions
for continued airworthiness.

Crew Training Modes

This acceptable means of compliance is not specifically intended to apply to any crew
training modes. These modes are usually installation, and possibly operator, specific and
need to be negotiated on a case-by-case basis. As an example, one common application
of crew training modes is for simulation of the ‘failed-fixed’ mode on a twin-engine
rotorcraft. Training modes should be described in the Engine instructions for installation
and operation as appropriate. Also, precautions should be taken in the design of the
Engine Control System and its crew interfaces to prevent inadvertent entry into any
training modes. Crew training modes, including lock-out systems, should be assessed as
part of the System Safety Analysis (SSA) of CS-E 50(d).

Non-Dispatchable Configurations and Modes

For control configurations which are not dispatchable, but for which the applicant seeks
to take credit in the system LOTC/LOPC analysis, it may be acceptable to have specific
operating limitations. In addition, compliance with CS-E 50(a) does not imply strict
compliance with the operability specifications of CS-E 390, CS-E 500 and CS-E 745 in these
non-dispatchable configurations, if it can be demonstrated that, in the intended
installation, no likely pilot control system inputs will result in Engine surge, stall, flame-
out or unmanageable delay in power recovery. For example, in a twin-engine rotorcraft,
a rudimentary Back-up System may be adequate since frequent and rapid changes in
power setting with the Back-up System may not be necessary.
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(d)

In addition to these operability considerations, other factors which should be considered
in assessing the acceptability of such reduced-capability Back-up Modes include:

— The installed operating characteristics of the Back-up Mode and the differences
from the Primary Mode.

— The likely impact of the Back-up Mode operations on pilot workload, if the aircraft
installation is known.

— The frequency of transfer from the Primary Mode to the Back-up Mode (i.e. the
reliability of the Primary Mode). Frequencies of transfer of less than 1 per 20 000
engine flight hours have been considered acceptable.

Control Transitions

The intent of CS-E 50(b) is to ensure that any control transitions, which occur as a result
of Fault Accommodation, occur in an acceptable manner.

In general, transition to Alternate Modes should be accomplished automatically by the
Engine Control System. However, systems wherein pilot action is required to engage the
Back-up Mode may also be acceptable. For instance, a Fault in the Primary System may
result in a “failed-fixed” fuel flow and some action is required by the pilot to engage the
Back-up System in order to modulate Engine power. Care should be taken to ensure that
any reliance on manual transition is not expected to pose an unacceptable operating
characteristic, unacceptable crew workload or require exceptional skill.

The transient change in power or thrust associated with transfer to Alternate Modes
should be reviewed for compliance with CS-E 50(b). If available, input from the installer
should be considered. Although this is not to be considered a complete list, some of the
items that should be considered when reviewing the acceptability of Control Mode
transitions are:

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

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

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

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

— For turboprop or turboshaft engines, the transition should not result in excessive
over-speed or under-speed of the rotor or Propeller which could cause emergency
shutdown, loss of electrical generator power or the setting-off of warning devices.

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

Any observable time delays associated with Control Mode, channel or system
transitions or in re-establishing the pilot’s ability to modulate Engine thrust or
power should be identified in the Engine instructions for installation and operation
(see CS-E 50(b)). These delays should be assessed during aircraft certification.

(ii)  Annunciation to the Flight Crew

If annunciation is necessary to comply with CS-E 50(b)(3), the type of annunciation
to the flight crew should be commensurate with the nature of the transition. For
instance, reversion to an Alternate Mode of control where the transition is
automatic and the only observable changes in operation of the Engine are different
thrust control schedules, would require a very different form of annunciation to
that required if timely action by the pilot is required in order to maintain control
of the aircraft.

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

(e)  Environmental conditions

Environmental conditions include EMI, HIRF and lightning. The environmental conditions
are addressed under CS E-80 and CS-E 170. The following provides additional guidance
for EMI, HIRF and lightning.

(i) Declared levels

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

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

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

(i)  Test procedures
(A) General

The installed Engine Control System, including representative Engine-
aircraft interface cables, should be the basis for certification testing.

Electro-Magnetic Interference (EMI) test procedures and test levels
conducted in accordance with MIL-STD-461 or EUROCAE ED 14/D0-160 have
been considered acceptable.

The applicant should use the HIRF test guidelines provided in EUROCAE ED
14/RTCA DO-160 or equivalent. However, it should be recognised that the
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tests defined in EUROCAE ED 14/RTCA DO-160 are applicable at a
component test level, requiring the applicant to adapt these test procedures
to a system level HIRF test to demonstrate compliance with CS-E 80 and CS-
E 170.

For lightning tests, the guidelines of SAE ARP 5412, 5413, 5414, and 5416
and EUROCAE ED 14/RTCA DO-160 would be applicable.

Pin Injection Tests (PIT) are normally conducted as component tests on the
EECS unit and other system components as required. PIT levels are selected
as appropriate from the tables of EUROCAE ED 14/D0-160.

Environmental tests such as MIL-STD-810 may be accepted in lieu of
EUROCAE ED-14/D0-160 tests where these tests are equal to or more
rigorous than those defined in EUROCAE ED 14/D0O-160.

(B) Open loop and Closed loop Testing

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

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

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

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

— If special EECS test software is used, that software should be
developed and implemented by guidelines defined for software levels
of at least software level C as defined in the industry documents
referred in the latest edition of AMC 20-115. In some cases, the
application code is modified to include the required test code
features.

—  The system test set-up should be capable of monitoring both the
output drive signals and the input signals.

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

(iii)  Pass/Fail Criteria

The pass/fail criteria of CS-E 170 for HIRF and lightning should be interpreted as
"no adverse effect" on the functionality of the system.

The following are considered adverse effects:

—  Agreater than 3 % change of Take-off Power or Thrust for a period of more
than two seconds.
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(iv)

(v)

— Transfers to alternate channels, Back-up Systems, or Alternate Modes.
— Component damage.

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

— Erroneous operation of protection systems, such as over-speed or thrust
reverser circuits.

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

Maintenance Actions

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

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

Time Limited Dispatch (TLD) Environmental Tests

Although TLD is only an optional requirement for certification (see CS-E 1000 and
CS-E 1030), EMI, HIRF and lightning tests for TLD are usually conducted together
with tests conducted for certification. Acceptable means of compliance are
provided in AMC E 1030.

(7) INTEGRITY OF THE ENGINE CONTROL SYSTEM

(a)

(b)

Objective

The intent of CS-E 50(c) is to establish Engine Control System integrity requirements

consistent with operational requirements of the various installations. (See also paragraph
(4) of AMC E 50).

Definition of an LOTC/LOPC event

(i)

For turbine Engines intended for CS-25 installations
An LOTC/LOPC event is defined as an event where the Engine Control System:

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

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

— has lost the capability to govern the Engine in a manner which allows
compliance with the operability specifications given in CS-E 500(a) and CS-E
745.
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(ii)  Forturbine Engines intended for rotorcraft

An LOPC event is defined as an event where the Engine Control System:

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

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

has lost the capability to govern the Engine in a manner which allows
compliance with the operability specifications given in CS-E 500(a) and CS-E
745, with the exception that the inability to meet the operability
specifications in the Alternate Modes may not be included as LOPC events.

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

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

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

For multi-Engine rotorcraft, the LOPC definition may not need to include the
inability to meet the operability specifications in the Alternate Mode(s). This
may be considered acceptable because when one Engine control transitions
to an Alternate Mode, which may not have robust operability, that Engine
can be left at reasonably fixed power conditions. The Engine(s) with the
normally operating control(s) can change power — as necessary — to
complete aircraft manoeuvres and safely land the aircraft. Demonstration of
the acceptability of this type of operation may be required at aircraft
certification.

(iii)  For turbine Engines intended for other installations

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

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

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

has lost the capability to govern the Engine in a manner which allows
compliance with the operability specifications given in CS-E 500(a) and CS-E
745, as appropriate.

(iv)  For piston Engines

An LOPC event is defined as an event where the Engine Control System:

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

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

(d)

— has lost the capability to govern the Engine in a manner which allows
compliance with the operability specifications given in CS-E 390.

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

Uncommanded thrust or power oscillations

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

Acceptable LOTC/LOPC rate

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

(i) For turbine Engines

The EECS should not cause more than one LOTC/LOPC event per 100 000 engine
flight hours.

(ii)  For piston Engines

An LOPC rate of 45 per million engine flight hours (or 1 per 22,222 engine flight
hours) has been shown to represent an acceptable level for the most complex
EECS. As a result of the architectures used in many of the EECS for these engines,
the functions are implemented in independent system elements. These system
elements or sub-systems can be fuel control, or ignition control, or others. If a
system were to contain only one element such as fuel control, then the appropriate
total system level would be 15 LOPC events per million engine flight hours. So the
system elements are then additive up to a max of 45 LOPC events per million hours.
For example, an EEC system comprised of fuel, ignition, and wastegate control
functions should meet a total system reliability of 15+15+15 =45 LOPC events per
million engine flight hours. This criterion is then applied to the entire system and
not allocated to each of the subsystems. Note that a maximum of 45 LOPC events
per million engine flight hours are allowed, regardless of the number of
subsystems. For example, if the EEC system includes more than three subsystems,
the sum of the LOPC rates for the total system should not exceed 45 LOPC events
per million engine flight hours for all of the electrical and electronic elements.
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(e)

(f)

LOTC/LOPC Analysis

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

The analysis should address all components in the system that can contribute to
LOTC/LOPC events. This includes all electrical, mechanical, hydromechanical, and
pneumatic elements of the Engine Control System. This LOTC/LOPC analysis should be
done in conjunction with the System Safety Assessment required under CS-E 50(d).
Paragraph (8) of this AMC provides additional guidance material.

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

The LOTC/LOPC analysis should include those sensors or elements which may not be part
of the Engine type design, but which may contribute to LOTC/LOPC events. An example
of this is the throttle or power lever transducer, which is usually supplied by the installer.
The effects of loss, corruption or Failure of Aircraft-Supplied Data should be included in
the Engine Control System’s LOTC/LOPC analysis. The reliability and interface
requirements for these non-Engine type design elements should be contained in the
Engine instructions for installation. It needs to be ensured that there is no double
counting of the rate of Failure of non-engine parts within the aircraft system safety
analyses.

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

Commercial or Industrial Grade Electronic Parts

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

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

— The applicant’s procurement, quality assurance, and process control plans for the
vendor-supplied commercial and industrial grade parts. These plans should ensure
that the parts will be able to maintain the reliability level specified in the approved
Engine type design.

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

— Commercial and industrial grade parts have typical operating ranges of O degrees
to +70 degrees Celsius and -40 degrees to +85 degrees Celsius, respectively.
Military grade parts are typically rated at -54 degrees to 125 degrees Celsius.
Commercial and industrial grade parts are typically defined in these temperature
ranges in vendor parts catalogues. If the declared temperature environment for
the Engine Control System exceeds the stated capability of the commercial or
industrial grade electronic components, the applicant should substantiate that the
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(8)

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

— Two examples of industry published documents which provide guidance on the
application of commercial or industrial grade components are:

— IEC/PAS 62239, Electronic Component Management Plans

— IEC/PAS 62240, Use of Semiconductor Devices Outside Manufacturers’
Specified Temperature Ranges

When any electrical or electronic components are changed, the SSA and LOTC/LOPC
analyses should be reviewed with regard to the impact of any changes in component
reliability. Component, subassembly or assembly level testing may be required by the
Agency to substantiate a change that introduces a commercial or industrial part(s).
However, such a change would not be classified as ‘significant’ with respect to Part
21.A.101(b)1.

Single Fault Accommodation

Compliance with the single Fault specifications of CS-E 50(c)(2) and (3) may be
substantiated by a combination of tests and analyses. The intent is that single Failures or
malfunctions in the Engine Control System’s components, in its fully operational
condition, do not result in a Hazardous Engine Effect. In addition, in its full-up
configuration the control system should be essentially single Fault tolerant of
electrical/electronic component Failures with respect to LOTC/LOPC events. For
dispatchable configurations refer to CS-E 1030 and AMC E 1030.

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

The objective, of course, is to have all the Faults addressed as Covered Faults. Indeed, the
dual channel or Back-up system configurations do cover the vast majority of potential
electrical and electronic Faults. However, on a case-by-case basis, it may be appropriate
for the applicant to omit some coverage because detection or accommodation of some
electrical/electronic Faults may not be practical. In these cases, it is recognised that
single, simple electrical or electronic components or circuits can be employed in a reliable
manner, and that requiring redundancy in some situations may not be appropriate. In
these circumstances, Failures in some single electrical or electronic components,
elements or circuits may result in an LOTC/LOPC event. This is what is meant by the use
of the term “essentially”, and such a system may be acceptable.
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(h)

Local Events

Examples of local events to be considered under CS-E 50(c)(4) include:

— Overheat conditions, for example, those resulting from hot air duct bursts,
— Fires, and

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

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

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

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

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

There is no probability associated with CS-E 50(c)(4). Hence, all foreseeable local events
should be considered. It is recognised, however, that it is difficult to address all possible
local events in the intended aircraft installation at the time of Engine certification.
Therefore, sound Engineering judgement should be applied in order to identify the
reasonably foreseeable local events. Compliance with this specification may be shown by
considering the end result of the local event on the Engine Control System. The local
events analysed should be well documented to aid in certification of the Engine
installation.

The following guidance applies to Engine Control System wiring:

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

— Engine control unit aircraft interface wiring should be tested or analysed for shorts
to aircraft power, and these “hot” shorts should result in an identified and non-
Hazardous Engine Effect. Where aircraft interface wiring is involved, the installer
should be informed of the potential effects of interface wiring Faults by means of
information provided in the Engine instructions for installation. It is the installer’s
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responsibility to ensure that there are no wiring Faults which could affect more
than one Engine. Where practical, wiring Faults should not affect more than one
channel. Any assumptions made by the Engine applicant regarding channel
separation should be included in the LOTC/LOPC analysis.

— Where physical separation of conductors is not practical, co-ordination between
the Engine applicant and the installer should ensure that the potential for common
mode Faults between Engine Control Systems is eliminated, and between channels
on one Engine is minimised.

The applicant should assess by analysis or test the effects of fluid leaks impinging on
components of the Electronic Engine Control System. Such conditions should not result
in a Hazardous Engine Effect, nor should the fluids be allowed to impinge on circuitry or
printed circuit boards and result in a potential latent Failure condition.

(8) SYSTEM SAFETY ASSESSMENT

(a)

Scope of the assessment

The system safety assessment (SSA) required under CS-E 50(d) should address all
operating modes, and the data used in the SSA should be substantiated.

The LOTC/LOPC analysis described in Section 7 is a subset of the SSA. The LOTC/LOPC
analysis and SSA may be separate or combined as a single analysis.

The SSA should consider all Faults, both detected and undetected, and their effects on
the Engine Control System and the Engine itself. The intent is primarily to address the
Faults or malfunctions which only affect one Engine Control System, and therefore only
one Engine. However, Faults or malfunctions in aircraft signals, including those in a multi-
engine installation that could affect more than one Engine, should also be included in the
SSA; these types of Faults are addressed under CS-E 50(g).

The Engine Control System SSA and LOTC/LOPC analysis, or combined analyses, should
identify the applicable assumptions and installation requirements and establish any
limitations relating to Engine Control System operation. These assumptions,
requirements, and limitations should be stated in the Engine instructions for installation
and operation as appropriate. If necessary, the limitations should be contained in the
airworthiness limitations section of the instructions for continued airworthiness in
accordance with CS-E 25(b)(1).

The SSA should address all Failure effects identified under CS-E 510 or CS-E 210, as
appropriate. A summary should be provided, listing the malfunctions or Failures and their
effects caused by the Engine Control System, such as:

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

— Failures which result in the Engine’s inability to meet the operability specifications.
If these Failure cases are not considered as LOPC events according to paragraph
(7)(b)(ii) of this AMC, the expected frequency of occurrence for these events should
be documented.

— Transmission of erroneous parameters which could lead to thrust or power
changes greater than 3% of Take-off Power or Thrust (10% for piston engines
installations) (e.g., false high indication of the thrust or power setting parameter)
or to Engine shutdown (e.g., high EGT or turbine temperatures or low oil pressure).
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(b)

(c)

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

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

The SSA should also consider all signals used by the Engine Control System, in particular
any cross-Engine control signals and air signals as described in CS-E 50(i).

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

Criteria
The SSA should demonstrate or provide the following:
(i) Compliance with CS-E 510 or CS-E 210, as appropriate.

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

(iii)  For Failures affecting Engine operability but not leading to LOPC events,
compliance with the expected total frequency of occurrence of Failures that result
in Engine response that is non-compliant with CS-E 390, CS-E 500(a) and CS-E 745
specifications (as appropriate). The acceptability of the frequency of occurrence
for these events - along with any aircraft flight deck indications deemed necessary
to inform the flight crew of such a condition - will be determined at aircraft
certification.

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

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

For example, the Engine operating instructions may indicate that a display of zero
oil pressure be ignored in-flight if the oil quantity and temperature displays appear
normal. In this situation, Failure to transmit oil pressure or transmitting a zero oil
pressure signal should not lead to an Engine shutdown or LOTC/LOPC event.
Admittedly, flight crew initiated shutdowns have occurred in-service during such
conditions. In this regard, if the Engine operating instructions provide information
to mitigate the condition, then control system Faults or malfunctions leading to the
condition do not have to be included in the LOTC/LOPC analysis. In such a situation,
the loss of multiple functions should be included in the LOTC/LOPC analysis. If the
display of zero oil pressure and zero oil quantity (or high oil temperature) would
result in a crew initiated shutdown, then those conditions should be included in
the systems LOTC/LOPC analysis.

Malfunctions or Faults affecting thrust or power

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

When operating in the take-off envelope, Uncovered Faults in the Engine Control System
which result in a thrust or power change of less than 3% (10% for piston engines
installations), are generally considered acceptable. However, this does not detract from
the applicant’s obligation to ensure that the full-up system is capable of providing the
declared minimum rated thrust or power. In this regard, Faults which could result in small
thrust changes should be random in nature and detectable and correctable during
routine inspections, overhauls or power-checks.

The frequency of occurrence of Uncovered Faults that result in a thrust or power change
greater than 3% of Take-off Power or Thrust, but less than the change defined as an
LOTC/LOPC event, should be contained in the SSA documentation. There are no firm
specifications relating to this class of Faults for Engine certification; however the rate of
occurrence of these types of Faults should be reasonably low, in the order of 10* events
per Engine flight hour or less. These Faults may be required to be included in aircraft
certification analysis.

Signals sent from one Engine Control System to another in an aeroplane installation, such
as signals used for an Automatic Take-off Thrust Control System (ATTCS), synchrophasing,
etc., are addressed under CS-E 50(g). They should be limited in authority by the receiving
Engine Control System, so that undetected Faults do not result in an unacceptable change
in thrust or power on the Engine using those signals. The maximum thrust or power loss
on the Engine using a cross-Engine signal should generally be limited to 3% absolute
difference of the current operating condition.

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

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

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

(9) PROTECTIVE FUNCTIONS

(a)

Rotor Over-speed Protection.

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

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

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

The SSA should show that the probability per Engine flight hour of an uncontrolled over-
speed condition from any cause in combination with a Failure of the over-speed
protection system to function is less than one event per hundred million hours (a Failure
rate of 10-8 events per Engine flight hour).

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

A self-test of the over-speed protection system to ensure its functionality prior to each
flight is normally necessary for achieving the objectives. Verifying the functionality of the
over-speed protection system at Engine shutdown and/or start-up is considered
adequate for compliance with this requirement. It is recognised that some Engines may
routinely not be shut down between flight cycles. In this case this should be accounted
for in the analyses.

Because in some over-speed protection systems there are multiple protection paths,
there will always be uncertainty that all paths are functional at any given time. Where
multiple paths can invoke the over-speed protection system, a test of a different path
may be performed each Engine cycle. The objective is that a complete test of the over-
speed system, including electro-mechanical parts, is achieved in the minimum number of
Engine cycles. This is acceptable so long as the system meets a 10 Failure rate.

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

Other protective functions

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

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

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

For example, if an Engine Failure with loss of the auto-feather function is catastrophic at
the aircraft level - and the auto-feather function is incorporated into the Engine Control
System - the applicant will have to show for CS-25 installations (or CS-23 installations
certified to CS-25 specifications) that an Engine Failure with loss of the auto-feather
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function cannot result from a single control system Failure, and that combinations of
control system Failures, or Engine and control system Failures, which lead to a significant
Engine loss of thrust or power with an associated loss of the autofeather function may be
required to have an extremely improbable event rate (i.e., 10-9 events per Engine flight
hour).

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

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

(10) SOFTWARE DESIGN AND IMPLEMENTATION

(a)

(b)

Objective

For Engine Control Systems that use software, the objective of CS-E 50(f) is to prevent as
far as possible software errors that would result in an unacceptable effect on power or
thrust, or any unsafe condition.

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

Approved Methods

Methods for developing software, compliant with the guidelines contained in the latest
edition of AMC 20-115 are acceptable methods. Alternative methods for developing
software may be proposed by the applicant and are subject to approval by the Agency.

Software which was not developed using the version of ED-12 referenced in the latest
edition of AMC 20-115 is referred to as legacy software. In general, changes made to
legacy software applicable to its original installation are assured in the same manner as
the original certification. When legacy software is used in a new aircraft installation that
requires the latest edition of AMC 20-115, the original approval of the legacy software is
still valid, assuming equivalence to the required software level can be ascertained. If the
software equivalence is acceptable to the Agency taking into account the conditions
defined the latest edition of AMC 20-115, the legacy software can be used in the new
installation that requires AMC 20-115 software. If equivalence cannot be substantiated,
all the software changes should be assured through the use of the latest edition of AMC
20-115.
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(c)

(d)

Level of software design assurance

In multiple Engine installations, the design, implementation and verification of the
software in accordance with Level A (as defined in the industry documents referred in the
latest edition of AMC 20-115) is normally needed to achieve the certification objectives
for aircraft to be type certificated under CS-25, CS-27-Category A and CS-29-Category A.

The criticality of functions on other aircraft may be different, and therefore, a different
level of software development assurance may be acceptable. For example, in the case of
a piston engine in a single-engine aircraft, level C (as defined in the industry documents
referred in the latest edition of AMC 20-115) software has been found to be acceptable.

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

It may be possible to partition non-critical software from the critical software and design
and implement the non-critical software to a lower level as defined by the industry
documents referred in the latest edition of AMC 20-115. The adequacy of the partitioning
method should be demonstrated. This demonstration should consider whether the
partitioned lower software levels are appropriate for any anticipated installations. Should
the criticality level be higher in subsequent installations, it would be difficult to raise the
software level.

On-Board or Field Software Loading and Part Number Marking

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

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

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

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

The configuration control system for an EECS that will be onboard/field loaded and using
electronic part marking should be approved. The drawing system should provide a
compatibility table that tabulates the combinations of hardware part numbers and
software versions that have been approved by the Agency. The top-level compatibility
table should be under configuration control, and it should be updated for each change
that affects hardware/software combinations. The applicable service bulletin should
define the hardware configurations with which the new software version is compatible.

The loading system should be in compliance with the guidelines of the latest edition of
AMC 20-115.
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If the applicant proposes more than one source for loading, (e.g., diskette, mass storage,
Secure Disk card, USB stick flash, etc.), all sources should comply with these guidelines.

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

(e) Software Change Category

The processes and methods used to change software should not affect the software level
of that software. For classification of software changes, refer to §4 in Appendix A of GM
21.A.91.

(f) Software Changes by Others than the TC Holder

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

— option-selectable software, or
— user-modifiable software (UMS).

Option-selectable changes would have to be pre-certified utilising a method of selection
which has been shown not to be capable of causing a control malfunction.

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

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

In the case where the software is changed in a manner not pre-allowed by the TC holder
as “user modifiable”, the “non-TC holder” applicant will have to comply with the
requirements given in Part 21, subpart E.

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

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

RTCA DO-254/ EUROCAE ED-80 which describes the standards for the criticality and design
assurance levels associated with Programmable Logic Devices development, is an acceptable
means, but not the only means, for showing compliance with CS-E 50(f).

For off-the-shelf equipment or modified equipment, service experience may be used in showing
compliance to these standards. This should be acceptable provided the worst case Failure or
malfunction of the device for the new installation is no more severe than that for original
installation of the same equipment on another installation. Consideration should also be given
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(12)

to any significant differences related to environmental, operational or the category of the
aircraft where the original system was installed and certified.

AIRCRAFT-SUPPLIED DATA

(a)

(b)

Objective

As required by CS-E 50(g), in case of loss, interruption, or corruption of Aircraft-Supplied
Data, the Engine should continue to function in a safe and acceptable manner, without
unacceptable effects on thrust or power, Hazardous Engine Effects, or loss of ability to
comply with the operating specifications of CS-E 390, CS-E 500(a) and CS-E 745, as
appropriate.

Background

Historically, regulatory practice was to preserve the Engine independence from the
aircraft. Hence even with very reliable architecture, such as triply redundant air data
computer (ADC) systems, it was required that the Engine Control System provided an
independent control means that could be used to safely fly the aircraft should all the ADC
signals be lost.

However, with the increased Engine-aircraft integration that is currently occurring in the
aviation industry and with the improvement in reliability and implementation of Aircraft-
Supplied Data, the regulatory intent is being revised to require that Fault Accommodation
be provided against single Failures of Aircraft-Supplied Data. This may include Fault
Accommodation by transition into another Control Mode that is independent of Aircraft-
Supplied Data.

The Engine Control System’s LOTC/LOPC analysis should contain the effects of air data
system Failures in all allowable Engine Control System and air data system dispatch
configurations.

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

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

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

— The applicant should supply the effects of faulty and corrupted Aircraft-Supplied
Data on the EECS in the Engine instructions for installation.

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

— The applicant should state the reliability level for the Aircraft-Supplied Data that
was used as part of the SSA and LOTC/LOPC analysis as an “assumed value” in the
instructions for installation.
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(c)

As stated in CS-E 50(g), thrust and power command signals sent from the aircraft are not
subject to the specifications of CS-E 50(g)(2). If the aircraft thrust or power command
system is configured to move the Engine thrust or power levers or transmit an electronic
signal to command a thrust or power change, the Engine Control System merely responds
to the command and changes Engine thrust or power as appropriate. The Engine Control
System may have no way of knowing that the sensed throttle or power lever movement
was correct or erroneous.

In both the moving throttle (or power lever) and non-moving throttle (or power lever)
configurations, it is the installer’s responsibility to show that a proper functional hazard
analysis is performed on the aircraft system involved in generating Engine thrust or power
commands, and that the system meets the appropriate aircraft’s functional hazard
assessment safety related specifications. This task is an aircraft certification issue,
however Failures of the system should be included in the Engine’s LOTC/LOPC analysis.

Design assessment

The applicant should prepare a Fault Accommodation chart that defines the Fault
Accommodation architecture for the Aircraft-Supplied Data.

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

In the case where the particular Failure modes of the aircraft air data may be unknown,
the typical Failure modes of loss of data and erroneous data should be assumed. The term
“erroneous data” is used herein to describe a condition where the data appears to be
valid but is incorrect.

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

The following are examples of possible means of accommodation:
— Provision of an Alternate Mode that is independent of Aircraft-Supplied Data.

— Dual sources of aircraft-supplied sensor data with local Engine sensors provided as
voters and alternate data sources.

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

— Triple redundant ADC systems that provide the required data.

If for aircraft certification it is intended to show that the complete loss of the aircraft air
data system itself is extremely improbable, then it should be shown that the aircraft air
data system is unaffected by a complete loss of aircraft generated power, for example,
backed up by battery power. (See AMC 20-1)
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(d)

(e)

Effects on the Engine
CS-E 510 defines the Hazardous Engine Effects for turbine Engines.

CS-E 50(g) is primarily intended to address the effects of aircraft signals, such as aircraft
air data information, or other signals which could be common to all Engine Control
Systems in a multi-Engine installation. The control system design should ensure that the
full-up system is capable of providing the declared minimum rated thrust or power
throughout the Engine operating envelope.

CS-E 50(g) requires the applicant to provide an analysis of the effect of loss or corruption
of aircraft data on Engine thrust or power. The effects of Failures in Aircraft-Supplied Data
should be documented in the SSA as described in Section (8) above. Where appropriate,
aircraft data Failures or malfunctions that contribute to LOTC/LOPC events should be
included in the LOTC/LOPC analysis.

Validation

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

For all dispatchable Control Modes, see CS-E 1030 and AMC E 1030.

If an Alternate Mode, independent of Aircraft-Supplied Data, has been provided to
accommodate the loss of all data, sufficient testing should be conducted to demonstrate
that the operability specifications have been met when operating in this mode.
Characteristics of operation in this mode should be included in the instructions for
installation and operation as appropriate. This Alternate Mode need not be dispatchable.

(13) AIRCRAFT SUPPLIED ELECTRICAL POWER

(a)

(b)

Objective

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

Electrical power sources

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

Batteries are considered an Aircraft-Supplied Power source except in the case of piston
Engines. For piston Engines, a battery source dedicated solely to the Engine Control
System may be accepted as an Engine dedicated power source. In such applications,
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(c)

(d)

appropriate information for the installer should be provided including, for example,
health status and maintenance requirements for the dedicated battery system.

Analysis of the design architecture

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

The following configurations have been used:

— EECS dependent on Aircraft-Supplied Power

— EECS independent of Aircraft-Supplied Power (Engine dedicated power source)
— Aircraft-Supplied Power used for functions, switched by the EECS

— Aircraft-Supplied Power directly used for Engine functions, independently from the
EECS

— Aircraft-Supplied Power used to back up the Engine dedicated power source

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

Aircraft-Supplied Power Reliability

Any Aircraft-Supplied Power reliability values used in system analyses, whether supplied
by the aircraft manufacturer or assumed, should be contained in the instructions for
installation.

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

When compliance with CS-E 50(h)(1) imposes an Engine dedicated power source, Failure
of this source should be addressed in the LOTC/LOPC analysis required under CS-E 50 (c).
While no credit is normally necessary to be given in the LOTC/LOPC analysis for the use
of Aircraft-Supplied Power as a back-up power source, Aircraft-Supplied Power has
typically been provided for the purpose of accommodating the loss of the Engine
dedicated power source. However, LOTC/LOPC allowance and any impact on the SSA for
the use of Aircraft-Supplied Power as the sole power source for an Engine control Back-
up System or as a back-up power source would be reviewed on a case-by-case basis.

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

An example is a system that consists of a primary electronic single channel and a full
capability hydromechanical Back-up System that is independent of electrical power (a full
capability hydromechanical control system is one that meets all CS-E specifications and is
not dependent on aircraft power). In this type of architecture, loss or interruption of
Aircraft-Supplied Power is accommodated by transferring control to the hydromechanical
system. Transition from the electronic to the hydromechanical control system is
addressed under CS-E 50(b).

Another example is an EECS powered by an aircraft power system that could support a
critical fly-by-wire flight control system. Such a power system may be acceptable as the
sole source of power for an EECS. In this example, it should be stated in the instructions
for installation that a detailed design review and safety analysis is to be conducted to
identify latent failures and common cause failures that could result in the loss of all
electrical power. The instructions should also state that any emergency power sources
must be known to be operational at the beginning of the flight. Any emergency power
sources must be isolated from the normal electrical power system in such a way that the
emergency power system will be available no matter what happens to the normal
generated power system. If batteries are the source of emergency power, there must be
a means of determining their condition prior to flight, and their capacity must be shown
to be sufficient to assure exhaustion will not occur before getting the aircraft safely back
on the ground.

This will satisfy that appropriate reliability assumptions are provided to the installer.
Aircraft-Supplied Power Quality

When Aircraft-Supplied Power is necessary for operation of the Engine Control System,
CS-E 50(h)(3) specifies that the Engine instructions for installation contain the Engine
Control System’s electrical power supply quality requirements. This applies to any of the
configurations listed in paragraph (13)(c) or any new configurations or novel approach
not listed that use Aircraft-Supplied Power. These quality requirements should include
steady state and transient under-voltage and over-voltage limits for the equipment. The
power input standards of RTCA DO-160/EUROCAE ED-14 are considered to provide an
acceptable definition of such requirements. If RTCA DO-160/EUROCAE ED-14 is used, any
exceptions to the power quality standards cited for the particular category of equipment
specified should be stated.

It is recognised that the electrical or electronic components of the Engine Control System
when operated on Aircraft-Supplied Power may cease to operate during some low
voltage aircraft power supply conditions beyond those required to sustain normal
operation, but in no case should the operation of the Engine control result in a Hazardous
Engine Effect. In addition, low voltage transients outside the control system’s declared
capability should not cause permanent loss of function of the control system, or result in
inappropriate control system operation which could cause the Engine to exceed any
operational limits, or cause the transmission of unacceptable erroneous data.

When aircraft power recovers from a low-voltage condition to a condition within which
the control system is expected to operate normally, the Engine Control System should
resume normal operation. The time interval associated with this recovery should be
contained in the Engine instructions for installation. It is recognised that Aircraft-Supplied
Power conditions may lead to an Engine shutdown or Engine condition which is not
recoverable automatically. In these cases the Engine should be capable of being
restarted, and any special flight crew procedures for executing an Engine restart during
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(14)

(15)

(f)

(8)

such conditions should be contained in the Engine instructions for operation. The
acceptability of any non-recoverable Engine operating conditions - as a result of these
Aircraft-Supplied Power conditions - will be determined at aircraft certification.

If Aircraft-Supplied Power supplied by a battery is required to meet an "all Engines out"
restart requirement, the analysis according to paragraph 13(c) should result in a
definition of the requirements for this Aircraft-Supplied Power. In any installation where
aircraft electrical power is used to operate the Engine Control System, such as low Engine
speed in-flight re-starting conditions, the effects of any aircraft electrical bus-switching
transients or power transients associated with application of electrical loads, which could
cause an interruption in voltage or a decay in voltage below that level required for proper
control functioning, should be considered.

Effects on the Engine

Where loss of aircraft power results in a change in Engine Control Mode, the Control
Mode transition should meet the specifications of CS-E 50(b).

For some Engine control functions that rely exclusively upon Aircraft-Supplied Power, the
loss of electrical power may still be acceptable. Acceptability is based on evaluation of
the change in Engine operating characteristics, experience with similar designs, or the
accommodation designed into the control system.

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

— Engine start and ignition

— Thrust Reverser deployment

— Anti-Icing (Engine probe heat)
— Fuel Shut-Off

— Over-speed Protection Systems

— Non-critical functions that are primarily performance enhancement functions
which, if inoperative, do not affect the safe operation of the Engine.

Validation

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

PISTON ENGINES

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

CS-E 50 specifications are applicable to these Engines but, when interpretation is necessary, the
conditions which would be acceptable for the aircraft installation should be considered.

ENGINE, PROPELLER AND AIRCRAFT SYSTEMS INTEGRATION AND INTER-RELATION BETWEEN
ENGINE, PROPELLER AND AIRCRAFT CERTIFICATION ACTIVITIES

(a)

Aircraft or Propeller Functions Integrated into the Engine Control System

This involves the integration of aircraft or Propeller functions (i.e., those that have
traditionally not been considered Engine control functions), into the Electronic Engine
Control System’s hardware and software.

Powered by EASA eRules Page 51 of 651| Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-3A
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

(b)

Examples of this include thrust reverser control systems, Propeller speed governors,
which govern speed by varying pitch, and ATTCS. When this type of integration activity is
pursued, the EECS becomes part of - and should be included in the aircraft’s SSA, and
although the aircraft functions incorporated into the EECS may receive review at Engine
certification, the acceptability of the safety analysis involving these functions should be
determined at aircraft certification.

The EECS may be configured to contain only part of the aircraft system’s functionality, or
it may contain virtually all of it. Thrust reverser control systems are an example where
only part of the functionality is included in the EECS. In such cases, the aircraft is
configured to have separate switches and logic (i.e., independent from the EECS) as part
of the thrust reverser control system. This separation of reverser control system elements
and logic provides an architectural means to limit the criticality of the functions provided
by the EECS.

However, in some cases the EECS may be configured to incorporate virtually all of a
critical aircraft function. Examples of this “virtual completeness” in aircraft functionality
are EECS which contain full authority to govern Propeller speed in turboprop powered
aircraft and ATTCS in turbofan power aircraft.

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

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

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

Integration of Engine Control Functions into Aircraft Systems

The trend toward systems integration may lead to aircraft systems performing functions
traditionally considered part of the Engine Control System. Some designs may use aircraft
systems to implement a significant number of the Engine Control System functions. An
example would be the complex integrated flight and Engine Control Systems — integrated
in aircraft avionics units - which govern Engine speed, rotor speed, rotor pitch angle and
rotor tilt angle in tilt-rotor aircraft.

In these designs, aircraft systems may be required to be used during Engine certification.
In such cases, the Engine applicant is responsible for specifying the requirements for the
EECS in the instructions for installation and substantiating the adequacy of those
requirements.

An example of limited integration would be an Engine control which receives a torque
output demand signal from the aircraft and responds by changing the Engine’s fuel flow
and other variables to meet that demand. However, the EECS itself, which is part of the
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(c)

type design, provides all the functionality required to safely operate the Engine in
accordance with CS-E or other applicable specifications.

Certification activities

(i)

(ii)

(iii)

Objective

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

Interface Definition and System Responsibilities

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

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

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

— Fault Accommodation strategies

—  Maintenance strategies

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

— LOTC/LOPC events

—  Transmission of faulty parameters

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

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

The tasks for the certification of the aircraft propulsion system equipped with
Electronic Engine Control Systems may be shared between the Engine, Propeller
and aircraft applicants. The distribution of these tasks between the applicants
should be identified and agreed with the appropriate Engine, Propeller and aircraft
authorities. For further information refer to AMC 20-1.

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

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

Appropriate evidence provided for Engine certification should be used for aircraft
certification. For example, the quality of any aircraft function software and
aircraft/Engine interface logic already demonstrated for Engine certification should
need no additional substantiation for aircraft certification.
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Two examples are given below to illustrate this principle.

(A)

(B)

[Amdt 20/2]
[Amdt 20/10]

Case of an EECS performing the functions for the control of the Engine and
the functions for the control of the Propeller.

The Engine certification would address all general requirements such as
software quality assurance procedures, EMI, HIRF and lightning protection
levels, effects of loss of aircraft-supplied power.

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

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

In this example, the Propeller functions and characteristics defined by the
Propeller applicant, that are to be provided by the Engine Control System,
would normally need to be refined by flight test. The Propeller applicant is
responsible for ensuring that these functions and characteristics, that are
provided for use during the Engine certification programme, define an
airworthy Propeller configuration, even if they have not yet been refined by
flight test.

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

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

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

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

The Engine certification will address the functional aspects for the Engine
functions (safety analysis, rate for LOTC/LOPC events, effect of loss of
Aircraft-Supplied Data, etc.) The Fault Accommodation logic affecting the
control of the Engine, for example, will be reviewed at that time.
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AMC 20-4A

ED Decision 2013/026/R

This AMC presents Acceptable means of Compliance relative to the implementation of Basic RNAV
operations within European designated Airspace, 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 criteria for the use of navigation systems in European airspace designated for Basic
RNAV operations. The document establishes an acceptable means, but not the only means, that
can be used in the airworthiness approval process, and provides guidelines for operators where
GPS stand-alone equipment is 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 consistent also 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 content is 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-4 criteria are outside the scope of this AMC, but it is expected that navigation systems
based on position updating from traditional radio aids and approved for Basic RNAV 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
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AMC 20-4A

Related documents

EASA Acceptable means of Compliance

AMC 25-11
AMC 20-5

AMC 20-115 (latest version)

Electronic Display Systems

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

Software considerations for certification of airborne systems and
equipment

FAA Advisory Circulars

AC20-121 A
AC 20-130()

AC 20-138

AC 25-4
AC 25-15
AC90-45 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 use in 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 Using the Global Positioning System (GPS)
Augmented by the Wide Area Augmentation System (WAAS)

EUROCAE/RTCA documents

ED-27 Minimum Operational Performance Requirements (MOPR) for Airborne Area
Navigation Systems, based on VOR and DME as sensors

ED-28 Minimum Performance Specification (MPS) for Airborne Area Navigation Computing
Equipment based on VOR and DME as sensors

ED-39 MOPR for Airborne Area Navigation Systems, based on two DME as sensors

ED-40 MPS for Airborne Computing Equipment for Area Navigation System using two DME as
sensors

ED-58 Minimum Operational Performance Specification (MOPS) for Area Navigation
Equipment using Multi-Sensor Inputs

ED-72() MOPS for Airborne GPS Receiving Equipment

DO-180() Minimum Operational Performance Standards (MOPS) for Airborne Area Navigation
Equipment Using a Single Collocated VOR/DME Sensor Input
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DO-18 MOPS for Airborne Area Navigation Equipment Using Multi Sensor Inputs

DO-200 Preparation, Verification and Distribution of User-Selectable Navigation Data Bases
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 within the coverage of either station referenced navigation aids or within the limits of the
capability of self-contained aids, or a combination of both methods.

In general terms, RNAV equipment operates 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 with an asterisk *, is subject to the limitations contained in 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 Basic RNAV 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 assumes the 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 integrity required for Basic RNAV 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).
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4.2  Functional Criteria

421

4.2.2

4.3

4.4,

Required Functions

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

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

In addition where the minimum flight crew is two 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)  Automatic channel selection of radio navigation aids

(f) Navigation data base

(g) Automatic leg sequencing 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
equipment installed, including, where applicable, reference to required modes and
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 in the AFM to either the above advisory material or the specific levels
of available navigation performance (RNP), no further compliance
statements will be required.

Powered by EASA eRules Page 58 of 651 | Feb 2020


http://easa.europa.eu/

BAEASA

Easy Access Rules for Acceptable Means of AMC 20-4A
Compliance for Airworthiness of Products, Parts
and Appliances (AMC-20) (Amendment 16)

4.4.2

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, in itself,
is not considered as sufficient for the airworthiness approval.

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.

44.2.1 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 include the 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 approved in accordance with the 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.
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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
satellite navigation system will allow, the decommissioning of traditional
ground based radio navigation aids.

5 OPERATIONAL CRITERIA FOR USE OF GPS STAND-ALONE EQUIPMENT

5.1

5.2

[Amdt 20/10]

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 operated in
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)

(b)

(c)

53

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 not be made in the 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 as to allow immediate cross-checking or reversion in 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) In the event of 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)  In the event of exceedance of the alarm limit, the flight crew should revert
to an alternative means of navigation.
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ED Decision 2013/026/R

Where a GPS Receiver Autonomous Integrity Monitoring (RAIM) Prediction Program is 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.

2. The prediction program software should be developed in accordance with at least level D
guidelines as defined in the industry documents referred in the latest edition of AMC 20-115.

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

4, The program should calculate RAIM availability based on a satellite mask angle of not less than
5 degrees, except where use of a lower mask angle has been demonstrated to be acceptable to
the Authority.

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

6. The program should allow the user to select:

a) the intended route and declared alternates;
b) the time and duration of the intended flight.
[Amdt 20/10]
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Easy Access Rules for Acceptable Means of AMC 20-5
x E A S A Compliance for Airworthiness of Products, Parts
el and Appliances (AMC-20) (Amendment 16)
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 operators in the use of the NAVSTAR Global
Positioning System (GPS).

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 AC90-94

FAA Notice 8110.60
DOT/FAA/AAR-95/3

FAA Order 8400.10

BACKGROUND

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 Using the 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 Aircraft Certification 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 Provide the Primary Means of Class Il Navigation in Oceanic and Remote
Areas of Operation

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.
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3.2 Acceptable Means of Compliance for the use of GPS, will assist in 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 - for example with a 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 whereby the navigation system determines 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  Wherever possible, EASA AMC on the use of GPS will follow that authorised 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 ltis assumed that the State’s bodies responsible for ATM and 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 enhanced guidance to an autopilot or flight director in order
to reduce the flight technical error (FAA TSO-C129( )).

Receiver Autonomous Integrity Monitoring (RAIM) A technique whereby a GPS receiver
processor determines the integrity of the GPS navigation signals using only GPS signals or GPS
signals augmented with altitude. This determination is achieved by a consistency check among
redundant pseudorange measurements. At least one satellite in addition to those required for
navigation should be in view for the receiver to perform the RAIM function (FAA AC 20-138, AC
90-94).

Stand-Alone GPS Navigation System Stand-alone GPS equipment is 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).

5 AIRWORTHINESS APPROVAL

The following airworthiness criterion is 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.
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5.1

5.2

5.3

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 prior to the 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 AMC is intended to prevent the proliferation of installations of systems
non-compliant with the current Advisory Circulars (based for 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.

In the 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.

For all classes of equipment, integrity should be provided either by Receiver Autonomous
Integrity Monitoring (RAIM) or an equivalent method, e.g. by comparison within a multi-
sensor navigation system with other approved sensors. The following Table summarises
the Classes and sub class definitions. The types of equipment are specified in FAA TSO C-
129( ). Refer to section 4 of this AMC for the definition of Class A, B or C.

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

A2
Bl
B2
B3
B4
C1
C2
C3
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)

(b)

(d)

(e)

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).5 and (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 input is used, loss of 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 CDI calibration;

— entering of GPS antenna height above ground;
— serial Input/Output port configuration;

— reference datum
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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 assessed in 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) or an equivalent checklist should be applied for 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 7 for  Traditional IFR approved Traditional IFR approved
specific operational navigation equipment will need navigation equipment will need
criteria. to be available to continue the to be available to continue the
flight when 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, 2 and 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) The SID/STAR will need to be selectable from the navigation data base. The coding
of the data base will need to support the officially published SID/STAR.

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

(3)  When flying SID/STARs,

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

(c)
(d)

(e)

(f)

(g)

(h)

(i)

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 approach to be flown is retrievable from the database and defines the location
of all navigation aids and all waypoints required for the approach;

the information stored in the data base is presented to 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
destination to any required alternate airport and for an 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

An overlay approach is one which allows pilots to use GPS equipment to fly existing
non-precision instrument approach procedures. For the purpose of this document,
this is restricted to overlay of approaches based on VOR, VOR/DME or VORTAC,
NDB, NDB/DME and RNAV.

In addition 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

(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 associated airborne equipment required for the
published approach procedure, will need to be operational.
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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)  the published approach procedure is identified as a GPS approach (e.g.: GPS
RWY 27;

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

(i) where a destination alternate is required, a non-GPS based approach
procedure is available at the alternate;

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

(i)  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/or en-route alternate is required, at least one non-GPS
based approach procedure is available at the alternate(s).

(f) a missed approach 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 is included for the 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 GPS is to be used for oceanic/remote operations as an approved Long Range Navigation
System (LRNS), then it should be installed in compliance with FAA Notice 8110.60.

For operations in airspace 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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A.l
11

1.2

1.3

1.4

15

A.2
2.1

2.2

2.3

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
timing signal and data message. A portion of the data message gives a GPS receiver the orbital
details of each satellite. The receiver measures the time taken for the signal to arrive from the
satellites in view and from this information computes a position and velocity.

Three satellites are needed to determine a two 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 better should 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, but only 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
is necessary 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 differences in 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 for a Sole Means Air Navigation System. Continuity and 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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2.4

2.5

2.6

2.7

2.8

A3
3.1

3.2
3.3

users become aware of a malfunction within the system. Several possibilities for providing signal
integrity equivalent to that obtained from conventional navigation aids are under
consideration, but it will be some years before these possibilities are realised. At present, two
methods exist within airborne equipment to provide the integrity 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
required to isolate a faulty satellite and to remove it from the navigation solution (FDE function).
Where a GPS receiver uses barometric altitude or clock aiding as an augmentation to RAIM, the
number of satellites needed for the receiver to perform the 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 a multi-sensor navigation system, either the GPS sensor is required to provide RAIM,
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 RAIM may be used to predict such interruptions
and higher availability 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, in the future. Combinations of GPS and GLONASS
plus other civil 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 principles governing 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, either as individual items or in combination), additional applications will be defined.
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AMC 20-6

ED Decision 2010/012/R
Chapter | GENERAL CONSIDERATIONS
SECTION 1: PURPOSE

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

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

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

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

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

— Chapter Il of this AMC provides guidance to operators seeking ETOPS operational approval to
conduct extended range operations under the requirements of the applicable operational
regulations®.

The purpose of this revision No. 2 of AMC 20-6 is to develop guidance for obtaining approval for
diversion times exceeding 180 minutes.

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

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

SECTION 2: RELATED REFERENCES
CS-Definitions: ED Decision No. 2003/011/RM as last amended.
CS-E: ED Decision No. 2003/9/RM, as last amended (CS-E 1040).

CS-25: ED Decision No. 2003/2/RM, as last amended, (CS 25.901, 25.903, 25.1309, 25.1351(d),
25.1419, 25.1535, CS-25 Subpart J).

EU-OPS: Council Regulation (EEC) No 3922/91, as last amended.
Part-21: Annex to Commission Regulation (EC) No 1702/2003, as last amended.

B EU-OPS until operational requirements Part-SPA Subpart-ETOPS are in force.
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Part-M: Annex | to Commission Regulation (EC) No 2042/2003, as last amended.
Part-145: Annex |l to Commission Regulation (EC) No 2042/2003, as last amended.

SECTION 3: ABBREVIATIONS

AFM: Airplane Flight Manual

ATS: Air Traffic Services

CAME: Continuing Airworthiness Management Exposition
CAMO: Continuing Airworthiness Management Organisation approved pursuant to Part-M Subpart-G
CG: Centre of Gravity

IFSD: In-flight shut-down

MCT: Maximum Continuous Thrust

MMEL: Master Minimum Equipment List

MEL: Minimum Equipment List

RFFS Rescue and Fire Fighting Services

(S)TC: (Supplemental) Type Certificate

SECTION 4: TERMINOLOGY
a. Approved One-Engine-Inoperative Cruise Speed

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

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

(ii)  calculation of single-engine fuel requirements under Appendix 4 section 4 of this
AMC and,

(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.

A speed other than the approved one-engine-inoperative-speed may be used as
the basis for compliance with en-route altitude requirements.

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

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

Note: The diversion distance based on the approved one-engine-inoperative cruise speed may take
into account the variation of the True Air Speed.

b. Dispatch

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

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

d. ETOPS significant system

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

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

(1) ETOPS Group 1 Systems:

Group 1 Systems are ETOPS significant systems that, related to the number of engines on
the aeroplane or the consequences of an engine failure, make the systems’ capability
important for an ETOPS flight. The following provides additional discriminating definitions
of an ETOPS Group 1 Significant System:

(i) 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).

(i) A system that may affect the proper functioning of the engines to the extent that
it could result in 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).

(iii) A system which contributes significantly to the safety of an engine inoperative
ETOPS diversion and is intended to provide additional redundancy to
accommodate the system(s) lost by the inoperative engine. These include back-up
systems such as an emergency generator, APU, etc.

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

(2) ETOPS Group 2 Systems:

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

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

(ii)  Time-limited systems including cargo fire suppression and oxygen if the ETOPS
diversion is oxygen system duration dependent.
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(iii)  Systems whose failure would result in excessive crew workload or have operational
implications or significant detrimental impact on the flight crew’s or passengers’
physiological well-being for an ETOPS diversion (e.g., flight control forces that
would be exhausting for a maximum ETOPS diversion, or system failures that would
require continuous fuel balancing to ensure proper CG, or a cabin environmental
control failure that could cause extreme heat or cold to the extent it could
incapacitate the crew or cause physical harm to the passengers).

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

e. Extended Range Entry Point
The extended range entry point is the first point on the aeroplane’s route which is:

— For two-engine aeroplanes with a maximum approved passenger seating configuration
of 20 or more, or with a maximum take-off mass of 45360 kg or more, at 60 minutes flying
time at the approved one-engine-inoperative cruise speed (under standard conditions in
still air) from an adequate aerodrome.

— For two-engine aeroplanes with a maximum approved passenger seating configuration
of 19 or less and a maximum take-off mass of less than 45360 kg, at 180 minutes flying
time at the approved one-engine-inoperative speed (in still air) from an adequate
aerodrome.

f. In-flight Shutdown (IFSD)

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

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

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

8. Maximum Approved Diversion Time

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

Any proposed increase in the Maximum Approved Diversion Time(s), or changes to the aircraft
or engine, should be re-assessed by the (S)TC holder in accordance with Part 21.A.101 to
establish if any of the Type Design criteria in this AMC should be applied.

h. Operator’s Approved Diversion Time

Operator’s Approved Diversion Time is the maximum time authorised by the Competent
Authority that the operator can operate a type of aeroplane at the approved one-engine-
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inoperative cruise speed (under standard conditions in still air) from an adequate aerodrome
for the area of operation.

i System:

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

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

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

SECTION 5: 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.

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

The following is provided to define the concepts for evaluating extended range operation with two-
engine aeroplanes. 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 is acceptable for the safe conduct of the intended operation.

b. Propulsion Systems

In order to 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 significant loss of power/thrust for all design and operation related

causes (see Appendix 1).
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 extended range
operation, an assessment should be made of the proposed maintenance and reliability
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programme's ability to maintain a satisfactory level of propulsion and airframe system reliability
for the particular airframe/engine combination.

d. Maintenance and Reliability Programme Implementation

Following a determination that the airframe systems and propulsion systems are designed to
be suitable for extended range operation, 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 workload and procedures. Since the demands on the flight crew may increase, an
assessment should be made to ensure that more than average piloting skills or crew co-
ordination is not required.

Chapter Il TYPE DESIGN APPROVAL CONSIDERATIONS
SECTION 1: APPLICABILITY

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

SECTION 2: COMPETENT AUTHORITY

The Competent Authority for the issue of an ETOPS type design approval is the Agency.

SECTION 3: GENERAL

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

SECTION 4: ELEGIBILITY

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

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

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

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

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

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

SECTION 5: REQUEST FOR APPROVAL

An applicant for, and holders of a (S)TC requesting a determination that a particular airframe/engine
combination is a suitable type design for extended range operation, should apply to the Agency. The
Agency will then initiate an assessment of the engine and airframe/engine combination in accordance
with the criteria laid down in this chapter Il and Appendix 1 & 2 of this AMC.

SECTION 6: VALIDATION METHODS OF THE LEVEL OF RELIABLITY

This chapter together with Appendix 1 and 2 to this AMC should be followed to assess the reliability
level of the propulsion system and airframe systems for which ETOPS type design approval is sought.
Appendix 1 and 2 describe both the in-service experience method and the early ETOPS method.

6.1 METHOD 1: IN-SERVICE EXPERIENCE FOR ETOPS TYPE DESIGN APPROVAL

Prior to the ETOPS type design approval, it should be shown that the world fleet of the particular
airframe/engine combination for which approval is sought can achieve or has achieved, as
determined by the Agency (see Appendix 1 and 2), an acceptable and reasonably stable level of
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 that the IFSD rate objective for all independent
causes can be or has been achieved. This assessment is an integral part of the determination in
section 7 paragraph (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
propulsion system 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.

6.2 METHOD 2: EARLY ETOPS

ETOPS approval is considered feasible at the introduction to service of an airframe/engine
combination as long as the Agency is totally satisfied that all aspects of the approval plan have
been completed. The Agency must be satisfied that the approval plan achieves the level of
safety intended in this AMC and in the aeroplane and engine certification bases. Any non-
compliance with the approval plan can result in a lesser approval than sought for.

(S)TC holders will be required to respond to any incident or occurrence in the most expeditious
manner. A serious single event or series of related events could result in immediate revocation
of ETOPS type design approval. Any isolated problem not justifying immediate withdrawal of
approval, should be addressed within 30 days in a resolution plan approved by the Agency. (S)TC
holders will be reliant on operators to supply incident and occurrence data.
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SECTION 7: EVALUATION CRITERIA of the ETOPS type design

The applicant should conduct an evaluation of failures and failure combinations based on engineering
and operational consideration as well as acceptable fail-safe methodology. The evaluation 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 reliability analysis should be used as
guidance in verifying that the proper level of fail-safe design has been provided. Excluding failures of
the engine, any system or equipment failure condition, or combination of failures that affects the
aeroplane or engine and that would result in a need for a diversion, should be considered a Major
event (CS 25.1309) and therefore the probability of such should be compatible with that safety
objective. The following criteria are applicable to the extended range operation of aeroplanes with
two engines:

(1)  Airframe systems should be shown to comply with CS 25.1309 in accordance with section 7 and
8 of chapter Il and Appendix 2 to this AMC.

(2)  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 section 6 and Appendix 1 should be used to show that the propulsion system can
achieve the desired level of reliability.

(i)  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 during the type design evaluation that the approved engine limits at
all approved power settings will not be exceeded when conducting an extended duration
single-engine operation during the diversion 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 required during the single-engine flight
phase associated with the diversion

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

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

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

(5) Extended duration, single-engine operations should not require exceptional piloting skills
and/or crew co-ordination. Considering the degradation of the performance of the aeroplane
type with an engine inoperative, the increased flight crew workload, and the malfunction of
remaining systems and equipment, the impact on flight crew procedures should be minimised.
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(7)

Consideration should also be given to the effects on the crew's and passengers' physiological
needs (e.g., cabin temperature control), when continuing the flight with an inoperative engine
or one or more inoperative airframe system(s).

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

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

(i)  The avionics/cooling and consequent integrity of the avionic systems

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

(v)  Adequate capacity of all time dependent functions

(vi)  Pressurisation System integrity/reliability

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

(viii) Integrity/reliability/capacity of back-up systems (e.g. electrical, hydraulic)

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

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

It should be demonstrated for extended duration single-engine operation, that the remaining
power (electrical, hydraulic, pneumatic) will continue to be available at levels necessary to
permit continued safe flight and landing, and to provide those services necessary for the overall
safety of the passengers 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 an ETOPS en-route alternate 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, required route or destination guidance
equipment, supportive systems and/or hardware and any other equipment deemed necessary
for extended range operation to continue safe flight and landing at an ETOPS en-route alternate
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 Agency.
These should normally include:

(i) attitude information;

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

(iii) adequate navigation capability (including route specific long range navigation equipment
as required by the applicable operational regulations and weather radar);
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(8)

(iv)
(v)

(vi)
(vii)

(viii)

(ix)

(x)
(xi)

(xii)
(xiii)

(xiv)

(xv)

Note:

adequate cockpit and instrument lighting, emergency lighting and landing lights;

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

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

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;

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

adequate engine instrumentation;

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

fire protection (cargo, APU and engines);
adequate ice protection including windshield de-icing;

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

ATC Transponder.

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

Three or more reliable and independent electrical power sources should be available. As a
minimum, following failure of any two sources, the remaining source should be capable of
powering the items specified in paragraph (7). If one or 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)
(i)

(iii)

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

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).

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

If one of the required electrical power sources is provided by batteries, the following criteria

(iv)

apply:

When one of the 3 independent electrical power sources is time-limited (e.g. batteries),
such power source should have a capability to enable the items required in paragraph (7)
to be powered for continued flight and landing to an ETOPS en-route alternate
aerodrome and it will be considered as a time-limited system in accordance with
paragraph (12).
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(9)

(10)

(11)

(12)

(13)

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

(i) Unless it can be shown that the failure of all 3 independent power sources required by
paragraph (8) above is extremely improbable, following failure of these 3 independent
power sources, a fourth independent power source should be available that is capable of
providing power to the essential functions referred to in paragraph (7) for continued safe
flight and landing to an adequate ETOPS en-route alternate aerodrome

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

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

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

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

Fuel system

(i) The aeroplane fuel system should provide fuel pressure and flow to the engine(s) in
accordance with CS 25.951 and 25.955 for any fuel pump power supply failure condition
not shown to be extremely improbable.

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

Time-limited system

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

Time-limited system capability, if any, must be defined and stated in the Aeroplane Flight
Manual or AFM-supplement and CMP document.

Operation in icing conditions

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

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

1 Extremely improbable is defined in C525.1309 and AMC to CS 25.1309.
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(14)

(15)

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

The extent of ice accumulation on unprotected surfaces should consider the maximum super
cooled liquid water catch at one-engine inoperative and depressurisation cruise altitudes.
Substantiated icing scenario(s) should be assumed to occur during the period of time when icing
conditions are forecast. The icing episode(s) assumed should be agreed with the Agency. The
probability of icing longer than that assumed, and agreed for the icing episode(s), in
combination with the probability of the aeroplane having to operate in icing conditions (e.g.
engine in-flight shut down or decompression) should be shown to be extremely improbable.

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 therefore are required in the CMP standard
document, the specific maintenance information should be easily retrievable and clearly
referenced and identified in an appropriate maintenance document.

Engine Condition Monitoring.

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

SECTION 8: ANALYSIS OF FAILURE EFFECTS AND RELIABILITY

8.1

8.2

General

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

Propulsion systems

(i)  An assessment of the propulsion system's reliability for particular airframe/engine
combinations should be made in accordance with section 6 and Appendix 1.

(ii)  The analysis should consider:

(A)  Effects of operation with a single-propulsion system (i.e., high-power demands
including extended use of MCT and bleed requirements, etc.) and include 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 valve failures, fuel mismanagement, ability to detect and isolate
leaks, etc.).

(C)  Effects of other failures, external conditions, maintenance and crew errors, that
could jeopardise the operation of the remaining propulsion system, should be
examined.
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8.3

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

Airframe systems

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

The analysis should consider:

(i)

(ii)

(iii)

(iv)

Hydraulic Power and Flight Control

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

Consideration of these systems may be combined, since many commercial aeroplanes
have full hydraulically powered controls. For aeroplanes with all flight controls being
hydraulically powered, evaluation of hydraulic system redundancy should show that
single failures or failure combinations, not shown to be extremely improbable, do not
preclude continued safe flight and landing at an ETOPS en-route alternate aerodrome. As
part of this evaluation, the loss of any parts of the hydraulic systems and any engine
should be assumed to occur unless it is established during failure evaluation that there
are no sources of damage or the 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
section 7 will not be required for airframe systems, where for basic (non-ETOPS) Type
Design Approval compliance with CS 25.1309, or its equivalent, has already been shown.

Services Provided by Electrical Power

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

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

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

Equipment Cooling

An analysis should establish 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 section 7 will not be required for airframe systems, where for basic (non-
ETOPS) Type Design Approval (TDA), compliance with CS 25.1309, or its equivalent, has
already been shown.

Cargo Compartment

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

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

(B)  Fire Protection

The capacity/endurance of the cargo compartment fire suppression system should
be established.

(v)  Cabin Pressurisation

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

(vi)  Cockpit and Cabin Environment

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

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

SECTION 9: ASSESSMENT OF FAILURE CONDITIONS
In assessing the fail-safe features and effects of failure conditions, account should be taken of:

(1)  Thevariations 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 or related conditions existing within the aeroplane which may affect the ability
of the crew to deal with direct effects, such as the presence of smoke, aeroplane accelerations,
interruption of air-to-ground communication, cabin pressurisation problems, etc.

(3) Aflight test should be conducted by the (S)TC holders and witnessed by the Agency to validate
expected aeroplane flying qualities and performance considering propulsion system failure,
electrical power 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 (S)TC holders data base, this
flight test could also be used as a means for approving the basic aerodynamic and engine
performance data used to establish the aeroplane performance identified in chapter IIl.

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

Safety assessments should determine:

(i) The effect of the initial failure condition on the capability of the aeroplane to cope with
adverse conditions at the diversion airport, and
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(ii)  The means available to the crew to assess the extent and evolution of the situation during
a prolonged diversion.

The aeroplane flight manual and the flight crew warning and alerting and display systems should
provide clear information to enable the flight crew to determine when failure conditions are
such that a diversion is necessary.

The assessment of the reliability of propulsion and airframe systems for a particular
airframe/engine combination will be contained in the Agency approved Aeroplane Assessment
Report. In the case the Agency is validating the approval issued by a third country certification
authority, the report may incorporate the assessment report established by the latter.

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

SECTION 10: ISSUE OF THE ETOPS TYPE DESIGN APPROVAL

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

(1) Thetype design approval, the Maximum Approved Diversion Time and demonstrated capability
of any time-limited systems will be reflected in the approved AFM or AFM-Supplement, and the
aeroplane and engine Type Certification Data Sheet or Supplemental Type Certificate which
contain directly or by reference the following pertinent information, as applicable:

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

(ii)  additional markings or placards (if required);

(iii)  revision to the performance section of the AFM to include the data required by
Appendix 4 paragraph 10;

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

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

(vi) astatement to the effect that:

“The Type design, systems reliability and performance of the considered airplane/engine
models combinations have been evaluated by the Agency in accordance with CS-25, CS-
E and AMC 20-6 and found suitable for ETOPS operations when configured, maintained
and operated in accordance with this document. This finding does not constitute an
approval to conduct ETOPS operations.”

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

(i) special limitations (if necessary), including any limitations associated with the Maximum
Approved Diversion Time should be established;
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(ii)  additional markings or placards (if required);

(iii)  description or reference to a document containing the approved engine configuration.

SECTION 11: CONTINUED AIRWORTHINESS OF THE ETOPS TYPE DESIGN APPROVAL

(1) The Agency willinclude the consideration of extended range operation in its normal surveillance
and design change approval functions.

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

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

— issue an Emergency Conformity Information?.

(3) The Reliability Tracking Board will periodically check that the airframe/propulsion system
reliability requirements for extended range operation are achieved or maintained. For mature
ETOPS products the RTB may be replaced by the process to monitor their reliability as defined
in Appendix 1, section 6.b and Appendix 2, section 5.c.

Note: Periodically means in this context two years.

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

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

Chapter Ill OPERATIONAL APPROVAL CONSIDERATIONS
SECTION 1: APPLICABILITY

This acceptable means of compliance is for operators seeking an ETOPS operational approval to
operate:

(1) Two-engine aeroplanes with a maximum passenger seating configuration of 20 or more, or with
a maximum take-off mass of 45 360 kg or more, in excess of 60 minutes at the approved one-
engine-inoperative speed (under standard conditions in still air) from an adequate aerodrome;

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

SECTION 2: COMPETENT AUTHORITY

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

1 See EASA Airworthiness Directive Policy reference C.Y001-01 (28.07.08).
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Nevertheless, as the operational approval requires the operator to comply with the continuing
airworthiness requirements of Annex 8 of this AMC, the operator has to ensure that the specific ETOPS
elements related to continuing airworthiness are approved by the Competent Authority designated in
Annex | (Part-M) to Regulation (EC) 2042/2003.

SECTION 3: APPLICABLE OPERATIONAL REQUIREMENTS

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

SECTION 4: MEthods for obtaining ETOPS Operations APPROVAL

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

— “Accelerated ETOPS approval”, does not require prior in-service experience with the candidate
airframe/engine combination;

— “In-service ETOPS Approval”, based on a pre-requisite amount of prior in-service experience
with the candidate airframe/engine combination. Elements from the “accelerated ETOPS
approval” method may be used to reduce the amount of prior in-service experience.

SECTION 5: ACCELERATED ETOPS APPROVAL

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

The Accelerated ETOPS approval process includes the following phases:

—  Application phase

— Validation of the operator’s ETOPS processes

— Validation of Operator ETOPS Continuing Airworthiness and Operations Capability
— Issue of ETOPS Operations Approval by the competent authority

5.1 Application phase

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

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

1. the proposed routes and the ETOPS diversion time necessary to support those
routes;
2. The proposed one-engine-inoperative cruise speed, which may be area specific

depending upon anticipated aeroplane loading and likely fuel penalties associated
with the planned procedures;

1 EU-OPS until operational requirements Part-SPA Subpart-ETOPS are in force.

Powered by EASA eRules Page 87 of 651| Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-6
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

(B)

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

The resources allocated to each ETOPS process to initiate and sustain ETOPS
operations in a manner that demonstrates commitment by management and all
personnel involved in ETOPS continuing airworthiness and operational support;

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

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

Operator ETOPS process elements

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

1.

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

Compliance with the continuing airworthiness requirements as defined in
Appendix 8, which should include:

a. A Maintenance Programme;

b. a proven ETOPS Reliability Programme;

C. A proven QOil Consumption Monitoring Programme;
d. A proven Engine Condition Monitoring and Reporting system;
e. A propulsion system monitoring programme;

f. An ETOPS parts control programme;
g. A proven plan for resolution of aeroplane discrepancies.
ETOPS operations manual supplement or its equivalent in the Operations Manual;

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

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

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

Procedures to ensure the availability of meteorological information and MEL
appropriate to ETOPS; and

Flight crew and dispatch personnel familiar with the ETOPS routes to be flown; in
particular the requirements for, and selection of ETOPS en-route alternate
aerodromes.
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5.2

(C)  Process elements Documentation:
Documentation should be provided for the following elements:

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

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

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

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

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

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

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

Validation of the Operator’s ETOPS Processes

This section identifies process elements that need to be validated and approved prior to the
start of Accelerated ETOPS. For a process to be considered proven, the process should first be
described, including a flow chart of process elements. The roles and responsibilities of the
personnel managing the process should be defined including any training requirement. The
operator should demonstrate that the process is in place and functions as intended. This may
be accomplished by providing data, documentation and analysis results and/or by
demonstrating in practise that the process works and consistently provides the intended
results. The operator should also demonstrate that a feedback loop exists to facilitate the
surveillance of the process, based on in-service experience.

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

(A)  Reduction in the validation requirements:

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

1. Experience with other airframes and/or engines;

2. Previous ETOPS experience;
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(B)

(€)

(D)

3. Experience with long range, over-water operations with two, three or four engine
aeroplanes;

4, Any experience gained by flight crews, continuing airworthiness personnel and
flight dispatch personnel, while working with other ETOPS approved operators,
particularly when such experience is with the same airframe or airframe/engine
combination.

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

Validation programme:

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

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

2. The operator should state in its application any policy guidance to personnel
involved in the ETOPS 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;

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

4, A means should be established to monitor and report performance with respect to

accomplishment of tasks associated with ETOPS process elements. Any
recommended changes resulting from the validation programme to ETOPS
continuing airworthiness and/or operational process elements should be defined.

Documentation requirements for the process validation

The operator should:

1. Document how each element of the ETOPS process was utilised during the
validation;
2. Document any shortcomings with the process elements and measures in place to

correct such shortcomings;

3. Document any changes to ETOPS processes, which were required after an in-flight
shut down (IFSD), unscheduled engine removals, or any other significant
operational events;

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

Validation programme information

Prior to the start of the validation process, the following information should be submitted
to the competent authority:
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1. Validation periods, including start dates and proposed completion dates;

2. Definition of aeroplane to be used in the validation (List should include registration
numbers, manufacturer and serial number and model of the airframe and engines);

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

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

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

5.3 Validation of Operator ETOPS Continuing Airworthiness and Operations Capability

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

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

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

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

5.4 ETOPS Operations Approval issued by the Competent Authority

Operations approvals granted with reduced in-service experience may be limited to those areas
determined by the competent authority at time of issue. An application for a change is required
for new areas to be added.

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

SECTION 6: IN-SERVICE ETOPS APPROVAL
Approval based on in-service experience on the particular airframe/engine combination.
6.1 Application

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

6.2  Operator Experience

Each operator seeking approval via the in-service route should provide a report to the
competent authority, indicating the operator’s capability to maintain and operate the specific
airframe/engine combination for the intended extended range operation. This report 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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Each operator requesting Approval to conduct ETOPS beyond 180 minutes should already have
ETOPS experience and hold a 180 minute ETOPS approval.

Note 1: The operator’s authorised maximum diversion time may be progressively increased by
the competent authority as the operator gains experience on the particular airframe/engine
combination. Not less than 12 consecutive months experience will normally be required before
authorisation of ETOPS up to 180 minutes maximum diversion time, unless the operator can
demonstrate compensating factors. The factors to consider may include duration of experience,
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.

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 competence to 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.)

6.3 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 objective in 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 system reliability
with related types of power units should also be reviewed, as well as its record of achieved
systems reliability with the airframe/engine combination for which 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.

6.4 Validation of Operator ETOPS Continuing Airworthiness and Operations Capability

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

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

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

Upon successful completion of a validation flight, where required, the operational specifications
and manuals should be modified accordingly to include approval for ETOPS as applicable.
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6.5 ETOPS Operations Approval issued by the Competent Authority

Operations approvals based on in-service experience are limited to those areas agreed by the
Competent Authority at time of issue. Additional approval is required for new areas to be added.

The approval issued by the Competent Authority for ETOPS should specifically include
provisions as described in Appendix 3 section 4.

SECTION 7: ETOPS APPROVAL CATEGORIES

There are 4 approval categories:

— Approval for 90 minutes or less diversion time

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

— Approval for diversion times above 180 minutes of operators of two-engine aeroplanes with a
maximum passenger seating configuration of 19 or less and a maximum take-off mass less than
45 360 kg

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

7.1 REQUIREMENTS COMMON TO ALL ETOPS APPROVAL CATEGORIES:
(i) Continuing Airworthiness

The operator should comply with the continuing airworthiness considerations of
Appendix 8.

(ii)  Release Considerations
(A)  Minimum Equipment List (MEL)

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

(B) Weather

To forecast terminal and en-route weather, an operator should only use weather
information systems that are sufficient reliable and accurate in the proposed area
of operation.

(C)  Fuel

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

(iii)  Flight Planning

The effects of wind and temperature at the one-engine-inoperative cruise altitude should
be accounted for in the calculation of equal-time point. In addition to the nominated
ETOPS en-route alternates, the operator should provide flight crews with information on
adequate aerodromes on the route to be flown which are not forecast to meet the ETOPS
en-route alternate weather minima. Aerodrome facility information and other
appropriate planning data concerning these aerodromes should be provided before
commencement of the flight to flight crews for use when executing a diversion.
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7.2

(iv)

(v)

(vi)

Flight Crew Training

The operator’s ETOPS training programme should provide initial and recurrent training
for flight crew in accordance with Appendix 6.

En-route Alternate

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

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

For all routes where voice communication facilities are available, the communication
equipment required by operational requirements should include at least one voice-based
system.

SPECIFIC REQUIREMENTS:

7.2.1

7.2.2

APPROVAL FOR 90 MINUTES OR LESS DIVERSION TIME

The Operator’s Approved Diversion Time is an operational limit that should not exceed
either:

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

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

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

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

APPROVAL FOR DIVERSION TIME ABOVE 90 MINUTES UP TO 180 MINUTES

Prior to approval, the operator’s capability to conduct operations and implement
effective ETOPS programmes, in accordance with the criteria detailed in this AMC and the
relevant appendices, will be examined.

The Operator’s Approved Diversion Time is an operational limit that should not exceed
either:

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

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

In the case of an aircraft approved for 120 minutes Maximum Approved Diversion
Time, an operator may request an increase in the operator’s approved diversion
time for specific routes provided:

1. The requested Operator’s Approved Diversion Time does not exceed either:

— 115% of the Maximum Approved Diversion Time or,
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—  the time-limited system capability minus 15 minutes.

2. The aeroplane fuel carriage supports the requested Operator’s Approved
Diversion Time.

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

Such increases will require:

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

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

i) Additional Considerations for aircraft with 180 minutes Maximum Approved
Diversion Time

In the case of an aircraft certified for 180 minutes Maximum Approved Diversion
Time, an operator may request an increase in the operator’s approved diversion
time for specific routes provided:

1. The requested Operator’s Approved Diversion Time does not exceed either:
— 115% of the Maximum Approved Diversion Time or,
— the time-limited system capability minus 15 minutes

2. The aeroplane fuel carriage supports the requested Operator’s Approved
Diversion Time diversion time

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

Such increases will require:

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

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

7.2.3 APPROVAL FOR DIVERSION TIME ABOVE 180 MINUTES

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

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

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

(i) Operating limitations

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

(A)  Engine-related time-limited systems capability minus 15 minutes at the
approved one-engine-inoperative cruise speed; and

(B)  Non engine-related time-limited system capability minus 15 minutes, such
as cargo fire suppression, or other non engine-related system capability at
the all engine operative cruise speed.

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

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

7.2.4 APPROVAL FOR DIVERSION TIMES ABOVE 180 MINUTES OF OPERATORS OF TWO-ENGINE
AEROPLANES WITH A MAXIMUM PASSENGER SEATING CONFIGURATION OF 19 OR LESS
AND A MAXIMUM TAKE-OFF MASS LESS THAN 45 360 KG

(i) Type Design

The airframe/engine combination should have the appropriate Type Design
approval for the requested maximum diversion times in accordance with the
criteria in CS 25.1535 and chapter Il ‘Type Design Approval Considerations’ of this
AMC.

(ii)  Operations Approval

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

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

SECTION 8: ETOPS OPERATIONS MANUAL SUPPLEMENT

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

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

An example outline of ETOPS Operations Manual Supplement content is provided in Appendix 7 to
this AMC.
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SECTION 9: FLIGHT PREPARATION AND IN-FLIGHT PROCEDURES

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

The procedures and manual should require that sufficient information is available for the aeroplane
pilot-in-command, to satisfy him/her that the status of the aeroplane and relevant airborne systems
is appropriate for the intended operation. The manual should also include guidance on diversion
decision-making and en-route weather monitoring.

Additional guidance on the content of the “Flight Preparation and In-Flight Procedures” section of the
operations manual is provided in Appendix 4 to this AMC.

SECTION 10: OPERATIONAL LIMITATIONS

The operational limitations to the area of operations and the Operator’s Approved Diversion Time are
detailed in Appendix 3 to this AMC — “Operational Limitations”.

SECTION 11: ETOPS EN-ROUTE ALTERNATE AERODROMES

An operator should select ETOPS en-route alternate aerodromes in accordance with the applicable
operational requirements and Appendix 5 to this AMC - Route Alternate.

SECTION 12: INITIAL/RECURRENT TRAINING

An operator should ensure that prior to conducting ETOPS, each crew member has completed
successfully ETOPS training and checking in accordance with a syllabus compliant with Appendix 7 to
this AMC, approved by the Competent Authority and detailed in the Operations Manual.

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

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

SECTION 13: CONTINUING SURVEILLANCE

The fleet-average IFSD rate for the specified airframe/engine combination will continue to be
monitored in accordance with Appendices 1, 2 and 8. As with all other operations, the Competent
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 continues to be conducted safely. In the event
that an acceptable level of reliability is not maintained, if significant adverse trends exist, or if
significant deficiencies are detected in the type design or the conduct of the ETOPS operation, then
the appropriate Competent Authority should initiate a special evaluation, impose operational
restrictions if necessary, and stipulate corrective action for the operator to adopt in order to resolve
the problems in a timely manner. The appropriate Authority should alert the Certification Authority
when a special evaluation is initiated and make provisions for their participation.

[Amdt 20/7]

Powered by EASA eRules Page 97 of 651 | Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-6
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

ED Decision 2010/012/R
1. ASSESSMENT PROCESS

To establish by utilising service experience whether a particular airframe/engine combination
has satisfied the propulsion systems reliability requirements for ETOPS, an engineering
assessment will be made by the Agency, using all pertinent propulsion system data. To
accomplish the assessment, the Agency will need world fleet data (where available), and data
from various sources (the operator, the engine and aeroplane (S)TC holder) which should be
extensive enough and of sufficient 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 particular
airframe/engine combination satisfies the relevant criteria. Included in the statement, if the
operation is approved, will be the engine build standard, propulsion system configuration,
operating condition and limitations required to qualify the propulsion system as suitable for
ETOPS.

Alternatively, where type design approval for Early ETOPS is sought at entry into service, the
engineering assessment can be based on substantiation by analysis, test, in-service experience
or other means, to show that the propulsion system will minimise failures and malfunctions and
will achieve an IFSD rate that is compatible with the specified safety target associated with total
loss of thrust.

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

2. RELIABILITY VALIDATION METHODS

There are two extremes in the ETOPS process with respect to maturity; one is the
demonstration of stable reliability by the accumulation of in-service experience and the other
is by a programme of design, test and analysis, agreed between the (S)TC holders and the
Agency. The extent to which a propulsion system is a derivative of previous propulsion systems
used on an ETOPS approved airplane is also a factor of the level of maturity. When considering
the acceptability of a propulsion system, maturity should be assessed not only in terms of total
fleet hours but also taking account of fleet leader time over a calendar time and the extent to
which test data and design experience can be used as an alternative.

a. Service Experience

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

Normally, the in-service experience will be:

(1)  For new propulsion systems: 100,000 engine hours and 12 months service. Where
experience on another aeroplane is applicable, a significant portion of the 100,000
engine hours should normally be obtained on the candidate aeroplane;
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(2)

(3)

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

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

(i) Turbomachinery;
(i)  Controls and accessories and control logic;
(iii)  Configuration hardware (piping, cables etc.);
(iv)  Aeroplane to engine interfaces and interaction:
(A)  Fire;
(B)  Thrust reverser;
(C)  Avionics;
(D) etc.

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

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

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

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

(i)  To what extent compensating factors, such as design 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 IFSD rate.
See paragraph 3 ‘Risk Management and Risk Model’.

Data Required for the Assessment

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

(A) date;
(B) airline;

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

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

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

(ii)  All occurrences where the intended thrust level was not achieved, or where
crew action was taken to reduce thrust below the normal level (for whatever
reason):

(iii)  Unscheduled engine removals/shop visit rates;
(iv) Total engine hours and aeroplane cycles;

(v)  All events should be considered to determine their effects on ETOPS
operations;

(vi)  Additional data as required;

(vii) The Agency will also consider relevant design and test data.

b.  Early ETOPS

(1)

(2)

Acceptable Early ETOPS certification plan

Where type design approval for Early ETOPS is sought at the first entry into service,
the engineering assessment can be based on substantiation by analysis, test, in-
service experience, CS-E 1040 compliance or other means to show that the
propulsion system will minimise failures and malfunctions, and will achieve an IFSD
rate that is compatible with the specified safety target associated with catastrophic
loss of thrust. An approval plan, defining the early ETOPS reliability validation tests
and processes, must be submitted by the applicant to the Agency for agreement.
This plan must be implemented and completed to the satisfaction of the Agency
before an ETOPS type design approval will be granted for a propulsion system.

Propulsion System Validation Test

The propulsion system for which approval is being sought should be tested in
accordance with the following schedule. The propulsion system for this test should
be configured with the aeroplane installation nacelle and engine build-up
hardware representative of the type certificate standards.

Tests of simulated ETOPS service operation and vibration endurance should consist
of 3,000 representative service start-stop cycles (take-off, climb, cruise, descent,
approach, landing and thrust reverse), plus three simulated diversions at maximum
continuous thrust for the Maximum Approved Diversion Time for which ETOPS
eligibility is sought. These diversions are to be approximately evenly distributed
over the cyclic duration of the test, with the last diversion to be conducted within
100 cycles of the completion of the test.

This test must be run with the high speed and low speed main engine rotors
unbalanced to generate at least 90 percent of the applicant’s recommended
maintenance vibration levels. Additionally, for engines with three main engine
rotors, the intermediate speed rotor must be unbalanced to generate at least 90
percent of the applicant’s recommended acceptance vibration level. The vibration
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level shall be defined as the peak Ilevel seen during a slow
acceleration/deceleration of the engine across the operating speed range. Conduct
the vibration survey at periodic intervals throughout the 3000 cycle test. The
average value of the peak vibration level observed in the vibration surveys must
meet the 90% minimum requirement. Minor adjustments in the rotor unbalance
(up or down) may be necessary as the test progresses in order to meet the required
average vibration level requirement. Alternatively, to a method acceptable to the
Agency, an applicant may modify their test to accommodate a vibration level
marginally less than 90% or greater than 100% of the vibration level required in
lieu of adjusting rotor unbalance as the test progresses.

Each one hertz (60 rpm) bandwidth of the high speed rotor service start-stop cycle
speed range (take-off, climb, cruise, descent, approach, landing and thrust reverse)
must be subjected to 3x106 vibration cycles. An applicant may conduct the test in
any rotor speed step increment up to 200 rpm as long as the service start-stop
cycle speed range is covered. For a 200 rpm step the corresponding vibration cycle
count is to be 10 million cycles. In addition, each one hertz bandwidth of the high
speed rotor transient operational speed range between flight idle and cruise must
be subjected to 3x105 vibration cycles. An applicant may conduct the test in any
rotor speed step increment up to 200 rpm as long as the transient service speed
range is covered. For a 200 rpm step the corresponding vibration cycle count is to
be 1 million cycles.

At the conclusion of the test, the propulsion system must be:

(i) Visually inspected according to the applicant’s on-wing inspection
recommendations and limits.

(i)  Completely disassembled and the propulsion system hardware must be
inspected in accordance with the service limits submitted in compliance with
relevant instructions for continued airworthiness. Any potential sources of
in-flight shutdown, loss of thrust control, or other power loss encountered
during this inspection must be tracked and resolved in accordance with
paragraph 5 of this Appendix 1.

3. RISK MANAGEMENT AND RISK MODEL

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

a.

For ETOPS with a Maximum Approved Diversion Time of 180 minutes or less

An early review 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 10-6 per flying hour. The
reliability of aeroplane types approved for extended range operation should be such that
they achieve at least as good an accident record as equivalent technology equipment.
The overall target of 0 3 x 10-6 per flying hour has therefore been chosen as the safety
target for ETOPS approvals up to 180 minutes.

When considering safety targets, an accepted practice is to allocate appropriate portions
of the total to the various potential contributing factors. By applying this practice to the
overall target of 0:3 x 10 -6 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 10-8 per flying hour.
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Propulsion system related accidents may result from 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 after application of the corrective actions
identified during the engineering assessment (see Appendix 1, section 4: ENGINEERING
ASSESSMENT. CRITERIA FOR ACCEPTABLE RELIABILITY VALIDATION METHODS), 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.

Target IFSD Rates vs Diversion Time
2-engined aeroplane
Diversion Times 180 minutes or less
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Figure 1
b. For ETOPS with a Maximum Approved Diversion Time of greater than 180 minutes

The propulsion systems IFSD rate target should be compatible with the objective that the
catastrophic loss of thrust from independent causes is no worse than extremely
improbable, based on maximum ETOPS flight duration and maximum ETOPS rule time.

For ETOPS with Maximum Approved Diversion Times longer than 180 minutes, to meet
this objective the powerplant installations must comply with the safety objectives of
CS 25.1309, the goal should be that the catastrophic loss of thrust from independent
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causes should be extremely improbable (see AMC 25.1309). The defined target for ETOPS
approvals with diversion times of 180 minutes or less, for catastrophic loss of thrust from
independent causes, is 0.3x10%8/hr (see paragraph 3 of this Appendix). This target was
based on engine IFSD rates that were higher than can be and are being achieved by
modern ETOPS airframes/engines. To achieve the same level of safety for ETOPS
approvals beyond 180 minutes as has been achieved for ETOPS approvals of 180 minutes
or less, the propulsion system reliability IFSD rate target needs to be set and maintained
at a level that is compatible with an Extremely Improbable safety objective (i.e. 1.0x10°/
flight hr).

For example, a target overall IFSD rate of 0.01/1000 hr. (engine hours) that is maintained
would result in the loss of all thrust on two engine aeroplanes being extremely
improbable even assuming the longest time envisaged. The risk model formula
summarised for a two-engine aeroplane is:

p/flight hour = [2(Cr x{T-t}) x Mr(t)] divided by T
(1) pisthe probability of a dual independent propulsion unit failure on a twin,
(2) 2 is the number of opportunities for an engine failure on a twin (2),

(3) Criscruise IFSD rate (0.5x overall rate), Mr is max continuous IFSD rate (2x overall
rate), T is planned max flight duration in hours (departure to planned arrival
airport), and t is the diversion or flight time in hours to a safe landing. IFSD rates,
based on engine manufacturers’ historical data from the last ten years of modern
large turbofan engines, presented to the JAA/EASA and ARAC ETOPS working
groups, have shown cruise IFSD rates to be of the order of 0.5x overall rate, and
the max continuous IFSD rate (estimated from engine fleet analysis) to be 2x
overall rate. Then, for an IFSD goal of .010/1000EFH overall, the cruise IFSD rate is
.005/1000EFH, and the max continuous rate is .020/1000EFH.

(4) Sample calculation (max flight case scenario): assume T = 20 hour max flight
duration, an engine failure after 10 hours, then continued flight time required is t
= 10 hours, using the ETOPS IFSD goal of .010/1000EFH or less, results in a
probability of p=1 E-9/hour (i.e. meets extremely improbable safety objective from
independent causes).
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4. ENGINEERING ASSESSMENT CRITERIA FOR ACCEPTABLE RELIABILITY VALIDATION METHODS

The following criteria identify some areas to be considered during the engineering assessment
required for either reliability validation method.

a.

There are maintenance programmes, engine on-wing health monitoring programmes,
and the promptness and completeness in incorporating engine service bulletins, etc., that
influence an operator’s ability to maintain a level of reliability. The data and information
required will form a basis from which a world-fleet engine shut down 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, including reliability validation
testing, for the particular airframe/engine combination. Significant failures are principally
those causing or resulting in in-flight shut down or flameout of the engine(s), but may
also include unusual ground failures and/or unscheduled removal of engines. In making
the assessment, consideration should be given to the following:

(1) The type of propulsion system, previous experience, whether the power-unit is
new or a derivative of an existing model, and the operating thrust level to be used
after one engine shutdown;
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(2)  The trends in the cumulative twelve month rolling average, updated quarterly, of
in-flight shutdown rates versus propulsion system flight hours and cycles;

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

(4) Maintenance actions recommended and performance and their effect on
propulsion system and APU failure rates;

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

(6) Intended maximum flight duration and maximum diversion in the ETOPS segment,
used in the extended range operation under consideration.

Engineering judgement will be used in the analysis of paragraph b. above, such that the
potential improvement in reliability, following the introduction of corrective actions
identified during the analysis, can be quantified.

The resultant predicted reliability level and the criteria developed in accordance with
section 3 (RISK MANAGEMENT AND RISK MODEL) should be used together to determine
the maximum diversion time for which the particular airframe/engine combination
qualifies.

The type design standard for type approval of the airframe/engine combination, and the
engine, for ETOPS will include all modifications and maintenance actions for which full or
partial credit is taken by the (S)TC holder and other actions required by the Agency to
enhance reliability. The schedule for incorporation of type design standard items should
normally be established in the Configuration, Maintenance and Procedures (CMP)
document, for example in terms of calendar time, hours or cycles.

When third country (S)TC holders’ and/or third country operator’s data are evaluated,
the respective foreign Authorities will be offered to participate in the assessment.

ETOPS Reliability Tracking Board (RTB)’s Findings.

Once an assessment has been completed and the RTB has documented its findings, the
Agency will declare whether or not the particular airframe/engine combination and
engine satisfy the relevant considerations of this AMC. ltems recommended qualifying
the propulsion system, such as maintenance requirements and limitations will be
included in the Assessment Report (chapter Il section 10 of this AMC).

In order to establish that the predicted propulsion system reliability level is achieved and
subsequently maintained, the (S) TC holder should submit to the Agency an assessment
of the reliability of the propulsion system on a quarterly basis. The assessment should
concentrate on the ETOPS configured fleet and should include ETOPS related events from
the non-configured fleet of the subject airframe/engine combination and from other
combinations utilising a related engine model.

5. EARLY ETOPS OCCURRENCES REPORTING & TRACKING

a.

The holder of a (supplemental) type certificate of an engine, which has been approved
for ETOPS without service experience in accordance with this AMC, should establish a
system to address problems and occurrences encountered on the engine that could affect
the safety of operations and timely resolution.
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b. The system should contain a means for: the prompt identification of ETOPS related
events, the timely notification of the event to the Agency, proposing a resolution of the
event and obtaining Agency’s approval. The implementation of the problem resolution
can be accomplished by way of Agency approved change(s) to the type design, the
manufacturing process, or an operating or maintenance procedure.

C. The reporting system should be in place for at least the first 100,000 fleet engine hours.
The reporting requirement remains in place until the fleet has demonstrated a stable in-
flight shut down rate in accordance with the targets defined in this Appendix 1.

d. For the early ETOPS service period, an applicant must define the sources and content of
the service data that will be made available to them in support of their occurrence
reporting and tracking system. The content of this data should be adequate to evaluate
the specific cause of all service incidents reportable under Part 21A.3(c), in addition to
the occurrences that could affect the safety of operations, and should be reported,
including:

(1)  In-flight shut down events and rates;
(2)  Inability to control the engine or obtain desired power;

(3)  Precautionary thrust reductions (except for normal troubleshooting as allowed in
the aircraft flight manual);

Degraded propulsion in-flight start capability;

un-commanded power changes or surges.

)
)
(6)  diversion or turn-back
) failures or malfunctions of ETOPS significant systems
)

Unscheduled engine removals for conditions that could result in one of the
reportable items listed above.

6. CONTINUED AIRWORTHINESS OF TYPE DESIGN

For ETOPS, the Agency will periodically review its original findings by means of a Reliability
Tracking Board. In addition, the Agency document containing the CMP standard will be revised
as necessary.

Note: The Reliability Tracking Board will usually comprise specialists from aeroplane and engine
disciplines (see also Appendix 2).

Periodic meetings of the ETOPS Reliability Tracking Board are normally frequent at the start of
the assessment of a new product. The periodicity is adjusted by the Agency upon accumulation
of substantial service experience if there is evidence that the reliability of the product is
sufficiently stable. The periodic meetings of the board are discontinued once an ETOPS product,
or family of products, has been declared mature by the Agency.

Note: The overall engine IFSD rate should be viewed as a world-fleet average target figure of
engine reliability (representative of the airframe/engine combination being considered) and if
exceeded, may not, in itself, trigger action in the form of a change to the ETOPS design standard
or a reduction in the ETOPS approval status of the engine. The actual IFSD rate and its causes
should be assessed with considerable engineering judgement. For example, a high IFSD rate
early after the commencement of the operation may be due to the limited number of hours
contributing to the high rate. There may have been only one shut down. The underlying causes
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have to be considered carefully. Conversely, a particular single event may warrant corrective
action implementation, even though the overall IFSD rate objective is being achieved.

a.

Mature ETOPS products

A family of ETOPS products with a high degree of similarity is considered as mature ones

if:

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

(2)  The product family has accumulated service experience covering a comprehensive
spectrum of operating conditions (e.g. cold, hot, high, and humid);

(3) Each ETOPS approved model or variant in the family has achieved the reliability
objectives for ETOPS and has remained stable at or below the objectives fleet-wide
for at least two years;

New models or significant design changes may not be considered mature until they have
individually satisfied the condition of paragraph 6.a above.

The Agency makes the determination of when a product or a product family is considered
mature.

Surveillance of mature ETOPS products

The (S)TC holder of an ETOPS product which the Agency has found mature, should
institute a process to monitor the reliability of the product in accordance with the
objectives defined in this Appendix 1. In case of occurrence of an event or series of events
or a statistical trend that implies a deviation of the reliability of the ETOPS fleet, or a
portion of the ETOPS fleet (e.g. one model or a range of serial numbers), above the limits
specified for ETOPS in this AMC, the (S)TC holder should:

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

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

(3) Inform the Agency and propose the necessary corrective action(s) to be mandated
by the Agency through an AD if a direct safety concern exists.

In the absence of a specific event or trend requiring action, the (S)TC holder should
provide the Agency with the basic statistical indicators prescribed in this Appendix 1 on a
yearly basis.

Minor Revision of the ETOPS CMP Document

A Minor Revision of the ETOPS CMP document is one that contains only editorial
adjustments, 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 which are introduced as a means to control the
continued compliance with the reliability objectives of ETOPS.

Minor revisions of the ETOPS CMP document should be approved by authorised
signatories personnel of the (S)TC holder under the provisions of its approved Design
Organisation Handbook.
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7. DESIGN ORGANISATION APPROVALS

(S)TC holders of products approved for ETOPS should hold a Design Organisation Approval
(DOA) conforming to EASA Part-21, with the appropriate terms of approval and privileges. Their
approved Design Organisation Handbook (DOH) must contain an appropriate description of the
organisation and procedures covering all applicable tasks and responsibilities of EASA Part-21
and this AMC.

[Amdt 20/7]
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ED Decision 2010/012/R
1. ASSESSMENT PROCESS

The intent of this Appendix is to provide additional clarification to sections 7 and 8 of chapter Il
of this AMC. Airframe systems are required to show compliance with CS 25.1309. To establish
whether a particular airframe/engine combination has satisfied the reliability requirements
concerning the aircraft systems for extended range operations, an assessment will be made by
the Agency, using all pertinent systems data provided by the applicant. To accomplish this
assessment, the Agency will need world-fleet data (where available) and data from various
sources (operators, (S)TC holder, original equipment manufacturers (OEM)). This data should
be extensive enough and of sufficient maturity to enable the Agency to assess with a high level
of confidence, using engineering and operational judgement, that the risk of systems failures
during a normal ETOPS flight or a diversion, is sufficiently low in direct relationship with 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, if the airframe/engine combination satisfy the relevant criteria, 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.

Alternatively, where type design approval for Early ETOPS is sought at first entry into service,
the engineering assessment can be based on substantiation by analysis, test, in-service
experience or other means to show that the airframe significant systems will minimise failures
and malfunctions, and will achieve a failure rate that is compatible with the specified safety
target.

2. SYSTEM SAFETY ASSESSMENT ‘SSA’ (including reliability analysis)

The System Safety Assessment (SSA) which should be conducted in accordance with CS 25.1309
for all ETOPS significant systems should follow the steps below:

a. Conduct a (supplemental) Functional Hazard Assessment (FHA) considering the ETOPS
missions. In determining the effect of a failure condition during an ETOPS mission, the
following should also be reviewed:

(1) Crew workload over a prolonged period of time;
(2)  Operating conditions at single engine altitude;

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

b. Introduce any additional failure scenario/objectives necessary to comply with this AMC.

c. For compliance demonstration of ETOPS significant system reliability to CS 25.1309 there
will be no distinction made between ETOPS group 1 and group 2 systems. For qualitative
analysis (FHA), the maximum flight time and the maximum ETOPS diversion time should
be considered. For quantitative analysis (SSA), the average ETOPS mission time and
maximum ETOPS diversion time should be considered. Consideration should be given to
how the particular airframe/engine combination is to be utilised, and analyse the
potential route structure and city pairs available, based upon the range of the aeroplane.

d. Consider effects of prolonged time and at single engine altitude in terms of continued
operation of remaining systems following failures.
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Specific ETOPS maintenance tasks, intervals and specific ETOPS flight procedures
necessary to attain the safety objectives, shall be included in the appropriate approved
documents (e.g. CMP document, MMEL).

Safety assessments should consider the flight consequences of single or multiple system
failures leading to a diversion and the probability and consequences of subsequent
failures or exhaustion of the capacity of time critical systems, which might occur during
the diversion.

Safety assessments should determine whether a diversion should be conducted to the
nearest aerodrome or to an aerodrome presenting better operating conditions,
considering:

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

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

The aircraft flight manual and the flight crew warning and alerting and display systems should
provide clear information to enable the flight crew to determine when failure conditions are
such that a diversion is necessary.

3. RELIABILITY VALIDATION METHODS

There are two extremes in the ETOPS process with respect to maturity; one is the
demonstration of stable reliability by the accumulation of in-service experience and the other
is by a design, analysis and test programmes, agreed between the (S)TC holders and the
Agency/Authority.

a.

In-service Experience/Systems Safety Assessment (SSA)

In-service experience should generally be in accordance with that identified in Appendix 1
for each airframe/engine combination. When considering the acceptability of airframe
systems for ETOPS, maturity should be assessed in terms of used technology and the
particular design under review.

In performing the SSA’s, defined in paragraph 2 of this Appendix 2, particular account will
be taken of the following:

(1)  For identical or similar equipment to those used on other aeroplanes, the SSA
failure rates should be validated by in-service experience:

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

(i)  Where related experience is used to validate failure modes and rates, an
analysis should be produced to show the validity of the in-service
experience.

(iii)  In particular, if the same equipment is used on a different airframe/engine
combination, it should be shown that there is no difference in operating
conditions (e.g., vibrations, pressure, temperature) or that these differences
do not adversely affect the failure modes and rates.

(iv) If in-service experience with similar equipment on other aeroplanes is
claimed to be applicable, an analysis should be produced substantiating the
reliability figures used on the quantitative analysis. This substantiation
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analysis should include details of the differences between the similar and
new equipment, details of the in-service experience of the similar
equipment and details of any "lessons learnt" from modifications introduced
and included in the new equipment.

(v)  For certain equipment, (e.g., IDGs, TRUs, bleeds and emergency generators)
this analysis may have to be backed up by tests. This should be agreed with
the Agency.

(2)  For new or substantially modified equipment, account should be taken in the SSA
for the lack of validation of the 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 the subject equipment.

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

b.  Early ETOPS

Where type design approval for Early ETOPS is sought at the first entry into service of the
airframe/engine combination, the engineering assessment can be based on
substantiation by analysis, test, in-service experience (the same engine or airframe with
different engines) or other means, to show that the ETOPS significant systems will achieve
a failure rate that is compatible with the specified safety objective. An approval plan,
defining the early ETOPS reliability validation tests and processes, should be submitted
by the (S)TC’s holders to the Agency for agreement. This certification plan should be
completed and implemented to the satisfaction of the Agency before an ETOPS type
design approval will be granted.

(1)  Acceptable Early ETOPS approval plan

In addition to the above considerations, the following should be complied with for
an Early ETOPS approval:

(i) Aeroplane Testing

For each airframe/engine combination that has not yet accumulated at least
15,000 engine hours in service, to be approved for ETOPS, one or more
aeroplanes should conduct flight testing which demonstrates that the
airframe/engine combination, its components and equipment are capable
for, and function properly, during ETOPS flights and ETOPS diversions. These
flight tests may be coordinated with, but they are not in place of flight testing
required in Part 21.35(b)(2).

The flight test programme should include:

(A)  Flights simulating actual ETOPS operation, including normal cruise
altitude, step climbs and APU operation if required for ETOPS;

(B) Demonstration of the maximum normal flight duration with the
maximum diversion time for which eligibility is sought;

(C) Engine inoperative maximum time diversions to demonstrate the
aeroplane and propulsion system’s capability to safely conduct an
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(ii)

ETOPS diversion, including a repeat of a MCT diversion on the same
engine;

(D)  Non-normal conditions to demonstrate the aeroplane’s capability to
safely conduct an ETOPS diversion under worst case probable system
failure conditions;

(E)  Diversions into representative operational diversionary airports;

(F)  Repeated exposure to humid and inclement weather on the ground
followed by long range operations at normal cruise altitude;

(G) The flight testing should validate the adequacy of the aeroplane’s
flying qualities, performance and flight crew’s ability to deal with the
conditions of paragraphs (C)/(D)&(E) above.

(H)  The engine-inoperative diversions must be evenly distributed among
the number of engines in the applicant’s flight test programme except
as required by paragraph (C) above.

(n The test aeroplane(s) must be operated and maintained using the
recommended operations and maintenance manual procedures
during the aeroplane demonstration test.

(J) At the completion of the aeroplane(s) demonstration testing, the
ETOPS significant systems must undergo an operation or functional
check per the Instructions for Continued Airworthiness of CS 25.1529.
The engines must also undergo a gas path inspection. These
inspections are intended to identify any abnormal conditions that
could result in an in-flight shutdown or diversion. Any abnormal
conditions must be identified, tracked and resolved in accordance
with subpart (2) below. This inspection requirement can be relaxed
for ETOPS significant systems similar in design to proven models.

(K)  Maintenance and Operational Procedures. The applicant must
validate all ETOPS significant systems maintenance and operational
procedures. Any problems found as a result of the validation must be
identified, tracked and resolved in accordance with paragraph subpart
(2) below.

APU Testing

If an APU is required for ETOPS, one APU of the type to be certificated with
the aeroplane should complete a test consisting of 3000 equivalent
aeroplane operational cycles. Following completion of the demonstration
test, the APU must be disassembled and inspected. Any potential sources of
in-flight start and/or run events should be identified, tracked and resolved
in accordance with paragraph subpart (2) below.

(2)  Early ETOPS Occurrence Reporting & Tracking

(i)

The holder of a (S)TC of an aeroplane which has been approved for ETOPS
without service experience in accordance with this AMC, should establish a
system to address problems and occurrences encountered on the airframe
and propulsion systems that could affect the safety of ETOPS operations and
timely resolution for these events;
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(i)  The system should contain a means for the prompt identification of ETOPS
related events, the timely notification of the event to the Agency and
proposing to, and obtaining Agency’s approval for the resolution of this
event. The implementation of the problem resolution can be accomplished
by way of an Agency approved change(s) to the type design, the
manufacturing process, or an operating or maintenance procedure.

(iii)  The reporting system should be in place for at least the first 100,000 flight
hours. The reporting requirement remains in place until the airframe and
propulsion systems have demonstrated stable reliability in accordance with
the required safety objectives

(iv)  If the airframe/engine combination certified is a derivative of a previously
certificated aeroplane, these criteria may be amended by the Agency, to
require reporting on only those changed systems.

(v)  Forthe early ETOPS service period, an applicant must define the sources and
content of in-service data that will be made available to them in support of
their occurrence reporting and tracking system. The content of this data
should be adequate to evaluate the specific cause of all service incidents
reportable under Part 21.A.3(c), in addition to the occurrences that could
affect the safety of ETOPS operations and should be reported, including:

(A)  In-flight shutdown events;
(B) Inability to control the engine or obtain desired power;

(C)  Precautionary thrust reductions (except for normal troubleshooting
as allowed in the Aircraft Flight Manual);

(D) Degraded propulsion in-flight start capability;

(E)  Inadvertent fuel loss or availability, or uncorrectable fuel imbalance in
flight;

(F)  Technical air turn-backs or diversions associated with an ETOPS Group
1 system;

(G) Inability of an ETOPS Group 1 system, designed to provide backup
capability after failure of a primary system, to provide the required
backup capability in-flight;

(H)  Anyloss of electrical power or hydraulic power system, during a given
operation of the aeroplane;

(n Any event that would jeopardise the safe flight and landing of the
aeroplane during an ETOPS flight.

4. CONTINUING SURVEILLANCE

In order to confirm that the predicted system reliability level is achieved and maintained, the
(S)TC holder should monitor the reliability of airframe ETOPS significant systems after entry into
service. The (S)TC’s holder should submit a report to the Agency, initially on a quarterly basis
(for the first year of operation) and thereafter on a periodic basis and for a time to be agreed
with the Agency. The monitoring task should include all events on ETOPS significant systems,
from both the ETOPS and non-ETOPS fleet of the subject family of airframes. This additional
reliability monitoring is required only for ETOPS Group 1 systems.
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5. CONTINUED AIRWORTHINESS

a.

Reliability Tracking Board

The Agency will periodically review its original findings by means of a Reliability Tracking
Board. In addition, the Agency document containing the CMP standard will be revised as
necessary.

Note: The Reliability Tracking Board will usually comprise specialists from aeroplane and
engine disciplines. (See also Appendix 1).

Periodic meetings of the ETOPS Reliability Tracking Board are normally frequent at the
start of the assessment of a new product. The periodicity is adjusted by the Agency upon
accumulation of substantial in-service experience if there is evidence that the reliability
of the product is sufficiently stable. The periodic meetings of the board are discontinued
once an ETOPS product, or family of products, has been declared mature by the Agency.

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

(1)  The product family has accumulated at least 250,000 flight hours for an aeroplane
family;

(2)  The product family has accumulated service experience covering a comprehensive
spectrum of operating conditions (e.g. cold, hot, high, humid);

(3) Each ETOPS approved model or variant in the family has achieved the reliability
objectives for ETOPS and has remained stable at or below the objectives fleet-wide
for at least two years;

New models or significant design changes may not be considered mature until they have
individually satisfied the conditions specified above.

The Agency makes the determination of when a product or a product family is considered
mature.

Surveillance of mature ETOPS products

The (S)TC holder of an ETOPS product which the Agency has found mature, should
institute a process to monitor the reliability of the product in accordance with the
objectives defined in this Appendix. In case of occurrence of an event, a series of events
or a statistical trend that implies a deviation of the reliability of the ETOPS fleet, or a
portion of the ETOPS fleet (e.g. one model or a range of serial numbers), above the limits
specified for ETOPS, the (S)TC should:

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

(2)  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;

(3) Inform the Agency and propose the necessary corrective action(s) to be mandated
by the Agency through an AD if a direct safety concern exists.

In the absence of a specific event or trend requiring action, the (S)TC holder should
provide the Agency with the basic statistical indicators prescribed in this Appendix 2 on a
yearly basis.
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d. Minor Revision of the ETOPS CMP Document

A Minor Revision of the ETOPS CMP document is one that contains only editorial
adjustments, configurations, maintenance and procedures equivalent to those already
approved by the Agency, or new reliability improvements which have no immediate
impact on the safety of ETOPS flights and which are introduced as a means to control the
continued compliance with the reliability objectives of ETOPS.

Minor revisions of the ETOPS CMP document should be approved by authorised
signatories of the Design Organisation and under the provisions of its approved Design
Organisation Handbook.

6. DESIGN ORGANISATION APPROVAL

(S)TC holders of products approved for ETOPS should hold a Design Organisation Approval
(DOA) conforming to EASA Part-21, with the appropriate terms of approval and privileges. Their
approved Design Organisation Handbook (DOH) must contain an appropriate description of the
organisation and procedures covering all applicable tasks and responsibilities of EASA Part-21
and this AMC.

[Amdt 20/7]
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ED Decision 2010/012/R

1. AREA OF OPERATION

An operator is, when specifically approved, authorised to conduct ETOPS flights within an area
where the diversion time, at any point along the proposed route of flight, to an adequate ETOPS
en-route alternate aerodrome, is within the operator’s approved diversion time (under
standard conditions in still air) at the approved one-engine-inoperative cruise speed.

2. OPERATOR’S APPROVED DIVERSION TIME

The procedures established by the operator should ensure that ETOPS is only planned on routes
where the Operator’s Approved Diversion Time to an Adequate ETOPS en-route alternate
Aerodrome can be met.

3. ISSUE OF THE ETOPS OPERATIONS APPROVAL BY THE COMPETENT AUTHORITY

The approval issued by the Competent Authority for ETOPS operations should be based on the
following information provided by the operator:

a. Specification of the particular airframe/engine combinations, including the current
approved CMP document required for ETOPS as normally identified in the AFM;

b. Authorised area of operation;

C. Minimum altitudes to be flown along planned and diversionary routes;

d. Operator’s Approved Diversion Time;

e. Aerodromes identified to be used, including alternates, and associated instrument

approaches and operating minima;
f. The approved maintenance and reliability programme for ETOPS;

g. Identification of those aeroplanes designated for ETOPS by make and model as well as
serial number and registration;

h. Specification of routes and the ETOPS diversion time necessary to support those routes;

i The one-engine-inoperative cruise speed, which may be area specific, depending upon
anticipated aeroplane loading and likely fuel penalties associated with the planned
procedures;

j. Processes and related resources allocated to initiate and sustain ETOPS operations in a
manner that demonstrates commitment by management and all personnel involved in
ETOPS continued airworthiness and operational support;

k. The plan for establishing compliance with the build standard required for Type Design
Approval, e.g. CMP document compliance.

[Amdt 20/7]
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ED Decision 2010/012/R
1. GENERAL

The flight release considerations specified in this paragraph are in addition to the applicable
operational requirements. They specifically apply to ETOPS. Although many of the
considerations in this AMC are currently incorporated into approved programmes for other
aeroplanes or route structures, the unique nature of ETOPS necessitates a re-examination of
these operations to ensure that the approved programmes are adequate for this purpose.

2. MINIMUM EQUIPMENT LIST (MEL)

The system redundancy levels appropriate to ETOPS should be reflected in the Master Minimum
Equipment List (MMEL). An operator’s MEL may be more restrictive than the MMEL considering
the kind of ETOPS operation proposed, equipment and in-service problems unique to the
operator. Systems and equipment considered to have a fundamental influence on safety may
include, but are not limited to, the following:

a. electrical;

b. hydraulic;

(o pneumatic;

d. flight instrumentation, including warning and caution systems;

e. fuel;

f. flight control;

g. ice protection;

h. engine start and ignition;

i propulsion system instruments;

j navigation and communications, including any route specific long range navigation and
communication equipment;

k. auxiliary power-unit;

I air conditioning and pressurisation;

m.  cargo fire suppression;

n. engine fire protection;
0. emergency equipment;
p. systems and equipment required for engine condition monitoring.

In addition, the following systems are required to be operative for dispatch for ETOPS
with diversion times above 180 minutes:

g. Fuel Quantity Indicating System (FQIS);

r. APU (including electrical and pneumatic supply to its designed capability), if necessary to
comply with ETOPS requirements;

s. Automatic engine or propeller control system;
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Communication system(s) relied on by the flight crew to comply with the requirement for
communication capability.

3. COMMUNICATION AND NAVIGATION FACILITIES

For releasing an aeroplane on an ETOPS flight, the operators should ensure that:

a.

Communications facilities are available to provide under normal conditions of
propagation at all planned altitudes of the intended flight and the diversion scenarios,
reliable two-way voice and/or data link communications;

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

4, FUEL SUPPLY

a.

General

For releasing an aeroplane on an ETOPS flight, the operators should ensure that it carries
sufficient fuel and oil to meet the applicable operational requirements and any additional
fuel that may be determined in accordance with this Appendix.

Critical Fuel Reserve

In establishing the critical fuel reserves, the applicant is to determine the fuel necessary
to fly to the most critical point (at normal cruise speed and altitude, taking into account
the anticipated meteorological conditions for the flight) and execute a diversion to an
ETOPS en-route alternate under the conditions outlined in this Appendix, the ‘Critical Fuel
Scenario’ (paragraph c. below).

These critical fuel reserves should be compared to the normal applicable operational
requirements for the flight. If it is determined by this comparison that the fuel to
complete the critical fuel scenario exceeds the fuel that would be on board at the most
critical point, as determined by applicable operational requirements, additional fuel
should be included to the extent necessary to safely complete the Critical Fuel Scenario.
When considering the potential diversion distance flown account should be taken of the
anticipated routing and approach procedures, in particular any constraints caused by
airspace restrictions or terrain.

Critical Fuel Scenario.

The following describes a scenario for a diversion at the most critical point. The applicant
should confirm compliance with this scenario when calculating the critical fuel reserve
necessary.

Note 1: If an APU is one of the required power sources, then its fuel consumption should
be accounted for during the appropriate phases of flight.

Note 2: Additional fuel consumptions due to any MEL or CDL items should be accounted
for during the appropriate phases of flight, when applicable.

The aeroplane is required to carry sufficient fuel taking into account the forecast wind
and weather to fly to an ETOPS route alternate assuming the greater of:

(1) Arapid decompression at the most critical point followed by descent to a 10,000 ft
or a higher altitude if sufficient oxygen is provided in accordance with the
applicable operational requirements.

(2)  Flight at the approved one-engine-inoperative cruise speed assuming a rapid
decompression and a simultaneous engine failure at the most critical point
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(3)

d. Icing

followed by descent to a 10,000 ft or a higher altitude if sufficient oxygen is
provided in accordance with the applicable operational requirements.

Flight at the approved one-engine-inoperative cruise speed assuming an engine
failure at the most critical point followed by descent to the one-engine-inoperative
cruise altitude.

Upon reaching the alternate, hold at 1500 ft above field elevation for 15 minutes
and then conduct an instrument approach and landing.

Add a 5% wind speed factor (i.e., an increment to headwind or a decrement to
tailwind) on the actual forecast wind used to calculate fuel in the greater of (1), (2)
or (3) above to account for any potential errors in wind forecasting. If an operator
is not using the actual forecast wind based on wind model acceptable to the
competent authority, allow 5% of the fuel required for (1), (2) or (3) above, as
reserve fuel to allow for errors in wind data. A wind aloft forecasting distributed
worldwide by the World Area Forecast System (WAFS) is an example of a wind
model acceptable to the competent authority.

Correct the amount of fuel obtained in paragraph c. above taking into account the greater

of:

(1)

(2)

the effect of airframe icing during 10% of the time during which icing is forecast
(including ice accumulation on unprotected surfaces, and the fuel used by engine
and wing anti-ice during this period).

fuel for engine anti-ice, and if appropriate wing anti-ice for the entire time during
which icing is forecast.

Note: Unless a reliable icing forecast is available, icing may be presumed to occur
when the total air temperature (TAT) at the approved one-engine-inoperative
cruise speed is less than +10°C, or if the outside air temperature is between 0°C
and -20°C with a relative humidity (RH) of 55% or greater.

The operator should have a programme established to monitor aeroplane in-
service deterioration in cruise fuel burn performance and including in the fuel
supply calculations sufficient fuel to compensate for any such deterioration. If
there is no data available for such a programme the fuel supply should be increased
by 5% to account for deterioration in cruise fuel burn performance.

5. ALTERNATE AERODROMES

To conduct an ETOPS flight, the ETOPS en-route alternate aerodromes, should meet the
weather requirements of planning minima for an ETOPS en-route alternate aerodromes
contained in the applicable operational requirements. ETOPS planning minima apply until
dispatch. The planned en-route alternates for using in the event of propulsion system failure or
aeroplane system failure(s) which require a diversion should be identified and listed in the
cockpit documentation (e.g. computerised flight plan) for all cases where the planned route to
be flown contains an ETOPS point

See also Appendix 5 to this AMC ‘ETOPS En-route Alternate Aerodromes’.
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6. IN-FLIGHT RE-PLANNING AND POST-DISPATCH WEATHER MINIMA

An aeroplane whether or not dispatched as an ETOPS flight may not re-route post dispatch
without meeting the applicable operational requirements and satisfy by a procedure that
dispatch criteria have been met. The operator should have a system in place to facilitate such
re-routes.

Post-dispatch, weather conditions at the ETOPS en-route alternates should be equal to or better
than the normal landing minima for the available instrument approach.

7. DELAYED DISPATCH

If the dispatch of a flight is delayed by more than one hour, pilots and/or operations personnel
should monitor weather forecasts and airport status atthe nominated en-route alternates to
ensure that they stay within the specified planning minima requirements until dispatch.

8. DIVERSION DECISION MAKING

Operators shall establish procedures for flight crew, outlining the criteria that indicate when a
diversion or change of routing is recommended whilst conducting an ETOPS flight. For an ETOPS
flight, in the event of the shutdown of an engine, these procedures should include the shutdown
of an engine, fly to and land at the nearest aerodrome appropriate for landing.

Factors to be considered when deciding upon the appropriate course of action and suitability
of an aerodrome for diversion may include but are not limited to:

a. Aircraft configuration/weight/systems status;

b. Wind and weather conditions en route at the diversion altitude;
c. Minimum altitudes en route to the diversion aerodrome;
d. Fuel required for the diversion;

e. Aerodrome condition, terrain, weather and wind;

f. Runways available and runway surface condition;

g. Approach aids and lighting;

h. RFFS* capability at the diversion aerodrome;

i Facilities for aircraft occupants - disembarkation & shelter;
j. Medical facilities;

k. Pilot’s familiarity with the aerodrome;

l. Information about the aerodrome available to the flight crew.

Contingency procedures should not be interpreted in any way that prejudices the final authority
and responsibility of the pilot-in-command for the safe operation of the aeroplane.

Note: for an ETOPS en-route alternate aerodrome, a published RFFS category equivalent to
ICAO category 4, available at 30 minutes notice, is acceptable.

9. IN-FLIGHT MONITORING

During the flight, the flight crew should remain informed of any significant changes in conditions
at designated ETOPS en-route alternate aerodromes. Prior to the ETOPS Entry Point, the
forecast weather, established aeroplane status, fuel remaining, and where possible field
conditions and aerodrome services and facilities at designated ETOPS en-route alternates are
to be evaluated. If any conditions are identified which could preclude safe approach and landing
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on a designated en-route alternate aerodrome, then the flight crew should take appropriate
action, such as re-routing as necessary, to remain within the operator’s approved diversion time
of an en-route alternate aerodrome with forecast weather to be at or above landing minima. In
the event this is not possible, the next nearest en-route alternate aerodrome should be selected
provided the diversion time does not exceed the maximum approved diversion time. This does
not override the pilot in command’s authority to select the safest course of action.

10. AEROPLANE PERFORMANCE DATA
The operator should ensure that the Operations Manual contains sufficient data to support the
critical fuel reserve and area of operations calculation.
The following data should be based on the information provided by the (S)TC holder. The
requirements for one-engine-inoperative performance en-route can be found in the applicable
operational requirements.
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. drift down (includes net performance);
b. cruise altitude coverage including 10,000 feet;
C. holding;
d. altitude capability (includes net performance);
e. missed approach.
Detailed all-engine-operating performance data, including nominal fuel 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 10,000 feet); and
b. Holding.
It should also contain details of any other conditions relevant to extended range operations
which can cause significant deterioration of performance, such as ice accumulation on the
unprotected surfaces of the aeroplane, Ram Air Turbine (RAT) deployment, thrust reverser
deployment, etc.
The altitudes, airspeeds, thrust settings, and fuel flow used in establishing the ETOPS area of
operations for each airframe/engine combination should be used in showing the corresponding
terrain and obstruction clearances in accordance with the applicable operational requirements.
11. OPERATIONAL FLIGHT PLAN
The type of operation (i.e. ETOPS, including the diversion time used to establish the plan) should
be listed on the operational flight plan as required by the applicable operational requirements.
[Amdt 20/7]
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ED Decision 2010/012/R

1. SELECTION OF EN-ROUTE ALTERNATE AERODROMES

For an aerodrome to be nominated as an ETOPS en-route alternate for the purpose of this AMC,
it should be anticipated that at the expected times of possible use it is an adequate ETOPS
aerodrome that meets the weather and field conditions defined in the paragraph below titled
‘Dispatch Minima — En-Route Alternate Aerodromes’ or the applicable operational
requirements.

To list an aerodrome as an ETOPS en-route alternate, the following criteria should be met:

a. The landing distances required as specified in the AFM for the 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 applicable operational requirements.

b. The aerodrome services and facilities are adequate to permit an instrument approach
procedure to the runway expected to be used while complying with the applicable
aerodrome operating minima.

C. The latest available forecast weather conditions for a period commencing at the earliest
potential time of landing and ending one hour after the latest nominated time of use of
that aerodrome, equals or exceeds the authorised weather minima for en-route alternate
aerodromes as provided for by the increments listed in Table 1 of this Appendix. In
addition, for the same period, the forecast crosswind component plus any gusts should
be within operating limits and within the operators maximum crosswind limitations
taking into account the runway condition (dry, wet or contaminated) plus any reduced
visibility limits.

d. 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 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.

2. DISPATCH MINIMA — EN-ROUTE ALTERNATE AERODROMES

An aerodrome may be nominated as an ETOPS en-route alternate for flight planning and release
purposes if the available forecast weather conditions for a period commencing at the earliest
potential time of landing and ending one hour after the latest nominated time of use of that
aerodrome, equal or exceed the criteria required by Table 1 below.

Table 1. Planning Minima

Approach Facility Visibility

Precision Approach Authorised DH/DA plus an Authorised visibility plus an
increment of 200 ft increment of 800 metres

Non-Precision Approach or Authorised MDH/MDA plus an Authorised visibility plus an

Circling approach increment of 400 ft increment of 1500 metres

The above criteria for precision approaches are only to be applied to Category 1 approaches.
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When determining the usability of an Instrument Approach (IAP), forecast wind plus any gusts
should be within operating limits, and within the operators maximum crosswind limitations
taking into account the runway condition (dry, wet or contaminated) plus any reduced visibility
limits. Conditional forecast elements need not be considered, except that a PROB 40 or TEMPO
condition below the lowest applicable operating minima should be taken into account.

When dispatching under the provisions of the MEL, those MEL limitations affecting instrument
approach minima should be considered in determining ETOPS alternate minima.

EN-ROUTE ALTERNATE AERODROME PLANNING MINIMA — ADVANCED LANDING SYSTEMS

The increments required by Table 1 are normally not applicable to Category Il or Ill minima
unless specifically approved by the Authority.

Approval will be based on the following criteria:
a. Aircraft is capable of engine-inoperative Cat /1l landing; and
b. Operator is approved for normal Cat Il/Ill operations.

The competent authority may require additional data (such as safety assessment or in-service
records) to support such an application. For example, it should be shown that the specific
aeroplane type can maintain the capability to safely conduct and complete the Category Il/11I
approach and landing, in accordance with EASA CS-AWO, having encountered failure conditions
in the airframe and/or propulsion systems associated with an inoperative engine that would
result in the need for a diversion to the route alternate aerodrome.

Systems to support one-engine inoperative Category Il or lll capability should be serviceable if
required to take advantage of Category Il or Il landing minima at the planning stage.

[Amdt 20/7]

Powered by EASA eRules Page 123 of 651| Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-6
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

ED Decision 2010/012/R

The operator’s ETOPS training programme should provide initial and recurrent training for flight crew
as follows:

1. INTRODUCTION TO ETOPS REGULATIONS
a. Brief overview of the history of ETOPS;
b. ETOPS regulations;
c. Definitions;
d. Approved One-Engine-Inoperative Cruise Speed;

e. ETOPS Type Design Approval — a brief synopsis;

f. Maximum approved diversion times and time-limited systems capability;
g. Operator’s Approved Diversion Time;
h. Routes and aerodromes intended to be used in the ETOPS area of operations;

ETOPS Operations Approval;

j. ETOPS Area and Routes;

k. ETOPS en-route alternates aerodromes including all available let-down aids;
l. Navigation systems accuracy, limitations and operating procedures;

m.  Meteorological facilities and availability of information;

n. In-flight monitoring procedures;

o. Computerised Flight Plan;

p. Orientation charts, including low level planning charts and flight progress charts usage
(including position plotting);

qg. Equal Time Point;
r. Critical fuel.
2. NORMAL OPERATIONS
a. Flight planning and Dispatch

(

1 ETOPS Fuel requirements
(2

Route Alternate selection - weather minima

(4
(5

)
)
(3) Minimum Equipment List — ETOPS specific
)  ETOPS service check and Tech log
) Pre-flight FMS Set up
b. Flight performance progress monitoring
(1)  Flight management, navigation and communication systems
(2)  Aeroplane system monitoring
(3) Weather monitoring
)

(4 In-flight fuel management —to include independent cross checking of fuel quantity
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3. ABNORMAL AND CONTINGENCY PROCEDURES:
a. Diversion Procedures and Diversion ‘decision making’.

Initial and recurrent training to prepare flight crews to evaluate potential significant
system failures. The goal of this training should be to establish crew competency in
dealing with the most probable contingencies. The discussion should include the factors
that may require medical, passenger related or non-technical diversions.

b. Navigation and communication systems, including appropriate flight management
devices in degraded modes.

C. Fuel Management with degraded systems.

d. Initial and recurrent training which emphasises abnormal and emergency procedures to
be followed in the event of foreseeable failures for each area of operation, including:

(1)  Procedures for single and multiple failures in flight affecting ETOPS sector entry
and diversion decisions. If standby sources of electrical power significantly degrade
the cockpit instrumentation to the pilots, then training for approaches with the
standby generator as the sole power source should be conducted during initial and
recurrent training.

(2) Operational restrictions associated with these system failures including any
applicable MEL considerations.

4. ETOPS LINE FLYING UNDER SUPERVISION (LFUS)

During the introduction into service of a new ETOPS type, or conversion of pilots not previously
ETOPS qualified where ETOPS approval is sought, a minimum of two ETOPS sectors should be
completed including an ETOPS line check.

ETOPS subjects should also be included in annual refresher training as part of the normal
process.

5. FLIGHT OPERATIONS PERSONNEL OTHER THAN FLIGHT CREW

The operator’s training programme in respect to ETOPS should provide training where
applicable for operations personnel other than flight crew (e.g. dispatchers), in addition to
refresher training in the following areas:

a. ETOPS Regulations/Operations Approval

b. Aeroplane performance/Diversion procedures
C. Area of Operation
d. Fuel Requirements
e. Dispatch Considerations MEL, CDL, weather minima, and alternate airports
f. Documentation
[Amdt 20/7]
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ED Decision 2010/012/R

The ETOPS operations manual can take the form of a supplement or a dedicated manual, and it could
be divided under these headings as follows:

PART A. GENERAL/BASIC
a. Introduction
(1)  Brief description of ETOPS
(2)  Definitions
b. Operations approval
(1) Criteria
(2)  Assessment
(3) Approved diversion time
C. Training and Checking
d. Operating procedures
e. ETOPS operational procedures
f. ETOPS Flight Preparation and Planning
(1
(2

Aeroplane serviceability

ETOPS Orientation charts

(4
(5

)
)
(3) ETOPS alternate aerodrome selection
) En-route alternate weather requirements for planning
) ETOPS computerised Flight Plans
g. Flight Crew Procedures
(1) Dispatch
(2)  Re-routing or diversion decision-making
(3) ETOPS verification (following maintenance) flight requirements
(4)  En-route Monitoring
PART B. AEROPLANE OPERATING MATTERS
This part should include type-related instructions and procedures needed for ETOPS.
a. Specific type-related ETOPS operations
(1)  ETOPS specific limitations
Types of ETOPS operations that are approved

)
(3) Placards and limitations
) OEl speed(s)

)

Identification of ETOPS aeroplanes

Powered by EASA eRules Page 126 of 651| Feb 2020


http://easa.europa.eu/

Easy Access Rules for Acceptable Means of AMC 20-6
x E A S A Compliance for Airworthiness of Products, Parts

and Appliances (AMC-20) (Amendment 16)

b. Dispatch and flight planning, plus in-flight planning
(1) Type-specific flight planning instructions for use during dispatch and post dispatch

(2)  Procedures for engine(s)-out operations, ETOPS (particularly the one-engine-inoperative
cruise speed and maximum distance to an adequate aerodrome should be included)

C. ETOPS Fuel Planning
d. Critical Fuel Scenario
e. MEL/CDL considerations
f. ETOPS specific Minimum Equipment List items
g. Aeroplane Systems
(1)  Aeroplane performance data including speed schedules and power settings

(2)  Aeroplane technical differences, special equipment (e.g. satellite communications) and
modifications required for ETOPS

PART C. ROUTE AND AERODROME INSTRUCTIONS

This part should comprise all instructions and information needed for the area of operation, to include
the following as necessary:

a. ETOPS area and routes, approved area(s) of operations and associated limiting distances
b. ETOPS an-route alternates
C. Meteorological facilities and availability of information for in-flight monitoring

d. Specific ETOPS computerised Flight Plan information

e. Low altitude cruise information, minimum diversion altitude, minimum oxygen requirements
and any additional oxygen required on specified routes if MSA restrictions apply

f. Aerodrome characteristics (landing distance available, take off distance available) and weather
minima for aerodromes that are designated as possible alternates

PART D. TRAINING

This part should contain the route and aerodrome training for ETOPS operations. This training should
have twelve-months of validity or as required by the applicable operational requirements. Flight crew
training records for ETOPS should be retained for 3 years or as required by the applicable
requirements.

The operator's training programme in respect to ETOPS should include initial and recurrent
training/checking as specified in this AMC.

[Amdt 20/7]
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ED Decision 2010/012/R
1. APPLICABILITY

The requirements of this Appendix apply to the continuing airworthiness management
organisations (CAMO) managing the aircraft for which an ETOPS operational approval is sought,
and they are to be complied with in addition to the applicable continuing airworthiness
requirements of Part-M. They specifically affect:

a. Occurrence reporting;

b. Aircraft maintenance programme and reliability programme;

C. Continuing airworthiness management exposition;

d. Competence of continuing airworthiness and maintenance personnel.

2. OCURRENCE REPORTING

In addition to the items generally required to be reported in accordance with AMC 20-8, the
following items concerning ETOPS should be included:

a. in-flight shutdowns;

b. diversion or turn-back;

C. un-commanded power changes or surges;

d. inability to control the engine or obtain desired power; and

e. failures or malfunctions of ETOPS significant systems having a detrimental effect to ETOPS
flight.

Note: status messages, transient failures, intermittent indication of failure, messages tested
satisfactorily on ground not duplicating the failure should only be reported after an assessment
by the operator that an unacceptable trend has occurred on the system

The report should identify as applicable the following:

a. aircraft identification;

b. engine, propeller or APU identification (make and serial number);

c. total time, cycles and time since last shop visit;

d. for systems, time since overhaul or last inspection of the defective unit;

e. phase of flight; and
f. corrective action.

The Competent Authority and the (S)TC holder should be notified within 72 hours of events
reportable through this programme.

3. MAINTENANCE PROGRAMME AND RELIABILITY PROGRAMME

The quality of maintenance and reliability programmes can have an appreciable effect on the
reliability of the propulsion system and the ETOPS Significant Systems. The Competent
Authority should assess the proposed maintenance and reliability programme’s ability to
maintain an acceptable level of safety for the propulsion system and the ETOPS Significant
Systems of the particular airframe/engine combination.
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3.1

3.2

MAINTENANCE PROGRAMME:

The maintenance programme of an aircraft for which ETOPS operational approval is
sought, should contain the standards, guidance and instructions necessary to support the
intended operation. The specific ETOPS maintenance tasks identified by the (S)TC holder
in the Configuration, Maintenance and Procedures document (CMP) or equivalent should
be included in the maintenance programme and identified as ETOPS tasks.

An ETOPS Maintenance task could be an ETOPS specific task or/and a maintenance task
affecting an ETOPS significant system. An ETOPS specific task could be either an existing
task with a different interval for ETOPS, a task unique to ETOPS operations, or a task
mandated by the CMP further to the in-service experience review (note that in the case
ETOPS is considered as baseline in the development of a maintenance program, no
“ETOPS specific” task may be identified in the MRB).

The maintenance programme should include tasks to maintain the integrity of cargo
compartment and pressurisation features, including baggage hold liners, door seals and
drain valve condition. Processes should be implemented to monitor the effectiveness of
the maintenance programme in this regard.

3.1.1 PRE-DEPARTURE SERVICE CHECK

An ETOPS service check should be developed to verify the status of the aeroplane
and the ETOPS significant systems. This check should be accomplished by an
authorised and trained person prior to an ETOPS flight. Such a person may be a
member of the flight crew.

RELIABILITY PROGRAMME:
3.2.1 GENERAL

The reliability programme of an ETOPS operated aircraft should be designed with
early identification and prevention of failures or malfunctions of ETOPS significant
systems as the primary goal. Therefore the reliability programme should include
assessment of ETOPS Significant Systems performance during scheduled
inspection/testing, to detect system failure trends in order to implement
appropriate corrective action such as scheduled task adjustment.

The reliability programme should be event-orientated and incorporate:
a. reporting procedures in accordance with section 2: Occurrence reporting
b. operator’s assessment of propulsion systems reliability

c. APU in-flight start programme

d. Oil consumption programme
e. Engine Condition Monitoring programme
f. Verification programme

3.2.2 ASSESSMENT OF PROPULSION SYSTEMS RELIABILITY

a. The operator’s assessment of propulsion systems reliability for the ETOPS
fleet should be made available to the competent 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 ETOPS operations as established in chapter Il section 6.3.
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3.23

b. The assessment should include, as a minimum, engine hours flown in the
period, in-flight shutdown rate for all causes and engine removal rate, both
on a 12-months moving average basis. Where the combined ETOPS fleet is
part of a larger fleet of the same aircraft/engine combination, data from the
total fleet will be acceptable.

c. Any adverse sustained trend to propulsion systems would require an
immediate evaluation to be accomplished by the operator in consultation
with the competent authority. The evaluation may result in corrective action
or operational restrictions being applied.

d. A high engine in-flight shutdown rate for a small fleet may be due to the
limited number of engine operating hours and may not be indicative for an
unacceptable trend. The underlying causes for such an increase in the rate
will have to be reviewed on a case-by-case basis in order to identify the root
cause of events so that the appropriate corrective action is implemented.

e. If an operator has an unacceptable engine in-flight shutdown rate caused by
maintenance or operational practices, then the appropriated corrective
actions should be taken.

APU IN-FLIGHT START PROGRAMME

a. Where an APU is required for ETOPS and the aircraft is not operated with
this APU running prior to the ETOPS entry point, the operator should initially
implement a cold soak in-flight starting programme to verify that start
reliability at cruise altitude is above 95%.

Once the APU in-flight start reliability is proven, the APU in-flight start
monitoring programme may be alleviated. The APU in-flight start monitoring
programme should be acceptable to the competent authority.

b. The Maintenance procedures should include the verification of in-flight start
reliability following maintenance of the APU and APU components, as
defined by the OEM, where start reliability at altitude may have been
affected.

3.2.4 OIL CONSUMPTION MONITORING PROGRAMME

3.25

The oil consumption monitoring programme should reflect the (S)TC holder’s
recommendations and track oil consumption trends. The monitoring programme
must be continuous and include all oil added at the departure station.

If oil analysis is recommended to the type of engine installed, it should be included
in the programme.

If the APU is required for ETOPS dispatch, an APU oil consumption monitoring
programme should be added to the oil consumption monitoring programme.

ENGINE CONDITION MONITORING PROGRAMME

The engine condition monitoring programme should ensure that a one-engine-
inoperative diversion may be conducted without exceeding approved engine limits
(e.g. rotor speeds, exhaust gas temperature) at all approved power levels and
expected environmental conditions. Engine limits established in the monitoring
programme should account for the effects of additional engine loading demands
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3.2.6

(e.g. anti-icing, electrical, etc.), which may be required during the one-engine-
inoperative flight phase associated with the diversion.

The engine condition monitoring programme should describe the parameters to
be monitored, method of data collection and corrective action process. The
programme should reflect manufacturer’s instructions and industry practice. This
monitoring will be used to detect deterioration at an early stage to allow for
corrective action before safe operation of the aircraft is affected.

VERIFICATION PROGRAMME

The operator should develop a verification programme to ensure that the
corrective action required to be accomplished following an engine shutdown, any
ETOPS significant system failure or adverse trends or any event which require a
verification flight or other verification action are established. A clear description of
who must initiate verification actions and the section or group responsible for the
determination of what action is necessary should be identified in this verification
programme. ETOPS significant systems or conditions requiring verification actions
should be described in the Continuing Airworthiness Management Exposition
(CAME). The CAMO may request the support of (S)TC holder to identify when these
actions are necessary. Nevertheless the CAMO may propose alternative
operational procedures to ensure system integrity. This may be based on system
monitoring in the period of flight prior to entering an ETOPS area.

CONTINUING AIRWORTHINESS MANAGEMENT EXPOSITION

The CAMO should develop appropriate procedures to be used by all personnel involved in the
continuing airworthiness and maintenance of the aircraft, including supportive training
programmes, duties, and responsibilities.

The CAMO should specify the procedures necessary to ensure the continuing airworthiness of
the aircraft particularly related to ETOPS operations. It should address the following subjects as

General description of ETOPS procedures

ETOPS maintenance programme development and amendment

ETOPS reliability programme procedures

Engine/APU oil consumption monitoring
Engine/APU Oil analysis

Engine conditioning monitoring

APU in-flight start programme

Verification programme after maintenance
Failures, malfunctions and defect reporting
Propulsion System Monitoring/Reporting

ETOPS significant systems reliability

Parts and configuration control programme

applicable:

a.

b.

C.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

d.

e.

Maintenance procedures that include procedures to preclude identical errors being
applied to multiple similar elements in any ETOPS significant system
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Interface procedures with the ETOPS maintenance contractor, including the operator
ETOPS procedures that involve the maintenance organisation and the specific
requirements of the contract

Procedures to establish and control the competence of the personnel involved in the
continuing airworthiness and maintenance of the ETOPS fleet.

5. COMPETENCE OF CONTINUING AIRWORTHINESS AND MAINTENANCE PERSONNEL

The CAMO organisation should ensure that the personnel involved in the continuing
airworthiness management of the aircraft have knowledge of the ETOPS procedures of the
operator.

The CAMO should ensure that maintenance personnel that are involved in ETOPS maintenance

tasks:

a.

5.1.

Have completed an ETOPS training programme reflecting the relevant ETOPS procedures
of the operator, and,

Have satisfactorily performed ETOPS tasks under supervision, within the framework of
the Part-145 approved procedures for Personnel Authorisation.

PROPOSED TRAINING PROGRAMME FOR PERSONNEL INVOLVED IN THE CONTINUING
AIRWORTHINESS AND MAINTENANCE OF THE ETOPS FLEET

The operator’s ETOPS training programme should provide initial and recurrent training
for as follows:

1. INTRODUCTION TO ETOPS REGULATIONS
a. Contents of AMC 20-6
b. ETOPS Type Design Approval — a brief synopsis
2. ETOPS OPERATIONS APPROVAL
a. Maximum approved diversion times and time-limited systems capability
b. Operator’s Approved Diversion Time
C. ETOPS Area and Routes
d. ETOPS MEL
3. ETOPS CONTINUING AIRWORTHINESS CONSIDERATIONS
a. ETOPS significant systems
b. CMP and ETOPS aircraft maintenance programme
C. ETOPS pre-departure service check
d. ETOPS reliability programme procedures
(1)  Engine/ APU oil consumption monitoring
(2)  Engine/APU Qil analysis
(3)  Engine conditioning monitoring
(4)  APU in-flight start programme
(5)  Verification programme after maintenance

(6)  Failures, malfunctions and defect reporting
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(7)  Propulsion System Monitoring/Reporting
(8)  ETOPS significant systems reliability

e. Parts and configuration control programme

f. CAMO additional procedures for ETOPS

g. Interface procedures between Part-145 organisation and CAMO

[Amdt 20/7]
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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 to the Agency, national authorities and to other organisations,
and it provides guidance on the timescale for submission of such reports.

It also describes the objective of the overall occurrence reporting system including internal and
external functions

2. APPLICABILITY

(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.

(b)  In most cases the obligation to report is on the holders of a certificate or approval, which
in most cases are organisations, but in 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.

(c)  The AMC also does not apply to dangerous goods reporting. The definition of reportable
dangerous goods occurrences is different from the other occurrences and the reporting
system is also separate. This subject is covered in specific operating requirements and
guidance and ICAO Documents namely:

(i) ICAO Annex 18, The safe Transport of Dangerous Goods by Air, Chapter 12

(i)  ICAO Doc 9284-AN/905, Technical Instructions for the Safe Transport of Dangerous
Goods by Air

3. OBJECTIVE OF OCCURRENCE REPORTING

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

(b)  The detailed objectives of the occurrence reporting systems are:

(i) To enable an assessment of the safety implications of each occurrence to be made,
including previous similar occurrences, so that any necessary action can be
initiated. This includes determining what and why it had occurred and what might
prevent a similar occurrence in the future.

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

(d)

The occurrence reporting system is complementary to the normal day to day procedures
and 'control' systems and is not intended to duplicate or supersede any of them. The
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)

(b)

Requirements

(i) As detailed in the operating rules, occurrences defined as 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 a failure, malfunction, defect or other occurrence 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 rules stipulate 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 similar occurrences in 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 guidance for
establishing which occurrences shall be 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

6. REPORTING TIME

(a)

(b)

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

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

Within the overall limit of 72 hours for the submission of a report, the degree of urgency
should be determined by the level of hazard judged to have resulted from 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 less immediate and less
significant hazard, report submission may be delayed up to the maximum of 72
hours in order to provide more details or more reliable information.

7. CONTENT OF REPORTS

(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
information in the 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

(i)  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 specific information required

For any occurrence involving a system or 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;
(i)  Maintenance organisation to the organisation responsible for the design;

(iii)  Maintenance organisation to operator;
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(b)

(c)

(d)

(e)

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

The ‘Organisation responsible for the design’ is a general 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)  Holder of a Supplemental 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 or is related to an aircraft
component which is covered by a separate design approval (TC, STC, ETSO or EPA), then
the holders of such approval/authorisation should be informed. If an occurrence happens
on a component which is covered by an TC, STC, ETSO or EPA (e.g. during maintenance),
then only 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 will not need to be reported by an operator to 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 explained in paragraph 4. and 9. above, there are not only requirements for
reporting to the Agency and national authority, but also for reporting to other (private)
entities. The criteria for all these different reporting lines are not the same. For example
the authority will not receive the same kind of reports from a design organisation as from
an operator. This is a reflection of the different perspectives of the organisations based
on their activities.

Figure 1 presents a simplified scheme of all reporting lines.
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Figure 1

AGENCY/AUTHORITY

(b)

(c)

(d)

(e)

(f)

J 3 J N

Design
Organisation

Production
Organisation

Maintenance
Organisation

Operator /
Commander

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 determining when a report 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 result in an
unsafe condition and a report to the authority should be made. An analysis method for
determining when an unsafe condition exists in relation to continuing airworthiness is
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. Only in cases where an analysis in 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 other than 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 organisation is
usually published within the organisation’s expositions/handbooks/manuals

Internal reporting. The perception of safety is central to occurrence reporting. It is for
each organisation to determine what is safe and what is unsafe and to develop its
reporting system on that basis. The organisation should establish an internal reporting
system whereby reports are centrally collected and reviewed to establish which reports
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(8)

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 specific list of reportable occurrences or a list 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 or which could have led to an unsafe condition. If in the view of the reporter
an occurrence did not hazard the safety of the operation but if repeated in different but
likely circumstances would create a hazard, then a report should be made. What is judged
to be reportable on one class of product, part or appliance may not be so on another and
the absence or presence of a single factor, human or technical, can transform an
occurrence into a serious incident or accident.

Specific operational approvals, e.g. RVSM, ETOPS, RNAV, or a design or maintenance
programme, may have specific reporting requirements for failures or malfunctions
associated with that approval or programme.

A lot of the qualifying adjectives like ‘significant’ have been deleted from the list. In stead
it is expected that all examples are qualified by the reporter using the general criteria that
are applicable in his field, and specified in the requirement. (e.g. for operators: ‘hazards
or could have hazarded the operation’)

CONTENTS:

I. AIRCRAFT FLIGHT OPERATIONS

II. AIRCRAFT TECHNICAL

[ll. AIRCRAFT MAINTENANCE AND REPAIR

IV. AIR NAVIGATION SERVICES, FACILITIES AND GROUND SERVICES

l. AIRCRAFT FLIGHT OPERATIONS
A. Operation of the Aircraft

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

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

(c)  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
quantity 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 between flight crew (CRM) or between
Flight crew and other parties (cabin crew, ATC, engineering).

Heavy landing - a landing deemed to require 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 entries into, 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 warning
(stick shake), over speed warning etc. unless:
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(25)

(26)

(27)
(28)

(a)  the crew 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 comes into closer proximity to the ground than had
been planned or anticipated; or

(b)  the warning is experienced in IMC or at night and is established
as having been triggered by a high rate of descent (Mode 1); or

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

(d)  anydifficulty or hazard arises or might have arisen as a result 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 difficulty or 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 but is incomplete or inappropriate; or
(d)  the procedure is incorrect; or

(e) theincorrect procedure is used.

Inadequacy of any procedures designed to be used in an emergency,
including when being used for maintenance, training or 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.

Events requiring any emergency use of oxygen by any crew member.

Crew Incapacitation

(1)

(2)

Incapacitation of any member of the flight crew, including that which
occurs prior to departure if it is considered that it 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.

Injury

(1)

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)

(4)
(5)

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
occupants or deemed to require a ‘turbulence check’ of the aircraft.

A windshear encounter.

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

Security

(1)

(2)
(3)

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

Difficulty in controlling intoxicated, violent or unruly passengers.

Discovery of a stowaway.

Other Occurrences

(1)

(2)

(3)
(4)

Repetitive instances of a specific type of occurrence which in isolation
would not be considered 'reportable’ but which due to the frequency
at which they arise, form a potential hazard.

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

Wake turbulence encounters.

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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Il. 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) Damage to a Principal Structural Element that has not been qualified
as damage tolerant (life limited element). Principal Structural
Elements are those which contribute significantly to carrying flight,
ground, and pressurisation loads, and whose failure could result in a
catastrophic failure of the aircraft. Typical examples of such elements
are listed for large aeroplanes in AC/AMC 25.571(a) "damage
tolerance and fatigue evaluation of structure", and in the equivalent
AMC material for rotorcraft.

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

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

(4) Damage to or defect of a structural element, which could result in the
liberation of items of mass that may injure occupants of the aircraft.

(5) Damage to or defect of a structural element, which could jeopardise
proper operation of systems. See paragraph I1.B. below.

(6) Loss of any part of the aircraft structure in flight.
B. Systems
The following generic criteria applicable to all systems are proposed:

(1) Loss, significant malfunction or defect of any system, subsystem or set
of equipment when standard operating procedures, drills etc. could
not be satisfactorily accomplished.

(2)  Inability of the crew to control 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.

(3)  Failure or malfunction of the exclusive function(s) of the system (one
system could integrate several functions).

(4) Interference within or between systems.

(5)  Failure or malfunction of the protection device or emergency system
associated with the system.

(6)  Loss of redundancy of the system.
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(7)  Any occurrence resulting from unforeseen behaviour of a system.

(8)  For aircraft types with single main systems, subsystems or sets of
equipment: Loss, significant malfunction or defect in any main system,
subsystem or set of equipment.

(9) 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, subsystem or set of equipment

(10) 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
in difficulty or hazard arising from the crew response to the warning.

(11) Leakage of hydraulic fluids, fuel, oil or other fluids which resulted in a
fire hazard or possible hazardous contamination of aircraft structure,
systems or equipment, or risk to occupants.

(12) Malfunction or defect of any indication system when this results in the
possibility of misleading indications to the crew.

(13) Anyfailure, malfunction or defect if it occurs at a critical phase of flight
and relevant to the operation of that system.

(14) 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.

(15) 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

C. Propulsion (including Engines, Propellers and Rotor Systems) and APUs
(1)  Flameout, shutdown or malfunction of any engine.

(2)  Overspeed or inability 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).

(3)  Failure or malfunction of any part of an engine or powerplant resulting
in any one or more of the following:

(@)  non containment of components/debris;
(b)  uncontrolled internal or external fire, or hot gas breakout;
(c)  thrustin a different direction from that demanded by the pilot;

(d)  thrust reversing system failing to operate or operating
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;
(4) 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 it is considered excessive for the application, or

(c)  where this could 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 that there is the possibility of more than one engine being
shut down on the same flight.

An engine limiter or control device failing to operate when required
or operating inadvertently.

exceedance of engine parameters.

FOD resulting in damage.

Propellers and -transmission

(10) Failure or malfunction of any part of a propeller or powerplant
resulting in any one or more of the following:
(a)  an overspeed of the propeller;
(b)  the development of excessive drag;
(c)  a thrust in the opposite direction to that commanded by the
pilot;
(d) arelease of the propeller or any major portion of the propeller;
(e)  afailure that results in 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) an uncommanded change in pitch;
(i) an uncontrollable torque or speed fluctuation;
(k) The release of low energy parts.
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Rotors and -transmission

(11) Damage or defect of main rotor gearbox / attachment which could
lead to in flight 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.
Human Factors

(1)  Any incident where any feature or inadequacy of the aircraft design
could have led to an error of use that could contribute to a hazardous
or catastrophic effect.

Other Occurrences

(1)  Any incident where any feature or inadequacy of the aircraft design
could have led to an error of use that could contribute to a hazardous
or catastrophic effect.

(2)  An occurrence not normally considered as reportable (for example,
furnishing and cabin equipment, water systems), where the
circumstances resulted in endangering of the aircraft or its 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.

Ill.  AIRCRAFT MAINTENANCE AND REPAIR

A.

Incorrect assembly of parts or components of the aircraft found during an
inspection or test procedure not intended for that specific purpose.

Hot bleed air leak resulting in structural damage.

Any defect in a life controlled part causing retirement before completion of
its full life.

Any damage or deterioration (i.e. fractures, cracks, corrosion, delamination,
disbonding etc) resulting from any cause (such as flutter, loss of stiffness or
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
a repair 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)  onanysubsequent compliance where it exceeds the permissible limits
guoted in the instruction and/or published repair/rectification
procedures are not available.

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

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 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.

IV.  AIR NAVIGATION 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)  Provision of incorrect pressure reference data (i.e. altimeter setting).

(4) Incorrect transmission, receipt or interpretation of significant
messages when this results in a hazardous situation.

(5)  Separation minima infringement.
(6)  Unauthorised penetration of airspace.
(7)  Unlawful radio communication transmission.

(8)  Failure of ANS ground or satellite facilities.
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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) Incorrect stowage 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 or incorrect 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. I.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)  totalloss or loss or more than one electrical generation system
(c) failure of the back up (emergency) electrical generating system
5. Cockpit/Cabin/Cargo
(a)  pilot seat control loss during flight

(b) failure of any emergency system or equipment, including emergency evacuation
signalling system, all exit doors , emergency lighting, etc

(c) loss of retention capability of the cargo loading system
6. Fire protection system
(a) fire warnings, except those immediately confirmed as false

(b)  undetected failure or defect of fire/smoke detection/protection system, which could lead
to loss or reduced fire detection/protection

(c)  absence of warning in case of actual fire or smoke
7. Flight controls
(a)  Asymmetry of flaps, slats, spoilers etc.

(b) limitation of movement, stiffness or poor or delayed response in the operation of primary
flight control systems or their associated tab and 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)
(f)

mechanical flight control disconnection or failure

significant interference with normal control of the aircraft or degradation of flying
qualities

Fuel system

(a)

(b)

(d)

(e)

fuel quantity indicating system malfunction resulting in total loss or erroneous indicated
fuel quantity on board

leakage of fuel which resulted in major loss, fire hazard , significant contamination

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

fuel system malfunctions or defects which had a significant effect on fuel supply and/or
distribution

inability to transfer or use total quantity of usable fuel

Hydraulics

(a)
(b)
(c)
(d)
(e)

loss of one hydraulic system (ETOPS only)
failure of the isolation system to operate
loss of more than one hydraulic circuits
failure of the back up hydraulic system

inadvertent Ram Air Turbine extension

Ice detection/protection system

(a)
(b)
(c)
(d)

(e)

undetected loss or reduced performance of the anti-ice/de-ice system
loss of more than one of the probe heating systems
inability to obtain symmetrical wing de icing

abnormal ice accumulation leading to significant effects on performance or handling
qualities

crew vision significantly affected

Indicating/warning/recording systems

(a)

(b)
(c)

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

loss of a red warning function on a system

for glass cockpits: loss or malfunction of more than one display unit or computer involved
in the display/warning function

Landing gear system /brakes/tyres

(a)
(b)
(c)
(d)

brake fire
significant loss of braking action
unsymmetrical braking leading to significant path deviation

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)  for pressurised 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. Bleed air system
(a)  hot bleed air leak 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

1.1 This AMC is issued in 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
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.

1.2 The use of ACARS for data link purposes is a transitional step to data link applications that
will use VDL Mode 2 and the Aeronautical Telecommunications Network (ATN),
compliant with ICAO SARPS, as proposed in the EUROCONTROL LINK2000+ programme?.

1.3 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 is a control tower application 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 This AMCis intended for operators 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, air traffic service 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.

2.2 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 services within the
EUROCONTROL LINK2000+ programme, in particular, DCL over the Aeronautical
Telecommunications Network via VHF Digital Data Link (VDL) Mode 2. In this case, the
Safety and Performance Requirements (EUROCAE ED-120) and the Interoperability
Requirements (EUROCAE ED-110) are established using EUROCAE document ED-78A,
Guidelines for Approval of the Provision and use of Air Traffic Services supported by Data
Communications. Guidance for the implementation of DCL over ATN may be found in
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.

For the remainder of this document, the acronym DCL should 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, 25.1431, 25.1581, or equivalent
requirements of CS 23, 27 and 29 if applicable.

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

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

m AMC 25-11 Electronic Display Systems
0] {elee]\y;:{e]588 CIP: COM. Implement Air/Ground Communication

ET2.504; 2.1.5 Services- Interim step on non-ATN (ACARS) services.

OPR/ET1/ST05/1000 Transition guidelines for initial air ground data
communication services

ESARR 4 Risk assessment and mitigation in 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 aircraft data
communications systems

98-Air-PDC Safety and Interoperability requirement for Pre-
Departure-Clearance (PDC). (Air-100, April 21,1998)

ED 78 Guidance material for the establishment of data link

EUROCAE

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 performance specification for
Crash protected airborne recorder 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 Interface on the flight deck

5 ASSUMPTIONS

Applicants should note that this AMC is based on the assumptions stated in Chapter 3 of ED-
85A together with the following that concern the measures taken by the responsible airspace
authorities to safeguard DCL operations.

5.1 ATS Provider

5.1.1 The data link service for DCL has been shown to satisfy applicable airspace safety
regulations and the relevant ATS domain 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
classified as “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 published a list of communication service providers that may
be used by aircraft operators for the DCL application. The list should take account
of internetworking arrangements between service providers.

5.1.5 The procedures of the ATS provider state the actions that should be taken in the
event of an inadequate communication service from the communications service
provider (CSP).

5.2 Communications Service Provider

The communications service provider does not modify the operational information
(content and format) exchanged between the ATS provider and the airborne equipment.

5.3 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.

5.4 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 General

6.1.1 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.

6.1.2 If multiple ATS data link applications are available to the aircraft, the crew interface
and related crew procedures will need to be based on a common and compatible
philosophy.

6.2 Required Functions
An acceptable minimum airborne installation comprises the following functions:

(a) 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.

(b) A meansto manage data communications and to control the data communications
system;

(c) A means to easily check and modify the parameters of the DCL request;
(d)  “Visual” alerting of an incoming message, visible to both pilots;

(e) Means to display the text message, e.g. a single display readable by both
crewmembers or a dedicated display for each pilot.

(f) A means to accept the DCL delivered by the ATS.
6.3 Recommended Functions

(a)  “Audible” alerting of an incoming message;

(b) A means to print the messages;

(c) Recording of DCL messages and flight crew responses on an accident flight
recorder.

Note: Data Link recording may be required in accordance with OPS rules.
7 ACCEPTABLE MEANS OF AIRWORTHINESS COMPLIANCE
7.1  Airworthiness

7.1.1 When demonstrating compliance with this AMC, the following specific points
should be noted:

(a)  Compliance with the airworthiness requirements for intended function and
safety may be demonstrated by equipment qualification, safety analysis of
the interface between the communications management system and data
sources, structural analyses of new antenna installations, equipment cooling
verification, and evidence of a suitable human to machine interface. The DCL
function will need to be demonstrated by 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

74

of test equipment that has been shown to be representative of the actual
ATS unit.

Note: This limited testing assumes that the communication systems (VHF or
SATCOM) have been shown to satisfactorily perform their intended
functions in the flight environment in accordance with applicable
requirements.

(b) The safety analysis of the interface between the communications
management system and its data sources should show that, under normal
or fault conditions, no unwanted interaction which adversely affects
essential systems can occur.

7.1.2 To minimise the certification effort for follow-on installations credit may be
granted for applicable 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_A1 may be difficult for some airborne installations. The applicant may
choose an alternative acceptable means of compliance for PTR_A1 consisting in an 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 submit a compliance 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-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 Aircraft Identification transmitted by data link will 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 designator includes both Aircraft Type and Sub-type and shall be
coded in accordance with the format described in ICAO document 8643 at its latest
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8.2

8.3

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

8.24

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 a SID construct is simple and unambiguous (e.g. only one SID for one runway
magnetic orientation (QFU) and one destination) so allowing the flight crew and
the ATS controller to independently detect any inconsistency in the DCL, then
additional means of mitigation are not required.

For other, more complex cases where the SID construction prevents the flight crew
and the controller from readily detecting any inconsistency, a specific flight crew
to controller procedure will need to be implemented to 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 confirmation is not required where the data
link function is certificated with an integrity level corresponding to the Essential
category of CS25.1309.

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)  The different data link 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)  The required format for the flight identification input.
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8.3.3 Subject to any arrangements that may be required by the 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

Significant incidents associated with a departure clearance transmitted by data link that
affects or could affect the safe operation of the aircraft will need to be reported in
accordance with applicable operational rules, and to the authority responsible for the
airport where the DCL service was provided.

AVAILABILITY OF DOCUMENTS

EUROCAE documents may be purchased from EUROCAE, 17 rue Hamelin, 75783 Paris Cedex 16,
France, (Fax: 33 1 45 05 72 30). Web site: www.eurocae.org.

JAA documents are available from the 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.

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 H3C 5H7, (Fax: 1 514 954 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/aviation.htm

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington, DC
20036, USA., (Tel: 1 202 833 9339; Fax 1 202 833 9434). 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 Canada only) 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
delivered via the airlines own ACARS network and operational host computer. The airline host, or the
flight crew, initiates the process for the generation of the PDC by submitting the flight plan information
to the air traffic service, which in turn forwards the flight strip information to the appropriate airport
control tower. Approximately 30 minutes before the aircraft is scheduled to depart, the approved PDC
is transmitted from the tower via 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 upon the airline capabilities, the PDC may then be transmitted directly to the aircraft flight
deck via the ACARS data link. If the aircraft is not equipped with ACARS, the approved PDC is sent to
an airport gate printer for delivery by hand in printed format to the aircraft. For a clearance requested
from the aircraft, the flight crew will initiate a PDC request via the ACARS data link network to the
airline host computer. The host will then respond via the ACARS network with the approved PDC.

Thus, the airline is responsible for ensuring 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 on the 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 is a direct ATC to pilot data link communication based on
the EUROCAE ED-85A and ARINC 623 standards. The clearance delivered by data link 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
ARINC 620 as used in the USA. However, flight crew verification procedures may still be required due
to departure clearance options such as alternative SIDs, or to satisfy AIP requirements for local safety
reasons.

Current operational implementation in Europe does not include a re-issued clearance capability, which
is under study by some ATS providers.

[Amdt 20/1]
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Reference should be made to EUROCAE document ED-85A for definition of terms.

Abbreviations

ACARS Aircraft Communication, Addressing and Reporting System
AIP Aeronautical Information Publication
ARINC Aeronautical Radio Inc.
ATS Air Traffic Services
CPDLC Controller-Pilot Data Link Communication
DCL Departure Clearance
ESARR EUROCONTROL Safety Regulatory Requirement
EUROCAE European Organisation for Civil Aircraft Equipment
PDC Pre-departure Clearance (as used in USA)
PTR Performance Technical Requirement
RTCA RTCA Inc.
SAE Society of Automotive Engineers
SARPS ICAO Standards and Recommended Practices
SID Standard Instrument Departure
VDL VHF Digital Link
[Amdt 20/1]
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AMC 20-10

ED Decision 2006/012/R
1 PREAMBLE

1.1 This AMC is issued in 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
atvarious airports in Europe. Aircraft operators, on a voluntary basis, may take advantage
of D-ATIS where it is available, provided the service is verified in accordance with
operational procedures acceptable to the responsible operations authority.

1.2 The use of ACARS for data link purposes is a transitional step to data link applications that
will use VHF Digital Link (VDL) Mode 2 and the Aeronautical Telecommunications
Network (ATN), compliant with ICAO SARPS, as proposed in the EUROCONTROL
LINK2000+ programme?.

1.3 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 this information. The ED-89A document addresses three domains: airborne,
ground ATC, and communication service providers. It deals also with associated flight
crew and air traffic service provider procedures. ED-89A incorporates the protocols and
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, development and qualification of a
system element, entry into service, and operations.

2. PURPOSE

2.1 This AMCis intended for operators intending to use Digital ATIS over ACARS as described
in document EUROCAE ED-89A. It may assist also other stakeholders such as airspace
planners, air traffic service providers (ATSP), ATS system manufacturers, communication
service providers (CSP), aircraft and equipment manufacturers, and ATS regulatory
authorities to advise them of the airborne requirements and procedures, and the related
assumptions.

2.2 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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Other implementation of D-ATIS service may exist in 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

This AMC is not applicable to the phased implementation of data link 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
(EUROCAE ED-120) and the Interoperability
Requirements (EUROCAE ED-110) have been established using EUROCAE document ED-
78A, Guidelines for Approval of the Provision and use of Air Traffic Services supported by
Data Communications. Guidance for the implementation of data link over ATN may be

The operational requirements for the D-ATIS application are published in EUROCONTROL
document OPR/ET1/ST05/1000, Transition guidelines for initial air ground data

3.2
Requirements for ATIS.
3.3
and Performance Requirements
found in EASA document AMC 20-11.
3.4
communication services.
3.5

For the remainder of this document, 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, 25.1431, 25.1581,
requirements of CS 23, 27 and 29, if applicable.

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
Annex 11 Air Traffic Services
Doc 8585 Designators for Aircraft Operating agencies,
Aeronautical Authorities and Services.
m AMC 25-11 Electronic Display Systems
0] {elele]\y:{e]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 for initial air ground data
communication services
ESARR 4 Risk assessment and mitigation in 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 aircraft data
communications systems
98-Air-D-ATIS Safety and Interoperability requirement for D-ATIS
(Air-100, April 21,1998)
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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 link service

ED-92A Minimum Operational Performance specification for

an airborne VDL Mode 2 Transceiver

ED-112 Minimum operational performance specification for
Crash protected airborne recorder systems
Note: Includes criteria for recording of data link
messages.

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 Interface on the flight deck

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 Provider ensures that information 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 published a list of communication service providers that 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
(content and format) exchanged between the ATS provider and 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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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 CRC is described in ARINC Specification 622 Chapter 5.
6 AIRWORTHINESS CONSIDERATIONS
6.1 General

6.1.1 The installation will need to meet the 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 data link applications are available to the aircraft, the crew interface
and related crew procedures will need to be based on a common and compatible
philosophy.

6.2 Required Functions
An acceptable minimum airborne installation comprises the following functions:

(a) 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.

(b) A meansto manage data communications and to control the data communications
system.

(c) A means to easily check and modify the D-ATIS request parameters.

(d) 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.

(e) 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.

6.3 Recommended Functions
(a) A means to print the message.

(b)  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 When demonstrating compliance with this AMC, the following should be noted:

(a) Compliance with the airworthiness requirements for intended 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 a suitable 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 fault conditions, 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 for this 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_A1 may be difficult for some airborne installations. The applicant may
choose an alternative acceptable means of compliance for PTR_A1 consisting in an 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 submit a compliance 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) together with 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 system is 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 It is important that crew 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.

Note: ED-89A (§6) SOR-A1l (check of name of airfield), SOR-A2 (ATIS letter
acknowledgement at first contact) and SOR-A3 (check of global consistency of
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information) require checks irrespective of the 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 reflect the 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)  The different data link 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 Incident reporting

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: 33 1 45 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 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.eu.int

EUROCONTROL documents 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 H3C 5H7, (Fax: 1 514 954 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: 1 202 833 9339; Fax 1 202 833 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 Canada only) or 724/776-4970
(elsewhere). Web site: www.sae.org

[Amdt 20/1]
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Reference should be made to EUROCAE document ED-89A for definition of terms.

Abbreviations

ACARS Aircraft Communication, Addressing and Reporting System
AIP Aeronautical Information Publication
ATIS Automatic Terminal Information Service
ATSP Air Traffic Service Provider
D-ATIS Digital ATIS
ARINC Aeronautical Radio Inc.
ATS Air Traffic services
CPDLC Controller-Pilot Data Link Communication
ESARR EUROCONTROL Safety Regulatory Requirement
EUROCAE European Organisation for Civil Aircraft Equipment
NAS National Airspace System (USA)
PTR Performance Technical Requirement
PTO Performance Technical Objective
RTCA RTCA Inc.
SAE Society of Automotive Engineers
SARPS ICAO Standards and Recommended Practices
VDL VHF Digital Link
[Amdt 20/1]
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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 9t 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 content and
the operational principles of the Order may be applied as a 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 Criteria for 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 Part 121 Appendix G Doppler Radar and Inertial Navigation System (INS):
Request for Evaluation; Equipment and Equipment
Installation; Training Program; Equipment Accuracy and
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 Using the
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 Using the
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.

D0-2298B 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
restructuring involves reduced route spacing (e.g. 50NM in place of 100NM) that, in turn,
demands improved aircraft navigational performance. Airspace for this purpose is
designated as RNP-10 airspace.

3.2 The RNP-10 implementation is for the oceanic and 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-10 airspace operational approval on the basis of compliance
with an appropriate RNP build standard. The navigation performance of aircraft already
in service also may qualify and 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 applied in conjunction with the technical content of the Order
for the purposes of obtaining RNP-10 approval under EASA regulations.

Required Equipment and Performance

4.2.1 Aircraft operating in RNP-10 airspace shall have 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 long range 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 eligibility through prior navigation system certification (Eligibility Group 2).
— Aircraft eligibility through Data Collection (Eligibility Group 3).

In all cases, where navigation relies on inertial systems, a usage limit of 6.2 hours is set
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: RNP value in AFM is typically not limited 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 Aircraft eligibility through prior navigation system 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 aircraft are considered to meet all of the RNP-10 requirements 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 system accuracy, 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.

(b)  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 oceanic and remote operations in accordance with FAA Notice
8110.602. These aircraft are considered to meet the RNP-10 requirements
without time limitations. At least dual GPS equipment, compliant with ETSO-
C129a/TS0O-C129(), are required, together with an approved availability
prediction program for fault detection and exclusion (FDE) for use prior to
dispatch. For RNP-10 operations, the maximum allowable period of time for
which the FDE capability is predicted to be unavailable is 34 minutes.

(c)  Multisensor Systems Integrating GPS with Inertial Data.

Multisensor systems integrating GPS with RAIM, FDE or an equivalent
integrity method that are approved in 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 used by 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 Annex 2

2 Notice 8110.60 is recognised by AMC 20-5. The material is now incorporated in AC 20-138A as 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 will accept as evidence, inertial system performance data obtained and
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 equipment to be used for RNP-
10 operations. The MEL(MMEL) should be reviewed to ensure its 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 training
items related to RNP-10 operations 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 appropriate to RNP-10 operations. The manuals should include
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 extension to the time limit is 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.
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4.5.1 Automatic radio position update.

Automatic radio position updating is acceptable for operations in RNP-10 airspace
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
affect the safety of RNP-10 operations (i.e. navigation error) will need to be reported in
accordance with applicable operational rules.

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: 33 14505 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/aviation.htm

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington,
DC 20036, USA., (Tel: 1 202 833 9339; Fax 1 202 833 9434). 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 6769,
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 20-15

ED Decision 2011/001/R

1 PREAMBLE

This Acceptable Means of Compliance (AMC) provides a means that can be used to obtain an
airworthiness approval for the installation of ACAS Il equipment which may include optional
hybrid surveillance. It is issued to support the operational requirement that requires the
carriage of ACAS II.

Hybrid Surveillance is an optional feature that allows ACAS Il to use a combination of active
surveillance, i.e. actively interrogating the Mode-S Transponders of surrounding aircraft, and
passive surveillance, i.e. use of ADS-B position and altitude data (extended squitter), to update
an ACAS Il track.

An applicant may elect to use an alternative means of compliance. However, those alternative
means of compliance must meet the relevant requirements and ensure a safety objectives as
defined in paragraph 5 are met. Compliance with this AMC is not mandatory.

2 RELEVANT REQUIREMENTS
The provisions to which this AMC applies are:
CS 25.1301, 1302, 1309, 1322, 1333, 1431, 1459, 1529 and 1581.
CS 23.1301, 1309, 1322, 1431, 1459, 1529 and 1581.
CS 27.1301, 1309, 1322, 1459, 1529 and 1581
CS 29.1301, 1309, 1322, 1333, 1431, 1459, 1529 and 1581
3 REFERENCE MATERIAL
EU OPS' 1.160, 1.668, 1.1045, 1.398
AMC 25.1302, AMC 25.1309, AMC 25.1322 and AMC 25-11.

ETSO-C113 Airborne Multipurpose Electronic Displays
ETSO-C119c Traffic Alert and Collision Avoidance System (TCAS) Airborne Equipment,
TCAS 1.

ETSO-2C112() Air Traffic Control Radar Beacon System/Mode Select (ATCRBS/Mode S)
Airborne Equipment

EUROCAE ED-143 including change 1 Minimum Operational Performance Standards for Traffic
Alert and Collision Avoidance Systems (TCAS) Airborne Equipment.

EUROCAE ED-112 Minimum Operational Performance Specification for Crash Protected
Airborne Recorder Systems

1 Council Regulation (EEC) No 3922/91 on the harmonisation of technical requirements and administrative procedures in the field of civil

aviation. Regulation as last amended by Regulation (EC) No 1899/2006 of the European Parliament and of the Council of 12 December
2006 (0J L 377, 27.12.2006, p. 1).
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RTCA DO-300 including change 1 Minimum Operational Performance Standards (MOPS)
for Traffic Alert and Collision Avoidance System Il (TCAS I1lI) Hybrid
surveillance.

4 MINIMUM EQUIPMENT QUALIFICATION

4.1 An acceptable minimum certification standard for the ACAS Il equipment including
optional hybrid surveillance is EASA ETSO-C119c.

4.2  An acceptable minimum certification standard for the associated Mode S transponder is
EASA ETSO-2C112().

5 SAFETY OBJECTIVES

The applicant should perform a Functional Hazard Assessment (FHA) and System Safety
Assessment (SSA) for the proposed ACAS Il installation. For the purposes of this AMC, a system
includes all airborne devices contributing to the ACAS Il function. Guidance is provided in AMC
25.1309 or FAA AC 23-1309-1() or AC 27-1B or AC 29-2C. Acceptable probability levels for
functionality and alerts are given below:

5.1 The probability of failure of the installed system to perform its intended function from a
reliability and availability perspective should be shown to be no greater than 1x103 per
flight hour.

5.2 The probability of failure of the system to provide the required RA aural or visual alert,
when required, without a failure indication should be shown to be no greater than 1x10™*
per flight hour in the terminal environment and 1x10 per flight hour in the en-route
environment. See note 1.

5.3 The probability of a false or misleading RA aural and visual alert due to a failure of the
system should be shown to be no greater than 1x10* per flight hour in the terminal
environment and 1x107 per flight hour in the en-route environment. See note 1.

Note: The definition of a ‘misleading alert’ is when an RA condition exists, and an RA is
issued, but the RA gives incorrect guidance. The definition of a ‘false alert’ is when
an RA is issued, but an RA condition does not exist.

5.4 Failure of the installed ACAS Il must not degrade the integrity of any essential or critical
system which has an interface with the ACAS II.

The use of Hybrid Surveillance including transitions from active to passive surveillance
and vice versa, using a system that complies with the requirements of RTCA DO-300
including Change 1, is assumed not to compromise the safety of ACAS II.

Note 1: In terminal airspace the frequency of encounters, where another aircraft could
be present, may be assumed to be once every 10 hours. In en-route airspace the
frequency of encounters, where another aircraft could be present, may be
assumed to be once every 200 hours. Different frequencies may be used if
supported by operational data.

6 HARDWARE AND INSTALLATION
6.1 General Considerations:

The installation should include as a minimum a single ACAS Il system and a single Mode
S Transponder that meet the requirements of paragraph 4.
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6.2

6.3

Aural Alerts:

(a)

(b)

(c)

(d)

(e)
Note:

TA and RA aural alerts should be presented by the prescribed voice
announcements via flight deck loudspeakers.

Consideration should be given to presenting ACAS Il voice announcements via
headsets at a preset level.

A means for the pilot to cancel active voice announcements and visual indicators
is permitted but should not be necessary where voice announcements have a
specific duration.

The ACAS Il voice announcements should be consistent with the general
philosophy of other flight deck aural alerting systems. In particular, the
prioritisation and compatibility of alerts and voice announcements from different
warning systems should be consistent with each other. The alert priorities should
be wind shear, TAWS and then ACAS Il. Altitude callout advisories which occur
simultaneously with ACAS Il advisories are permitted, but the audibility of each
voice alert will need to be understandable.

The adequacy of aural levels will need to be demonstrated.

For rotorcraft, TA and RA aural alerts should be presented via headsets at a preset
level

Displays & Indications

(a)

(b)

(c)

(d)

(e)

(f)
(8)

Warning and Caution alerts should comply with the guidance provided in AMC
25.1322 unless otherwise stated in this AMC.

The display of Traffic and Resolution Advisory information should be consistent
with the guidance provided in AMC 25.1322 and with paragraph 5.4 of AMC
25.1302.

Resolution Advisory guidance should be presented at each pilot station in the
pilot’s primary field of view.

Resolution Advisories may be presented on EFIS or IVSI displays provided their
primary functions are not compromised.

A discrete red warning Resolution Advisory enunciator or an Instantaneous Vertical
Speed Indicator (IVSI) with a lighted red indication or Primary Flight Display (PFD)
with a lighted red indication or an electronic attitude display with an alphanumeric
message should be located in each pilot’s primary field of view.

A means to display traffic information to each flight crew member should be
provided. Traffic information may be provided on weather radar (WXR), Electronic
Flight Instrument System (EFIS), Instantaneous Vertical Speed Indicator (IVSI) or
other compatible display screen which has been demonstrated to meet the
guidance of AMC 25-11, provided their primary functions are not compromised. A
separate dedicated traffic display, readily visible to both pilots, is an acceptable
alternative. In case a Multi Function Display is used, the display should meet the
requirements of ETSO-C113.

Discrete TA caution lights are optional.

ACAS Il Resolution and Traffic Advisories which trigger the Master Warning System
will not be accepted.
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6.4

6.5

6.6

(h)  An indication of ACAS Il system and sensor failures which prevents correct
operation should be provided.

(i) An indication that the ACAS Il system is operating in TA mode should be provided.

(i) ACAS Il should be automatically switched to TA mode, if ACAS Il and wind shear
voice or ACAS Il and TAWS voice announcements occur simultaneously.

(k)  The adequacy of display visibility needs to be demonstrated.

()] The flight crew should be aware, at all times, of the operational state of the ACAS Il
system. Any change of the operational state of the ACAS Il system is to be
enunciated to the flight crew via suitable means.

ACAS Il Controls:

(a)  Control of the ACAS Il should be readily accessible to the flight crew.
(b) A means to initiate the ACAS Il Self Test function should be provided.
Antennas:

(a)  Either a directional antenna and an omni-directional antenna, or two directional
antennas may be installed.

Note: when installing a directional antenna and an omni-directional antenna the
omni-directional antenna should be the lower antenna.

(b)  The physical locations of the transponder antennas and the ACAS Il antennas will
need to satisfy isolation and longitudinal separation limits. The physical location
should also ensure that propellers or rotors do not interfere with system operation,
if applicable. ACAS Il antennas may be installed with an angular offset from the
aircraft centreline not exceeding 5 degrees.

Interfaces:

(a)  Pressure altitude information will need to be obtained from the same sensor
source that supplies the Mode S Transponder(s) and the flight deck altitude
display(s). This source should be the most accurate source available on the aircraft.
Altitude information should be provided via a digital data bus. ICAO Gray (Gillham)
code should not be used.

(b)  Aninterface to a radio altimeter sensor should be provided.

(c) Inhibit logic selected for input to the ACAS Il to take account of the aircraft
performance limitations will need to be evaluated and justified unless accepted for
an earlier ACAS Il standard.

(d)  Other interfacing for discrete data should be provided, as required.
(e)  The ACAS ll installation should provide an interface with the flight recorder(s).

(f) Recording of ACAS Il data should be accomplished in accordance with EUROCAE
ED-112.

Note: Information necessary to retrieve and convert the stored data into
engineering units should be provided.

(g) Interfaces between systems should be analysed to show no unwanted interaction
under normal or fault conditions.
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7 CERTIFICATION TESTING

Ground testing will need to be performed with due consideration of the possible risk of nuisance
advisories in operating aircraft. The precautions provided in Appendix 1 should be followed.

7.1 The bulk of testing for a modification to install ACAS Il can be achieved by ground testing
that verifies system operation and interfaces with aircraft systems.

7.2 The ground tests should include:

(a)

(b)

(c)

(d)

(e)

(f)

verification check of the ICAO 24 bit airframe address.;

bearing accuracy check of intruder. A maximum error of £ 15 degrees in azimuth
should be demonstrated for each quadrant. Larger errors may be acceptable in the
tail area of the aircraft;

failure of sensors which are interfaced to ACAS Il. A test should be performed to
ensure that the effect on ACAS Il agrees with the predicted results;

correct warning prioritisation. The alert priorities should be wind shear, TAWS and
then ACAS II;

electromagnetic interference evaluation to ensure that ACAS Il does not cause
interference with other aircraft systems;

the correct operation of any aircraft configurations which result in, by design, the
inhibition of RAs.

7.3  Flight testing of an initial installation should evaluate overall operation including:

(a)

surveillance range;

Note: Surveillance range may vary depending on airspace conditions.

(b)
(c)
(d)

(e)
(f)

(8)

(h)

target azimuth reasonableness.
freedom from unwanted interference;

assessment, during adverse flight conditions, of instrument visibility, display
lighting, sound levels and intelligibility of aural messages;

the effects of electrical transients;

validity and usability of Traffic information when the aircraft is subject to attitude
changes of + 15 degrees in pitch and + 30 degrees in roll;

the correct operation of any aircraft configurations which result in, by design, the
inhibition of RAs;

Note: these tests may be considered to be a subset of the ground tests performed
in paragraph 7.2 (f). Only those aircraft configurations which are practical to
perform in an airborne environment need to be assessed.

electromagnetic interference evaluation to ensure that ACAS Il does not cause
interference with other aircraft systems.

7.4  Flight testing to demonstrate RA performance in a planned encounter between aircraft
will not normally be required for an ACAS Il — Mode S equipment combination, previously
demonstrated as performing correctly. Planned encounter flight testing should not be
attempted without the agreement of the Agency.
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7.5

7.6

To minimise the certification effort for ACAS Il for additional aircraft types listed in the
type certificate, the applicant may claim credit, for applicable certification and flight test
data obtained from equivalent aircraft installations, including testing performed for ACAS
Il version 6.04A or 7.0. Flight Testing of ACAS Il will not normally be required where
acceptable evidence exists relating to the previous certification standard of ACAS Il. This
assumes the introduction ACAS Il involves equipment replacements only.

Equipment that meets the acceptable minimum certification standard for the ACAS II
equipment (see paragraph 4.1) has demonstrated that hybrid surveillance function does
not degrade the performance of the ACAS Il active surveillance. Therefore, when the
optional hybrid surveillance function is enabled, specific installation testing of this
function is not required.

8 MAINTENANCE

The Instructions for Continued Airworthiness (ICA) should include the following:

8.1

8.2

Maintenance instructions for on aircraft ACAS Il testing including the precautions of
Appendix 1.
Maintenance instructions for the removal and installation of any directional antenna

should include instructions to verify the correct display of ACAS Il traffic in all four
guadrants.

9 AIRCRAFT FLIGHT MANUAL/PILOT OPERATING HANDBOOK

The Aircraft Flight Manual (AFM) or the Pilots Operating Handbook (POH) should provide at
least the following limited set of information. This limited set assumes that a detailed
description of the installed system and related operating instructions are available in other
operating or training manuals.

Note: Aircraft malfunctions which would prevent the aircraft from following ACAS Il climb

9.1

9.2
9.3

indication, and which do not automatically inhibit the ACAS Il climb indication, should be
addressed (e.g. as a cautionary note) in the AFM/POH.

Limitations Section: The following Limitations should to be included:

(a)  Deviation from the ATC assigned altitude is authorised only to the extent necessary
to comply with an ACAS Il Resolution Advisory (RA).

Emergency Procedures Section: none.
Normal Procedures Section: The ACAS Il flight procedures should address the following:

(a) For a non-crossing RA, to avoid negating the effectiveness of a coordinated
manoeuvre by the intruder aircraft, advice that vertical speed should be accurately
adjusted to comply with the RA.

(b)  Non-compliance by one aircraft can result in reduced vertical separation with the
need to achieve safe horizontal separation by visual means.

(c) A caution that under certain conditions, indicated manoeuvres may significantly
reduce stall margins with the need to respect the stall warnings.

(d)  Advice that evasive manoeuvring should be limited to the minimum required to
comply with the RA.

(e)  When a Climb RA is given with the aircraft in landing configuration, a normal go-
around procedure should be initiated.
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10  AVAILABILITY OF DOCUMENTS

EASA documents may be obtained from EASA (European Aviation Safety Agency), 101253,
D50452 Koln Germany or via the Website:
http://www.easa.europa.eu/ws_prod/g/rg certspecs.php.

EUROCAE documents may be purchased from EUROCAE, 102 rue Etienne Dolet, 92240
Malakoff, France, (Fax: +33 1 46 55 62 65), or website: www.eurocae.net.

RTCA documents may be obtained from RTCA Inc, 1828 L Street, NW., Suite 805, Washington,
DC 20036, USA, (Tel.: +1 202 833 9339; Fax: +1 202 833 9434). Website: www.rtca.org.

FAA documents may be obtained from Superintendent of Documents, Government Printing
Office, Washington DC, 20402-9325, USA. Website: www.faa.gov.
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ED Decision 2011/001/R

Transponder/ACAS Il system testing is a known source of ‘nuisance’ ACAS Il warnings. The following
information provides guidance which should be followed to minimise this risk:

When not required, ensure all transponders are selected to ‘OFF’ or ‘Standby’.

Before starting any test, contact the local Air Navigation Service Provider (ANSP) or Air Traffic
Service (ATS) and advise them of your intention to conduct transponder testing. Advise of your
start time and test duration. Also inform them of the altitude(s) at which you will be testing,
your intended Aircraft Identification (Flight I1d) and your intended Mode A code.

Set the Mode A code to 7776 (or other Mode A code agreed with Air Traffic Control Unit).

Note: The Mode A code 7776 is assigned as a test code by the ORCAM Users Group, specifically
for the testing of transponders.

Set the Aircraft Identification (Flight Id) with the first 8 characters of the company name. This is
the name of the company conducting the tests.

Where possible, perform the testing inside a hangar to take advantage of any shielding
properties it may provide.

As a precaution, where practicable, use antenna transmission covers whether or not testing is
performed inside or outside.

When testing the altitude (Mode C or S) parameter, radiate directly into the ramp test set via
the prescribed attenuator.

In between testing, i.e. to transition from one altitude to another, select the transponder to
‘standby’ mode.

If testing transponder/ACAS Il system parameters that do not require ‘altitude’, set altitude to
— 1000 feet (minus 1000 feet) or greater than 60,000 feet. This will minimise the possibility of
ACAS Il warning to airfield and over flying aircraft.

When testing is complete select the transponder(s) to ‘OFF’ or ‘Standby’.
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ED Decision 2011/001/R
ACAS Airborne Collision Avoidance System
AMC Acceptable Means of Compliance
ANSP Air Navigation Service Provider
ATC Air Traffic Control
ATCRBS Air Traffic Control Radar Beacon System
ATS Air Traffic Service
CS Certification Specifications
EASA European Aviation Safety Agency
EFIS Electronic Flight Instrument System
ETSO European Technical Standard Order
EU European Union
EUROCAE European Organisation for Civil Aviation Equipment
FHA Failure Hazard Analysis
ICA Instructions for Continued Airworthiness
ICAO International Civil Aviation Organization
IVSI Instantaneous Vertical Speed Indicator
MEL Minimum Equipment List
ORCAM Originating Region Code Allocation Method
RA Resolution Advisory
SSA System Safety Assessment
TA Traffic Advisory
TCAS Traffic Alert and Collision Avoidance System
WXR Weather Radar
[Amdt 20/8]
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AMC 20-20

ED Decision 2007/019/R

1. PURPOSE

a)

b)

d)

This Acceptable Means of Compliance (AMC) provides guidance to type-certificate
holders, STC holders, repair approval holders, maintenance organisations, operators and
competent authorities in developing a continuing structural integrity programme to
ensure safe operation of ageing aircraft throughout their operational life, including
provision to preclude Widespread Fatigue Damage.

This AMC is primarily aimed at large aeroplanes that are operated in Commercial Air
Transport or are maintained under Part-M. However, this material is also applicable to
other aircraft types.

The means of compliance described in this document provides guidance to supplement
the engineering and operational judgement that must form the basis of any compliance
findings relative to continuing structural integrity programmes.

Like all acceptable means of compliance material, this AMC is not in itself mandatory, and
does not constitute a requirement. It describes an acceptable means, but not the only
means, for showing compliance with the requirements. While these guidelines are not
mandatory, they are derived from extensive industry experience in determining
compliance with the relevant requirements.

2. RELATED REGULATIONS AND DOCUMENTS

a)

b)

Implementing Rules and Certification Specifications:

Part 21.A.61 Instructions for continued airworthiness.

Part 21.A.120 Instructions for continued airworthiness.

Part 21.A

Part 21.A.433 Repair design

Part M.A.302 Maintenance programme

CS 25.571 Damage-tolerance and fatigue evaluation of structure
CS25.903 Engines

CS 25.1529 Instructions for continued airworthiness

FAA Advisory Circulars

AC91-60 The Continued Airworthiness of Older Airplanes, June 13, 1983, FAA.

AC91-56A Continuing Structural Integrity for Large Transport Category Airplanes April
29 1998 FAA (and later draft 91-56B)

AC 20-128A Design Considerations for Minimising Hazards Caused by Uncontained
Turbine Engine and Auxiliary Power Unit Rotor Failure, March 25, 1997, FAA.

AC 120 - 73 Damage Tolerance Assessment of Repairs to Pressurised Fuselages, FAA.
December 14, 2000
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AC 25.1529-1 Instructions for continued airworthiness of structural repairs on Transport
Airplanes, August 1, 1991 FAA.

c) Related Documents

“Recommendations for Regulatory Action to Prevent Widespread Fatigue Damage in the
Commercial Aeroplane Fleet,” Revision A, dated June 29, 1999 [A report of the
Airworthiness Assurance Working Group for the Aviation Rulemaking Advisory
Committee Transport Aircraft and Engine Issues.]

AAWG Final Report on Continued Airworthiness of Structural Repairs, Dec 1996.

ATA report 51-93-01 structural maintenance programme guidelines for continuing
airworthiness May 1993.

AAWG Report on Structures Task Group Guidelines, Rev 1 June 1996

AAWG Report: Recommendations concerning ARAC taskings FR Doc.04-10816 Re: Aging
Airplane safety final rule. 14 CFR 121.370a and 129.16

3. BACKGROUND

Service experience has shown there is a need to have continuing updated knowledge on the
structural integrity of aircraft, especially as they become older. The structural integrity of
aircraft is of concern because such factors as fatigue cracking and corrosion are time-
dependent, and our knowledge about them can best be assessed based on real-time
operational experience and the use of the most modern tools of analysis and testing.

In April 1988, a high-cycle transport aeroplane en-route from Hilo to Honolulu, Hawaii, suffered
major structural damage to its pressurised fuselage during flight. This accident was attributed
in part to the age of the aeroplane involved. The economic benefit of operating certain older
technology aeroplanes has resulted in the operation of many such aeroplanes beyond their
previously expected retirement age. Because of the problems revealed by the accident in Hawaii
and the continued operation of older aircraft, both the competent authorities and industry
generally agreed that increased attention needed to be focused on the ageing fleet and on
maintaining its continued operational safety.

In June 1988, the FAA sponsored a conference on ageing aircraft. As a result of that conference,
an ageing aircraft task force was established in August 1988 as a sub-group of the FAA's
Research, Engineering, and Development Advisory Committee, representing the interests of the
aircraft operators, aircraft manufacturers, regulatory authorities, and other aviation
representatives. The task force, then known as the Airworthiness Assurance Task Force (AATF),
set forth five major elements of a programme for keeping the ageing fleet safe. For each
aeroplane model in the ageing transport fleet these elements consisted of the following:

a) Select service bulletins describing modifications and inspections necessary to maintain
structural integrity;

b) Develop inspection and prevention programmes to address corrosion;
c) Develop generic structural maintenance programme guidelines for ageing aeroplanes;

d) Review and update the Supplemental Structural Inspection Documents (SSID) which
describe inspection programmes to detect fatigue cracking; and

e) Assess damage-tolerance of structural repairs.
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Subsequent to these 5 major elements being identified, it was recognised that an additional
factor in the Aloha accident was widespread fatigue cracking. Regulatory and Industry experts
agreed that, as the transport aircraft fleet continues to age, eventually Widespread Fatigue
Damage (WFD) is inevitable. Therefore the FAA determined, and the EASA concurred, that an
additional major element of WFD' must be added to the Ageing Aircraft programme. Structures
Task Groups sponsored by the Task Force were assigned the task of developing these elements
into usable programmes. The Task Force was later re-established as the AAWG of the ARAC.
Although there was JAA membership and European Operators and Industry representatives
participated in the AAWG, recommendations for action focussed on FAA operational rules
which are not applicable in Europe. It was therefore decided to establish the EAAWG on this
subject to implement Ageing Aircraft activities into the Agency’s regulatory system, not only for
the initial “AATF eleven” aeroplanes, but also other old aircraft and more recently certificated
ones. This AMC is a major part of the European adoption and adaptation of the AAWG
recommendations which it follows as closely as practicable.

It is acknowledged that the various competent authorities, type certificate holders and
operators have continually worked to maintain the structural integrity of older aircraft on an
international basis. This has been achieved through an exchange of in-service information,
subsequent changes to inspection programmes and by the development and installation of
modifications on particular aircraft. However, it is evident that with the increased use, longer
operational lives and experience from in-service aircraft, there is a need for a programme to
ensure a high level of structural integrity for all aircraft, and in particular those in the transport
fleet. Accordingly, the inspection and evaluation programmes outlined in this AMC are
intended to provide:

— a continuing structural integrity assessment by each type-certificate holder, and

— the incorporation of the results of each assessment into the maintenance programme of
each operator.

4, DEFINITIONS AND ACRONYMS
a) For the purposes of this AMC, the following definitions apply:

— Damage-tolerance (DT) is the attribute of the structure that permits it to retain its
required residual strength without detrimental structural deformation for a period
of use after the structure has sustained a given level of fatigue, corrosion, and
accidental or discrete source damage.

— Design Approval Holder (DAH) is the holder of any design approval, including type
certificate, supplemental type certificate or repair approval.

— Design Service Goal (DSG) is the period of time (in flight cycles/hours) established
at design and/or certification during which the principal structure will be
reasonably free from significant cracking including widespread fatigue damage.

— Fatigue Critical Structure (FCS) is structure that is susceptible to fatigue cracking
that could lead to a catastrophic failure of an aircraft. For the purposes of this
AMC, FCS refers to the same class of structure that would need to be assessed for
compliance with § 25.571(a) at Amendment 25-45, or later. The term FCS may refer
to fatigue critical baseline structure, fatigue critical modified structure, or both.

— Limit of validity (LOV) is the period of time, expressed in appropriate units (e.g.
flight cycles) for which it has been shown that the established inspections and
replacement times will be sufficient to allow safe operation and in particular to
preclude development of widespread fatigue damage.
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Multiple Element Damage (MED) is a source of widespread fatigue damage
characterised by the simultaneous presence of fatigue cracks in similar adjacent
structural elements.

Multiple Site Damage (MSD) is a source of widespread fatigue damage
characterised by the simultaneous presence of fatigue cracks in the same structural
element (i.e., fatigue cracks that may coalesce with or without other damage
leading to a loss of required residual strength).

Primary Structure is structure that carries flight, ground, crash or pressurisation
loads.

Repair Evaluation Guidelines (REG) provide a process to establish damage-
tolerance inspections for repairs that affect Fatigue Critical Structure.

Repair Assessment Programme (RAP) is a programme to incorporate damage
tolerance-based inspections for repairs to the fuselage pressure boundary
structure (fuselage skin, door skin, and bulkhead webs) into the operator’s
maintenance and/or inspection programme.

Widespread Fatigue Damage (WFD) in a structure is characterised by the
simultaneous presence of cracks at multiple structural details that are of sufficient
size and density whereby the structure will no longer meet its damage-tolerance
requirement (i.e., to maintain its required residual strength after partial structural
failure).

b) The following list defines the acronyms that are used throughout this AMC:

AAWG Airworthiness Assurance Working Group
AC Advisory Circular
AD Airworthiness Directive
ALS Airworthiness Limitations Section
AMC Acceptable Means of Compliance
ARAC Aviation Rulemaking Advisory Committee
BZI Baseline Zonal Inspection
CPCP Corrosion Prevention and Control Programme
CS Certification Specification
DAH Design Approval Holder
DSD Discrete Source Damage
DSG Design Service Goal
EAAWG European Ageing Aircraft Working Group
EASA European Aviation Safety Agency
ESG Extended Service Goal
FAA Federal Aviation Administration
FAR Federal Aviation Regulation
FCBS Fatigue Critical Baseline Structure
FCS Fatigue Critical Structure
ICA Instructions for Continued Airworthiness
ISP Inspection Start Point
JAA Joint Aviation Authorities
JAR Joint Aviation Regulation
LDC Large Damage Capability
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5.

LoV Limit of Validity

MED Multiple Element Damage

MRB Maintenance Review Board

MSD Multiple Site Damage

MSG Maintenance Steering Group

NAA National Airworthiness Authority

NDI Non-Destructive Inspection

NTSB National Transportation Safety Board

PSE Principal Structural Element

RAP Repairs Assessment Programme

REG Repair Evaluation Guidelines

SB Service Bulletin

SMP Structural Modification Point

SRM Structural Repair Manual

SSID Supplemental Structural Inspection Document
SSIP Supplemental Structural Inspection Programme
STG Structural Task Group

TCH Type-Certificate Holder

WFD Widespread Fatigue Damage

WAY OF WORKING

a)

b)

General

On the initiative of the TCH and the Agency, a STG should be formed for each aircraft
model for which it is decided to put in place an ageing aircraft programme. The STG shall
consist of the TCH, selected operator members and Agency representative(s). The
objective of the STG is to complete all tasks covered in this AMC in relation to their
respective model types, including the following:

— Develop model specific programmes
— Define programme implementation
— Conduct recurrent programme reviews as necessary.

It is recognised that it might not always be possible to form or to maintain an STG, due to
a potential lack of resources with the operators or TCH. In this case the above objective
would remain with the Agency and operators or TCH as applicable.

An acceptable way of working for STGs is described in “Report on Structures Task Group
Guidelines” that was established by the AAWG with the additional clarifications provided
in the following sub-paragraphs.

Meeting scheduling

It is the responsibility of the TCH to schedule STG meetings. However if it is found by the
Agency that the meeting scheduling is inadequate to meet the STG working objectives,
the Agency might initiate themselves additional STG meetings.

Reporting

The STG would make recommendations for actions via the TCH to the Agency.
Additionally, the STG should give periodic reports (for information only) to AAWG/EASA
as appropriate with the objective of maintaining a consistent approach.
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d) Recommendations and decision making

The decision making process described in the AAWG Report on Structures Task Group
Guidelines paragraph 7 leads to recommendations for mandatory action from the TCH to
the Agency. In addition it should be noted that the Agency is entitled to mandate safety
measures related to ageing aircraft structures, in addition to those recommended by the
STG, if they find it necessary.

e) Responsibilities

The TCH is responsible for developing the ageing aircraft structures programme for each
aircraft type, detailing the actions necessary to maintain airworthiness. Other DAH should
develop programmes or actions appropriate to the modification/repair for which they
hold approval, unless addressed by the TCH. All DAHs will be responsible for monitoring
the effectiveness of their specific programme, and to amend the programme as
necessary.

The Operator is responsible for incorporating approved DAH actions necessary to
maintain airworthiness into its aircraft specific maintenance programmes, in accordance
with Part-M.

The competent authority of the state of registry is responsible for ensuring the
implementation of the ageing aircraft programme by their operators.

The Agency will approve ageing aircraft structures programmes and may issue ADs to
support implementation, where necessary. The Agency, in conjunction with the DAH, will
monitor the overall effectiveness of ageing aircraft structures programmes.

6 SUPPLEMENTAL STRUCTURAL INSPECTION PROGRAMME (SSIP)

In the absence of a damage-tolerance based structural maintenance inspection programme
(e.s. MRB report, ALS), the TCH, in conjunction with operators, is expected to initiate the
development of a SSIP for each aircraft model. Such a programme must be implemented before
analysis, tests, and/or service experience indicates that a significant increase in inspection
and/or modification is necessary to maintain structural integrity of the aircraft. This should
ensure that an acceptable programme is available to the operators when needed. The
programme should include procedures for obtaining service information, and assessment of
service information, available test data, and new analysis and test data. A SSID should be
developed, as outlined in Appendix 1 of this AMC, from this body of data. The role of the
operator is principally to comment on the practicality of the inspections and any other
procedures defined by the TCH and to implement them effectively.

The SSID, along with the criteria used and the basis for the criteria should be submitted to the
Agency for review and approval. The SSIP should be adequately defined in the SSID. The SSID
should include inspection threshold, repeat interval, inspection methods and procedures. The
applicable modification status, associated life limitation and types of operations for which the
SSID is valid should also be identified and stated. In addition, the inspection access, the type of
damage being considered, likely damage sites and details of the resulting fatigue cracking
scenario should be included as necessary to support the prescribed inspections.

The Agency’s review of the SSID will include both engineering and maintenance aspects of the
proposal. Because the SSID is applicable to all operators and is intended to address potential
safety concerns on older aircraft, the Agency expects these essential elements to be included in
maintenance programmes developed in compliance with Part-M. In addition, the Agency will
issue ADs to implement any service bulletins or other service information publications found to
be essential for safety during the initial SSID assessment process should the SSID not be
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available in time to effectively control the safety concern. Service bulletins or other service
information publications revised or issued as a result of in-service findings resulting from
implementation of the SSID should be added to the SSID or will be implemented by separate AD
action, as appropriate.

In the event an acceptable SSID cannot be obtained on a timely basis, the Agency may impose
service life, operational, or inspection limitations to assure structural integrity.

As a result of a periodic review, the TCH should revise the SSID whenever additional information
shows a need. The original SSID will normally be based on predictions or assumptions (from
analyses, tests, and/or service experience) of failure modes, time to initial damage, frequency
of damage, typically detectable damage, and the damage growth period. Consequently, a
change in these factors sufficient to justify a revision would have to be substantiated by test
data or additional service information. Any revision to SSID criteria and the basis for these
revisions should be submitted to the Agency for review and approval of both engineering and
maintenance aspects.

7. SERVICE BULLETIN REVIEW and MANDATORY MODIFICATION PROGRAMME

Service Bulletins issued early in the life of an aircraft fleet may utilise inspections (in some cases
non-mandatory inspections) alone to maintain structural integrity. Inspections may be
adequate in this early stage, when cracking is possible, but not highly likely. However, as aircraft
age the probability of fatigue cracking becomes more likely. In this later stage it is not prudent
to rely only on inspections alone because there are more opportunities for cracks to be missed
and cracks may no longer occur in isolation. In this later stage in the life of a fleet it is prudent
to reduce the reliance strictly on inspections, with its inherent human factors limitations, and
incorporate modifications to the structure to eliminate the source of the cracking. In some
cases reliance on an inspection programme, in lieu of modification, may be acceptable through
the increased use of mandatory versus non-mandatory inspections.

The TCH, in conjunction with operators, is expected to initiate a review of all structurally related
inspection and modification SBs and determine which require further actions to ensure
continued airworthiness, including mandatory modification action or enforcement of special
repetitive inspections

Any aircraft primary structural components that would require frequent repeat inspection, or
where the inspection is difficult to perform, taking into account the potential airworthiness
concern, should be reviewed to preclude the human factors issues associated with repetitive
inspections

The SB review is an iterative process (see Appendix 5) consisting of the following items:

a) The TCH should review all issued structural inspection - and modification SBs to select
candidate bulletins, using the following 4 criteria:

i) There is a high probability that structural cracking exists

ii) Potential structural airworthiness concern.

iii)  Damage is difficult to detect during routine maintenance
iv)  There is Adjacent Structural damage or the potential for it.

This may be done by the TCH alone or in conjunction with the operators at a preliminary
STG meeting.
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b) The TCH and operator members will be requested to submit information on individual
fleet experience relating to candidate SBs. This information will be collected and
evaluated by the TCH. The summarised results will then be reviewed in detail at a STG
meeting (see c. below).

c) The final selection of SBs for recommendation of the appropriate corrective action to
assure structural continued airworthiness taking into account the in-service experience,
will be made during an STG meeting by the voting members of the STG, either by
consensus or majority vote, depending on the preference of the individual STGs.

d) An assessment will be made by the TCH as to whether or not any subsequent revisions
to SBs affect the previous decision made. Any subsequent revisions to SBs previously
chosen by the STG for mandatory inspection or incorporation of modification action that
would affect the previous STG recommended action should be submitted to the STG for
review.

e) The TCH should review all new structural SBs periodically to select further candidate
bulletins. The TCH should schedule a meeting of the STG to address the candidates.
Operator members and the competent authority will be advised of the candidate
selection and provided the opportunity to submit additional candidates.

8. CORROSION PREVENTION AND CONTROL PROGRAMME

A corrosion prevention and control programme (CPCP) is a systematic approach to prevent and
to control corrosion in the aircraft’s Primary Structure. The objective of a CPCP is to limit the
deterioration due to corrosion to a level necessary to maintain airworthiness and where
necessary to restore the corrosion protection schemes for the structure. A CPCP consists of a
basic corrosion inspection task, task areas, defined corrosion levels, and compliance times
(implementation thresholds and repeat intervals). The CPCP also includes procedures to notify
the competent authority and TCH of the findings and data associated with Level 2 and Level 3
corrosion and the actions taken to reduce future findings to Level 1 or better. See Appendix 4
for definitions and further details.

As part of the ICA, the TCH should provide an inspection programme that includes the frequency
and extent of inspections necessary to provide the continued airworthiness of the aircraft.
Furthermore, the ICA should include the information needed to apply protective treatments to
the structure after inspection. In order for the inspections to be effectively accomplished, the
TCH should provide corrosion removal and cleaning procedures and reference allowable limits.
The TCH should include all of these corrosion-related activities in a manual referred to as the
Baseline Programme. This Baseline Programme manual is intended to form a basis for operators
to derive a systematic and comprehensive CPCP for inclusion in the operator’s maintenance
programme. The TCH is responsible for monitoring the effectiveness of the Baseline Programme
and, if necessary, to recommend changes based on operators reports of findings. In line with
Part-M requirements, when the TCH publishes revisions to their Baseline Programme, these
should be reviewed and the operator’s programme adjusted as necessary in order to maintain
corrosion to Level 1 or better.

An operator may adopt the Baseline Programme provided by the TCH or it may choose to
develop its own CPCP, or may be required to if none is available from the TCH. In developing its
own CPCP an operator may join with other operators and develop a Baseline Programme similar
to a TCH developed Baseline Programme for use by all operators in the group.

Before an operator may include a CPCP in its maintenance or inspection programme, the
competent authority should review and approve that CPCP. The operator should show that the
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CPCP is comprehensive in that it addresses all corrosion likely to affect Primary Structure, and
is systematic in that it provides:

a) Step-by-step procedures that are applied on a regular basis to each identified task area
or zone, and

b) These procedures are adjusted when they result in evidence that corrosion is not being
controlled to an established acceptable level (Level 1 or better).

Note: For an aeroplane with an ALS, in addition to providing a suitable baseline programme in
the ICA and to ensure compliance with CS 25.571 it is appropriate for the TCH to place an entry
in the ALS stating that all corrosion should be maintained to Level 1 or better. (This practice is
also described in ATA MSG-3)

9. REPAIR EVALUATION GUIDELINES AND REPAIR ASSESSMENT PROGRAMMES

Early fatigue or fail-safe requirements (pre-Amdt 45) did not necessarily provide for timely
inspection of critical structure so that damaged or failed components could be dependably
identified and repaired or replaced before a hazardous condition developed. Furthermore, it is
known that application of later fatigue and damage tolerance requirements to repairs was not
always fully implemented according to the relevant certification bases.

Repair Evaluation Guidelines (REG) are intended to assure the continued structural integrity of
all relevant repaired and adjacent structure, based on damage-tolerance principles, consistent
with the safety level provided by the SSID or ALS as applied to the baseline structure. To achieve
this, the REG should be developed by the TCH and implemented by the Operator to ensure that
an evaluation is performed of all repairs to structure that is susceptible to fatigue cracking and
could contribute to a catastrophic failure.

Even the best maintained aircraft will accumulate structural repairs when being operated. The
AAWG conducted two separate surveys of repairs placed on aircraft to collect data. The
evaluation of these surveys revealed that 90% of all repairs found were on the fuselage, hence
these are a priority and RAPs have already been developed for the fuselage pressure shell of
many large transport aeroplanes not originally certificated to damage-tolerance requirements.
40% of the repairs were classified as adequate and 60% of the repairs required consideration
for possible additional supplemental inspection during service. Nonetheless, following further
studies by AAWG working groups it has been agreed that repairs to all structure susceptible to
fatigue and whose failure could contribute to catastrophic failure will be considered. (Ref.
AAWG Report: Recommendations concerning ARAC taskings FR Doc.04-10816 Re: Aging
Airplane safety final rule. 14 CFR 121.370a and 129.16.)

As aircraft operate into high cycles and high times the ageing repaired structure needs the same
considerations as the original structure in respect of damage-tolerance. Existing repairs may not
have been assessed for damage-tolerance and appropriate inspections or other actions
implemented. Repairs are to be assessed, replaced if necessary or repeat inspections
determined and carried out as supplemental inspections or within the baseline zonal inspection
programme. A damage-tolerance based inspection programme for repairs will be required to
detect damage which may develop in a repaired area, before that damage degrades the load
carrying capability of the structure below the levels required by the applicable airworthiness
standards.

The REG should provide data to address repairs to all structure that is susceptible to fatigue
cracking and could contribute to a catastrophic failure. The REG may refer to the RAP, other
existing approved data such as SRM and SBs or provide specific means for obtaining data for
individual repairs.
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10.

Documentation such as the Structural Repair Manual and service bulletins needs to be reviewed
for compliance with damage-tolerance principles and be updated and promulgated consistent
with the intent of the REGs.

Where repair evaluation guidelines, repair assessment programmes or similar documents have
been published by the TCH they should be incorporated into the aircraft’s maintenance
programme according to Part-M requirements.

This fatigue and damage-tolerance evaluation of repairs will establish an appropriate inspection
programme or a replacement schedule if the necessary inspection programme is too demanding
or not possible. Details of the means by which the REGs and the maintenance programme may
be developed are incorporated in Appendix 3.

LIMIT OF VALIDITY OF THE MAINTENANCE PROGRAMME AND EVALUATION FOR
WIDESPREAD FATIGUE DAMAGE

a) Initial WFD Evaluation and LOV

All fatigue and damage tolerance evaluations are finite in scope and also therefore in
their long term ability to ensure continued airworthiness. The maintenance requirements
that evolve from these evaluations have a finite period of validity defined by the extent
of testing, analysis and service experience that make up the evaluation and the degree of
associated uncertainties. Limit of validity (LOV) is the period of time, expressed in
appropriate units (e.g. flight cycles) for which it has been shown that the established
inspections and replacement times will be sufficient to allow safe operation and in
particular to preclude development of widespread fatigue damage. The LOV should be
based on fatigue test evidence.

The likelihood of the occurrence of fatigue damage in an aircraft’s structure increases
with aircraft usage. The design process generally establishes a design service goal (DSG)
in terms of flight cycles/hours for the airframe. It is generally expected that any cracking
that occurs on an aircraft operated up to the DSG will occur in isolation (i.e., local
cracking), originating from a single source, such as a random manufacturing flaw (e.g., a
mis-drilled fastener hole) or a localised design detail. It is considered unlikely that cracks
from manufacturing flaws or localised design issues will interact strongly as they grow.
The SSIP described in paragraph 6 and Appendix 1 of this AMC are intended to find all
forms of fatigue damage before they become critical. Nonetheless, it has become
apparent that as aircraft have approached and exceeded their DSG only some SSIPs have
correctly addressed Widespread Fatigue Damage (WFD) as described below.

With extended usage, uniformly loaded structure may develop cracks in adjacent
fastener holes, or in adjacent similar structural details. The development of cracks at
multiple locations (both MSD and MED) may also result in strong interactions that can
affect subsequent crack growth, in which case the predictions for local cracking would no
longer apply. An example of this situation may occur at any skin joint where load transfer
occurs. Simultaneous cracking at many fasteners along a common rivet line may reduce
the residual strength of the joint below required levels before the cracks are detectable
under the maintenance programme established at time of certification. Furthermore,
these cracks, while they may or may not interact, can have an adverse effect on the large
damage capability (LDC) of the airframe before the cracks become detectable.

The TCH’s role is to perform a WFD evaluation and, in conjunction with operators, is
expected to initiate development of a maintenance programme with the intent of
precluding operation with WFD. Appendix 2 provides guidelines for development of a
programme to preclude the occurrence of WFD. Such a programme must be
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b)

implemented before analysis, tests, and/or service experience indicates that widespread
fatigue damage may develop in the fleet. The operator’s role is to provide service
experience, to help ensure the practicality of the programme and to ensure it is
implemented effectively.

The results of the WFD evaluation should be presented for review and approval to the
Agency for the aircraft model being considered. Since the objective of this evaluation is
to preclude WFD from the fleet, it is expected that the results will include
recommendations for necessary inspections or modification and/or replacement of
structure, as appropriate to support the LOV. It is expected that the TCH will work closely
with operators in the development of these programmes to assure that the expertise and
resources are available when implemented.

The Agency’s review of the WFD evaluation results will include both engineering and
maintenance aspects of the proposal. The Agency expects any actions necessary to
preclude WFD (including the LOV) to be incorporated in maintenance programmes
developed in compliance with Part-M. Any service bulletins or other service information
publications revised or issued as a result of in-service MSD/MED findings resulting from
implementation of these programmes may require separate AD action.

In the event an acceptable WFD evaluation cannot be completed on a timely basis, the
Agency may impose service life, operational, or inspection limitations to assure structural
integrity of the subject type design.

Revision of WFD evaluation and LOV

New service experience findings, improvements in the prediction methodology, better
load spectrum data, a change in any of the factors upon which the WFD evaluation is
based or economic considerations, may dictate a revision to the evaluation. Accordingly,
associated new recommendations for service action should be developed including a
revised LOV, if appropriate, and submitted to the Agency for review and approval of both
engineering and maintenance aspects.

In order to operate an individual aircraft up to the revised LOV, a WFD evaluation should
also be performed for all applicable modified or repaired structure to determine if any
new structure or any structure affected by the change is susceptible to WFD. This
evaluation should be conducted by the DAH for the changed structure in conjunction with
the operator prior to the aircraft reaching its existing LOV. The results together with any
necessary actions required to preclude WFD from occurring before the aircraft reaches
the revised LOV should be presented for review and approval by the Agency.

This process may be repeated such that, subject to Agency approval of the evaluations, a
revised LOV may be established and incorporated in the operator’s maintenance
programme, together with any necessary actions to preclude WFD from occurring before
the aircraft reaches the revised LOV.

The LOV and associated actions should be incorporated in the ALS. For an aircraft without
an ALS, it may be appropriate for the DAH to create an ALS and to enter the LOV in the
ALS, together with a clear identification of inspections and modifications required to
allow safe operation up to that limit.

In any case, should instructions provided by the DAH in their ICA (e.g. maintenance
manual revision) clearly indicate that the maintenance programme is not valid beyond a
certain limit, this limit and associated instructions must be adhered to in the operator’s
maintenance programme as approved by the competent authority under Part-Mm
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11.

12.

requirements, unless an EASA approved alternative programme is incorporated and
approved.

SUPPLEMENTAL TYPE-CERTIFICATES AND MODIFICATIONS

Any modification or supplemental type-certificates (STC) affecting an aircraft’s structure could
have an effect on one or all aspects of ageing aircraft assessment as listed above. Such structural
changes will need the same consideration as the basic aircraft and the operator should seek
support from the STC holder (who has primary responsibility for the design/certification of the
STC), or an approved Design Organisation, where, for example an STC holder no longer exists.
Appendix 3 provides further details.

STC holders are expected to review existing designs that may have implications for continued
airworthiness in the context of ageing aircraft programmes and collaborate with operators and
TCHs, where appropriate.

IMPLEMENTATION

In compliance with Part-M, operators must amend their current structural maintenance
programmes to comply with and to account for new and/or modified maintenance instructions
promulgated by the DAH.

From the industry/Agency discussions leading to the definition of the programmes detailed in
paragraphs 6 to 10, above, appropriate implementation times have emerged. These programme
implementation times are expressed as a fraction of the aircraft model’s DSG.

Affected Structure* Implementation

CPCP All Primary Structure % DSG

SSID PSEs as defined in CS25.571 % DSG

SB-Review SBs that address a potentially unsafe structural condition % DSG

REGs and RAPs Repairs to fatigue critical structure (FCS). % DSG

WFD Prmary structure susceptible to WFD 1 DSG
* Note: The certification philosophy for safe-life items under CS 25.571 neccessitates no further
investigation under ageing aircraft programmes that would provide damage tolerance based
inspections. However, this does not exclude safe-life items such as landing gear from the CPCP
and SB Review or from re-assessment of their safe-life if the aircraft usage or structural loading

is known to have changed.

In the absence of other information prior to the implementation of these programmes the limit
of validity of the existing maintenance programmes should be considered as the DSG.

Programme implementation times in flight hours, flight or landing cycles, or calendar period, as
appropriate, should be established by the TC/STC Holder based on the above table.

A period of up to one year may be allowed to incorporate the necessary actions into the
operator’s maintenance programme once they become available from the DAH. Grace periods
for accomplishment of actions beyond threshold should address the level of risk and for large
fleets the practicalities of scheduling maintenance activities. Typically, for maintenance actions
beyond threshold, full implementation of these maintenance actions across the whole fleet
should be accomplished within 4 years of the operator’s programme being approved by the
competent authority.

Unless data is available on the dates of incorporation of repairs and modifications [STCs] they
will need to be assumed as having the same age as the airframe.

[Amdt 20/2]
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ED Decision 2007/019/R

1. GENERAL

11

1.2

Purpose

This Appendix 1 gives interpretations, guidelines and acceptable means of compliance for
the SSIP actions.

Background

Service experience has demonstrated that there is a need to have continuing updated
knowledge concerning the structural integrity of aircraft, especially as they become older.
Early fatigue requirements, such as “fail safe” regulations did not provide for timely
inspection of an aircraft’s critical structure to ensure that damaged or failed components
could be dependably identified and then repaired or replaced before hazardous
conditions developed.

In 1978 the damage-tolerance concept was adopted for transport category aeroplanes in
the USA as Amendment 25-45 to FAR 25.571. This amended rule required damage-
tolerance analyses as part of the type design of transport category aeroplanes for which
application for type-certification was received after the effective date of the amendment.
In 1980 the requirement for damage-tolerance analyses was also included in JAR 25.571
Change 7.

One prerequisite for the successful application of the damage tolerance approach for
managing fatigue is that crack growth and residual strength can be anticipated with
sufficient precision to allow inspections to be established that will detect cracking before
it reaches a size that will degrade the strength below a specified level. When damage is
discovered, airworthiness is ensured by repair or revised maintenance action. Evidence
to date suggests that when all critical structure is included, fatigue and damage-tolerance
based inspections and procedures (including modification and replacement when
necessary) provide the best approach to address aircraft fatigue.

Pre FAR Part 25 Amendment 25-45 (JAR-25 Change 7) aeroplanes were built to varying
standards that embodied fatigue and fail-safe requirements. These aeroplanes, as
certified, had no specific mandated requirements to perform inspections for fatigue.
Following the amendment of FAR 25 to embody damage-tolerance requirements, the
FAA published Advisory Circular 91-56A. That AC was applicable to pre-Amendment 25-
45 aeroplanes with a maximum gross weight greater than 75.000 pounds. According to
the AC the TCH, in conjunction with operators, was expected to initiate development of
a SSIP for each aeroplane model.

AC 91-56A provided guidance material for the development of such programmes based
on damage-tolerance principles. Many TCH’s of large aeroplanes developed SSIPs for
their pre-Amendment 25-45 aeroplanes. The documents containing the SSIP are
designated Supplemental Structural Inspection Documents (SSID) or Supplemental
Inspection Documents (SID)

The competent authorities have in the past issued a series of ADs requiring compliance
with these SSIPs. Generally these ADs require the operators to incorporate the SSIPs into
their maintenance programmes. Under Part-M requirements it is expected that an
operator will automatically incorporate the SSID into their maintenance programmeme.
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For post Amendment 25-45 aeroplanes, it was required that inspections or other
procedures should be developed based on the damage-tolerance evaluations required by
FAR 25.571, and included in the maintenance data. In Amendment 25-54 to FAR 25 and
change 7 to JAR-25 it was required to include these inspections and procedures in the
Airworthiness Limitations Section of the Instructions for Continued Airworthiness
required by 25.1529. At the same amendment, 25.1529 was changed to require
applicants for type-certificates to prepare Instructions for Continued Airworthiness in
accordance with Appendix H of FAR/JAR-25. Appendix H requires that the Instructions for
Continued Airworthiness must contain a section titled Airworthiness Limitations that is
segregated and clearly distinguishable from the rest of the document. This section shall
contain the information concerning inspections and other procedures as required by
FAR/JAR/CS 25.571.

The content of the Airworthiness Limitations Section of the Instructions for Continued
Airworthiness is designated by some TCH’s as Airworthiness Limitations Instructions (ALI).
Other TCH’s have decided to designate the same items as Airworthiness Limitations Items
(ALI).

Compliance with FAR/JAR 25.571 at Amendment 25-45 and Change 7 respectively, or
later amendments, results in requirements to periodically inspect aeroplanes for
potential fatigue damage in areas where it is most likely to occur.

2. SUPPLEMENTAL STRUCTURAL INSPECTION PROGRAMMIE (SSIP)

Increased utilisation, longer operational lives, and the high safety demands imposed on the
current fleet of transport aeroplanes indicate the need for a programme to ensure a high level
of structural integrity for all aeroplanes in the transport fleet.

This AMC is intended to provide guidance to TCHs and other DAHs to develop or review existing
inspection programmes for effectiveness. SSIPs are based on a thorough technical review of the
damage-tolerance characteristics of the aircraft structure using the latest techniques and
changes in operational usage. They lead to revised or new inspection requirements primarily
for structural cracking and replacement or modification of structure where inspection is not
practical.

Large transport aeroplanes that were certificated according to FAR 25.571 Amendment 25-
45/54 or JAR 25 Change 7 are damage-tolerant. The fatigue requirements are part of the MRB
Report, as required by ATA MSG-3. However, for pre ATA MSG-3 rev 2 aeroplanes there are no
requirements for regular MRB Report review and for post ATA MSG-3 rev 2 aeroplanes there is
only a requirement for regular MRB Report review in order to assess if the CPCP is effective.
Concerning ageing aircraft activities, it is important to regularly review the part of the MRB
Report containing the structural inspections resulting from the fatigue and damage-tolerance
analysis for effectiveness.

2.1  Pre-Amendment 25-45 aeroplanes

The TCH is expected to initiate development of a SSIP for each aeroplane model. Such a
programme must be implemented before analysis, test and/or service experience
indicate that a significant increase in inspection and or modification is necessary to
maintain structural integrity of the aeroplane. This should ensure that an acceptable
programme is available to the operators when needed. The programme should include
procedures for obtaining service information, and assessment of service information,
available test data, and new analysis and test data.

Powered by EASA eRules Page 198 of 651| Feb 2020


http://easa.europa.eu/

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

and Appliances (AMC-20) (Amendment 16)

2.2.

A SSID should be developed in accordance with Paragraph 3 of this Appendix 1. The
recommended SSIP, along with the criteria used and the basis for the criteria, should be
submitted by the TCH to the Agency for approval. The SSIP should be adequately defined
in the SSID and presented in a manner that is effective. The SSID should include the type
of damage being considered, and likely sites; inspection access, threshold, interval
method and procedures; applicable modification status and/or life limitation; and types
of operation for which the SSID is valid.

The review of the SSID by the Agency will include both engineering and maintenance
aspects of the proposal. In the event an acceptable SSID cannot be obtained on a timely
basis the competent authority may impose service life, operational, or inspection
limitations to assure structural integrity

The TCH should check the SSID periodically against current service experience. This
should include an evaluation of current methods and findings. Any unexpected defect
occurring should be assessed as part of the continuing assessment of structural integrity
to determine a need for revision to the document.

Post-Amendment 25-45 aeroplanes

Aeroplanes certificated to FAR 25.571 Amendment 25-45, JAR 25.571 Change 7 and CS-
25 or later amendments are damage-tolerant. The airworthiness limitations including the
inspections and procedures established in accordance with FAR/JAR/CS 25.571 shall be
included in the Instructions for Continuing Airworthiness, ref. FAR/JAR/CS 25.1529.
Further guidance for the actual contents is incorporated in FAR/JAR/CS-25 Appendix H.

To maintain the structural integrity of these aeroplanes it is necessary to follow up the
effectiveness of these inspections and procedures. The DAH should therefore check this
information periodically against current service experience. Any unexpected defect
occurring should be assessed as part of the continuing assessment of structural integrity
to determine a need for revision to this information. The revised data should be
developed in accordance with the same procedures as at type- certification giving
consideration to any additional test or service data available and changes to aeroplanes
operating patterns.

3. GUIDELINES FOR DEVELOPMENT OF THE SUPPLEMENTAL STRUCTURAL INSPECTION
DOCUMENT

This paragraph is based directly on Appendix 1 to FAA AC 91-56A which applies to transport
category aeroplanes that were certificated prior to Amendment 25-45 of FAR 25 or equivalent
requirement.

3.1.

General

Amendment 25-45 to § 25.571 introduced wording which emphasises damage-tolerant
design. However, the structure to be evaluated, the type of damage considered (fatigue,
corrosion, service, and production damage), and the inspection and/or modification
criteria should, to the extent practicable, be in accordance with the damage-tolerance
principles of the current § 25.571 standards. An acceptable means of compliance can be
found in AC 25.571-1C (“Damage-Tolerance and Fatigue Evaluation of Structure,” dated
April 29, 1998) or the latest revision.

It is essential to identify the structural parts and components that contribute significantly
to carrying flight, ground, pressure, or control loads, and whose failure could affect the
structural integrity necessary for the continued safe operation of the aeroplane. The
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3.2

damage-tolerance or safe-life characteristics of these parts and components must be
established or confirmed.

Analyses made in respect to the continuing assessment of structural integrity should be
based on supporting evidence, including test and service data. This supporting evidence
should include consideration of the operating loading spectra, structural loading
distributions, and material behaviour. An appropriate allowance should be made for the
scatter in life to crack initiation and rate of crack propagation in establishing the
inspection threshold, inspection frequency, and, where appropriate, retirement life.
Alternatively, an inspection threshold may be based solely on a statistical assessment of
fleet experience, if it can be shown that equal confidence can be placed in such an
approach.

An effective method of evaluating the structural condition of older aeroplanes is selective
inspection with intensive use of non-destructive techniques, and the inspection of
individual aeroplanes, involving partial or complete dismantling (“teardown”) of available
structure.

The effect of repairs and modifications approved by the TCH should be considered. In
addition, it may be necessary to consider the effect of repairs and operator-approved or
other DAH modifications on individual aircraft. The operator has the responsibility for
ensuring notification and consideration of any such aspects in conjunction with the DAH.

Damage-tolerant structures

The damage-tolerance assessment of the aircraft structure should be based on the best
information available. The assessment should include a review of analysis, test data,
operational experience, and any special inspections related to the type design.

A determination should then be made of the site or sites within each structural part or
component considered likely to crack, and the time or number of flights at which this
might occur.

The growth characteristics of damage and interactive effects on adjacent parts in
promoting more rapid or extensive damage should be determined. This determination
should be based on study of those sites that may be subject to the possibility of crack
initiation due to fatigue, corrosion, stress corrosion, disbonding, accidental damage, or
manufacturing defects in those areas shown to be vulnerable by service experience or
design judgement. The damage tolerance certification specification of CS 25.571 requires
not only fatigue damage to be addressed but also accidental and environmental damage.
Some types of accidental damage (e.g. scribe marks) can not be easily addressed by the
MSG process and require specific inspections based on fatigue and damage tolerance
analysis and tests. Furthermore, some applicants may chose to address other types of
accidental damage and environmental damage in the SSID or ALS by modelling the
damage as a crack and performing a fatigue and damage tolerance analysis. The resulting
inspection programme may be tailored to look for the initial type of damage or the
resulting fatigue cracking scenario, or both.

The minimum size of damage that is practical to detect and the proposed method of
inspection should be determined. This determination should take into account the
number of flights required for the crack to grow from detectable to the allowable limit,
such that the structure has a residual strength corresponding to the conditions stated
under CS 25.571.
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3.3.

3.4.

Note: In determining the proposed method of inspection, consideration should be given
to visual inspection, non-destructive testing, and analysis of data from built-in load and
defect monitoring devices.

The continuing assessment of structural integrity may involve more extensive damage
than might have been considered in the original fail-safe evaluation of the aircraft, such
as:

(@) A number of small adjacent cracks, each of which may be less than the typically
detectable length, developing suddenly into a long crack;

(b)  Failures or partial failures in other locations following an initial failure due to
redistribution of loading causing a more rapid spread of fatigue; and

(c)  Concurrent failure or partial failure of multiple load path elements (e.g., lugs,
planks, or crack arrest features) working at similar stress levels.

Information to be included in the assessment

The continuing assessment of structural integrity for the particular aircraft type should
be based on the principles outlined in paragraph 3.2 of this Appendix 1. The following
information should be included in the assessment and kept by the TCH in a form available
to the Agency:

(a)  The current operational statistics of the fleet in terms of hours or flights;
(b)  The typical operational mission or missions assumed in the assessment;
(c)  The structural loading conditions from the chosen missions; and

(d)  Supporting test evidence and relevant service experience.

In addition to the information specified in paragraph 3.3. above, the following should be
included for each critical part or component:

(a)  The basis used for evaluating the damage-tolerance characteristics of the part or
component;

(b)  The site or sites within the part or component where damage could affect the
structural integrity of the aircraft;

(c)  The recommended inspection methods for the area;

(d)  For damage-tolerant structures, the maximum damage size at which the residual
strength capability can be demonstrated and the critical design loading case for the
latter; and

(e)  For damage-tolerant structures, at each damage site the inspection threshold and
the damage growth interval between detectable and critical, including any likely
interaction effect from ther damage sites.

Note: Where re-evaluation of fail-safety or damage-tolerance of certain parts or
components indicates that these qualities cannot be achieved, or can only be
demonstrated using an inspection procedure whose practicability or reliability may
be in doubt, replacement or modification action may need to be defined.

Inspection programme

The purpose of a continuing airworthiness assessment in its most basic terms is to adjust
the current maintenance inspection programme, as required, to assure continued safety
of the aircraft type.
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3.5.

In accordance with Paragraphs 1 and 2 of this Appendix 1, an allowable limit of the size
of damage should be determined for each site such that the structure has a residual
strength for the load conditions specified in CS 25.571. The size of damage that is practical
to detect by the proposed method of inspection should be determined, along with the
number of flights required for the crack to grow from detectable to the allowable limit.

The recommended inspection programme should be determined from the data described
in paragraph 3.3 above, giving due consideration to the following:

(a)  Fleet experience, including all of the scheduled maintenance checks;
(b)  Confidence in the proposed inspection technique; and

(c)  The joint probability of reaching the load levels described above and the final size
of damage in those instances where probabilistic methods can be used with
acceptable confidence.

Inspection thresholds for supplemental inspections should be established. These
inspections would be supplemental to the normal inspections, including the detailed
internal inspections.

(a)  For structure with reported cracking, the threshold for inspection should be
determined by analysis of the service data and available test data for each
individual case.

(b)  For structure with no reported cracking, it may be acceptable, provided sufficient
fleet experience is available, to determine the inspection threshold on the basis of
analysis of existing fleet data alone. This threshold should be set such as to include
the inspection of a sufficient number of high-time aircraft to develop added
confidence in the integrity of the structure (see Paragraph 1 of this Appendix 1).

The supplemental structural inspection document

The SSID should contain the recommendations for the inspection procedures and
replacement or modification of parts or components necessary for the continued safe
operation of the aircraft up to the LOV. The document should be prefaced by the
following information:

(a) Identification of the variants of the basic aircraft type to which the document
relates;

(b)  Reference to documents giving any existing inspections or modifications of parts
or components;

(c)  The types of operations for which the inspection programme are considered valid;

(d) A list of service bulletins (or other service information publication) revised as a
result of the structural reassessment undertaken to develop the SSID, including a
statement that the operator must account for these service bulletins.

(e) The type of damage which is being considered (i.e., fatigue, corrosion and/or
accidental damage).

(f) Guidance to the operator on which inspection findings should be reported to the
type-certificate holder.
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The document should contain at least the following information for each critical part or
component:

(a)

(b)
(c)
(d)
(e)
(f)

(g)
(h)
(i)

(i)

(k)

A description of the part or component and any relevant adjacent structure,
including means of access to the part.

Relevant service experience.

Likely site(s) of damage.

Inspection method and procedure, and alternatives.

Minimum size of damage considered detectable by the method(s) of inspection.

Service bulletins (or other service information publication) revised or issued as a
result of in-service findings resulting from implementation of the SSID (added as
revision to the initial SID).

Initial inspection threshold.
Repeat inspection interval.

Reference to any optional modification or replacement of part or component as
terminating action to inspection.

Reference to the mandatory modification or replacement of the part or
component at given life, if fail-safety by inspection is impractical; and

Information related to any variations found necessary to “safe lives” already
declared.

The SSID should be compared from time to time against current service experience. Any
unexpected defect occurring should be assessed as part of the continuing assessment of
structural integrity to determine the need for revision of the SSID. Future structural
service bulletins should state their effect on the SSID.

[Amdt 20/2]
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ED Decision 2007/019/R
1. INTRODUCTION

The terminology and methodology in this appendix is based upon material developed by the
AAWG.

2. DEFINITIONS

Extended Service Goal (ESG) is an adjustment to the design service goal established by service
experience, analysis, and/or test during which the principal structure will be reasonably free
from significant cracking including widespread fatigue damage.

Inspection Start Point (ISP) is the point in time when special inspections of the fleet are initiated
due to a specific probability of having a MSD/MED condition.

Large Damage Capability (LDC) is the ability of the structure to sustain damage visually
detectable under an operator’s normal maintenance that is caused by accidental damage,
fatigue damage, and environmental degradation, and still maintain limit load capability with
MSD to the extent expected at SMP.

Monitoring period is the period of time when special inspections of the fleet are initiated due
to an increased risk of MSD/MED (ISP) and ending when the SMP is reached.

Scatter Factor is a life reduction factor used in the interpretation of fatigue analysis and fatigue
test results.

Structural Modification Point (SMP) is a point reduced from the WFD average behaviour (i.e.,
lower bound), so that operation up to that point provides equivalent protection to that of a
two-lifetime fatigue test. No aircraft should be operated beyond the SMP without modification
or part replacement.

Test-to-Structure Factor is a series of factors used to adjust test results to full-scale structure.
These factors could include, but are not limited to, differences in:

— stress spectrum,

— boundary conditions,

— specimen configuration,

— material differences,

— geometric considerations, and
— environmental effects.

Teardown inspections can be destructive and can be performed on fatigue tested structural
components or those that have been removed from service. Alternatively they involve local
teardown (non-destructive) disassembly and subsequent refurbishment of specific areas of
high-time aircraft in service. The liberated sections of structure are then inspected using visual
and non-destructive inspection technology, to characterise the extent of damage within the
structure with regard to corrosion, fatigue, and accidental damage.

WFD (average behaviour) is the point in time when 50% of the fleet is expected to reach WFD
for a particular detail.
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3. GENERAL

The likelihood of the occurrence of fatigue damage in an aircraft’s structure increases with
aircraft usage. The design process generally establishes a design service goal (DSG) in terms of
flight cycles/hours for the airframe. It is expected that any cracking that occurs on an aircraft
operated up to the DSG will occur in isolation (i.e., local cracking), originating from a single
source, such as a random manufacturing flaw (e.g., a mis-drilled fastener hole) or a localised
design detail. It is considered unlikely that cracks from manufacturing flaws or localised design
issues will interact strongly as they grow.

With extended usage, uniformly loaded structure may develop cracks in adjacent fastener
holes, or in adjacent similar structural details. These cracks may or may not interact, and they
can have an adverse effect on the LDC of the structure before the cracks become detectable.
The development of cracks at multiple locations (both MSD and MED) may also result in strong
interactions that can affect subsequent crack growth; in which case, the predictions for local
cracking would no longer apply. An example of this situation may occur at any skin joint where
load transfer occurs. Simultaneous cracking at many fasteners along a common rivet line may
reduce the residual strength of the joint below required levels before the cracks are detectable
under the routine maintenance programme established at the time of certification.

Because of the small probability of occurrence of MSD/MED in aircraft operation up to its DSG,
maintenance programmes developed for initial certification have generally considered only
local fatigue cracking. Therefore, as the aircraft reaches its DSG, it is necessary to take
appropriate action in the ageing fleets to preclude WFD so that continued safe operation of the
aircraft is not jeopardised. The DAH and/or the operator(s) should conduct structural
evaluations to determine where and when MSD/MED may occur. Based on these evaluations
the DAH and in some cases the operators would provide additional maintenance instructions
for the structure, as appropriate. The maintenance instructions include, but are not limited to
inspections, structural modifications, and limits of validity of the new maintenance instructions.
In most cases, a combination of inspections and/or modifications/replacements is deemed
necessary to achieve the required safety level. Other cases will require modification or
replacement if inspections are not viable.

There is a distinct possibility that there could be a simultaneous occurrence of MSD and MED in
a given structural area. This situation is possible on some details that were equally stressed. If
this is possible, then this scenario should be considered in developing appropriate service
actions for structural areas.

Before MSD/MED can be addressed, it is expected that the operators will incorporate an
augmented structural maintenance programme that includes the Mandatory Modifications
Programme, the CPCP, the SSIP and the Repair Assessment Programme.

There are alternative methods for accomplishing a WFD assessment other than that given in
this AMC. For example, FAA AC 25-571-1C Paragraph 6.C or latest revision contains guidance
material for the evaluation of structure using risk analysis techniques.

4, STRUCTURAL EVALUATION FOR WFD
4.1 General.
The evaluation has three objectives:
(a)  Identify Primary Structure susceptible to MSD/MED, see paragraph 4.2.

(b)  Predict when it is likely to occur; see paragraph 4.3 and
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4.2

(c)

operation of the aircraft; see paragraph 4.4.

Structure susceptible to MSD/MED.

Establish additional maintenance actions, as necessary, to ensure continued safe

Susceptible structure is defined as that which has the potential to develop MSD/MED.
Such structure typically has the characteristics of multiple similar details operating at
similar stresses where structural capability could be affected by interaction of multiple
cracking at a number of similar details. The following list provides examples of known
types of structure susceptible to MSD/MED. (The list is not exhaustive):

STRUCTURAL AREA | SEE FIGURE |

Longitudinal Skin Joints, Frames, and Tear Straps (MSD/MED)
Circumferential Joints and Stringers (MSD/MED)

Lap joints with Milled, Chem-milled or Bonded Radius (MSD)
Fuselage Frames (MED)

Stringer to Frame Attachments (MED)

Shear Clip End Fasteners on Shear Tied Fuselage Frames (MSD/MED)
Aft Pressure Dome Outer Ring and Dome Web Splices (MSD/MED)
Skin Splice at Aft Pressure Bulkhead (MSD)

Abrupt Changes in Web or Skin Thickness — Pressurised or Un-pressurised
Structure (MSD/MED)

Window Surround Structure (MSD, MED)

Over Wing Fuselage Attachments (MED)

Latches and Hinges of Non-plug Doors (MSD/MED)

Skin at Runout of Large Doubler (MSD)—Fuselage, Wing or Empennage
Wing or Empennage Chordwise Splices (MSD/MED)

Rib to Skin Attachments (MSD/MED)

Typical Wing and Empennage Construction (MSD/MED)

A2-1
A2-2
A2-3
A2-4
A2-5
A2-6
A2-7
A2-8
A2-9

A2-10
A2-11
A2-12
A2-13
A2-14
A2-15
A2-16
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(a) Lap joint (b) Butt joint (c) Lap joint
Tear straps with radius
Outer skin i .
upper rivet I - -

Longitudinal

skin joint Stringer

Type and possible location of MSD and MED
& MSD longitudinal skin joint
® Lap joint
- Quter skin upper rivet row
- Inner skin lower rivet row
* Butt joint
- Skin outer rivet rows
- Doubler inner rivet rows
® Lap joint with radius
- In radius
® MED—frame
® Stress concentration areas
® MED—tear straps

® Critical fastener rows in the skin at tear strap joint

[OW = g

" jnner skin~ [~
lower rivet
row

Service or test experience of factors that influence MSD
and MED (examples)
® High stress —misuse of data from coupon test
& Corrosion
¢ Dishond
® Manufacturing defect
# Surface preparation
* Bond laminate too thin
# Countersink, fastener fit
# Design defect—surface preparation process

Figure A2-1 Longitudinal Skin Joints, Frames, and Tear Straps (MSD/MED)

Type and possible location of MSD/MED

* MSD—circumferential joint

* Without outer doubler

- Splice plate—between and/or at the inner two
rivet rows

- Skin—forward and aft rivet row of splice plate
- Skin—at first fastener of stringer coupling

* With outer doubler
- Skin—outer rivet rows
- Splice plate/outer doubler—inner rivet rows

* MED—stringer/stringer couplings
- Stringer—at first fastener of stringer coupling
- Stringer coupling—in splice plate area

Circumferential
splice plate

(a) Without (b) With outer
outer doubler doubler

Service or test experience of factors that influence

MSD and/or MED (examples)

¢ High secondary bending

* High stress level in splice plate and joining stringers
{misuse of data from coupon test)

* Poor design (wrong material)

* Underdesign (over-estimation of interference fit fasteners)

Figure A2-2 Circumferential Joints and Stringers (MSD/MED)
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-
Outer skin at milled .
’Vl/ or chem-milled step Cracking

Bonded doubler e————T""

/!’
Bonded joint - -

Type and possible location of MSD and MED Service or test experience of factors that
+ MSD—abrupt cross section change influence MSD and MED (examples)
* Milled radius * High bending stresses due to

eccentricity

* Chem-milled radius
* Bonded doubler runout

Figure A2-3 Lap joints with Milled, Chem-milled or Bonded Radius (MSD)

Fuselage
skin panel

Typical fuselage

skin panel
Typical cracking
Tear st
Type and possible location of MSD/MED Service or test experience of factors that influence
® MED—the cracking of frames at stringer cutouts MSD and/or MED (examples)
at successive longitudinal locations in the ¢ High bending—noncircular frames
fuselage. The primary concern is for those areas e | ocal stress concentrations
where noncircular frames exist in the fuselage ¢ Cutouts
structure. Fractures in those areas would result ¢ Shear attachments

in panel instability.

Figure A2-4 Fuselage Frames (MED)
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Fuselage
skin panel

Frame

Stringer

Typical cracks "

Type and possible location of MED Service or test experience of factors that
» MED—any combination of fracture of frames, clips, or influence MSD and/or MED (examples)
stringers, including the attachments, resulting in the « Poor load path connection

loss of the shear tie between the frame and stringer.
This condition may occur at either circumferential or
longitudinal locations at fuselage frame/stringer
intersection.

Figure A2-5 Stringer to Frame Attachments (MED)

Skin cracking at
end fasteners w,

Skin/Stringer

Longeron or

Shear clip stringer

Stringer or frame cap
cracking

Type and possible location of MSD and MED Service or test experience of factors that
» MSD—skin at end fastener of shear clip influence MSD and MED (examples)

* MED—cracking in stringer or longeron at frame attachment * Preload

» MED—cracking in frame at stringer or longeron attachment * Localized bending due to pressure
* Discontinuous load path

Figure A2-6 Shear Clip End Fasteners on Shear Tied Fuselage Frame (MSD/MED)
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uter ring splice

Type and possible location of MSD/MED
* MSD/MED—outer ring splice
® Attachment profiles—at fastener rows and/or in
radius area
* MED—web splices
* Bulkhead skin and/or splice plates—at critical
fastener rows

Typical outer ring splices

F
R
F
R
Legend: E
F fastener R
R radius

Service or test experience of factors that influence
MSD and/or MED (examples)

® Corrosion

® High stresses—combined tension and compression
* High induced bending in radius

* |Inadequate finish in radius—surface roughness

Figure A2-7 Aft Pressure Dome Outer Ring and Dome Web Splices (MSD/MED)

Skin cracking

"T" frame

Type and possible location of MSD and MED
* MSD—skin at end fastener holes

Figure A2-8 Skin Splice at Aft Pressure Bulkhead (MSD)

Unpressurized skin

Service or test experience of factors that
influence MSD and MED (examples)

* Shell discontinuous induced bending
stresses

* High load transfer at fastener
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Edge support member

Web or skin
o 1vpical cracking

Radius

» Milled |
¢ Chem-milled

Bonded doubler

Type and possible location of MSD and MED Service or test experience of factors

. that influence MSD and MED
Abrupt change in stiffness”

* Milled radius

- . Pressure structure
* Chem-milled radius

* High bending stresses at edge

* Bonded doubler support due to pressure
* Fastener row at edge support members Non-pressure structure

Edge member support st(ucture » Structural deflections cause high
* Edge member - in radius areas stresses at edge supports

Figure A2-9 Abrupt Changes in Web or Skin Thickness — Pressurised or Unpressurised Structure (MSD/MED)

Window surround structure

/
I | N A { N {
L

-
r r b, 31 -1 ; i
| .y ' oy il p i

e

)

/N /|

— — — — — —
74 8 [ [ ) 0
S 7
Type and possible location of MSD/MED Service or test experience of factors that influence
® MSD—skin at attachment to window surround MSD and/or MED (examples)
structure * High load transfer

* MED —repeated details in reinforcement of
window cutouts or in window corners

Figure A2-10 Window Surround Structure (MSD, MED)
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Type and possible location of MSD/MED

* MED —repeated details in overwing fuselage
attachments

Figure A2-11 Over Wing Fuselage Attachments (MED)

Type and possible location of MSD/MED
® MSD—piano hinge
® At hinge fastener attachment row
e In fillet radius

® Emanating from hole in lobes
® MED—latches

® In multiple latch hooks
e At lube channel of latch spool
® At spool bracket attach bolts (also corrosion)

oz

q

"'l— Typical fuselage attachments

I

I

“#—— Upper wing surface

Service or test experience of factors that influence
MSD and/or MED (examples)

* Manufacturing defect— prestress
* Induced deflections

Lubrication passage
o |t g/—il[ 1_;;{[‘7 ]

Attach bolts

View B

Service or test experience of factors that
influence MSD and/or MED (examples)
¢ Bending stresses due to fuselage elongation
© High local stress
® Fretting

Figure A2-12 Latches and Hinges of Non-plug Doors (MSD/MED)
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Type and possible location of MSD/MED

* MSD—cracks initiated at multiple critical
fastener holes in skin at runout of doubler

Skin doubler

Service or test experience of factors that influence
MSD and/or MED (examples)

* High load transfer—high local stress

Figure A2-13 Skin at Runout of Large Doubler (MSD) — Fuselage, Wing or Empennage
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Type and possible location of MSD/MED

Typical skin and stringer splice

Skin panel

Splice plate

Stringer

Nchordwise foints

* MSD—skin and/or splice plate

* Chordwise critical fastener rows
¢ MED—stringer runout of fitting

* Fatigue-critical fastener holes at stringer and/or fitting

Service or test experience of factors that influence
MSD and/or MED (examples)

¢ High load transfer

* L ocal bending

Figure A2-14 Wing or Empennage Chordwise Splices (MSD/MED)
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o=
T
"‘ ~
oy ‘d o

Typical
cracking

e Typical shear tie
Skin

Type and possible location of MSD and MED

* MSD—critical fasteners in skin along rib
attachments

* MED —critical rib feet in multiple stringer
bays (particularly for empennage under
sonic fatigue)

Figure A2-15 Rib to Skin Attachments (MSD/MED)

Riveted Skin and Stringer Construction (MSD & MED)

Drain hole
crack

Fastener

attachment
torib Cracks

Root rib, tank Crack
end, etc.

N

M (@) w Cracksk: "

Skin

Inherent fail safe and crack stopper
characteristics

* MSD —chordwise cracks link up at
a} Rib attachment holes

* MED—
b) Drain or vent holes

c) Stiffener run-outs at
root rib or tank end rib

Typical skin
cracking

Stringer

Service or test experience of factors that
influence MSD and MED (examples)

* Manufacturing defect—prestress due to
assembly sequence

* Sonic fatigue (empennage)

Integrally Stiffened Skins (MSD)

Root rib, tank
i end, etc.

)

Do not have inherent crack stopper
characteristics of riveted skin and
stringer construction

* MSD—Chordwise cracks link up at
d) Rib attachment holes
e} Drain or vent holes

f) Stringer run-outs at root rib or tank
end rib

* MED—becomes MSD

Figure A2-16 Typical Wing and Empennage Construction (MSD/MED)
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4.3

WEFD Evaluation

By the time the highest-time aircraft of a particular model reaches its DSG, the evaluation
for each area susceptible to the development of WFD should be completed. A typical
evaluation process is shown in Figure A2-17, below. This evaluation will establish the
necessary elements to determine a maintenance programme to preclude WFD in that
particular model’s aircraft fleet. These elements are developed for each susceptible area
and include:

431

4.3.2

433

Identification of structure potentially susceptible to WFD

The TCH should identify each part of the aircraft’s structure that is potentially
susceptible to WFD for further evaluation. A justification should be given that
supports selection or rejection of each area of the aircraft structure. DAHs for
modified or repaired structure should evaluate their structure and its affect on
existing structure.

Typical examples of structure susceptible to WFD are included in paragraph 4.2 of
this appendix.

Determination of WFD average behaviour in the fleet:

The time in terms of flight cycles/hours defining the WFD average behaviour in the
fleet should be established. The data to be assessed in determining the WFD
average behaviour includes:

— a review of the service history of the susceptible areas to identify any
occurrences of fatigue cracking,

— evaluation of the operational statistics of the fleet in terms of flight hours
and landings,

— significant production variants (material, design, assembly method, and any
other change that might affect the fatigue performance of the detail),

—  fatigue test evidence including relevant full-scale and component fatigue
and damage tolerance test data (see sub-paragraph 4.3.10 for more details),

— teardown inspections, and
— any fractographic analysis available.

The evaluation of the test results for the reliable prediction of the time to when
WFD might occur in each susceptible area should include appropriate test-to-
structure factors. If full-scale fatigue test evidence is used, Figure A2-18, below,
relates how that data might be utilised in determining WFD Average Behaviour.
Evaluation may be analytically determined, supported by test and, where available,
service evidence.

Initial Crack/Damage Scenario

This is an estimate of the size and extent of multiple cracking expected at
MSD/MED initiation. This prediction requires empirical data or an assumption of
the crack/damage locations and sequence plus a fatigue evaluation to determine
the time to MSD/MED initiation. Alternatively, analysis can be based on either:

—  the distribution of equivalent initial flaws, as determined from the analytical
assessment of flaws found during fatigue test and/or teardown inspections
regressed to zero cycles; or
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43.4

4.3.5

4.3.6

4.3.7

— a distribution of fatigue damage determined from relevant fatigue testing
and/or service experience.

Final Cracking Scenario

This is an estimate of the size and extent of multiple cracking that could cause
residual strength to fall to certification levels. Techniques exist for 3-D elastic-
plastic analysis of such problems; however, there are several alternative test and
analysis approaches available that provide an equivalent level of safety. One such
approach is to define the final cracking scenario as a sub-critical condition (e.g.,
first crack at link-up at limit load). Use of a sub-critical scenario reduces the
complexity of the analysis and, in many cases, will not greatly reduce the total crack
growth time.

Crack Growth Calculation

Progression of the crack distributions from the initial cracking scenario to the final
cracking scenario should be developed. These curves can be developed:

— analytically, typically based on linear elastic fracture mechanics, or
— empirically, from test or service fractographic data.
Potential for Discrete Source Damage (DSD)

A structure susceptible to MSD/MED may also be affected by DSD due to an
uncontained failure of high-energy rotating machinery (i.e., turbine engines). The
approach described in this guidance material should ensure the MSD sizes and
densities, that normally would be expected to exist at the structural modification
point, would not significantly change the risk of catastrophic failure due to DSD.

Analysis Methodology:

The evaluation methods used to determine the WFD average behaviour and
associated parameters will vary. The report “Recommendations for Regulatory
Action to Prevent Widespread Fatigue Damage in the Commercial Aeroplane
Fleet”, Revision A, dated June 29, 1999 (a report of the AAWG for the ARAC's
Transport Aircraft and Engine Issues Group), discusses two Round Robin exercises
developed by the TCHs to provide insight into their respective methodologies. One
outcome of the exercises was an identification of key assumptions or methods that
had the greatest impact on the predicted WFD behaviour. These assumptions
were:

—  the flaw sizes assumed at initiation of crack growth phase of analysis;
— material properties used (static, fatigue, fracture mechanics);

— ligament failure criteria;

— crack growth equations used;

— statistics used to evaluate the fatigue behaviour of the structure (e.g., time
to crack initiation);

— methods of determining the structure modification point (SMP);
— detectable flaw size assumed,;
— initial distribution of flaws; and

- factors used to determine bound behaviour as opposed to mean behaviour.
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4.3.8

4.3.9

— The following parameters are developed from paragraphs 4.3.2 through
4.3.7 above, and are necessary to establish a MSD/MED maintenance
programme for the area under investigation.

Inspection Start Point (ISP):

This is the point at which inspection starts if a monitoring period is used. It is
determined through a statistical analysis of crack initiation based on fatigue
testing, teardown, or service experience of similar structural details. It is assumed
that the ISP is equivalent to a lower bound value with a specific probability in the
statistical distribution of cracking events. Alternatively, the ISP may be established
by applying appropriate factors to the average behaviour.

Considerations:

Due to the redundant nature of semi-monocoque structure, MED can be difficult
to manage in a fleet environment. This stems from the fact that most aircraft
structures are built-up in nature, and that makes the visual inspection of the
various layers difficult. Also, visual inspections for MED typically rely on internal
inspections, which may not be practical at the frequency necessary to preclude
MED due to the time required to gain access to the structure. However, these
issues are dependent on the specific design involved and the amount of damage
being considered. In order to implement a viable inspection programme for MED,
the following conditions must be met:

a) Static stability must be maintained at all times.
b) Large damage capability should be maintained.

c) There is no concurrent MED with MSD in a given structural area.

4.3.10 Structural Modification Point (SMP)

The applicant should demonstrate that the proposed SMP established during the
evaluation has the same confidence level as current regulations require for new
certification. In lieu of other acceptable methods, the SMP can be established as a
point reduced from the WFD Average Behaviour, based on the viability of
inspections in the monitoring period. The SMP can be determined by dividing the
WEFD Average Behaviour by a factor of 2 if there are viable inspections, or by a
factor of 3 if inspections are not viable.

Whichever approach is used to establish the SMP, a study should be made to
demonstrate that the approach ensures that the structure with the expected
extent of MSD/MED at the SMP maintains a LDC.

An aircraft should not be operated past the SMP unless the structure is modified
or replaced, or unless additional approved data is provided that would extend the
SMP. However, if during the structural evaluation for WFD, a TCH/DAH finds that
the flight cycles and/or flight hours SMP for a particular structural detail have been
exceeded by one or more aircraft in the fleet, the TCH/DAH should expeditiously
evaluate selected high time aircraft in the fleet to determine their structural
condition. From this evaluation, the TCH/DAH should notify the competent
authorities and propose appropriate service actions.
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4.4

The initial SMP may be adjusted based on the following:

(a)

(b)

In some cases, the SMP may be extended without changing the required
reliability of the structure, i.e. projection to that of a two life time full-scale
fatigue test. These cases may generally be described under the umbrella of
additional fatigue test evidence and include either or a combination of any
or all of the following:

Additional fatigue and/or residual strength tests on a full-scale aircraft
structure or a full-scale component followed by detailed inspections and
analyses.

Testing of new or used structure on a smaller scale than full component tests
(i.e., sub-component and/or panel tests).

Teardown inspections (destructive) that could be done on structural
components that have been removed from service.

Local teardown by selected, limited (non-destructive) disassembly and
refurbishment of specific areas of high-time aircraft.

In-service data from a statistically significant number of aircraft close to the
original SMP showing no cracking compared with the predictions, taking into
account future variability in service usage and loading compared to the
surveyed aircraft. This data may be used to support increasing the original
SMP by an amount that is agreed by the competent authority.

If cracks are found in the structural detail for which the evaluation was done
during either the monitoring period or the modification programme, the
SMP should be re-evaluated to ensure that the SMP does in fact provide the
required confidence level. If it is shown that the required confidence level
is not being met, the SMP should be adjusted and the adjustment reflected
in appropriate service bulletins to address the condition of the fleet.
Additional regulatory action may be required.

4.3.11 Inspection Interval and Method:

An interval should be chosen to provide a sufficient number of inspections
between the ISP and the SMP so that there is a high confidence that no
MSD/MED condition will reach the final cracking scenario without detection.
The interval is highly dependent on the detectable crack size and the
probability of detection associated with the specific inspection method. If
the crack cannot be detected, the SMP must be re-evaluated to ensure there
is a high confidence level that no aircraft will develop MSD/MED before
modification.

Evaluation of Maintenance Actions

For all areas that have been identified as susceptible to MSD/MED, the current
maintenance programme should be evaluated to determine if adequate structural
maintenance and inspection programmes exist to safeguard the structure against
unanticipated cracking or other structural degradation. The evaluation of the
current maintenance programme typically begins with the determination of the
SMP for each area.
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44.1

Each area should then be reviewed to determine the current maintenance actions
and compare them to the maintenance needs established in this evaluation. Issues
to be considered include the following:

(a) Determine the inspection requirements (method, inspection start point, and
repeat interval) of the inspection for each susceptible area (including that
structure that is expected to arrest cracks) that is necessary to maintain the
required level of safety.

(b)  Review the elements of the existing maintenance programmes already in
place

(c)  Revise and highlight elements of the maintenance programme necessary to
maintain safety.

For susceptible areas approaching the SMP, where the SMP will not be increased
or for areas that cannot be reliably inspected, a programme should be developed
and documented that provides for replacement or modification of the susceptible
structural area.

Period of WFD Evaluation Validity:

At whatever point the WFD evaluation is made, it should support the limit of
validity (LOV) of the maintenance programme. Consistent with the use of test
evidence to support individual SMPs, as described above in paragraph 4.3.10, the
LOV of the maintenance programme should be based on fatigue test evidence. The
initial WFD evaluation of the complete airframe will typically cover a significant
forward estimation of the projected aircraft usage beyond its DSG, also known as
the “proposed ESG.” An evalution through at least an additional twenty-five
percent of the DSG would provide a realistic forecast, with reasonable planning
time for necessary maintenance action. However, it may be appropriate to adjust
the evaluation validity period depending on issues such as:

(a) The projected useful life of the aircraft at the time of the initial evaluation;
(b)  Current non-destructive inspection (NDI) technology; and

(c)  Airline advance planning requirements for introduction of new maintenance
and modification programmes, to provide sufficient forward projection to
identify all likely maintenance/modification actions essentially as one
package.

Upon completion of the evaluation and publication of the revised maintenance
requirements, the “proposed ESG” becomes the Limit of Validity (LOV)

Note: This assumes that all other aspects of the maintenance programme that are
required to support the LOV (such as SSID, CPCP, etc.) are in place and have been
evaluated to ensure they too remain valid up to the LOV.
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REVIEW STRUCTURAL AREAS POTENTIALLY
SUSCEPTIBLE TO WFD
(See 4.3.1)

A 4

FOR EACH AREA, DETERMINE THE WFD
AVERAGE BEHAVIOUR IN THE FLEET
(See 4.3.2 onwards)

|

IS NATURAL FATIGUE CRACKING LIKELY !
WITHIN OPERATIONAL LIFE *

v

ESTIMATE ALLOWABLE FATIGUE DAMAGE
SCENARIO FOR LIMIT LOAD (See 4.3.4)

NO

ESTABLISH THE SMP
AND TERMINATING

FATIGUE DAMAGE SCENARIO DETECTABLE PRIOR

TO MAXIMUM ALLOWABLE EXTENT UNDER ACTION
LIMIT LOAD (See 4.3.10)
YES

ESTABLISH ISP, INSPECTION INTERVAL
AND METHOD AND
SCHEDULE FOR TERMINATING ACTION
(See 4.3.9//10/11)

NOTES:

1. Fatigue cracking is defined as likely if the factored fatigue life is less than the projected ESG of
the aircraft at time of WFD evaluation.

2. The operational life is the projected ESG of the aircraft at time of WFD Evaluation. (See 4.4.1).

Figure A2-17: Aircraft Evaluation Process
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1

FULL SCALE FATIGUE TEST DATA

f ¢ 1 NO7
| TEAR DOWN?
J,YES
NO MSD/MED FINDINGS | 'E°
DURING
TEST/ITEARDOWN?
DETECTABLE CRACK
NO | sIZE AT END OF TEST |YES
BEYOND CRITICAL
LENGTHZ AT LIMIT
LOAD?
ESTIMATED WFD AVERAGE BEHAVIOR DETERMINED FROM
k. A4 ¥
TEST LIFE plus TEST LIFE Minus
TEST LIFE CRACK GROWTH LIFE3 CRACK GROWTH LIFE?
Y T
NO SPECIAL INSPECTIONS l
REQUIRED (FAR 25.571, INSPECTION PROGRAMME/
AMDT 96} MODIFICATION PROGRAMME
LOV = Test Life/2 REQUIRED (See 4.3.7 onward)
ASSUMED STATE AT END OF TEST: Best estimate of non-detected damage from inspection method used at end of test or during teardown.

2 CRITICAIL CRACK LENGTH: First link-up of adjacent cracks at limit load (locally) or an adequate level of large damage capability

3

CRACK GROWTH LIFE: Difference between assumed or actual state at end of test and critical crack length.

Figure A2-18 Use of Fatigue Test and Teardown Information to Determine WFD Average Behaviour

Documentation

Any person developing a programme should develop a document containing recommendations
for inspection procedures and replacement or modification of parts or components necessary
to preclude WFD, and establish the new limit of validity of the operator’s maintenance
programme. That person also must revise the SSID or ALS as necessary, and/or prepare service
bulletins that contain the recommendations for inspection procedures and replacement or
modification of parts or components necessary to preclude WFD. Since WFD is a safety concern
for all operators of older aircraft, the Agency will make mandatory the identified inspection or
modification programmes. In addition, the Agency may consider separate AD action to address
any service bulletins or other service information publications revised or issued as a result of in-
service MSD/MED findings resulting from implementation of these programmes.

The following items should be contained in the front of the approved document:

(a) Identification of the variants of the basic aircraft type to which the document relates;
(b)  Summary of the operational statistics of the fleet in terms of hours and flights;

(c)  Description of the typical mission, or missions;

(d)  The types of operations for which the inspection programme is considered valid;

(e) Reference to documents giving any existing inspections, or modification of parts or
components; and

(f)  The LOV of the maintenance programme in terms of flight cycles or flight hours or both
as appropriate to accommodate variations in usage.
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The approved document should contain at least the following information for each critical part
or component:

(a)  Description of the Primary Structure susceptible to WFD;

(b)  Details of the monitoring period (inspection start point, repeat inspection interval, SMP,
inspection method and procedure (including crack size, location and direction) and
alternatives) when applicable;

(c)  Any optional modification or replacement of the structural element as terminating action
to inspection;

(d)  Any mandatory modification or replacement of the structural element;

(e)  Service bulletins (or other service information publications) revised or issued as a result
of in-service findings resulting from the WFD evaluations (added as a revision to the initial
WFD document); and

(f) Guidance to the operator on which inspection findings should be reported to the
TCH/DAH, and appropriate reporting forms and methods of submittal.

6. REPORTING REQUIREMENTS

Operators, TCHs and STC Holders are required to report in accordance with various regulations,
for example Part 21.3, Part 145.60. The regulations to which this AMC relates do not require
any reporting requirements in addition to the current ones. Due to the potential threat to
structural integrity, the results of inspections must be accurately documented and reported in
a timely manner to preclude the occurrence of WFD. The current system of operator and TCH
communication has been useful in identifying and resolving a number of issues that can be
classified as WFD concerns. MSD/MED has been discovered via fatigue testing and in-service
experience. TCHs have been consistent in disseminating related data to operators to solicit
additional service experience. However, a more thorough means of surveillance and reporting
is essential to preclude WFD.

When damage is found while conducting an approved MSD/MED inspection programme, or at
the SMP where replacement or modification of the structure is occurring, the TCHs, STC Holders
and the operators need to ensure that greater emphasis is placed on accurately reporting the
following items:

(a)  Adescription (with a sketch) of the damage, including crack length, orientation, location,
flight cycles/hours, and condition of structure;

(b)  Results of follow-up inspections by operators that identify similar problems on other
aircraft in the fleet;

(c)  Findings where inspections accomplished during the repair or replacement/modification
identify additional similar damage sites; and

(d)  Adjacent repairs.

Operators must report all cases of MSD/MED to the TCH, STC Holder or the competent authority
as appropriate, irrespective of how frequently such cases occur. Cracked areas from in-service
aircraft (damaged structure) may be needed for detailed examination. Operators are
encouraged to provide fractographic specimens whenever possible. Aeroplanes undergoing
heavy maintenance checks are perhaps the most useful sources for such specimens.
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Operators should remain diligent in the reporting of potential MSD/MED concerns not
identified by the TCH/DAH. Indications of a developing MSD/MED problem may include:

(a) Damage at multiple locations in similar adjacent details;
(b)  Repetitive part replacement; or
(c)  Adjacent repairs.

Documentation will be provided by the TCH and STC Holder as appropriate to specify the
required reporting format and time frame. The data will be reviewed by the TCH or STC Holder,
operator(s), and the Agency to evaluate the nature and magnitude of the problem and to
determine the appropriate corrective action.

7. STRUCTURAL MODIFICATIONS AND REPAIRS

All major modifications (STCs) and repairs that create, modify, or affect structure that are
susceptible to MSD/MED (as identified by the TCH) must be evaluated to demonstrate the same
confidence level as the original manufactured structure. The operator is responsible together
with the DAH for ensuring the accomplishment of this evaluation for each modified aircraft.
The operator may first need to conduct an assessment on each of its aircraft to determine what
modifications or repairs exist and would be susceptible to MSD/MED. The following are some
examples of types of modifications and repairs that present such concerns:

(a)  Passenger-to-freighter conversions (including addition of main deck cargo doors);

(b)  Gross weight increases (increased operating weights, increased zero fuel weights,
increased landing weights and increased maximum takeoff weights);

(c) Installation of fuselage cutouts (passenger entry doors, emergency exit doors or crew
escape hatches, fuselage access doors and cabin window relocations);

(d) Complete re-engine and/or pylon modifications;
(e)  Engine hush-kits and nacelle modifications;

(f)  Wing modifications, such as the installation of winglets or changes in flight control
settings (flap droop), and changes to wing trailing edge structure;

(g) Modified, repaired, or replaced skin splice;

(h)  Any modification or repair that affects several frame bays; and
(i) Multiple adjacent repairs.

Other potential areas that must be considered include:

(a) A modification that covers structure requiring periodic inspection by the operator’s
maintenance programme (Modifications must be reviewed to account for the differences
with TCH baseline maintenance programme requirements.);

(b) A modification that results in operational mission change that significantly changes
manufacturers load/stress spectrum (for example, a passenger-to-freighter conversion);
and

(c) A modification that changes areas of the fuselage from being externally inspectable using
visual means to being uninspectable (for example, a large external fuselage doubler that
resulted in hidden details, rendering them visually uninspectable).
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8. RESPONSIBILITY

While the primary responsibility is with the DAH to perform the analyses and supporting tests,
it is expected that the evaluation will be conducted in a cooperative effort between the
operators and TCHs/DAHSs, with participation by the Agency.

[Amdt 20/2]
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ED Decision 2007/019/R
1. INTRODUCTION

With an SSID, CPCP and LOV in place an individual aircraft may still not meet the intended level
of airworthiness for ageing aircraft structures. Repairs and modifications to aircraft structure
also require investigation. For large transport aeroplanes, all repairs and modifications that
affect FCS should be assessed using some form of damage-tolerance based evaluation. A
regulatory requirement for damage-tolerance was not applied to aeroplane designs type
certificated before 1978, and even after this time, implementation of DTE on repairs and
modifications was not consistent. Therefore the damage-tolerance characteristics of repairs
and modifications may vary widely and are largely unknown. In view of these concerns it is
necessary to perform an assessment of repairs and modifications on existing aircraft to establish
their damage-tolerance characteristics.

2. DEFINITIONS
For the purposes of this Appendix, the following definitions apply:

1. Damage Tolerance Data are damage tolerance evaluation (DTE) documentation and the
damage tolerance inspections (DTIs).

2. Damage Tolerance Evaluation (DTE) is a process that leads to a determination of
maintenance actions necessary to detect or preclude fatigue cracking that could
contribute to a catastrophic failure. As applied to repairs and modifications, a DTE
includes the evaluation of the repair or modification and the fatigue critical structure
affected by the repair or modification. The process utilises the damage tolerance
procedures as described in CS-25 AMC 25.571.

3. Damage Tolerance Inspections (DTIs) are the inspections developed as a result of a DTE.
A DTI includes the areas to be inspected, the inspection method, the inspection
procedures, including acceptance and rejection criteria, the threshold, and any repetitive
intervals associated with those inspections. The DTIs may specify a time limit when a
repair or modification needs to be replaced or modified. If the DTE concludes that DT-
based supplemental structural inspections are not necessary, the DTl documentation
should include a statement that the normal zonal inspection programme is sufficient.

4, Fatigue Critical Baseline Structure (FCBS) is the baseline structure of the aircraft that is
classified as fatigue critical structure.

3. ESTABLISHMENT OF A DAMAGE-TOLERANT BASED INSPECTION PROGRAMME FOR REPAIRS
AFFECTING FCS

Repairs are a concern on older aircraft because of the possibility that they may develop, cause,
or obscure metal fatigue, corrosion, or other damage during service. This damage might occur
within the repair itself or in the adjacent structure and might ultimately lead to structural
failure.

In general, repairs present a more challenging problem to solve than the original structure
because they are unique and tailored in design to correct particular damage to the original
structure. Whereas the performance of the original structure may be predicted from tests and
from experience on other aircraft in service, the behaviour of a repair and its effect on the
fatigue characteristics of the original structure are generally known to a lesser extent than for
the basic un-repaired structure.
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Repairs may be of concern as time in service increases for the following reasons:

As aircraft age, both the number and age of existing repairs increase. Along with this increase is
the possibility of unforeseen repair interaction, failure, or other damage occurring in the
repaired area. The continued operational safety of these aircraft depends primarily on a
satisfactory maintenance programme (inspections conducted at the right time, in the right
place, using the most appropriate technique or in some cases replacement of the repair). To
develope this programme, a damage-tolerance evaluation of repairs to aircraft structure is
essential. The longer an aircraft is in service, the more important this evaluation and a
subsequent inspection programme becomes.

The practice of repair justification has evolved gradually over the last 20 plus years. Some
repairs described in the aircraft manufacturers' SRMs were not designed to fatigue and damage-
tolerance principles. (Ref. AAWG Report: Recommendations concerning ARAC taskings FR
Doc.04-10816 Re: Aging Aircraft Safety Final Rule. 14 CFR 121.370a and 129.16.) Repairs
accomplished in accordance with the information contained in the early versions of the SRMs
may require additional inspections if evaluated using the fatigue and damage-tolerance
methodology.

Damage-tolerance is a structural design and inspection methodology used to maintain safety
considering the possibility of metal fatigue or other structural damage (i.e., safety is maintained
by adequate structural inspection until the damage is repaired). One prerequisite for the
successful application of the damage tolerance approach for managing fatigue is that crack
growth and residual strength can be anticipated with sufficient precision to allow inspections
to be established that will detect cracking before it reaches a size that will degrade the strength
below a specified level. A damage-tolerance evaluation entails the prediction of sites where
fatigue cracks are most likely to initiate in the aircraft structure, the prediction of the crack path
and rates of growth under repeated aircraft structural loading, the prediction of the size of the
damage at which strength limits are exceeded, and an analysis of the potential opportunities
for inspection of the damage as it progresses. This information is used to establish an inspection
programme for the structure that will be able to detect cracking that may develop before it
precipitates a major structural failure.

The evidence to date is that when all critical structure is included, damage-tolerant based
inspections and procedures, including modification and replacement, provide the best
assurance of continued structural integrity that is currently available. In order to apply this
concept to existing transport aeroplanes, the competent authorities issued a series of ADs
requiring compliance with the first supplemental inspection programmes resulting from
application of this concept to existing aeroplanes. Generally, these ADs require that operators
incorporate SSIDs into their maintenance programmes for the affected aeroplanes. These
documents were derived from damage-tolerance assessments of the originally certificated type
designs for these aeroplanes. For this reason, the majority of ADs written for the SSIP did not
attempt to address issues relating to the damage-tolerance of repairs that had been made to
the aeroplanes. The objective of this programme is to provide the same level of assurance for
areas of the structure that have been repaired as that achieved by the SSIP for the baseline
structure as originally certificated.

The fatigue and damage-tolerance evaluation of a repair would be used in an assessment
programme to establish an appropriate inspection programme, or a replacement schedule if
the necessary inspection programme is too demanding or not possible. The objective of the
repair assessment is to assure the continued structural integrity of the repaired and adjacent
structure based on damage-tolerance principles. Any identified supplemental inspections are
intended to detect damage which may develop in a repaired area, before that damage degrades
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the load carrying capability of the structure below the levels required by the applicable
airworthiness standards.

The following guidance is intended to help TCHs and operators establish and implement a
damage-tolerant based maintenance programme for repairs affecting FCBS. Additional
guidance for repairs to modified structure is provided in paragraph 4.

3.1

3.2

3.3.

Overview of the TCH tasks for repairs that may affect FCBS

(a) Identify the affected aircraft model, models, aircraft serial numbers, and DSG
stated as a number of flight cycles, flight hours, or both.

(b) Identify the certification level.

(c)  Submitthe list of FCBS to EASA for approval, and make it available to operators and
STC holders.

(d)  Review and update published repair data as necessary.

(e)  Submit any new or updated published repair data to EASA for approval, and make
it available to operators.

(f) Develop Repair Evaluation Guidelines (REGs) and submit them to EASA for
approval, and make the approved REGs available to operators.

Certification Level

In order to understand what data is required, the TCH should identify the amendment
level of the original aircraft certification relative to CS 25.571. The amendment level is
useful in identifying what DT Data may be available and what standard should be used
for developing new DT Data. The two relevant aircraft groups are:

Group A - Aircraft certified to CAR 4b or § 25.571, prior to Amendment 25-45 or
equivalent. These aircraft were not evaluated for damage tolerance as part of the
original type certification. Unless previously accomplished, existing and future
repairs to FCBS will need DT Data developed.

Group B - Aircraft certified to § 25.571, Amendment 25-45 or later. These aircraft were
evaluated for damage tolerance as part of the original type certification. As noted
in the introduction, some of these repairs may not have repair data that includes
appropriate DTl and the TCH and operators may need to identify and perform a
DTE of these repairs and develop DTI.

Identifying Fatigue Critical Baseline Structure (FCBS)

TC Holders should identify and make available to operators a list of baseline structure
that is susceptible to fatigue cracking that could contribute to a catastrophic failure. The
term “baseline” refers to the structure that is designed under the original type certificate
or amended type certificate for that aircraft model (that is, the as delivered aircraft model
configuration). Guidance for identifying this structure can be found in CS-25 AMC 25.571.
This structure is referred to in this AMC as “fatigue critical baseline structure.” The
purpose of requiring identification and listing of fatigue critical structure (FCS) is to
provide operators with a tool that will help in the evaluating existing and future repairs
or modifications. In this context, fatigue critical structure is any structure that is
susceptible to fatigue that could contribute to a catastrophic failure, and should be
subject to a damage-tolerance evaluation (DTE). The DTE would determine if DTIs need
to be established for the repaired or modified structure. For the purpose of this AMC,
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3.4.

3.5.

structure that is modified after aircraft delivery from the TCH is not considered to be
“baseline” structure.

CS 25.571(a) states “An evaluation of the strength, detail design, and fabrication must
show that catastrophic failure due to fatigue...will be avoided throughout the operational
life of the aircraft. This evaluation must be conducted...for each part of the structure
which could contribute to a catastrophic failure (such as wing, empennage, control
surfaces, fuselage, engine mounts, and their related primary attachments)....” When
identifying FCBS, it is not sufficient to consider only that structure identified in the
supplemental structural inspection document (SSID) or airworthiness limitation section
(ALS). Some SSIDs or ALSs might only include supplemental inspections of the most highly
stressed elements of the FCBS. A SSID and ALS often refer to this structure as a Principal
Structural Element (PSE). If repaired, other areas of structure not identified as a PSE in
the SSID or ALS may require supplemental inspections. The term PSE has, at times, been
applied narrowly by industry. The narrow application of the term PSE could incorrectly
limit the scope of the structure that would be considered relative to fatigue if repairs or
modifications exist or are subsequently made. The relationship between PSE and FCS
could vary significantly depending on the TCH’s working definition of PSE. In addition,
there may be structure whose failure would be catastrophic, but due to low operational
loads on the part, the part will not experience fatigue cracking. However, if the subject
part is repaired or modified, the stresses in the part may be increased to a level where it
is now susceptible to fatigue cracking. These types of parts should be considered as
fatigue critical structure.

TC Holders should develop the list of FCBS and include the locations of FCS and a diagram
showing the extent of FCS. TC Holders should make the list available to STC Holders and
to operators.

Certification Standard Applied When Performing a DTE

For Group A aircraft, the TC Holder should use the requirements of § 25.571, at
Amendment 25-45, as a minimum standard. For Group B aircraft, the TC Holder should
use the requirements that correspond to the original certification basis as a minimum
standard. For each repair requiring a DTE, the DAH should apply not less than the
minimum standard when developing new or revised DT Data. The certification standard
applied by the TC Holder in performing a DTE for repairs should be included with the
relevant approved documentation to the operator.

Performing a DTE on a Repair That Affects FCBS

When performing a DTE on a repair that affects FCBS, the DTE would apply to the affected
FCBS and repair. This may consist of an individual analysis or the application of a DT-based
process such as RAGs that would be used by an operator. The result of the DTE should
lead to developing DTI that address any adverse effects the repair may have on the FCBS.
If the DTE results determine that DTIs are not required to ensure the continued
airworthiness of the affected FCBS, the TC Holder should note that in the DTE
documentation.

The term “adverse effects” refers to a degradation in the fatigue life or inspectability of
the affected FCBS. Degradation in fatigue life (earlier occurrence of critical fatigue
cracking) may result from an increase in internal loading, while degradation of
inspectability may result from physical changes made to the structure. The DTE should be
performed within a time frame that ensures the continued airworthiness of affected
FCBS.
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3.6.

3.7.

Review of Published Repair Data

Published repair data are generally applicable instructions for accomplishing repairs, such
as those contained in SRMs and SBs. TCHs should review their existing repair data and
identify each repair that affects FCBS. For each such repair, unless previously
accomplished, the TCH must perform a DTE and develop any necessary DTI for the
affected FCBS and repair data. For some repairs, the results of the DTE will conclude that
no new DTI will be required for the affected FCBS or repair. For these cases, the TCH
should provide a means that informs the operator a DTE was performed for the subject
repair. This may be accomplished, for example, by providing a statement in a document,
such as an SRM, stating that all repairs contained in this manual have had a DTE
performed. This should preclude operators from questioning those repairs that do not
have DTIs. TCHs should provide a list of its published repair data to operators and a
statement that a DTE has been performed on this data. The following examples of
published repair data developed by the TCH should be reviewed and included in this list:

(a)  SRMs,
(b)  SBs,
(c) Documents containing AD mandated repairs, and

(d)  Other documents available to operators (for example, aircraft maintenance
manuals and component maintenance manuals) containing approved repair data.

Developing DT Data for Existing Published Repair Data
3.7.1. SRMs

The TCH should review the repair data contained in each SRM and identify repairs
that affect FCBS. For these repairs, the TCH will need to determine if the SRM needs
revising to provide adequate DTI. In determining the extent to which an SRM may
need to be revised for compliance, consider the following:

(a)  Whether the existing SRM contains an adequate description of DTls for the
specific model.

(b)  Whether normal maintenance procedures (for example, the inspection
threshold and/or existing normal maintenance inspections) are adequate to
ensure the continued airworthiness (inspectability) equal to the unrepaired
surrounding structure.

(c)  Whether SRM Chapter 51 standard repairs have a DT evaluation.
(d)  Whether all SRM specific repairs affecting FCBS have had a DTE performed.
(e)  Whether there is any guidance on proximity of repairs.

(f)  Whether superseded repairs are addressed and how a DTE is performed for
future superseded repairs and how any DTI will be made available.

3.7.2. SBs

The TCH should review the repair data contained in its SBs and identify those
repairs that affect FCBS. For those repairs, the TCH should then determine if a new
DTE will need to be performed. This review may be done in conjunction with the
review of SBs for modifications that affect FCBS.
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3.8.

3.9.

3.10.

3.11.

3.12.

3.7.3. ADs

The TCH should review ADs that provide maintenance instructions to repair FCBS
and determine if the instructions include any necessary DT Data. While the
maintenance instructions supporting ADs are typically contained in SBs, other
means of documentation may be used.

3.7.4. Other Forms of Data Transmittal

In addition to SRMs, SBs, and documentation for ADs, the TCH should review any
other documents (for example, aircraft maintenance manuals and component
maintenance manuals) that contain repair data. Individual repair data not
contained in the above documents will be identified and DT Data obtained through
the Repair Evaluation Guidelines process.

Developing DT Data for Future Published Repair Data

Following the completion of the review and revision of existing published data any
subsequent repair data proposed for publication should also be subject to DTE and DTI
provided.

Approval of DT Data Developed For Published Repair Data

For existing published repair data that requires new DT Data for repairs affecting FCBS,
the TCH should submit the revised documentation to EASA for approval unless otherwise
agreed. The DT Data for future published repair data may be approved according to
existing processes.

Documentation of DT Data Developed for Published Repair Data

TCH should include the means used to document any new DTI developed for published
repair data. For example, in lieu of revising individual SBs, the TCH may choose to
establish a collector document that would contain new DTI developed and approved for
specific repairs contained in various SBs.

Existing Repairs

TCHs should develop processes that will enable operators to identify and obtain DTI for
existing repairs on their aircraft that affect FCBS. Collectively, these processes are
referred to as the REGs and are addressed below.

Future Repairs

Repairs to FCBS conducted after the operator has incorporated the REGs into his
maintenance programme must have a DTE performed. This includes blendouts, trim-outs,
etc. that are beyond published TCH limits. For new repairs, the TCH may, in conjunction
with an operator, use the three stage approval process provided in Annex 1 of this
Appendix. This process involves incremental approval of certain engineering data to allow
an operator to return its aircraft to service before all the DT Data are developed and
approved. The TCH should document this process for the operator’s reference in their
maintenance programme if it intends to apply it.

3.13. Repair Evaluation Guidelines

The REG provides instructions to the operator on how to survey aircraft, how to obtain
DTI, and an implementation schedule that provides timelines for these actions. An
effective REG may require that certain DT Data be developed by the TCH and made
available to operators. Updated SRMs and SBs, together with the existing, expanded, or
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new RAG documents, form the core of the information that will need to be made
available to the operator to support this process. In developing the REG the TCH will need
to determine what DT Data are currently available for repairs and what new DT Data will
need to be developed to support operator compliance. The REG should include:

(a) A process for conducting surveys of affected aircraft that will enable identification
and documentation of all existing repairs that affect fatigue critical baseline
structure;

(b) A process for obtaining DTI for repairs affecting FCBS that are identified during an
aircraft survey; and

(c)  Animplementation schedule that provides timelines for:

(1) Conducting aircraft surveys,

(2)  Obtaining DTI, and

(3) Incorporating DTl into the operator’s maintenance programme.
3.13.1. Implementation Schedule

The TCH should propose a schedule for Approval by EASA based on the guidance
given in paragraph 12 of the main body of this AMC that takes into account the
distribution of the fleet relative to % DSG, the extent of the work involved and the
airworthiness risk. The Agency notes that many fleets are currently approaching or
beyond DSG and these should be given priority in the implementation schedule.

3.13.2. Developing a Process for Conducting Surveys of Affected Aircraft

The TCH should develop a process for use by operators to conduct aircraft surveys.
These aircraft surveys are conducted by operators to identify and document
repairs and repairs to modifications that may be installed on their aircraft. The
survey is intended to help the operators determine which repairs may need a DTE
in order to establish the need for DTI. Identification of repairs that need DTl should
encompass only existing repairs that reinforce (for example, restore strength) the
FCBS. This typically excludes maintenance actions such as blend-outs, plug rivets,
trim-outs, etc. unless there are known specific risks associated with these actions
in specific locations. The process the TCH developes to conduct surveys should
include:

(a)  Asurvey schedule.
(b)  Areas and access provisions for the survey.
(c) A procedure for repair data collection that includes:
(1)  Repair Dimensions,
(2)  Repair Material,
(3)  Repair Fastener Type,
(4)  Repair Location,
(5)  Repair Proximity to other repairs,
(6)  Repairs covered by Published Repair Data, and
(7)  Repairs requiring DTI.

(d) A means to determine whether or not a repair affects FCBS.
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3.13.3. Developing a Process to Obtain DT Data for Repairs.

(a) The TCH must develop a process that operators can use to obtain DTIs that
address the adverse effects repairs may have on FCBS. In developing this
process, TCHs will need to identify all applicable DTIs they have developed
that are available to operators. This may include updated SRMs and SBs,
existing RAGs, expanded or new RAGs, and other sources of DTls developed
by the TCH. For certain repairs, the process may instruct the operators to
obtain direct support from the TCH. In this case, the TCH evaluates the
operator’s request and makes available DTI for a specific repair or group of
repairs, as needed. These may include operator or third-party
developed/approved repairs, and repairs that deviate from approved
published repair data.

(b)  The process should state that existing repairs that already have DTIs
developed and in place in the maintenance programme require no further
action. For existing repairs identified during an individual aircraft survey that
need DTls established, the process may direct the operators to obtain the
required DTls from the following sources:

(1)  TCH published service information such as DT-based SRMs, SBs, or
other documents containing applicable DT Data for repairs.

(2)  Existing approved RAG documents (developed for compliance with
§ 121.107).

(3) Expanded or newly developed RAG documents. In order to expedite
the process for an operator to obtain DTl necessary to address the
adverse affects repairs may have on FCBS, the TCH may determine
that the existing RAG document should be expanded to address other
FCBS of the aircraft pressure boundary. In addition, for aircraft that do
not currently have a RAG, the TCH may determine that in order to fully
support operators in obtaining DTI, a new RAG document may need
to be developed. General guidance for developing this material can be
found in Annex 2 below, which is similar to AC 120-73, Damage
Tolerance Assessment of Repairs to Pressurised Fuselages. The RAGs
or any other streamlined process developed to enable operators to
obtain DTI without having to go directly to the TCH.

(4)  Procedures developed to enable operators to establish DTIs without
having to contact the TCH for direct support. These procedures may
be similar in concept to the RAG documents.

(5)  Direct support from the TCH for certain repairs. The operator directly
solicits DTIs from a TCH for certain individual repairs as those repairs
are identified during the survey.

3.14 Repairs to Removable Structural Components

Fatigue critical structure may include structure on removable structural parts or
assemblies that can be exchanged from one aircraft to another, such as door assemblies
and flight control surfaces. In principle, the DT Data development and implementation
process also applies to repairs to FCS on removable components. During their life history,
however, these parts may not have had their flight times recorded on an individual
component level because of removal and reinstallation on different aircraft multiple
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3.15

times. These actions may make it impossible to determine the component’s age or total
flight hours or total flight cycles. In these situations, guidance for developing and
implementing DT Data for existing and new repairs is provided in Annex 3 of this
Appendix.

Training

The complexity of the repair assessment and evaluation may require adequate training
for proper implementation. In that case, it is necessary that each TCH considers providing
training for all operators of the aircraft considered by this AMC

4, MODIFICATIONS AND REPAIRS TO MODIFICATIONS

4.1.

4.2.

4.3.

TCH and STC Holder Tasks — Modifications and Repairs to Modifications

The following is an overview of the TCH and STC Holder tasks necessary for modifications
that affect FCBS. This overview also includes TCH and STC Holder tasks necessary for
repairs that may affect any FCS of the subject modifications. These tasks are applicable
to those modifications that have been developed by the TCH or STC Holder.

(a)  Establish a list of modifications that may affect FCBS. From that list establish a list
of modifications that may contain FCS.

(b)  In consultation with operators, determine which aircraft have the modification(s)
installed.

(c)  STC Holders should obtain a list of FCBS from the TCH for the aircraft models
identified above.

(d)  STC Holders should identify:
— Modifications that affect FCBS, or
— Modifications that contain FCS.
(e) Determine if DT Data exist for the identified modifications.
(f) Develop additional DT Data, if necessary.
(g) Establish an implementation schedule for modifications.
(h)  Review existing DT Data for repairs made to modifications that affect FCBS.
(i) Develop additional DT Data for repairs made to modifications that affect FCBS.
1] Establish an implementation schedule for repairs made to modifications.

(k)  Prepare documentation, submit it to EASA for approval, and make it available to
operators.

Specific Modifications to be Considered

The TCH should consider modifications and any STCs it owns for modifications that fall
into any of the categories listed in Annex 5 of this Appendix. STC Holders should do the
same for their STC modifications. For modifications that are not developed by a TCH or
STC Holder the operator should consider whether the modification falls into any of the
categories listed in Annex 5 of this Appendix.

Modifications that need DT data

Using the guidance provided in AMC 25.571 and the detailed knowledge of the
modification and its affect on the FCBS, the TCH and STC Holder, and in certain cases the
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4.4.

4.5.

4.6.

operator, should consider the following situations in determining what DT data need to
be developed

4.3.1. Modifications that affect FCBS

Any modification identified in Annex 5 that is installed on FCBS should be evaluated
regardless of the size or complexity of the modification. In addition, any
modification which indirectly affects FCBS (for example, modifications which
change the fatigue loads environment, or affect the inspectability of the structure,
etc.) must also have a DT evaluation performed to assess its impact.

4.3.2. Modifications that contain new FCS

For any modification identified in Annex 5 of this appendix that affects FCBS, the
TCH or STC Holder should identify any FCS of the modification. Any modification
that contains new FCS should be evaluated regardless of the size or complexity of
the modification. Examples of this type of modification may be a modification that
adds new structural splices, or increases the operational loads causing existing
structure to become fatigue critical. If a modification does not affect FCBS, then it
can be assumed that this modification does not contain FCS.

Reviewing Existing DT Data for Modifications that Affect FCBS

Based on the CS 25.571 certification amendment level and other existing rules, the
modification’s approval documentation may already provide appropriate DT data.

The TCH or STC Holder should identify modifications that have existing approved DT data.
Acceptable DT data contain a statement of DTE accomplishment and are approved.
Confirmation that approved DT data exists should be provided to the operators.

Modifications that have been developed by a TCH may affect FCBS. These include ATCs
and in some cases STCs. These changes to type design also require review for appropriate
DT data.

Developing Additional DT Data for Modifications that Affect FCBS
The DT data may be published as follows:

(a) STC modifications — The additional DT data for existing modifications may be
published in the form of an amended STC, a supplemental compliance document,
or an individual approval.

(b)  TC Holder modifications — The additional DT data for existing modifications may be
published in the form of an amended TC, TCH service information, etc.

(c)  Modifications not developed by a TCH or STC Holder — For modifications identified
in Annex 5 of this appendix that affect FCBS and were not developed by a TCH or
STC Holder, the operator is responsible for obtaining DT data for those
modifications. For those existing individual modifications that do not have DT data
or other procedures implemented, establish the DT data according to an
implementation plan approved by the Competent Authority.

NOTE: The TCH and STC Holder should submit data that describes and supports the means
used to determine if an modification affects FCBS, and the means used for establishing
FCS of an modification.

DT Data Implementation Schedule then the TCH or STC Holder is no longer in business or
aTCor STCis surrendered
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For those modifications where the TCH or STC Holder is no longer in business or the TC
or STC is surrendered, this paragraph provides guidance for an operator to produce a DT
data implementation schedule for that modification. The operator’'s DT Data
Implementation Schedule should contain the following information:

(a) A description of the modification;

(b)  The affected aircraft and the affected FCS

(c)  The DSG of the affected aircraft;

(d)  Alist of the modification FCS (if it exists);

(e)  The 25.571 certification level for determining the DT data;
(f) A plan for obtaining the DT data for the modification; and

(g) A DT Data Implementation Schedule for incorporating the DT data once they are
received.

5. DEVELOPMENT OF TCH AND STC HOLDER DOCUMENTATION AND EASA APPROVAL

TCH, STC Holders, operators and the airworthiness authorities should work together to develop
model-specific documentation with oversight provided by those authorities and assistance from
the ARAC AAWG. It is anticipated that TCHs will utilise structural task groups (STG) to support
their development of model-specific documents. EASA will approve the TCH or STC Holder
submissions of the REGs and any other associated documentation required by the operator to
provide appropriate DTI to all repairs and modifications to FCS whether submitted as separate
documents or in a consolidated document.

6. OPERATOR TASKS — REPAIRS, MODIFICATIONS AND REPAIRS TO MODIFICATIONS.
(a)  Review the applicable Documents supplied by TCH and STC Holders.
(b) Identify modifications that exist in the operators’ fleet that affect FCBS.

(c)  Obtain or develop additional DT data for modifications not addressed by the TCH or STC
Holder’s documents.

NOTE: If the TCH or STC Holder no longer exists or is unwilling to comply with this request
it becomes the responsibility of the operator to develop or obtain approved DT data. The
data should be provided by a Design Organisation with an appropriate DOA.

(d)  Incorporate the neccessary actions into the Maintenance programme for Approval by the
Competent Authority.
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TCH and STC Holder Tasks - Modifications

e Review EASA approved modification data
and identify modifications that may affect
FCBS.

Operator Tasks

Identify applicable modifications that
exist in the operator fleet that have
been embodied on or affect FCBS.
The operator should identify and
contact the TCH and STC Holders for
applicable modifications and request
DT data for the modifications.

e Verify applicability of modifications. Do
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o Affect FCBS

o Create New FCS
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Figure A3-1 - Developing a Means of Compliance for Modifications
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6.1. Contents of the Maintenance Programme

(a)  The operator should include the following in their Maintenance Programme:

(1)

(2)

A process to ensure that all new repairs and modifications that affect FCBS
will have DT data and DTl or other procedures implemented.

A process to ensure that all existing repairs and modifications to FCBS are
evaluated for damage tolerance and have DTl or other procedures
implemented. This process includes:

(i)

(ii)

A review of operator processes to determine if DT data for repairs and
modifications affecting FCBS have been developed and incorporated
into the operator’s maintenance programme for the operational life
of the aircraft. If an operator is able to demonstrate that these
processes ensure that DT data are developed for all repairs and
modifications affecting FCBS, then no further action is required for
existing repairs and modifications.

A process to identify or survey existing repairs (using the survey
parameters from Annex 3 of this Appendix) and modifications that
affect FCBS and determine DTI for those repairs and modifications.
This should include an implementation schedule that provides timing
for incorporation of the DT data into the operator’s maintenance
programme, within the timeframe given in the applicable TCH or STC
Holder’s approved documentation.

(b)  Figure A3-2, below, outlines one possible means an operator can use to develop
an implementation plan for aircraft in its fleet.
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