y European Aviation Safety Agency
— Notice of Proposed Amendment 2017-01

Implementation of the CAEP/10 amendments on

climate change, emissions and noise
RMT.0513 & RMT.0514

EXECUTIVE SUMMARY

This Notice of Proposed Amendment (NPA) addresses the environmental issues related to the CAEP/10 amendments and
their implementation within the European regulatory system.

The International Civil Aviation Organization (ICAO) Committee on Aviation Environmental Protection (CAEP) agreed in
February 2016 on various amendments to ICAO Annex 16 ‘Environmental Protection’ to the Convention on International
Civil Aviation (the ‘Chicago Convention’). This included general amendments to the existing Volume | ‘Aircraft Noise’
and Volume Il ‘Engine emissions’ Standards and Recommended Practices (SARPs). CAEP also agreed on two new
standards: one on non-volatile particulate matter (nvPM) emissions to be included in Volume Il, and an entirely new
Volume Il for aeroplane CO, emissions.

Furthermore, the NPA is linked to ICAO State Letters AN 1/17.14-16/53, AN 1/17.14-16/55 and AN 1/17.14-16/56. It
proposes to transpose CAEP/10 amendments into Article 6 of Regulation (EC) No 216/2008, Annex| (Part-21) to
Regulation (EU) No 748/2012 and the related acceptable means of compliance (AMC) and guidance material (GM), as
well as into the European Aviation Safety Agency (EASA) Certification Specifications (CSs) for ‘Aircraft Engine Emissions
and Fuel Venting’ (CS-34), ‘Aircraft Noise’ (CS-36) and ‘Aeroplane CO, Emissions’ (CS-CO,).

The objective of this NPA is to ensure alignment with ICAO provisions. The proposed changes are expected to maintain a
high uniform level of environmental protection as well as provide a level playing field for all actors in the aviation sector.

Action area: Aircraft noise (RMT.0513) & climate change (RMT.0514)
Affected rules: —  Regulation (EC) No 216/2008;
—  Part-21 and related AMC/GM;
— (CS-34;
— CS-36;
—  CS-CO, (new)
Affected stakeholders:  Design and production organisations; design approval holders (DAHs); National Aviation Authorities (NAAs);
Member States
Driver: Environment Rulemaking group: No
Impact assessment: Full (by ICAO CAEP) Rulemaking Procedure: Standard

EASA rulemaking process milestones
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Terms of Notice of Proposed Commission Commission Certification Specifications,
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About this NPA

1.  About this NPA

1.1. How this NPA was developed
The European Aviation Safety Agency (EASA) developed this NPA in line with Regulation (EC)
No 216/2008" (hereinafter referred to as the ‘Basic Regulation’) and the Rulemaking Procedure?®. This
rulemaking activity is included in the EASA 5-year Rulemaking Programme® under rulemaking tasks
RMT.0513 and RMT.0514. The text of this NPA has been developed by EASA. It is hereby submitted to
all interested parties” for consultation.
The major milestones of this rulemaking activity to date are provided on the title page.

1.2. How to comment on this NPA

1.3

Please submit your comments using the automated Comment-Response Tool (CRT) available at
http://hub.easa.europa.eu/crt/’.

The deadline for submission of comments is 17 April 2017.

. The next steps
Following the closing of the public commenting period, EASA will review all comments.
Based on the comments received, EASA will develop an opinion containing the proposed amendments

to Regulations (EC) No 216/2008 and (EU) No 748/2012. The opinion will be submitted to the European
Commission, which will use it as a technical basis in order to prepare European Union (EU) regulations.

Following the adoption of the regulation, EASA will issue decisions containing the related AMC/GM, as
well as the associated CSs (CS-34, CS-36 and CS-CO,).

The comments received and the EASA responses thereto will be reflected in a comment-response
document (CRD), which will be annexed to the opinion.

Regulation (EC) No 216/2008 of the European Parliament and of the Council of 20 February 2008 on common rules in the field of
civil aviation and establishing a European Aviation Safety Agency, and repealing Council Directive 91/670/EEC, Regulation (EC)
No 1592/2002 and Directive 2004/36/EC (o) L 79, 19.3.2008, p. 1) (http://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1467719701894&uri=CELEX:32008R0216).

EASA is bound to follow a structured rulemaking process as required by Article 52(1) of the Basic Regulation. Such a process has
been adopted by the EASA Management Board (MB) and is referred to as the ‘Rulemaking Procedure’. See MB Decision No 18-2015
of 15 December 2015 replacing Decision 01/2012 concerning the procedure to be applied by the Agency for the issuing of opinions,
certification specifications and guidance material (http://www.easa.europa.eu/the-agency/management-board/decisions/easa-
mb-decision-18-2015-rulemaking-procedure).

http://easa.europa.eu/rulemaking/annual-programme-and-planning.php

In accordance with Article 52 of the Basic Regulation and Articles 6(3) and 7 of the Rulemaking Procedure.
In case of technical problems, please contact the CRT webmaster (crt@easa.europa.eu).

**
*
* *

* *
* ok
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In summary — why and what

Why we need to change the rules — issue/rationale

Following its 10th formal meeting (CAEP/10) from 1 to 12 February 2016, the ICAO CAEP
recommended amendments to ICAO Annex 16, Vol | ‘Aircraft Noise’ and Vol Il ‘Aircraft Engine
Emissions’, as well as the creation of a new Vol lll ‘Aeroplane CO, Emissions’. These recommendations
are the outcome of work conducted during the three years preceding the meeting in accordance with
the CAEP/10 Work Programme. It is further envisaged that these proposed amendments will be
adopted, after consultation, by the ICAO Council in 2017/Q1.

The proposed amendments to Vol | of ICAO Annex 16 include updates to the existing aircraft noise
measurement specifications. No new standard on aircraft noise was recommended at CAEP/10.

The proposed amendments to Vol Il of ICAO Annex 16 include updates to the existing aircraft engine
emissions measurement specifications. In addition, a new nvPM-emissions mass concentration
standard has been introduced as Chapter 4 into Part lll. This is supplemented by Appendix 7 which
contains the certification procedures, including measurement methodology, system operation and
instrument calibration.

The proposed new Vol Il of ICAO Annex 16 introduces an aeroplane CO, emissions standard for both
new and in-production aeroplane types.

In addition to the amendments to ICAO Annex 16, CAEP/10 approved ICAO Doc 9501 ‘Environmental
Technical Manual’ (ETM), Vol | ‘Procedures for the Noise Certification of Aircraft’, Vol Il ‘Procedures for
the Emissions Certification of Aircraft Engines’ and a new Vol lll ‘Aeroplane CO, Emissions’. The
updated ETM Vols provide clarifications and additional guidance material to facilitate a harmonised
implementation of ICAO Annex 16.

The current EASA rules and measures make a direct reference to the amendments to Vols | and Il of
ICAO Annex 16, as well as to specific editions of the ETM. These rules and measures need therefore to
be amended to ensure that the EU regulations in the field of aviation environmental protection are
aligned with the latest international SARPs and associated guidance material.

For a more detailed analysis of the issues addressed by this proposal, please refer to the Section 4.1
‘1A,
What we want to achieve — objectives

The overall objectives of the EASA system are defined in Article 2 of the Basic Regulation. This proposal
will contribute to the achievement of the overall objectives by addressing the issues outlined in
Chapter 2.

The specific objective of this proposal is to ensure a high uniform level of environmental protection, as
well as to provide a level playing field for all actors in the aviation sector, by aligning the European
implementing rules (IRs) and AMC/GM with the ICAO SARPs (ICAO Annex 16) and guidance (ETM).

How we want to achieve it — overview of the proposals

This NPA proposes amendments to:
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the Basic Regulation;
Part-21;

AMC/GM to Part-21;
CS-34; and

CS-36.

Additionally, it proposes to create a new CS-CO,.

The proposed amendments are drafted to reflect the proposed updates in the ICAO SARPs and

guidance material, as described hereafter:

ICAO Annex 16, Vol | amendment (see Section 6.1 ‘Appendix 1’)

This amendment addresses technical issues arising from the application of the SARPs and related
guidance for aircraft noise certification, and includes miscellaneous editorial changes and corrections

to enhance the documents’ utility and compatibility with ETM Vol I:

(a)

(b)

(c)

Definition of reference conditions

The amendment aims to ensure consistency in the way each of the Chapters of Vol | define the
reference atmosphere in order to improve clarity, thereby providing for a common
interpretation. The proposed changes use common text to define the same concept. Moreover,
the current situation whereby identical text (e.g. in current Chapter 3, Section 3.6.1.5 and
Chapter 8, Section 8.6.1.5) has different intended meanings has been remedied. In addition,
references to the ICAO ‘standard atmosphere’ and to related guidance material in the ETM have
been added.

This proposal also includes amendments to the definition of the reference day speed of sound in
terms of a temperature lapse rate, and to the derivation of reference power in terms of
temperature and pressure lapse rates, as defined by the ICAO ‘standard atmosphere’.

Flight path measurement techniques

The amendment proposes to remove references to outdated flight path measurement
techniques and align the text of Vol | with the extensively revised guidance material of ETM,
Vol I.

Guidelines for noise certification of tilt rotor

The amendment proposes to correct editorial and technical errors in Attachment F ‘Guidelines
for noise certification of tilt-rotor aircraft’ and standardise the terminology and symbols
throughout Vol I.

ICAO Annex 16, Vol Il amendment (see Section 6.2 ‘Appendix 2’)

This proposed amendment of the SARP in Vol Il addresses technical issues arising from the application

of the SARP and related guidance for aircraft engine emissions certification, and includes miscellaneous

editorial changes and corrections:

(a)

Definition of ‘engine type certification’
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The term ‘type-certificated engine’ is used in the definition of the ‘derivative version’ of an
engine, and ‘engine type certificate’ is also used in ETM, Vol Il. In that context, a definition of the
term ‘type certificate’ has been added in Part |, Chapter 1.

(b)  Update of the sampling-line temperature stability limits

The Vol I, Appendix 3, paragraph 5.1.2 requirements for sampling-line temperature stability are
to maintain the line temperature at 160+ 15°C (with a stability of + 10 °C). This could be
interpreted to allow a range of temperatures of 135 to 185°C, whereas the intent of the current
text is to ensure that the line temperature is maintained at 160+15°C (i.e. 145°C to 175°C). To
clarify this issue, the amendment proposes the deletion of ‘with a stability of £ 10°C’, which also
aligns the text with Society of Automotive Engineers (SAE) Aerospace Recommended Practice
(ARP) 1256D.

(c)  Change of the NOx analyser calibration gas to NO

For the NOx analyser, the current Attachment D to Appendix 3 requires a test gas of NO in zero
nitrogen and a calibration gas of NOx in zero nitrogen. SAE ARP 1256D recommends NOx for
both, test and calibration gases. This inconsistency between ICAO and SAE specifications was
discussed within CAEP and SAE, and both groups came to the same conclusion of specifying the
use of NO in zero nitrogen for both test and calibration gases.

In practice, the NO bottles contain traces of NO, (usually a few ppm). A NOx bottle could be
misinterpreted as a true mixture of NO and NO, compared to an NO bottle with traces of NO,.
Some bottle providers indicate the NO concentration as well as the NOx concentration to reflect
the presence of NO, in small quantities. Generally, the NOx analyser can be calibrated by two
different approaches depending on the measurement mode being utilised (‘NO only’ mode or
‘NOx’ mode). The NO mode is considered as the default mode since NO is what is measured by
the NOx analyser. When the NO mode is used, the presence of NO, is not desirable. In this case,
it is appropriate to require NO in zero nitrogen for both the calibration gas and the test gas,
instead of NOx in zero nitrogen. Thus, the calibration and test gas for the NOx analyser in
Attachment D to Appendix 3 should be NO in zero nitrogen.

The amendment proposes to change the calibration gas to NO in Attachment D to Appendix 3,
and ETM, Vol Il provides technical procedural information on the NOx analyser calibration.

(d)  Change in the naphthalene content within the test fuel specifications

The current emissions test fuel specification allows naphthalene to be present in the fuel
between 1 % vol. and 3.5 %vol. An ICAO/CAEP investigation highlighted that manufacturers and
organisations involved in gas turbine emissions measurements have reported difficulties in
obtaining fuel that meets the minimum-naphthalene content test fuel specification of
Appendix 4. This investigation concluded that the ICAO Annex 16 naphthalene limits are not
representative of current, commercially available jet fuel.

When consideration was given to removing the lower limit on the naphthalene content in the
emissions test fuel specification (i.e. from 1 % vol. to 0 % vol.), it was concluded that there would
be no effect on gaseous emissions levels, and a negligible effect on the ‘Smoke Number’ (SN)
level as long as the aromatic and hydrogen content remains within the current emissions test
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fuel specification limits. There is no proposal to change the current aromatic and hydrogen
limits.

The amendment proposes to change the naphthalene content range of the emissions test fuel
specification (Appendix 4) to between 0% vol. and 3% vol. (from between 1%vol. and
3.5 % vol).

(d)  Introduction of an aircraft engine nvPM (Chapter 4 and Appendix 7)

Aircraft engines burning hydrocarbon-based fuels emit gaseous and Particulate Matter (PM)
emissions as by-products of combustion. At the engine exhaust, particulate emissions mainly
consist of ultrafine soot or black carbon emissions. Such particles are called non-volatile PM
(nvPM). Compared to traditional diesel engines, non-volatile particles from gas turbine engines
are typically smaller in size. Their geometric mean diameter ranges approximately from
15 nanometres (nm) to 60 nm (0.06 micrometres; 10nm =1/100 000 of a millimetre (mm)).
These particles are ultra-fine and invisible to the human eye.

During the CAEP/10 meeting, the first nvPM Standard for aircraft engines was recommended.
The proposed amendment includes the new nvPM engine emissions Standard in Chapter 4 as
well as the nvPM sampling and measurement system provisions in Appendix 7. The proposed
nvPM Standard, which will apply to turbofan and turbojet engines manufactured as from
1 January 2020, is for aircraft engines with rated thrust greater than 26.7 kN.

The regulatory level for the nvPM Standard is the nvPM mass concentration that is equivalent to
the current ICAO Annex 16, Vol ll SN regulatory level. If an engine meets the current SN
Standard, based on the design of the regulatory level, it will also meet the proposed nvPM
Standard. Therefore, the proposed CAEP/10 nvPM Standard does not introduce a new
stringency.

The purpose of the engine exhaust emission certification is to compare engine technologies and
to ensure that the engines produced comply with the prescribed regulatory limits. The nvPM
sampling and measurement system requirements, as described in the proposed Appendix 7,
standardise the particle losses in the measurement system such that particle losses are
minimised and that engine measurements performed by different engine manufacturers and
test facilities are directly comparable. The proposed nvPM Standard will allow, for the first time,
the technological comparison of different engine type designs in terms of nvPM emissions.

The nvPM sampling and measurement system will lose a portion of the particles when they
travel through the sampling lines because of the very small size of the nvPM particles. Therefore,
the nvPM emissions measured at the instruments will be lower than the values at the engine exit
plane. For emission inventories and impact assessments, nvPM emissions at the engine exit
should be estimated through application of a standardised methodology to better reflect real-
world emissions. To achieve this, an nvPM system loss correction method is proposed, and the
reporting of nvPM system loss correction factors is requested (Part IV and Appendix 8). The
proposed Part IV and Appendix 8 request the reporting of particle losses although this is not part
of the proposed nvPM certification requirements.

Overall, the proposed nvPM Standard will allow manufacturers to become more familiar with
the nvPM measurement certification requirements. It will also provide data to support the
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development of an nvPM mass and number landing take-off (LTO)-based Standard, aiming for
CAEP/11 in 2019, which will be more relevant to health and climate impacts.

(e)  Update of ICAO Annex 16, Vol Il to include the new nvPM emissions Standard

The amendment proposes to introduce the necessary changes into a large number of Sections in
order to incorporate the proposed new nvPM Standard.

ICAO Annex 16, Vol. lll — 1st Edition (see Appendix 6.3)

The purpose of the 1st Edition of ICAO Annex 16, Vol lll is to implement the new Standard and related
guidance for aeroplane CO, emissions certification.

Vol. lll is applicable to new aeroplane type designs as from 1.1.2020, except for aeroplanes with a
maximum take-off mass (MTOM) of less than or equal to 60t and with a maximum operational
passenger seating configuration (MOPSC) of less than or equal to 19 seats, for which the applicability
date is 1.1.2023. The requirements for aeroplane type designs that are already in production are also
applicable as from 1.1.2023. If an in-production aeroplane type design is changed at a time beyond
1.1.2023 and meets agreed change criteria, then the aeroplane will have to comply with the CO,
emissions Standard. As from 1.1.2028, there will be a general production cut-off irrespective of
whether the type design has been changed, which means that in-production aeroplane types can only
continue to be produced if the design meets the Standard. The CO, emissions Standard covers subsonic
jet aeroplanes with an MTOM of greater than 5 700 kg and propeller-driven aeroplanes with an MTOM
of greater than 8 618 kg. The CO, emissions Standard is especially stringent for larger aeroplanes with
an MTOM of greater than 60 t, where it will have the greatest environmental benefit. This recognises
the fact that the designs of larger aeroplanes have had access to the broadest range of CO, emissions
reduction technologies. For aeroplanes with an MTOM of less than or equal to 60 t, the Standard
provides some margin for a sector that has not had access to the most advanced technologies.

Vol. lll was designed to be environmentally effective, technically feasible and economically reasonable,
while considering environmental interdependencies. The final decision on the CO, emissions Standard
was supported by a data-informed process that included a cost-effectiveness modelling analysis of
various stringency and applicability options.

ICAO Doc 9501 ‘Environmental Technical Manual’, Vol. | ‘Procedures for the Noise Certification of

Aircraft’

The document was revised during the 10th CAEP cycle®. The revision includes various editorial
improvements as well as the following changes:

(a) new guidance on the calculation of confidence intervals for interpolation between already
approved noise/mass values (Chapter 4.2);

(b) improved guidance to reflect modern aircraft tracking methods using differential global
positioning tracking systems (Chapter 3.2);

(c) introduction of guidelines for recertification of aircraft to ICAO Annex 16, Vol I, Chapter 14
(Chapter 9); and

6
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*
*

*
*

* *
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The latest version is available at http://www.icao.int/environmental-protection/Pages/environment-publications.aspx.
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2. In summary — why and what

2.4.

(d) introduction of guidelines on the certification standards for tilt rotors into Annex 16, Vol |,
Chapter 13 and Attachment F (Chapter 7).

ICAO Doc 9501 ‘Environmental Technical Manual’, Vol. Il ‘Procedures for the Emissions Certification of

Aircraft Engines’

This document was revised during the 10th CAEP cycle’. The revision includes new guidance text
associated with:

(a)  clarification of the carbon balance check (Appendix 3, paragraph 6);

(b) clarification of the engine type certification definition (Part I, Chapter 1);

(c) clarification of the calibration gases for the NOx analyser (Appendix 3, Attachment D);

(d)  guidance text on the possibility to elect to comply with the latest Standard (Part Ill, Chapter 2);
(e) clarification of the probe temperature (Appendix 3, paragraph 5);

(f)  technical and equivalent procedures to meet the fuel venting requirements (Part Il, Chapter 2);
(g) guidance on the ‘no emissions change’ certification process (Part Ill, Chapter 2);

(h)  procedures for the nvPM emissions certification of aircraft engines (Part Ill, Chapter 4 and
Appendix 7); and

(i) miscellaneous editorial changes and corrections to enhance the documents.

ICAO Doc 9501 ‘Environmental Technical Manual’, Vollll ‘Procedures for the CO, Emissions
Certification of Aeroplanes’ (see Section 6.3.3 ‘Appendix 3’)

The new Vol lll of the ETM was created during the 10th CAEP cycle to complement the new ICAO
Annex 16, Vol Ill.

What are the expected benefits and drawbacks of the proposals

The expected benefits and drawbacks of the proposal are summarised below. For the full impact
assessment of alternative options, please refer to Chapter 4 ‘1A".

The Impact Assessment (IA) has highlighted the expected benefits and drawbacks of the two policy
options identified, namely: leave current rules unchanged (i.e. ‘do nothing’) or implement the CAEP/10
amendments. Out of these two options, only Option 2 (implementation of the CAEP/10 amendments)
has positive impacts in all identified aspects (environmental, social, economic and harmonisation),
while Option 1 (‘do nothing’) has negative impacts in all these aspects. It is therefore proposed to
select Option 2 and proceed with the implementation of the CAEP/10 amendments.

7
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The latest version is available at http://www.icao.int/environmental-protection/Pages/environment-publications.aspx.
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3. Proposed amendments and rationale in detail

The text of the amendment is arranged to show deleted text, new or amended text as shown below:

3.1.

3.1.1.

— deleted text is struck through;

— new or amended text is highlighted in grey;

— an ellipsis ‘[...]" indicates that the rest of the text is unchanged.

Draft regulation (Draft EASA opinion)

Draft Articles to be included in the draft amending Regulation amending Regulation (EC)

No 216/2008

In Article 6 of Regulation (EC) No 216/2008, paragraph 1 is amended as follows:

1. Products, parts and appliances shall comply with the environmental protection requirements
contained in the 7th Edition of Volume | as amended by Amendment 431-B12,—and—in the
3rd Edition of Volume Il as amended by Amendment 89 and in the 1st Edition of Volume Il of

Annex 16 to the Chicago Convention as applicable on 1 January 20158, except for the

Appendices to Annex 16.

1. Member States may grant exemptions to production organisations against the aeroplane CO,
Standard established in Volume lll, Part lll, Chapter 2, paragraph 2.1.1 (a) to (g) of Annex 16 to

the Chicago Convention.

2. Exemptions shall be granted under the following conditions:

(a)  such exemptions shall be granted in consultation with the Agency;

(b) in the case of new aeroplanes, the maximum exemptions per type certificate shall not be

more than:

% Margin to CAEP/10
New Type Regulatory Level

Maximum Exemptions

per Aeroplane Type Certificate

Oto 2

40

2to 4

80 — 20 x percent margin to regulatory level

More than 4

0

(c) in the case of in-production aeroplanes, the maximum exemptions per type certificate

shall not be more than:

% Margin to CAEP/10

In-production Type Regulatory Level

Maximum Exemptions

per Aeroplane Type Certificate

Oto2

75

2to 10

90 — 7.5 x percent margin to regulatory level

More than 10

15
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(d)

(e)

when considering a request for exemption, the production organisation shall provide the
Member State with information such that it can take into account:

(i) the justification provided by the production organisation responsible for
manufacturing the exempted aeroplane, including, but not limited to,
considerations of technical issues, adverse economic impacts, environmental
effects, impact of unforeseen circumstances, and equity issues;

(ii)  the number of new or in-production aeroplanes affected; and
(iii)  the total number of exemptions granted for that aeroplane type; and

when granting the exemption, the Member State shall specify in the exemption as a
minimum:

(i) the aeroplane’s type certificate number; and

(i)  the maximum number of new or in-production aeroplanes included in the

exemption.

3. Organisations responsible for manufacturing aeroplanes under an exemption granted in
accordance with this Article shall:

(a) ensure that the aeroplane statement of conformity reads: ‘Aeroplane exempted from the
First Edition (unamended) of ICAO Annex 16, Volume Ill, Chapter 2, paragraph 2.1.1.[x]’, as
relevant to paragraph 1 of this Article;

(b)  have a quality control process for maintaining oversight of, and managing the production
of, affected aeroplanes; and

(c)  provide, on a regular basis, to the Member State that granted the exemption and the
organisation responsible for the aeroplane design, details on the exempted aeroplanes
produced, including aeroplane type, model and serial number.

4. Member States that granted an exemption shall, without undue delay, communicate to the
Agency all data referred to in paragraphs 2(d), 2(e) and 3(c). The Agency shall establish and
maintain a register containing such data and make it publicly available.
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SECTION A — TECHNICAL REQUIREMENTS
SUBPART B — TYPE-CERTIFICATES AND RESTRICTED TYPE-CERTIFICATES

1. 21.A.18 is amended as follows:

21.A.18 Designation of applicable environmental protection requirements and certification
specifications

[...]

(b)  The applicable fuel venting, smoke, gaseous and particulate matter aircraft engine emissions
requirements for the issue of a type-certificate for an aircraft and engine are prescribed
according to the provisions of Chapter 1 of Partll and Chapter 1 of Partlll ofin Annex 16,
Volume Il to the Chicago Convention and:

1. for prevention of intentional fuel venting, in Volume Il, Part ll, Chapter 2;

2. for smoke and gaseous emissions of turbo-jet and turbofan engines intended for
propulsion only at subsonic speeds, in Volume Il, Part Ill, Chapter 2;-and

3. for smoke and gaseous emissions of turbo-jet and turbofan engines for propulsion only at
supersonic speeds, in Volume I, Part Ill, Chapter 3-;and

4, for particulate matter emissions of turbojet and turbofan engines intended for propulsion
only at subsonic speeds, in Volume Il, Part Ill, Chapter 4.

(c)  The applicable aeroplane CO, emissions requirements for the issue of a type certificate for an
aeroplane are prescribed according to the provisions of Chapter 1 of Partll of Annex 16,
Volume Il to the Chicago Convention and:

1. for subsonic jet aeroplanes, in Volume Ill, Part I, Chapter 2; and
2. for propeller-driven aeroplanes, in Volume lll, Part I, Chapter 2.

(d) The Agency shall issue, in accordance with Article 19 of Regulation (EC) No 216/2008,
certification specifications providing for acceptable means to demonstrate compliance with the
noise and the emission requirements laid down in points (a), ard-(b) and (c) respectively.

2. 21.A.31 is amended as follows:

21.A.31 Type design
(a)  The type design shall consist of:

[...]

4. any other data necessary to allow by comparison; the determination of the airworthiness;

and the environmental characteristics ef—hoise,—fuelventing—and—exhaust—emissions

(where applicable) of later products of the same type.
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3. 21.A.41 is amended as follows:

21.A.41 Type-certificate

The type-certificate and restricted type-certificate are both considered to include the type design, the
operating limitations, the type-certificate data sheet for airworthiness and emissions, the applicable
type-certification basis and environmental protection requirements with which the Agency records
compliance, and any other conditions or limitations prescribed for the product in the applicable
certification specifications and environmental protection requirements. The aircraft type-certificate
and restricted type-certificate, in addition, shall both include the applicable operational suitability data
certification basis, the operational suitability data and the type-certificate data sheet for noise. The
aircraft type certificate and restricted type certificate data sheet shall include the record of CO,
emissions compliance, and tFhe engine type-certificate data sheet shall include the record of exhaust
emissions compliance.

SUBPART D — CHANGES TO TYPE-CERTIFICATES AND RESTRICTED TYPE-CERTIFICATES

4, 21.A.91 is amended as follows:

21.A.91 Classification of changes in type-certificate

Changes in type-certificate are classified as minor and major. A ‘minor change’ is one that has no
appreciable effect on the mass, balance, structural strength, reliability, operational characteristics,
other characteristics affecting the airworthiness of the product, or environmental eharacteristiesnoise;

i i . Without prejudice to point 21.A.19, all other changes are ‘major changes’
under this Subpart. Major and minor changes shall be approved in accordance with points 21.A.95 or

21.A.97, as appropriate, and shall be adequately identified.
SUBPART F — PRODUCTION WITHOUT PRODUCTION ORGANISATION APPROVAL

5. 21.A.130is amended as follows:

21.A.130 Statement of conformity
[...]
(b) A statement of conformity shall include:

1. for each product, part or appliance, a statement that the product or appliance, conforms
to the approved design data and is in condition for safe operation; and

2. for each aircraft, a statement that the aircraft has been ground and flight checked in
accordance with 21.A.127(a); and

3. for each engine, or variable pitch propeller, a statement that the engine or propeller has
been subjected by the manufacturer to a final functional test, in accordance with point
21.A.128; and

4. additionally, in the case of environmental requirementsengines;:
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(i) a statement that the completed engine is in compliance with the applicable NOy
emissions requirements on the date of manufacture of the engine; and

(ii)  a statement on whether the aeroplane has been issued with an exemption against
the applicable CO, emissions requirements.

[...]

SUBPART G — PRODUCTION ORGANISATION APPROVAL

6. 21.A.145 is amended as follows:

21.A.145 Approval requirements

The production organisation shall demonstrate, on the basis of the information submitted in
accordance with point 21.A.143 that:

[...]
(b)  with regard to all necessary airworthiness and environmental,—eisefuelventing and-exhaust

emissions data:

1. the production organisation is in receipt of such data from the Agency, and from the
holder of, or applicant for, the type-certificate, restricted type-certificate or design
approval, including any exemption granted against the CO, production -cut-off
requirements, to determine conformity with the applicable design data;

2. the production organisation has established a procedure to ensure that airworthiness and

environmental-heise;fuel-ventingand-exhaust-emissions data are correctly incorporated

in its production data; and

3. such data are kept up to date and made available to all personnel who need access to
such data to perform their duties;

(c)  with regard to management and staff:

1. a manager has been nominated by the production organisation, and is accountable to the
competent authority. His or her responsibility within the organisation shall consist of
ensuring that all production is performed to the required standards and that the
production organisation is continuously in compliance with the data and procedures
identified in the exposition referred to in point 21.A.143;

2. a person or group of persons have been nominated by the production organisation to
ensure that the organisation is in compliance with the requirements of this Annex | (Part
21), and are identified, together with the extent of their authority. Such person(s) shall act
under the direct authority of the accountable manager referred to in point (1). The
persons nominated shall be able to show the appropriate knowledge, background and
experience to discharge their responsibilities;

3. staff at all levels have been given appropriate authority to be able to discharge their
allocated responsibilities and that there is full and effective coordination within the
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production organisation in respect of airworthiness and environmental;-reisefuelventing
and-exhaust-emission data matters;

[...]

7. 21.A.147 is amended as follows:

21.A.147 Changes to the approved production organisation

(a)  After the issue of a production organisation approval, each change to the approved production
organisation that is significant to the showing of conformity or to the airworthiness and

environmental-characteristics-of-noisefuelventingand-exhaust-emissions of the product, part

or appliance, particularly changes to the quality system, shall be approved by the competent
authority. An application for approval shall be submitted in writing to the competent authority
and the organisation shall demonstrate to the competent authority before implementation of
the change, that it will continue to comply with this Subpart.

[...]

SUBPART H — CERTIFICATES OF AIRWORTHINESS AND RESTRICTED CERTIFICATES OF AIRWORTHINESS

8. 21.A.174 is amended as follows:

21.A.174 Application
[...]

(b)  Each application for a certificate of airworthiness or restricted certificate of airworthiness shall

include:
1. the class of airworthiness certificate applied for;
2. with regard to new aircraft:

(i) a statement of conformity:
— issued under point 21.A.163(b); or
— issued under point 21.A.130 and validated by the competent authority; or

— for an imported aircraft, a statement signed by the exporting authority that
the aircraft conforms to a design approved by the Agency;

(i)  a weight and balance report with a loading schedule; and

(iii)  the flight manual, when required by the applicable certification specifications for
the particular aircraft.

3. with regard to used aircraft:

(i) originating from a Member State, an airworthiness review certificate issued in
accordance with Part M;

(ii)  originating from a non-member State:
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— a statement by the competent authority of the State where the aircraft is, or
was, registered, reflecting the airworthiness status of the aircraft on its
register at time of transfer;

— a weight and balance report with a loading schedule;

— the flight manual when such material is required by the applicable
airworthiness code for the particular aircraft;

— historical records to establish the production, modification, and maintenance
standard of the aircraft, including all limitations associated with a restricted
certificate of airworthiness under point 21.B.327(c);

- a recommendation for the issuance of a certificate of airworthiness or
restricted certificate of airworthiness and an airworthiness review certificate
following an airworthiness review in accordance with Part M; and

— the CO, metric-value data and the date on which the first certificate of
airworthiness was issued.

[...]

SUBPART J — DESIGN ORGANISATION APPROVAL

9. 21.A.251 is amended as follows:

21.A.251 Terms of approval

The terms of approval shall identify the types of design work, the categories of products, parts and
appliances for which the design organisation holds a design organisation approval, and the functions
and duties that the organisation is approved to perform in regard to the airworthiness and

environmental-eperational-suitability-and characteristics-ef-hoise;fuel-ventingand-exhaust-emissions
of products. For design organisation approval covering type-certification or ETSO authorisation for
Auxiliary Power Unit (APU), the terms of approval shall contain in addition the list of products or APU.
Those terms shall be issued as part of a design organisation approval.

SECTION B — PROCEDURES FOR COMPETENT AUTHORITIES
SUBPART H — CERTIFICATES OF AIRWORTHINESS AND RESTRICTED CERTIFICATES OF AIRWORTHINESS

10. 21.B.326is amended as follows:

21.B.326 Certificate of airworthiness
The competent authority of the Member State of registry shall issue a certificate of airworthiness for:
(a)  new aircraft:

1. upon presentation of the documentation required by point 21.A.174(b)(2);

2. when the competent authority of the Member State of registry is satisfied that the aircraft
conforms to an approved design and is in a condition for safe operation. This may include
inspections by the competent authority of the Member State of registry; and
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3. when the competent authority of the Member State of Registry is satisfied that the
aircraft is in compliance with the applicable CO, emissions requirements on the date on
which the certificate of airworthiness is first issued.

(b)  used aircraft:

1. upon presentation of the documentation required by point 21.A.174(b)(3) demonstrating
that:

(i) the aircraft conforms to a type design approved under a type-certificate and any
supplemental type-certificate, change or repair approved in accordance with this
Annex | (Part 21); and

(ii)  the applicable airworthiness directives have been complied with; and

(iii)  the aircraft has been inspected in accordance with the applicable provisions of
Annex | (Part M) of Regulation (EC) No 2042/2003; and

(iv) the aircraft was in compliance with the applicable CO, emissions requirements on
the date on which the certificate of airworthiness was first issued;

2. when the competent authority of the Member State of registry is satisfied that the aircraft
conforms to an approved design and is in a condition for safe operation. This may include
inspections by the competent authority of the Member State of registry; and

3. when the competent authority of the Member State of Registry is satisfied that the
aircraft was in compliance with the applicable CO, emissions requirements on the date on
which the certificate of airworthiness was first issued.

3.2. Draft certification specifications (Draft EASA decision)

3.2.1. CS-34 —Book1

Certification Specifications and Acceptable Means of Compliance and Guidance Material
for Aircraft Engine Emissions and Fuel Venting

Aircraft Engine Emissions and Fuel Venting Requirements

1. CS 34.1 is amended as follows:

CS 34.1 Fuel venting
(See GM 34.2)

The aircraft must be designed to comply with the applicable fuel venting requirements defined under
21.A.18(b)(1).
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2. CS 34.2 is amended as follows:

CS 34.2 Aircraft engine emissions
(See AMC 34.2 and GM 34.2)

The aircraft engine must be designed to comply with the applicable emission requirements defined
under 21.A.18(b)(2); and (3) and (4).

CS-34 — Book 2

Acceptable Means of Compliance and Guidance Material

1. AMC 34.2 is amended as follows:

AMC 34.2 Aircraft engine emissions

The acceptable means of compliance for aircraft engine emissions are presented in:

(a) for measurement of reference pressure ratio, Appendix 1 to ICAO Annex 16, Volume II;
(b)  for smoke emission evaluation, Appendix 2 to ICAO Annex 16, Volume lI;

(c)  forinstrumentation and measurement techniques for gaseous emissions, Appendix 3-exceptfor
its-attachments; to ICAO Annex 16, Volume Il;

(d)  for specification for fuel to be used in aircraft turbine engine emission testing, Appendix 4 to
ICAO Annex 16, Volume II;

(e)  for instrumentation and measurement techniques for gaseous emissions from afterburning gas
turbine engines, Appendix 5-exceptforitsattachments; to ICAO Annex 16, Volume |l;-and

(f)  for compliance procedure for gaseous emissions and smoke, Appendix 6 to ICAO Annex 16,
Volume lIl; and

(g) for compliance procedure for particulate matter emissions, Appendix 7 to ICAO Annex 16,
Volume II.

2. GM 34.2 is amended as follows:

GM 34.2 Aircraft engine emissions

Guidance material for the application of the certification specifications for aircraft engine emissions is
presented in:

{é}——ICAO Doc 9501 ‘Environmental Technical Manual’, Volume Il ‘Procedures for the Emissions

Certification of Aircraft Engines’, 2nd Edition, 2014, fer—emissions—certification—ofturbojetand
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3.2.3. CS-36 — Book 2

Certification Specifications and Acceptable Means of Compliance and Guidance Material for Aircraft Noise

Acceptable Means of Compliance and Guidance Material

1. GM 36.1 is amended as follows:

GM 36.1 Aircraft noise

Guidance material for the application of the certification specifications for aircraft noise is presented
in:
(a) for equations for the calculation of maximum permitted noise levels as a function of take-off

mass, Attachment A to ICAO Annex 16, Volume [;

(b)  for evaluating an alternative method of measuring helicopter noise during approach,
Attachment D to ICAO Annex 16, Volume |[;

(c)  for applicability of noise certification standards for propeller-driven aeroplanes, Attachment E to
ICAO Annex 16, Volume [;

(d)

for

guidelines for noise certification of tilt rotors, Attachment F to ICAO Annex 16, Volume I; and

(e) ICAO Doc9501 ‘Environmental Technical Manual’, Volume | ‘Procedures for the Noise
Certification of Aircraft’, CAEP/10 Steering Group 2015-approved revision (based on the
2nd Edition, 2015), except Chapters 1 and 8.
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3.2.4. Cs-CO,

1. New CS-CO, is created:

Certification Specifications
and Acceptable Means of Compliance
and Guidance Material
for

Aeroplane CO, Emissions

CS-CO,

Issue 1

xx Month 201x®

& For the date of entry into force of Issue 1, please refer to Decision 201x/xxx/R in the Official Publication of the Agency.
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CONTENTS (general layout)

Cs-CO,

AEROPLANE CO, EMISSIONS

BOOK 1 — CO, EMISSIONS REQUIREMENTS

BOOK 2 — ACCEPTABLE MEANS OF COMPLIANCE AND GUIDANCE MATERIAL
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CS-CO,

Book 1

Certification Specifications
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CS CO2.1 Aeroplane CO, emissions
(See AMC CO,.1 and GM CO,.1)

The aeroplane must be designed to comply with the applicable CO, emissions requirements defined
under 21.A.18(c).
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CS-CO,

Book 2

Acceptable Means of Compliance

and Guidance Material
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AMC CO2.1 Aeroplane CO, emissions

For aeroplanes for which Annex 16 to the Chicago Convention®, Volume lll, Part I, Chapter 2 is
applicable, the acceptable means of compliance for aeroplane CO, emissions are contained in
Annex 16, Volume Ill, Appendices 1 and 2.

GM CO2.1 Aeroplane CO, emissions

Guidance material for the application of the certification specifications for aeroplane CO, emissions is
contained in ICAO Doc 9501 ‘Environmental Technical Manual’, Volume Ill ‘Procedures for the CO,
Emissions Certification of Aeroplanes’, 1st Edition, 2017, except for the exemption process from the
CO, emissions production cut-off requirements.

The Convention on International Civil Aviation of 7 December 1944.
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3.3.

Draft acceptable means of compliance and guidance material (Draft EASA decision)

3.3.1. AMC/GM to Part-21
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SECTION A
SUBPART D — CHANGES TO TYPE-CERTIFICATES AND RESTRICTED TYPE-CERTIFICATES

1. Appendix A to GM 21.A.91 is amended as follows:

Appendix A to GM 21.A.91: Examples of Major Changes per discipline
[...]

8. Environment

The introductory text to Appendix A to GM 21.A.91 describes how in Part 21 a negative
definition is given of minor changes only. This philosophy is similar to the manner in which the
ICAO Standards and Recommended Practices for environmental protection (ICAO Annex 16) and
the associated Guidance Material (ICAO Environmental Technical Manual) define changes
affecting a product’s environmental characteristics in terms of ‘no-acoustical changes’,-and ‘no-
emissions changes’ and ‘no-CO, changes’ (i.e. changes which do not appreciably affect the
product’s environmental characteristics).

Following the general philosophy of this Appendix, however, it is preferred to give examples of
changes which might have an appreciable effect on a product’s environmental characteristics
(i.e. the effect might be greater than the no-acoustic change and no-emissions change criteria)
and might therefore lead to a major change classification.

Where a change is made to an aircraft or aircraft engine, the effect of the change on the
product’s environmental characteristics should be taken into account. Examples of changes that
might have an appreciable effect on the product’s environmental characteristics, and might
therefore be classified as a major change, are listed below. The examples are not exhaustive and
will not, in every case, result in an appreciable change to the product’s environmental
characteristics, and therefore, will not per-se and in every case result in a major change
classification.

An appreciable effect is considered to be one which exceeds the ICAO criteria for a no-acoustical
change,—er a no-emissions change or a no-CO, change. For the definition of a no-acoustical
change refer to the section of the ICAO Environmental Technical Manual, Volume | (ICAO Doc
9501, Volume | — Procedures for the Noise Certification of Aircraft) concerning changes to
aircraft type designs involving no-acoustical changes (see also the definitions of a ‘derived
version’ in ICAO Annex 16, Volume |). For the definition of a no-emissions change refer to the
section of the ICAO Environmental Technical Manual, Volume Il (ICAO Doc 9501, Volume Il —
Procedures for the Emissions Certification of Aircraft Engines) concerning no-emissions changes.
For the definition of a no-CO, change, refer to the Section of ICAO Doc 9501 ‘Environmental
Technical Manual’, Volume Ill ‘Procedures for the CO, Emissions Certification of Aeroplanes’
concerning no-CO, changes.

(i) Noise: A change that introduces either:
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[...]
(ili)  CO,: a change that introduces either:
— an increase in the CO, emissions certification level; or

— a decrease in the CO, emissions certification levels for which an applicant wishes to
take credit.

Examples of CO, emission-related changes that may lead to a ‘major change’ classification
are:

— a change to the maximum take-off mass; and

— a change that may affect the aeroplane’s specific air range performance, including:

o a change that increases the aircraft’s drag;

o a change of engine or, if fitted, propeller type;
o a change in engine thrust rating; and

o a change in the engine combustor design.

= a change to the aeroplane’s reference geometric factor (RGF).

2. GM 21.A.101 is amended as follows:

GM 21.A.101 Establishment of the type-certification basis of changed aeronautical products
Foreword

This guidance material (GM) provides guidance for the application of the Changed Product Rule(CPR),
21.A.101 and 21.A.19, for changes made to type-certificated aeronautical products.

Chapter 1. Introduction

1. Purpose
[...]
3. Applicability

a. Reserved.

[...]

f. This GM is not intended to be used to determine the applicable environmental protection

requirements (aircraft noise, fuel venting;—and engine exhaust emissions and aeroplane

CO, emissions requirements) for changed products.

[...]
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SUBPART F — PRODUCTION WITHOUT PRODUCTION ORGANISATION APPROVAL

3. GM No. 2 to 21.A.121 is amended as follows:

GM No. 2 to 21.A.121 Applicability —— Applicable design data

Applicable design data is defined as all necessary drawings, specifications and other technical
information provided by the applicant for, or holder of a design organisation approval, TC, STC,
approval of repair or minor change design, or ETSO authorisation (or equivalent when Part 21 Section A
Subpart F is used for production of products, parts or appliances, the design of which has been
approved other than according to Part 21), and released in a controlled manner to the manufacturer
producing under Part 21 Subpart F. This should be sufficient for the development of production data to
enable manufacture in conformity with the design data.

Prior to issue of the TC, STC, approval of repair or minor change design or ETSO authorisation, or
equivalent, design data is defined as ‘not approved’, but parts and appliances may be released with an
EASA Form 1 as a certificate of conformity.

After issue of the TC, STC, approval of repair or minor change or ETSO authorisation, or equivalent, this
design data is defined as ‘approved’ and items manufactured in conformity are eligible for release on
an EASA Form 1 for airworthiness purposes.

For the purpose of Subpart F of Part--21, the term ‘applicable design data’ includes,—nr—the—case—of

engines-and-when-appheable; the information related to the applicable engine exhaust emissions and
aeroplane CO, emissions production cut-off requirements.

[...]

4, AMC No. 1 to 21.A.130(b) is amended as follows:

AMC No. 1to 21.A.130(b) Statement of Conformity for Complete Aircraft

[...]
3 COMPLETION OF THE AIRCRAFT STATEMENT OF CONFORMITY BY THE ORIGINATOR

Block 1
[...]

Block 14 Remarks: Any statement, information, particular data or limitation which may affect
the airworthiness of the aircraft. If there is no such information or data, state;:
‘NONE’. In case the competent authority has endorsed a CO, emissions production
cut-off exemption, the following record: ‘Aeroplane exempted from 1st Edition
(unamended) of Annex 16, Volume lll, Part Il, Chapter 2, paragraph 2.1.1 [x]’.

[...]
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5. AMC 21A.130 (b) (4) is amended as follows:

AMC 21A.130-(b)-(4) Applicable engine exhaust emissions requirements
[...]

6. New AMC 21A.130(b)(5) is inserted as follows:

AMC 21A.130(b)(5) Applicable aeroplane CO, emissions requirements
1. General

This determination is made according to the data provided by the aeroplane type certificate
holder. This data should allow the determination of whether the aeroplane complies with the
CO, emissions applicability requirements of Annex 16 to the Chicago Convention, Volume lll,
Part I, Chapter 2, paragraph 2.1.1.

It should be noted that the competent authority has the possibility to grant exemptions as noted
in Volume lll, Part Il, Chapter 1, paragraph 1.11. This Section summarises the process and criteria
for exemptions against the CAEP/10-agreed CO, applicability requirements in the 1st Edition of
Annex 16, Volume llI, Part Il, Chapter 2, paragraph 2.1.1 (a) to (g).

2. Process and criteria for exemptions against the CO, emissions production cut-off requirements
2.1 Request

The organisation should submit a formal request to the competent authority, signed by an
appropriate manager, and copied to all other relevant organisations and involved
competent authorities, including the Agency. The letter should include the following
information for the competent authority to be in a position to review the application:

(a) administrative information:
name, address and contact details of the applicant organisation;
(b)  scope of the request:

(i) aeroplane type (new or in-production type, model designation, type
certificate (TC) number, TC date);

(ii)  number of individual aeroplane exemptions requested;

(iii) anticipated duration (end date) of continued production of exempted
aeroplanes; and

(iv) towhom the aeroplane will be originally delivered; and

(c) justification for exemptions:

when requesting an exemption, the organisation should, to the extent possible,
address the following factors, with quantification, in order to support the merits of
the exemption request:

(i) technical issues, from an environmental and airworthiness perspective, which
may have delayed compliance with the production cut-off requirement;

(ii)  economic impacts on the manufacturer, operator(s) and aviation industry at
large;
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(iii)  environmental effects; this should consider the amount of additional CO,
emissions that will be emitted as a result of the exemption, which may
include consideration of the following:

(A) the amount by which the aeroplane model CO, emissions exceed the
CO, emissions standard, taking into account any other aeroplane
models in the aeroplane family, covered by the same type-certificate,
and their relation to the standard;

(B) the amount of CO, emissions that would be emitted by an alternative
aeroplane for the same application; and

(C) the impact of changes to reduce CO, emissions on other environmental
factors, including community noise and NOx emissions;

(iv) impact of unforeseen circumstances and hardship due to business
circumstances beyond the manufacturer’s control (e.g. employees’ strike,
supplier disruption or calamitous events);

(v)  projected future production volumes and plans for producing a compliant
version of the aeroplane model for which exemptions are sought;

(vi) equity issues in administering the production cut-off among economically
competing parties (e.g. provide the rationale for granting the exemption
when another manufacturer has a compliant engine and does not need an
exemption, taking into account the implications for the operator’s fleet
composition and commonality, as well as related issues in the absence of the
engine for which exemptions are sought); and

(vii) any other relevant factors.
2.2 Evaluation

2.2.1. Since the Agency has the overview of the exemptions granted within the Member
States and within third countries by contacting the relevant design organisation, the
Agency advises the competent authority during the process of granting exemptions.
The advice from the Agency should take the form of a letter sent to the competent
authority. The approval of exemptions should be communicated to the Member
State responsible for the issuance of the aeroplane’s initial certificate of
airworthiness (CofA).

2.2.2 The evaluation of an exemption request should be based on the justification
provided by the organisation.

2.2.3 The proposed maximum number of potential exemptions should be inversely
proportional to the % margin of the CO, metric value from the regulatory level
(Volume Ill, Part Il, Chapter 2, paragraph 2.4). Those aeroplane types with a smaller
% margin to the regulatory level should be permitted a larger number of
exemptions compared to the aeroplane types with a larger % margin.
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2.2.4 Following the recommendation in Volume lll, Part I, Chapter 1, paragraph 1.11 to

use an acceptable process, the number of aeroplanes exempted per type certificate

is the proposed maximum number in the tables and figures below:
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In-Production Regulatory level

Maximum Exemptions Total
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2.3  Rejection of request

If the competent authority rejects the request for exemption, the response should include
a detailed justification.

SUBPART G — PRODUCTION ORGANISATION APPROVAL

7. GM 21.A.131 is amended as follows:

GM 21.A.131 Scope — Applicable design data

[...]

For the purpose of Subpart G of Part-21, the term ‘applicable design data’ includes,-r-case-ef-engines
and—when—applicable; the information related to the applicable engine exhaust emissions and
aeroplane CO, emissions production cut-off requirements.

8. GM 21.A.145(b)(2) is amended as follows:

GM 21.A.145(b)(2) Approval Requirements —— Airworthiness and environmental protection,-heise;

fuelventing and-exhaust-emissions/production/quality data procedures

1 When a POA holder/applicant is developing its own manufacturing data, such as computer based
data, from the design data package delivered by a design organisation, procedures are required
to demonstrate the right transcription of the original design data.

2 Procedures are required to define the manner in which airworthiness and environmental;reise;

fuelventing and-exhaust-emissions data is used to issue and update the production/quality data,

which determines the conformity of products, parts and appliances. The procedure must also
define the traceability of such data to each individual product, part or appliance for the purpose
of certifying condition for safe operation and issuing a Statement of Conformity or EASA Form 1.

9. AMC No 2 to 21.A.163(c) is amended as follows:

AMC No 2 to 21.A.163(c) Completion of the EASA Form 1
[...]

Examples of data to be entered in this block as appropriate:

. For complete engines, a statement of compliance with the applicable emissions requirements
current on the date of manufacture of the engine.

. For ETSO articles, state the applicable ETSO number.

. Modification standard.

. Compliance or non-compliance with airworthiness directives or Service Bulletins.

. Details of repair work carried out, or reference to a document where this is stated.

. Shelf life data, manufacture date, cure date, etc.

. Information needed to support shipment with shortages or re-assembly after delivery.

. References to aid traceability, such as batch numbers.

. In case of an engine, if the €competent Aauthority has granted an engine exhaust emissions

production cut-off exemption, the record: ‘[“NEW-OR-SPARENew or Spare~] ENGINE-EXEMPTED
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FROM—NOx—EMISSIONS—PROBUCHON—CUT-OFFREQUHREMENTengine exempted from NOx

emissions production cut-off requirement’.

10. AMC 21A.165(c)(3) is amended as follows:

AMC 21A.165(c)(3) Applicable engine exhaust emissions requirements

[...]

11. AMC21A.165(c)(4) is amended as follows:

AMC 21A.165(c)(4) Applicable aeroplane CO, emissions requirements
1. General

This determination is made according to the data provided by the aeroplane type certificate
holder. This data should allow the determination of whether the aeroplane complies with the
CO, emissions applicability requirements of Annex 16 to the Chicago Convention, Volume lll,
Part I, Chapter 2, paragraph 2.1.1.

It should be noted that the competent authority has the possibility to grant exemptions as noted
in Volume lll, Part Il, Chapter 1, paragraph 1.11. This Section summarises the process and criteria
for exemptions against the CAEP/10-agreed CO, applicability requirements in the 1st Edition of
Annex 16, Volume lll, Part Il, Chapter 2, paragraph 2.1.1 (a) to (g).

2. Process and criteria for exemptions against the CO, emissions production cut-off requirements
2.1 Request

The organisation should submit a formal request to the competent authority, signed by an
appropriate manager, and copied to all other relevant organisations and involved
competent authorities, including the Agency. The letter should include the following
information for the competent authority to be in a position to review the application:

(a) administrative information:
name, address and contact details of the applicant organisation;
(b)  scope of the request:

(i) aeroplane type (new or in-production type, model designation, type
certificate (TC) number, TC date);

(ii)  number of individual aeroplane exemptions requested;

(iii) anticipated duration (end date) of continued production of exempted
aeroplanes; and

(iv) towhom the aeroplane will be originally delivered; and

(c) justification for exemptions:

when requesting an exemption, the organisation should, to the extent possible,
address the following factors, with quantification, in order to support the merits of
the exemption request:
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(i) technical issues, from an environmental and airworthiness perspective, which
may have delayed compliance with the production cut-off requirement;

(ii)  economic impacts on the manufacturer, operator(s) and aviation industry at
large;

(iii)  environmental effects; this should consider the amount of additional CO,
emissions that will be produced as a result of the exemption, which may
include consideration of the following:

(A)  the amount by which the aeroplane model CO, emissions exceed the
CO, emissions standard, taking into account any other aeroplane
models in the aeroplane family, covered by the same type-certificate,
and their relation to the standard;

(B)  the amount of CO, emissions that would be emitted by an alternative
aeroplane for the same application; and

(C) the impact of changes to reduce CO, emissions on other environmental
factors, including community noise and NOx emissions;

(iv) impact of unforeseen circumstances and hardship due to business
circumstances beyond the manufacturer’s control (e.g. employees’ strike,
supplier disruption or calamitous events);

(v)  projected future production volumes and plans for producing a compliant
version of the aeroplane model for which exemptions are sought;

(vi) equity issues in administering the production cut-off among economically
competing parties (e.g. provide the rationale for granting the exemption
when another manufacturer has a compliant engine and does not need an
exemption, taking into account the implications for the operator’s fleet
composition and commonality, as well as related issues in the absence of the
engine for which exemptions are sought); and

(vii) any other relevant factors.

2.2  Evaluation

2.2.1. Since the Agency has the overview of the exemptions granted within the Member
States and within third countries by contacting the relevant design organisation, the
Agency advises the competent authority during the process of granting exemptions.
The advice from the Agency should take the form of a letter sent to the competent
authority. The approval of exemptions should be communicated to the Member
State responsible for the issuance of the aeroplane’s initial certificate of
airworthiness (CofA).

2.2.2 The evaluation of an exemption request should be based on the justification
provided by the organisation.

2.2.3 The proposed maximum number of potential exemptions should be inversely
proportional to the % margin of the CO, metric value from the regulatory level
(Volume Ill, Part Il, Chapter 2, paragraph 2.4). Those aeroplane types with a smaller
% margin from the regulatory level should be permitted a larger number of
exemptions compared to the aeroplane types with a larger % margin.
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2.2.4 Following the recommendation in Volume lll, Part I, Chapter 1, paragraph 1.11 to

use an acceptable process, the number of aeroplanes exempted per type certificate

is the proposed maximum number in the tables and figures below:
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2.3  Rejection of request

If the competent authority rejects the request for exemption, the response should include
a detailed justification.
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Impact assessment (l1A)

What is the issue

At its 10th formal meeting from 1 to 12 February 2016 (CAEP/10), the ICAO CAEP approved
amendments to ICAO Annex 16, Vol | ‘Aircraft Noise’ and Vol Il ‘Aircraft Engine Emissions’. It also
approved a new aircraft engine particulate matter emissions Standard to be contained in ICAO
Annex 16, Vol ll, and a new aeroplane CO, emissions Standard for ICAO Annex 16, Vol lIl.

To support the ICAO Annex 16 requirements, ICAO Doc 9501 ‘Environmental Technical Manual’ (ETM),
Vol | ‘Procedures for the Noise Certification of Aircraft’, as well as Vol Il ‘Procedures for the Emissions
Certification of Aircraft Engines’ were also updated to provide clarifications and additional guidance
material on the use of procedures for certification. A new ETM Vol Il ‘Aeroplane CO, Emissions’ was
also created.

These recommendations resulted from the work conducted during the three years preceding the
meeting in accordance with the CAEP/10 Work Programme. The amendments approved at CAEP have
been subsequently proposed for adoption by ICAO in State Letters AN 1/17.14-16/53 (Voll),
AN 1/17.14-16/54 (Vol Il) and AN 1/17.14-16/56 (Vol Ill), dated 8 July 2016.

Article 6 of the Basic Regulation makes direct reference to the current amendments of ICAO Annex 16,
Vols| and Il (7th Edition, Amendment 11-B and 3rd Edition, Amendment 8, respectively). The
alignment with the ICAO SARPs and Guidance Material in the area of environmental protection should
be maintained. Leaving the current regulatory framework unchanged would lead to an uneven playing
field among stakeholders at global level, and would potentially create loopholes in the environmental
certification of aircraft and aircraft engines.

Safety risk assessment

No safety risks were identified.

Who is affected

The present rulemaking task affects:

— stakeholders: design and production organisations;

— authorities: NAAs and EASA,;

— products: fixed-wing and rotary-wing aircraft as well as tilt rotors; and

— people impacted by aircraft noise and emissions.

How could the issue/problem evolve

Aircraft noise and emissions are expected to grow over the next decades as the projected
improvement of aircraft and aircraft engines’ environmental performance will be insufficient to
compensate for the negative effect of traffic growth in the EU and worldwide. Noise and emissions
design standards are one of the key measures in mitigating aviation’s environmental impact (reduction
at source) and are part of EASA’s remit.

Furthermore, it is anticipated that ICAO Contracting States outside the EU will implement the
amendments to ICAO Annex 16 proposed for adoption within the ICAO States Letters. Leaving the EU
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rules unchanged would therefore lead to an uneven playing field among actors operating in the
international aviation market, and create major loopholes in the field of environmental protection
certification.

What we want to achieve — objectives

The specific objective of this proposal is to ensure a high uniform level of environmental protection by
aligning the EU rules and EASA AMC/GM with the ICAO SARPs (Annex 16) and guidance (ETM), as well
as to provide a level playing field for all actors in the aviation sector.

How it could be achieved — options

The policy options are unchanged compared to the ones identified in the preliminary regulatory impact
assessment (Pre-RIA) for this RMT, namely:

Table 1 — Selected policy options

Option No | Short title Description

0 Do nothing Baseline option (no change in rules; risks remain as
outlined in the issue analysis).

1 CAEP/10 implementation To implement the CAEP/10 amendments, as proposed
for adoption by the relevant ICAO State Letters.

Methodology and data

A summary of the methodology and the data used in developing the new nvPM and CO, standards are
provided in Sections 6.2.5 and 6.3.4, respectively.

What are the impacts

Safety impact

No safety impacts were identified.

Environmental impact

Out of the two options considered, only Option 1 has a positive impact on the environment. The
introduction of new nvPM and CO, Standards in ICAO Annex 16 and the ETM ensures that aircraft and
aircraft engine designs meet the latest environmental standards which mitigate local air quality and
climate change impacts and have a positive benefit for the environment.

Furthermore, the overall ICAO Annex 16 amendments remove ambiguities and inconsistencies. They
also provide clarifications, include up-to-date best practices based on the latest technical
developments, and introduce technically sound and well-defined specifications.

Social impact

No social impacts are expected from the options in consideration other than the indirect social effect
through the mitigation of the environmental impacts (positive impact of Option 1).
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4.6.

4.6.1.
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*
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*
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Economic impact

Both options have an economic impact.

It should be noted that the costs for stakeholders of designing, producing and operating aircraft
compliant with the new CAEP/10 environmental requirements are also present under Option O (‘do
nothing’) as these requirements will likely be applicable in world regions other than Europe.
Furthermore, Option 0 would increase the risk of European products not being acceptable in different
parts of the world, with the associated costs that this would incur.

In contrast, as Option1 improves the harmonisation of environmental protection certification
requirements worldwide, it reduces the administrative burden for industry and, therefore, has a
positive economic impact.

General Aviation (GA) and proportionality issues

No impacts on small and medium-sized enterprises (SMEs) and/or GA were identified.

Impact on ‘Better Regulation’ and harmonisation

Option 0 would create a misalignment between EU rules and the global ICAO SARPS and guidance in
the area of aviation environmental protection.

It would most probably lead to divergence between European and non-European aviation
environmental protection standards, creating potential loopholes.

Out of the two options, only Option 1 ensures that EU rules are aligned with the global set of rules
proposed for adoption in the ICAO State Letters.

Conclusion

Comparison of options

Out of the two policy options considered, only Option 1 (implementation of CAEP/10 amendments) has
positive impacts in all identified aspects (environmental, social, economic, harmonisation, and no
impact on safety). On the other hand, Option 0 (do nothing) has negative impacts in all aspects but
safety.

During a three-year work cycle (2013-2016), the proposed amendments to ICAO Annex 16 and the
ETM, and, more specifically, the new particulate matter and CO, standards were thoroughly discussed
in the CAEP working groups by high-level technical experts from aviation authorities (including EASA),
industry and non-governmental organisations (NGOs). The amendments, as proposed, reflect the EU
objective of improving environmental protection.

The benefits and drawbacks of each option are summarised in the below table:

Safety Environment Economic Social Regulatory
harmonisation

Option 0 0 - - - -

Option 1 0 ++ + + ++
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4. Impact assessment (IA)

Based on the above, it is recommended to implement the amendments agreed at CAEP/10 and
proposed for adoption in the ICAO State Letters, i.e. to follow Option 1.

4.7. Monitoring and evaluation

No specific monitoring or ex post evaluation is planned for this rule.
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Directive 2004/36/EC (OJ L 79, 19.3.2008, p. 1).
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appliances, as well as for the certification of design and production organisations, and repealing
Commission Regulation (EC) No 1702/2003 (OJ L 224, 21.8.2012, p. 1).

5.2. Affected decisions

Decision No.2003/3/RM of the Executive Director of the Agency of 17 October 2003 on
certification specifications providing for acceptable means of compliance for aircraft engine
emissions and fuel venting (‘CS-34’).

Decision No.2003/4/RM of the Executive Director of the Agency of 17 October 2003 on
certification specifications providing for acceptable means of compliance for aircraft noise
(‘CS-36").
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Acceptable Means of Compliance and Guidance Material for the airworthiness and
environmental certification of aircraft and related products, parts and appliances, as well as for
the certification of design and production organisations (‘AMC and GM to Part-21’).
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ICAO CAEP/10 Working Paper (WP)/92, Report of the 10th meeting of the Committee on
Aviation Environmental Protection, February 2016

ICAO State Letter AN 1/17.14-16/53, ‘Proposals for the amendment of Annex 16, Volume |
concerning Standards and Recommended Practices relating to environmental protection —
Aircraft noise’, 8 July 2016

ICAO State Letter AN 1/17.14-16/55, ‘Proposals for the amendment of Annex 16, Volume Il
concerning Standards and Recommended Practices relating to environmental protection —
Aircraft engine emissions’, 8 July 2016

ICAO State Letter AN 1/17.14-16/56, ‘Proposals for the First Edition of Annex 16, Volume llI,
concerning Standards and Recommended Practices relating to environmental protection —
Aeroplane CO, emissions’, 8 July 2016

Annex 16 ‘Environmental Protection’ to the Convention on International Civil Aviation

ICAO Doc 9501 ‘Environmental Technical Manual’, Vols I, Il and I
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6. Appendices

6.1. Appendix 1 — ICAO ANNEX 16, VOL | AMENDMENTS

6.1.1. Excerpt of the summary of presentations, discussions, conclusions, recommendations and proposed
general changes to ICAO Annex 16, Vol from the CAEP/10 Report (Agenda Item 6 ‘Review of
technical proposals relating to aircraft noise’)

6.2 PROPOSED AMENDMENTS TO ANNEX 16, VOLUME | AND THE
ENVIRONMENTAL TECHNICAL MANUAL, VOLUME I

6.2.1 N.02.01 Definitions; N.02.02 Modification of ETM figures; N.02.04 Nomenclature:
Symbols and units; N.02.06 Caretaking of the ETM

6.2.1.1 WG1 recommended changes to the ETM, Volume | and Annex 16, Volume | to enhance the
documents’ utility and compatibility. Under N.02.06, all miscellancous editorial changes arising from other
N.02 tasks have been included. The maintenance and update task will continue during CAEP/11.

6.2.2 N.02.12 Atmospheric absorption

6.2.2.1 This task is to “Monitor SAE work to update the atmospheric absorption procedure and assess
the impact, including the effect on stringency, of its adoption in the Annex”. At the 2015 CAEP Steering Group
meeting, it was agreed that SAE ARP 5534, for noise certification purposes, would be adopted during the next
round of standard-setting at the earliest, pending completion of the technical work. Completion of the technical
work is expected during the CAEP/11 cycle.

6.2.3 N.02.14 Confidence interval for interpolation

6.2.3.1 The 2015 CAEP Steering Group meeting endorsed new guidance for applicants and authorities
on the calculation of confidence intervals for interpolation between already approved noise/mass values.

6.2.4 N.02.22 Flight path measurement

6.24.1 Noise certification flight testing requires that the aircraft’s position relative to the
microphone(s) be established to a high degree of accuracy. Improved guidance to reflect modern aircraft
tracking methods using differential global positioning tracking systems was completed. Related Annex text was
aligned with the revised ETM guidance material. These changes were endorsed by the 2015 CAEP Steering
Group meeting. Additional work is needed in CAEP/11 to update guidance on photographic scaling methods
used by small aircraft.

6.2.5 N.02.25 Recertification taking into account Chapter 14

6.2.5.1 The 2015 CAEP Steering Group meeting endorsed the revisions to the ETM, Volume I,
Chapter 9 to introduce guidelines for recertification to Annex 16, Volume I, Chapter 14.
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6.2.6 N.02.26 Update of ETM for tilt-rotors

6.2.6.1 The 2015 CAEP Steering Group meeting endorsed guidelines in the ETM for tilt-rotors with
reference to the certification standards for tilt-rotors in Annex 16, Volume |, Chapter 13 and the certification
guidance for tilt-rotors in Annex 16, Volume I, Attachment F.

Discussion and Conclusions

6.2.7 The meeting congratulated WG1 on its achievements in keeping Annex 16, Volume | up to date
and relevant. The meeting approved the amendments to Annex 16, Volume I as presented in Appendix A. The
meeting noted the view of a member that a thorough review of the text in Chapter 13 of Annex 16, Volume I is
needed and agreed to consider it with future work.

6.2.8 The meeting confirmed the Steering Group Approved Revision (SGAR) of the ETM, Volume |
approved by the 2015 CAEP Steering Group meeting.

6.2.9 Recommendation
6.2.9.1 In light of the foregoing discussion, the meeting developed the following recommendation:

RSPP | Recommendation 6/1 — Amendments to Annex 16 —
Environmental Protection, Volume | — Aircraft Noise

That Annex 16, Volume | be amended as indicated in
Appendix A to the report on this agenda item.

Recommendation 6/2 — Amendments to the Environmental
Technical Manual, Volume | — Procedures for the Noise
Certification of Aircraft

That the Environmental Technical Manual, Volume 1 be
amended, as indicated in the Report of Working Group 1, and
that revised versions approved by subsequent CAEP Steering
Groups be made available, free of charge on the ICAO website,
pending a final decision on official publication by the ICAO
Secretary General.
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6.1.2. Proposed general amendments to ICAO Annex 16, Vol |

The text of the amendment is arranged to show deleted text with a line through it and new text
highlighted with grey shading, as shown below:

1. Textto-bedeletedisshownwith-a-tine-through-it: text to be deleted
2. New text to be inserted is highlighted with grey shading. new text to be inserted

3. Fextto-be-deleted-is-shown-with-a-tine-through-it followed new text to replace existing text
by the replacement text which is highlighted with grey
shading.
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PROPOSAL A

REFERENCE ATMOSPHERE

CHAPTER 3.

1.— SUBSONIC JET AEROPLANES — Application for Type Certificate submitted on or
after 6 October 1977 and before 1 January 2006

2— PROPELLER-DRIVEN AEROPLANES OVER 8 618 kg — Application for Type
Certificate submitted on or after 1 January 1985 and before 1 January 2006

3.6 Noise certification reference procedures

3.6.1.5 The reference procedures shall be calculated under the following reference atmospheric
conditions:

a) sealevel-atmospheric pressure at sea level of 1 013.25 hPa, decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere;

b) ambient air temperature at sea level of 25°C,--e+4SA+10°C: decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere (i.e. 0.65°C per 100 m);

c) constant relative humidity of 70 per cent;
d) zero wind;-and

e) for the purpose of defining the reference take-off profiles for both take-off and lateral noise
measurements, the runway gradient is zero; and

f) the reference atmosphere in terms of temperature and relative humidity is considered to be
homogeneous (i.e. ambient temperature 25°C and relative humidity 70 per cent) for the purpose
of calculating:

1) the reference sound attenuation rate due to atmospheric absorption; and

2) the reference speed of sound used in the calculation of the reference sound propagation
geometry.
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variation of reference atmospheric pressure with altitude are given in the section of the Environmental
Technical Manual (Doc 9501), Volume | — Procedures for the Noise Certification of Aircraft,
concerning the ICAO Standard Atmosphere.

Note 2. —The characteristics of the ICAO Standard Atmosphere are provided in the Manual of the
ICAO Standard Atmosphere (Doc 7488/3).

CHAPTER 5. PROPELLER-DRIVEN AEROPLANES OVER
8 618 kg — Application for Type Certificate submitted
before 1 January 1985

5.6 Noise certification reference procedures

5.6.1.5 The reference procedures shall be calculated under the following reference atmospheric
conditions:

a) seatevel-atmospheric pressure at sea level of 1 013.25 hPa, decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere;

b) ambient air temperature at sea level of 25°C, decreasing with altitude at a rate defined by the
ICAO Standard Atmosphere (i.e. 0.65°C per 100 m),+-e—SA-+-10°C except that at the discretion
of the certificating authority, an alternative reference ambient air temperature at sea level of
15°CH-e—SA may be used;

c) constant relative humidity of 70 per cent;-and

d) zero wind; and

e) the reference atmosphere in terms of temperature and relative humidity is considered to be
homogeneous (i.e. ambient temperature 25°C and relative humidity 70 per cent) for the purpose
of calculating:

1) the reference sound attenuation rate due to atmospheric absorption; and

2) the reference speed of sound used in the calculation of the reference sound propagation
geometry.

Note 1.— Details for calculating the variation of reference atmospheric pressure with altitude are
given in the section of the Environmental Technical Manual (Doc 9501), Volume | — Procedures for the
Noise Certification of Aircraft, concerning the ICAO Standard Atmosphere.

Note 2. —The characteristics of the ICAO Standard Atmosphere are provided in the Manual of the
ICAO Standard Atmosphere (Doc 7488/3).
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CHAPTER 6. PROPELLER-DRIVEN AEROPLANES
NOT EXCEEDING 8 618 kg — Application for
Type Certificate submitted before 17 November 1988

6.4 Noise certification reference procedures
The reference procedure shall be calculated under the following reference atmospheric conditions:

a) seatevel-atmospheric pressure at sea level of 1 013.25 hPa, decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere; and

b) ambient air temperature at sea level of 25°C,--e4SA+10°C: decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere (i.e. 0.65°C per 100 m);

Note 1.— Details for calculating the variation of reference atmospheric pressure with altitude are
given in the section of the Environmental Technical Manual (Doc 9501), Volume | — Procedures for the
Noise Certification of Aircraft, concerning the ICAO Standard Atmosphere.

Note 2. —The characteristics of the ICAO Standard Atmosphere are provided in the Manual of the
ICAO Standard Atmosphere (Doc 7488/3).

CHAPTER 8. HELICOPTERS

8.6.1 General conditions
8.6.1.5 The reference procedures shall be-establishedfor calculated under the following reference
atmospheric conditions:
a) seatevelconstant atmospheric pressure of 1 013.25 hPa;
b) constant ambient air temperature of 25°C-H-eSA+10°C;
c) constant relative humidity of 70 per cent; and

d) zero wind.

CHAPTER 10. PROPELLER-DRIVEN AEROPLANES NOT
EXCEEDING 8 618 kg — Application for Type Certificate
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or Certification of Derived Version submitted on
or after 17 November 1988

10.5.1 General conditions

10.5.1.4 The reference procedures shall be calculated under the following atmospheric conditions:

a) seatevel-atmospheric pressure at sea level of 1 013.25 hPa, decreasing with altitude at a rate
defined by the ICAO Standard Atmosphere;

b) ambient air temperature at sea level of 15°C,-e—SA decreasing with altitude at a rate defined
by the ICAO Standard Atmosphere (i.e. 0.65°C per 100 m);

c) constant relative humidity of 70 per cent; and

d) zero wind.

Note 1.— Details for calculating the variation of reference atmospheric pressure with altitude are
given in the section of the Environmental Technical Manual (Doc 9501), Volume | — Procedures for the
Noise Certification of Aircraft, concerning the ICAO Standard Atmosphere.

Note 2. —The characteristics of the ICAO Standard Atmosphere are provided in the Manual of the
ICAO Standard Atmosphere (Doc 7488/3).

10.5.1.5 The acoustic reference atmospheric conditions shall be the same as the reference
atmospheric conditions for flight.
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CHAPTER 11. HELICOPTERS NOT EXCEEDING 3 175 kg
MAXIMUM CERTIFICATED TAKE-OFF MASS

11.5.1 General conditions

11.5.1.4 The reference procedure shall be established for the following reference atmospheric
conditions:

a) seatevelconstant atmospheric pressure of 1 013.25 hPa;
b) constant ambient air temperature of 25°C;
c) constant relative humidity of 70 per cent; and

d) zero wind.

CHAPTER 13. TILT-ROTORS

13.6 Noise certification reference procedures

13.6.1.5 The reference procedures shall be-established-for calculated under the following reference
atmospheric conditions:

a) seatevelconstant atmospheric pressure of 1 013.25 hPa;
b) constant ambient air temperature of 25°C-He~SA+10°C;
c) constant relative humidity of 70 per cent; and

d) zero wind.
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APPENDIX 6. EVALUATION METHOD FOR NOISE
CERTIFICATION OF PROPELLER-DRIVEN AEROPLANES
NOT EXCEEDING 8 618 kg — Application for Type Certificate

or Certification of Derived Version submitted
on or after 17 November 1988

Editorial Note. Changes proposed for consistency purposes and to correct errors are included in
paragraphs 3 and 5.2 to provide clarity to the presentation of Proposal A.

3. NOISE UNIT DEFINITION

The-tamax Lasmax 1S defined as the maximum level, in decibels, of the A-weighted sound pressure (slow
response) with reference to the square of the standard reference sound pressure—Pg}, po, of 20
micropascals (LPa).

5.2 Corrections and adjustments

5.2.1 The adjustments take account of the effects of:

a) differences in atmospheric absorption between meteorological test conditions and reference
conditions;

b) differences in the-reise sound propagation path length between the actual aeroplane flight path
and the reference flight path;

c) the change in the helical tip Mach number between test and reference conditions; and
d) the change in engine power between test and reference conditions.

5.2.2 The noise level under reference conditions—kams—REF, Lasmaxr, 1S Obtained by adding
increments for each of the above effects to the test day noise level-{kamadFESTF, Lasmax-

eamad-REF-Lasmar = Eamax FESTLasmax + A1+ Ax + Az + Ay

Aq is the adjustment for-neise sound propagation path lengths;

A, is the adjustment for helical tip Mach number;-and

Az is the adjustment for engine power-; and

A4 is the adjustment for the change in atmospheric absorption between test and reference
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conditions;

a) When the test conditions are within those specified in Figure A6-2, no adjustments for
differences in atmospheric absorption need be applied, i.e.—AH A4 = 0. If conditions are
outside those specified in Figure A6-2 then adjustments must be applied by an approved
procedure or by adding an increment-AQvH A, to the test day noise levels where:

A =001 (Hre—0-2 Hr)
Ay=0.01 (H X 0500 — 0.2 HR)

and where-H; H is the height in metres of the test aeroplane when directly over the noise
measurement point, Hg is the reference height of the aeroplane above the noise measurement
point, and osgo iS the rate of absorption at 500 Hz specified in Tables Al-5 to Al1-16 of
Appendix 1.

b) Measured noise levels should be adjusted to the height of the aeroplane over the noise
measuring point on a reference day by algebraically adding an increment equal to A;. When test
day conditions are within those specified in Figure A6-2:

Ar=2210g-(H/Hg)
A =22 IOg (H/HR)

When test day conditions are outside those specified in Figure A6-2:

A,=20-eg-{H/HR)
A =20 IOg (H/HR)

where-Hz H is the height of the aeroplane when directly over the noise measurement point, and
Hr is the reference height of the aeroplane over the measurement point.

c) No adjustments for helical tip Mach number variations need be made if the propeller helical tip
Mach number is:

A=K Hog-{MefMp)
A; = k; log (Mir/My)

which shall be added algebraically to the measured noise level, where-My My and-Mg My are
the test and reference helical tip Mach numbers respectively. The value of¥, k; shall be
determined from approved data from the test aeroplane. In the absence of flight test data and at
the discretion of the certificating authority a value of-&, k, = 150 may be used for-My My less
than-Mg Myg; however, for-My My greater than or equal to-Mg Myr no correction is applied.

Note.— The reference helical tip Mach number-Mgz Mgy is the one corresponding to the
reference conditions above the measurement point:

where
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where D is the propeller diameter in metres.
M+-VR is the true airspeed of the aeroplane in reference conditions in metres per second.

N is the propeller speed in reference conditions in rpm. If N is not available, its value can be
taken as the average of the propeller speeds over nominally identical power conditions during
the flight tests.

eCur is the reference day speed of sound at the altitude of the aeroplane in metres per second
based on the temperature at the reference height assuming-an+SA a temperature lapse rate with
height defined by the ICAO Standard Atmosphere (i.e. 0.65°C per 100 m).

d) Measured sound levels shall be adjusted for engine power by algebraically adding an increment
equal to:

A=K slog-(Pr/Pr)
A3 = k3 IOg (Po/P)

where-P; P and-Py Py are the test and reference engine powers respectively obtained from the
manifold pressure/torque gauges and engine rpm. The value of-&; ks shall be determined from
approved data from the test aeroplane. In the absence of flight test data and at the discretion of
the certificating authority a value of-Ks ks = 17 may be used. The reference power-Pg Pq shall be
that obtained at the reference height-pressure—and temperature and pressure-assuming—-an—+SA
temperaturetapse-rate-with-height assuming temperature and pressure lapse rates with height
defined by the ICAO Standard Atmosphere.

Note 1.— Details for calculating the variation of reference atmospheric temperature and pressure
with altitude are given in the section of the Environmental Technical Manual (Doc 9501), Volume | —
Procedures for the Noise Certification of Aircraft, concerning the ICAO Standard Atmosphere.

Note 2. —The characteristics of the ICAO Standard Atmosphere are provided in the Manual of the
ICAO Standard Atmosphere (Doc 7488/3).
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ATTACHMENT F. GUIDELINES FOR
NOISE CERTIFICATION OF TILT-ROTORS

6.1 General conditions

6.1.5 The reference procedures should be—established—for calculated under the following
reference atmospheric conditions:

a) seatevelconstant atmospheric pressure of 1 013.25 hPa;
b) constant ambient air temperature of 25°CHe~4SA+10-C;
c) constant relative humidity of 70 per cent; and

d) zero wind.

Proposal A Rationale:

The proposed amendment aims to ensure consistency in the way in which each of the chapters of Annex
16, Volume | defines the reference atmosphere to improve clarity and thereby ensure a common
interpretation. The proposed changes use common text to define the same concept. Also the current
situation whereby identical text (e.g. in current Chapter 3, 3.6.1.5 and Chapter 8, 8.6.1.5) has different
intended meanings has been remedied. In addition, references to the ICAO Standard Atmosphere and to
related guidance material in the ETM have been added.

This proposal also includes amendments to the definition of the reference day speed of sound in terms of
a temperature lapse rate, and to the derivation of reference power in terms of temperature and pressure
lapse rates, as defined by the ICAO Standard Atmosphere
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PROPOSAL B

FLIGHT PATH MEASUREMENT TECHNIQUES

APPENDIX 2. EVALUATION METHOD FOR
NOISE CERTIFICATION OF:

1.—SUBSONIC JET AEROPLANES — Application for
Type Certificate submitted on or after 6 October 1977

2.—PROPELLER-DRIVEN AEROPLANES OVER 8 618 kg —
Application for Type Certificate submitted on or after 1 January
1985

3.—HELICOPTERS

4.—TILT-ROTORS

2.3 Flight path measurement

2.3.1 The aircraft-height—andJlateral spatial position relative to the—flighttrack measurement

microphone(s) shall be determined by a method which is approved by the certificating authority and is

mdependent of—neFma4 cockplt ﬂlght |nstrumentat|0n—sueh—as—FadaFtFaekmg—meede+|¥e4HangmaHen—eF

Note.— Guidance material on aircraft position measurement systems is provided in the
Environmental Technical Manual (Doc 9501), Volume | — Procedures for the Noise Certification of
Aircraft.

2.3.2 The aircraft position along the flight path shall be-related synchronized to the noise recorded
at the noise measurement locations by means of time-synchronizing signals over a distance and duration
sufficient to assure that adequate data is obtained during the period that the noise is within 10 dB of the
maximum value of PNLT.

APPENDIX 4. EVALUATION METHOD FOR NOISE CERTIFICATION
OF HELICOPTERS NOT EXCEEDING 3 175 kg MAXIMUM
CERTIFICATED TAKE-OFF MASS

2.3 Flight path measurement

2.3.1 The helicopter spatial position relative to the—flightpath—reference—point measurement
microphone shall be determined by a method which is approved by the certificating authority and is

independent of-rermal cockpit flight instrumentation;-such-as—+adartracking,-theodolite-triangulation-or
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Note.— Guidance material on aircraft position measurement systems is provided in the
Environmental Technical Manual (Doc 9501), Volume | — Procedures for the Noise Certification of
Aircraft.

APPENDIX 6. EVALUATION METHOD FOR NOISE
CERTIFICATION OF PROPELLER-DRIVEN AEROPLANES
NOT EXCEEDING 8 618 kg — Application for Type Certificate

or Certification of Derived Version submitted
on or after 17 November 1988

2.3 Aeroplane testing procedures

231 The test procedures and norse measurement procedure shall be—aeeeptable—te—the
i approved by the

certificating authority.

2.3.2 The flight test programme shall be initiated at the maximum take-off mass for the aeroplane,
and the mass shall be adjusted to maximum take-off mass after each hour of flight time.

2.3.3 The flight test shall be conducted at-\4, Vy = 9 km/h (M, Vy + 5 kt) indicated airspeed.

2.3.4 The aeroplane spatial position relative to the—flight—path—reference—peint measurement
microphone shall be determined by a method approved by the certificating authority and is independent

of-rermal cockpit flight instrumentation;-such-asradar-tracking-theodolite-triangulation-or-photographic
scatingtechniques—approved-by-the-certificatingauthority.

Note.— Guidance material on aircraft position measurement systems is provided in the
Environmental Technical Manual (Doc 9501), Volume | — Procedures for the Noise Certification of
Aircraft.

2.3.5 The aeroplane height when-direethy over the microphone shall be measured by an approved
technique. The aeroplane shall pass over the microphone within £10° from the vertical and within +20
per cent of the reference height (see Figure A6-1).

Proposal B Rationale:

The proposed amendment removes references to outdated flight path measurement techniques and
aligns the text of Annex 16, Volume | with the extensively revised guidance material of the
Environmental Technical Manual (ETM), Volume 1.
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PROPOSAL C

CORRECTIONS TO GUIDELINES FOR NOISE CERTIFICATION OF TILT-ROTORS

ATTACHMENT F. GUIDELINES FOR
NOISE CERTIFICATION OF TILT-ROTORS

Note.— See Part Il, Chapter 13.

Note—2.— These guidelines are not intended to be used for tilt-rotors that have one or more
configurations that are certificated for airworthiness for STOL only. In such cases, different or
additional guidelines would likely be needed.

3. NOISE MEASUREMENT REFERENCE POINTS

A tilt-rotor, when tested in accordance with the reference procedures of Section 6 and the test
procedures of Section 7, should not exceed the noise levels specified in Section 4 at the following
reference points:

c) Approach reference noise measurement points:

1) aflight path reference point located on the ground 120 m (394 ft) vertically below the flight
path defined in the approach reference procedure (see 6.4). On level ground, this
corresponds to a position 1 140 m from the intersection of the 6.0°-degree approach path
with the ground plane;

4. MAXIMUM NOISE LEVELS

For tilt-rotors specified in Section 1, the maximum noise levels, when determined in accordance with the
noise evaluation method of Appendix 2 for helicopters, should not exceed the following:

a) At—thetake-off flight path—reference—peointFor take-off: 109 EPNdB for tilt-rotors in

VTOL/conversion mode with maximum certificated take-off mass, at which the noise
certification is requested, of 80 000 kg and over and decreasing linearly with the logarithm of
the tilt-rotor mass at a rate of 3 EPNdB per halving of mass down to 89 EPNdB after which the
limit is constant.
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b) At—the—overflight—path—reference—pointFor overflight: 108 EPNdB for tilt-rotors in

VTOL/conversion mode with maximum certificated take-off mass, at which the noise
certification is requested, of 80 000 kg and over and decreasing linearly with the logarithm of
the tilt-rotor mass at a rate of 3 EPNdB per halving of mass down to 88 EPNdB after which the
limit is constant.

Note 1.— For the tilt-rotor in aeroplane mode, there is no maximum noise level.

Note 2.— VTOL/conversion mode is all approved configurations and flight modes where the design
operating rotor speed is that used for hover operations.

c) At-theapproach—flight path—reference—peintFor approach: 110 EPNdB for tilt-rotors in

VTOL/conversion mode with maximum certificated take-off mass, at which the noise
certification is requested, of 80 000 kg and over and decreasing linearly with the logarithm of
the tilt-rotor mass at a rate of 3 EPNdB per halving of mass down to 90 EPNdB after which the
limit is constant.

Note.— The equations for the calculation of noise levels as a function of take-off mass presented in
Section-8 7 of Attachment A, for conditions described in Chapter 8, 8.4.1, are consistent with the
maximum noise levels defined in these guidelines.

6.3 Overflight reference procedure
6.3.1 The overflight reference procedure should be established as follows:

a) the tilt-rotor should be stabilized in level flight overhead the flight path reference point at a
height of 150 m (492 ft);

b) a constant configuration selected by the applicant should be maintained throughout the
overflight reference procedures;

c) the mass of the tilt-rotor should be the maximum take-off mass at which noise certification is
requested;

d) in the VTOL/conversion mode, the nacelle angle at the authorized fixed operation point that is
closest to the lowest nacelle angle certificated for zero airspeed, a speed of 0.9 Vo and a rotor
speed stabilized at the maximum normal operating rpm certificated for level flight should be
maintained throughout the overflight reference procedure;

Note.— For noise certification purposes, Vcon is defined as the maximum authorized speed
for VTOL/conversion mode at a specific nacelle angle.

e) in the aeroplane mode, the nacelles should be maintained on the down-stop throughout the
overflight reference procedure, with:

1) rotor speed stabilized at the rpm associated with the VTOL/conversion mode and a speed of
0.9 Vcon; and

2) rotor speed stabilized at the normal cruise rpm associated with the aeroplane mode and at
the corresponding 0.9 Vycp or 0.9 Vo, Whichever is lesser, certificated for level flight.

R TE.RPR0O.00034-006 © European Aviation Safety Agency. All rights reserved. ISO 9001 certified.
ok if Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 59 of 338

* *
* o

An agency of the European Union



European Aviation Safety Agency NPA 2017-01
6. Appendices

Note 1.— For noise certification purposes, Vycp is defined as the maximum operating limit
airspeed for aeroplane mode corresponding to minimum engine installed, maximum continuous
power (MCP) available for sea level pressure (1 013.25 hPa), 25°C ambient conditions at the
relevant maximum certificated mass; and Vyo is the maximum operating (MO) limit airspeed
that may not be deliberately exceeded.

6.3.2 Nete2—The values of Vcon and Viyep 0r Vo used for noise certification should be quoted
in the approved flight manual.

6.4 Approach reference procedure
The approach reference procedure should be established as follows:

a) the tilt-rotor should be stabilized and follow a 6.0°-degree approach path;

7. TEST PROCEDURES

7.4 Adjustments for differences between test and reference flight procedures should not exceed:

a) for take-off: 4.0 EPNdB, of which the arithmetic sum of-delta—% A; and the term —7.5 log
(QK/Q,K,) from-delta2 A, should not in total exceed 2.0 EPNdB; and

7.5 During the test the average rotor rpm should not vary from the normal maximum operating
rpm by more than £1.0 per cent-durirg throughout the 10 dB-down time period.

7.6 The tilt-rotor airspeed should not vary from the reference airspeed appropriate to the flight
demonstration by more than £9 km/h (5 kt) throughout the 10 dB-down time period.

7.7 The number of level overflights made with a headwind component should be equal to the
number of level overflights made with a tailwind component.

7.8 The tilt-rotor should fly within +10°-degrees or £20 m (65 ft), whichever is greater, from the
vertical above the reference track throughout the 10 dB-down time period (see Figure 8-1 of Part II,
Chapter 8).

7.9 The tilt-rotor height should not vary during overflight from the reference height—at—the
overhead-peint throughout the 10 dB-down period by more than £9 m (30 ft).

7.10 During the approach noise demonstration the tilt-rotor should be established on a stabilized
constant speed approach within the airspace contained between approach angles of 5.5°-degrees and 6.5°
degrees throughout the 10 dB-down period.

Proposal C Rationale:

The proposed amendment deals with corrections to guidelines for noise certification of tilt-rotors to
" revise editorial and technical errors in Annex 16, Volume |, Attachment F (Guidelines for noise
*+, certification of tilt-rotor aircraft) and standardize the terminology and symbols with the rest Annex 16,
Anagenl \olume .
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PROPOSAL D

GENERAL TECHNICAL, NOMENCLATURE AND TYPOGRAPHICAL ISSUES

TABLE OF CONTENTS

Page
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Xix)

NOMENCLATURE: SYMBOLS AND UNITS

Note.— Many of the following definitions and symbols are specific to aircraft noise certification. Some
of the definitions and symbols may also apply to purposes beyond aircraft noise certification.

1.1 Velocity
Symbol Unit Meaning
Cr m/s Reference speed of sound. Speed of sound at reference conditions.
Matr - Helicopter rotor reference advancing blade tip Mach number. The sum of

the reference rotor rotational tip speed and the reference speed of the
helicopter, divided by the reference speed of sound.

My — Propeller helical tip Mach number. The square root of the sum of the
square of the propeller test rotational tip speed and the square of the test
airspeed of the aeroplane, divided by the test speed of sound.

Mur — Propeller reference helical tip Mach number. The square root of the sum
of the square of the propeller reference rotational tip speed and the square
of the reference speed of the aeroplane, divided by the reference speed of
sound.
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Best R/C m/s Best rate of climb. The certificated maximum take-off rate of climb at the
maximum power setting and engine speed.

Var km/h Adjusted reference speed. On a non-standard test day, the helicopter
reference speed adjusted to achieve the same advancing tip Mach number
as the reference speed at reference conditions.

Veon km/h Maximum airspeed in conversion mode. The never-exceed airspeed of a
tilt-rotor when in conversion mode.

Ve km/h Ground speed. The aircraft velocity relative to the ground.

Ver km/h Reference ground speed. The aircraft true velocity relative to the ground
in the direction of the ground track under reference conditions. Vgg is the
horizontal component of the reference aircraft speed Vg.

Vy km/h Maximum airspeed in level flight. The maximum airspeed of a helicopter
in level flight when operating at maximum continuous power.

Vmcp km/h Maximum airspeed in level flight. The maximum airspeed of a tilt-rotor in
level flight when operating in aeroplane mode at maximum continuous
power.

Vo km/h Maximum operating airspeed. The maximum operating limit airspeed of a

tilt-rotor that may not be deliberately exceeded.

Ve km/h Never exceed airspeed. The maximum operating limit airspeed that may
not be deliberately exceeded.

VR km/h Reference speed. The aircraft true velocity at reference conditions in the
direction of the reference flight path.

Note:— This symbol should not be confused with the symbol commonly
used for aeroplane take-off rotation speed.

VRer km/h Reference landing airspeed. The speed of the aeroplane, in a specific
landing configuration, at the point where it descends through the landing
screen height in the determination of the landing distance for manual
landings.

Vs km/h Stalling airspeed. The minimum steady airspeed in the landing
configuration.

Viip m/s Tip speed. The rotational speed of a rotor or propeller tip at test
conditions, excluding the aircraft velocity component.

ViipR m/s Reference tip speed. The rotational speed of a rotor or propeller tip at
reference conditions, excluding the aircraft velocity component.
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Vy km/h Speed for best rate of climb. The test airspeed for best take-off rate of
climb.

V, km/h Take-off safety speed. The minimum airspeed for a safe take-off.

1.2 Time

Symbol Unit Meaning

to S Reference duration. The length of time used as a reference in the
integration equation for computing EPNL, where t, = 10 s.

tr S Reference reception time. The reference time of reception calculated from
time of reference aircraft position and distance between aircraft and
microphone used in the integrated procedure.

At S Time increment. The equal time increment between one-third octave band
spectra, where At =0.5s.

otr S Reference time increment. The effective duration of a time increment
between reference reception times associated with PNLT points used in the
integrated method.

1.3 Indices

Symbol Unit Meaning

i — Frequency band index. The numerical indicator that denotes any one of
the 24 one-third octave bands with nominal geometric mean frequencies
from 50 to 10 000 Hz.

k — Time increment index. The numerical indicator that denotes any one of the
0.5 second spectra in a noise time history. For the integrated method, the
adjusted time increment associated with each value of k will likely vary
from the original 0.5 second time increment when projected to reference
conditions.

Ke — First time increment identifier. Index of the first 10 dB-down point in the
discrete measured PNLT time history.

Ker - Reference first time increment identifier. Index of the first 10 dB-down
point in the discrete PNLT time history for the integrated method.
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Symbol Unit Meaning

ke | Last time increment identifier. Index of the last 10 dB-down point in the
discrete measured PNLT time history.

Kir — Reference last time increment identifier. Index of the last 10 dB-down
point in the discrete PNLT time history for the integrated method.

Km | Maximum PNLTM time increment index. Time increment index of
PNLTM.

t S Elapsed time. The length of time measured from a reference zero.

t; S Time of first 10 dB-down point. The time of the first 10 dB-down point in

a continuous function of time. (See k.)

t; S Time of last 10 dB-down point. The time of the last 10 dB-down point in a
continuous function of time. (See k;.)

1.4 Noise Metrics

Symbol Unit Meaning

EPNL EPNdB Effective perceived noise level. A single-number evaluator for an aircraft
pass-by, accounting for the subjective effects of aircraft noise on human
beings, consisting of an integration over the noise duration of the
perceived noise level (PNL) adjusted for spectral irregularities (PNLT),
normalized to a reference duration of 10 seconds. (See Appendix 2,
Section 4.1 for specifications.)

EPNLA EPNdB Approach EPNL. Effective perceived noise level at the aeroplane
approach reference measurement points.

EPNL¢ EPNdB Flyover EPNL. Effective perceived noise level at the aeroplane flyover
reference measurement points.

EPNL,_ EPNdB Lateral EPNL. Effective perceived noise level at the aeroplane lateral
reference measurement points.

Lae dB SEL Sound exposure level (SEL). A single event noise level for an aircraft
pass-by, consisting of an integration over the noise duration of the A-
weighted sound level (dBA), normalized to a reference duration of 1
second. (See Appendix 4, Section 3 for specifications.)

Las dB(A) Slow A-weighted sound level. Sound level with frequency weighting A
and time weighting S for a specified instance in time.
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Symbol Unit Meaning

L asmax dB(A) Maximum Slow A-weighted sound level. The maximum value of Las over
a specified time interval.

L asmaxr dB(A) Reference maximum Slow A-weighted sound level. The maximum value
of Las over a specified time interval corrected to reference conditions.

LIMITA EPNdB Approach EPNL limit. The maximum permitted noise level at the
aeroplane approach reference measurement points.

LIMITE EPNdB Flyover EPNL limit. The maximum permitted noise level at the aeroplane
flyover reference measurement points.

LIMIT, EPNdB Lateral EPNL limit. The maximum permitted noise level at the aeroplane
lateral reference measurement points.

n noy Perceived noisiness. The perceived noisiness of a one-third octave band
sound pressure level in a given spectrum.

N noy Total perceived noisiness. The total perceived noisiness of a given
spectrum calculated from the 24 values of n.

PNL PNdB Perceived noise level. A perception-based noise evaluator representing
the subjective effects of broadband noise received at a given point in time
during an aircraft pass-by. It is the noise level empirically determined to
be equally as noisy as a 1 kHz one-third octave band sample of random
noise. (See Appendix 2, Section 4.2 for specifications.)

PNLT TPNdB Tone-corrected perceived noise level. The value of the PNL of a given
spectrum adjusted for spectral irregularities.

PNLTg TPNdB Reference tone-corrected perceived noise level. The value of PNLT
adjusted to reference conditions.

PNLTM TPNdB Maximum tone-corrected perceived noise level. The maximum value of
PNLT in a specified time history, adjusted for the bandsharing adjustment
Ag.

PNLTMg TPNdB Reference maximum tone-corrected perceived noise level. The maximum
value of PNLTR in a specified time history, adjusted for the bandsharing
adjustment Ag in the simplified method and Agg in the integrated method.
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Symbol Unit Meaning

SPL dB Sound pressure level. The level of sound, relative to the reference level of
20 pPa, at any instant of time that occurs in a specified frequency range.
The level is calculated as ten times the logarithm to the base 10 of the
ratio of the time-mean-square pressure of the sound to the square of the
reference sound pressure of 20 pPa.

Note: — Typical aircraft noise certification usage refers to a specific
one-third octave band, e.g. SPL(i,k) for the i-th band of the k-th spectrum
in an aircraft noise time-history.

SPLg dB Reference sound pressure level. The one-third octave band sound
pressure levels adjusted to reference conditions.

SPLs dB Slow-weighted sound pressure level. The value of one-third octave band
sound pressure levels with time weighting S applied.

Ay TPNdB PNLTM adjustment. In the simplified adjustment method, the adjustment
to be added to the measured EPNL to account for noise level changes due
to differences in atmospheric absorption and noise path length between
test and reference conditions at PNLTM.

dB(A) For propeller aeroplanes not exceeding 8.618kg, the adjustment to be
added to Lasmax to account for noise level changes due to the difference
between test and reference aeroplane heights.

A, TPNdB Duration adjustment. In the simplified adjustment method, the adjustment
to be added to the measured EPNL to account for noise level changes due
to the change in noise duration caused by differences between test and
reference aircraft speed and position relative to the microphone.

dB(A) For propeller aeroplanes not exceeding 8.618kg, the adjustment to be
added to Lasmax t0 account for engine power.

Az TPNdB Source noise adjustment. In the simplified or integrated adjustment
method, the adjustment to be added to the measured EPNL to account for
noise level changes due to differences in source noise generating
mechanisms between test and reference conditions.

dB(A) For propeller aeroplanes not exceeding 8.618kg, the adjustment to be
added to Lasmax to account for the propeller helical tip Mach number.

Ay dB Atmospheric absorption adjustment. For propeller aeroplanes not
exceeding 8.618kg, the adjustment to be added to the measured L agmax fOr
noise level changes due to the change in atmospheric absorption caused
by the difference between test and reference aeroplane heights.
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Symbol

Ag

ABR

Apeak
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Unit

TPNdB

TPNdB

TPNdB

Meaning

Bandsharing adjustment. The adjustment to be added to the maximum
PNLT to account for possible suppression of a tone due to one-third
octave bandsharing of that tone. PNLTM is equal to the maximum PNLT
plus Ag.

Reference bandsharing adjustment. The adjustment to be added to the
maximum PNLTg in the integrated method to account for possible
suppression of a tone due to one-third octave bandsharing of that tone.
PNLTMgR is equal to the maximum PNLTR plus Agg.

Peak adjustment. The adjustment to be added to the measured EPNL for
when the PNLT for a secondary peak, identified in the calculation of
EPNL from measured data and adjusted to reference conditions, is greater
than the PNLT for the adjusted PNLTM spectrum.
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1.5 Calculation of PNL and Tone Correction

Symbol Unit Meaning

C dB Tone correction factor. The factor to be added to the PNL of a given
spectrum to account for the presence of spectral irregularities such as
tones.

f Hz Frequency. The nominal geometric mean frequency of a one-third octave
band.

F dB Delta-dB. The difference between the original sound pressure level and the
final broadband sound pressure level of a one-third octave band in a given
spectrum.

log n(a) — Noy discontinuity coordinate. The log n value of the intersection point of
the straight lines representing the variation of SPL with log n.

M — Noy inverse slope. The reciprocals of the slopes of straight lines
representing the variation of SPL with log n.

S dB Slope of sound pressure level. The change in level between adjacent one-
third octave band sound pressure levels in a given spectrum.

As dB Change in slope of sound pressure level.

s dB Adjusted slope of sound pressure level. The change in level between
adjacent adjusted one-third octave band sound pressure levels in a given
spectrum.

5 dB Average slope of sound pressure level.

SPL(a) dB Noy discontinuity level. The SPL value at the discontinuity coordinate of
the straight lines representing the variation of SPL with log n.

SPL(b) dB Noy intercept levels. The intercepts on the SPL-axis of the straight lines

SPL(c) representing the variation of SPL with log n.

SPL(d) dB Noy discontinuity level. The SPL value at the discontinuity coordinate
where log n equals —1.

SPL(e) dB Noy discontinuity level. The SPL value at the discontinuity coordinate
where log n equals log 0.3.

SPL’ dB Adjusted sound pressure level. The first approximation to broadband
sound pressure level in a one-third octave band of a given spectrum.
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Symbol Unit Meaning

SPL” dB Final broadband sound pressure level. The second and final
approximation to broadband sound pressure level in a one-third octave
band of a given spectrum.

1.6 Flight Path Geometry

Symbol Unit Meaning

H m Height. The aircraft height when overhead or abeam of the centre
microphone.

Hg m Reference height. The reference aircraft height when overhead or abeam
of the centre microphone.

X m Aircraft position along the ground track. The position coordinate of the
aircraft along the x-axis at a specific point in time.

Y m Lateral aircraft position relative to the reference ground track. The
position coordinate of the aircraft along the y-axis at a specific point in
time.

Z m Vertical aircraft position relative to the reference ground track. The
position coordinate of the aircraft along the z-axis at a specific point in
time.

0 degrees Sound emission angle. The angle between the flight path and the direct
sound propagation path to the microphone. The angle is identical for both
the measured and reference flight paths.

T} degrees Elevation angle. The angle between the sound propagation path and a
horizontal plane passing through the microphone, where the sound
propagation path is defined as a line between a sound emission point on
the measured flight path and the microphone diaphragm.

VR degrees Reference elevation angle. The angle between the reference sound
propagation path and a horizontal plane passing through the reference
microphone location, where the reference sound propagation path is
defined as a line between a sound emission point on the reference flight
path and the reference microphone diaphragm.
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Symbol Unit
antilog —

D m

D5 m

e —_—

log —

N rpm

N; rpm

RH %

T °C

u m/s

Y, m/s

o dB/100 m
OR dB/100 m
p_ —
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1.7 Miscellaneous

Meaning
Antilogarithm to the base 10.
Diameter. Propeller or rotor diameter.

Take-off distance. The take-off distance required for an aeroplane to reach
15 m height above ground level.

Euler’s number. The mathematical constant that is the base number of the
natural logarithm, approximately 2.78183.

Logarithm to the base 10.
Propeller speed.

Compressor speed. The turbine engine low pressure compressor first
stage fan speed.

Relative humidity. The ambient atmospheric relative humidity.
Temperature. The ambient atmospheric temperature.

Wind speed along-track component. The component of the wind speed
vector along the reference ground track.

Wind speed cross-track component. The component of the wind speed
vector horizontally perpendicular to the reference ground track.

Test atmospheric absorption coefficient. The sound attenuation rate due to
atmospheric absorption that occurs in a specified one-third octave band
for the measured ambient temperature and relative humidity.

Reference atmospheric absorption coefficient. The sound attenuation rate
due to atmospheric absorption that occurs in a specified one-third octave
band for a reference ambient temperature and relative humidity.

Engine noise performance parameter. For jet aeroplanes, typically the

normalized low pressure fan speed, normalized engine thrust, or engine
pressure ratio used in the calculation of the source noise adjustment.

PART I. DEFINITIONS
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Auxitiary-pewer—unit—Auxiliary power unit (APU). A self-contained—pewer-unit power unit on an
aircraft providing electrical/pneumatic power to aircraft systems during ground operations or in-
flight separate from the propulsion engine/s.

State of Registry. The State on whose register the aircraft is entered.

CHAPTER 3.

1.— SUBSONIC JET AEROPLANES — Application for Type Certificate submitted on or
after 6 October 1977 and before 1 January 2006

2— PROPELLER-DRIVEN AEROPLANES OVER 8 618 kg — Application for Type
Certificate submitted on or after 1 January 1985 and before 1 January 2006

3.6 Noise certification reference procedures

3.6.3 Approach reference procedure

The approach reference flight path shall be calculated as follows:
a) the aeroplane shall be stabilized and following a 3° glide path;

b) a steady approach speed of Vrer + 19 km/h (Vger + 10 kt), with thrust or power stabilized, shall
be maintained over the measurement point;

Note.— In airworthiness terms—Mger Vrer is defined as the “reference landing speed”.
Under this definition reference landing speed means ‘“‘the speed of the aeroplane, in a specified
landing configuration, at the point where it descends through the landing screen height in the
determination of the landing distance for manual landings”.

CHAPTER 6. PROPELLER-DRIVEN AEROPLANES
NOT EXCEEDING 8 618 kg — Application for
Type Certificate submitted before 17 November 1988

6.5 Test procedures

6.5.1 Either the test procedures described in 6.5.2 and 6.5.3 or equivalent test procedures approved
by the certificating authority shall be used.
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6.5.2 Tests to demonstrate compliance with the maximum noise levels of 6.3 shall consist of a
series of level flights overhead the measuring station at a height of

+10 +30
300 _35-#H985 155

+10 +30
300 "3 m (984 " r 1)

CHAPTER 8. HELICOPTERS

8.6.2 Take-off reference procedure
The take-off reference flight procedure shall be established as follows:

a) the helicopter shall be stabilized at the maximum take-off power corresponding to minimum
installed engine(s) specification power available for the reference ambient conditions or gearbox
torque limit, whichever is lower, and along a path starting from a point located 500 m prior to
the flight path reference point, at 20 m (65 ft) above the ground;

b) the best rate of climb speed,~\, Vy, or the lowest approved speed for the climb after take-off,
whichever is the greater, shall be maintained throughout the take-off reference procedure;

c) the steady climb shall be made with the rotor speed stabilized at the maximum normal operating
rpm certificated for take-off;

d) a constant take-off configuration selected by the applicant shall be maintained throughout the
take-off reference procedure with the landing gear position consistent with the airworthiness
certification tests for establishing the best rate of climb speed, M, Vy;

e) the mass of the helicopter shall be the maximum take-off mass at which noise certification is
requested; and

f) the reference take-off path is defined as a straight line segment inclined from the starting point
(500 m prior to the centre microphone location and 20 m (65 ft) above ground level) at an angle
defined by best rate of climb and M, Vy for minimum specification engine performance.

8.6.3 Overflight reference procedure

8.6.3.1 The overflight reference procedure shall be established as follows:

a) the helicopter shall be stabilized in level flight overhead the flight path reference point at a
height of 150 m (492 ft);

b) aspeed of 0.9 V, or 0.9 Ve or 0.45 V|, + 120 km/h (0.45 Vy + 65 kt) or 0.45 Ve + 120 km/h
(0.45 Ve + 65 kt), whichever is the least, shall be maintained throughout the overflight
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reference procedure;

Note.— For noise certification purposes,~¥y Vy is defined as the airspeed in level flight
obtained using the torque corresponding to minimum engine installed, maximum continuous
power available for sea level pressure (1 013.25 hPa), 25°C ambient conditions at the relevant
maximum certificated mass.—Vye Ve IS defined as the not-to-exceed airworthiness airspeed
imposed by the manufacturer and approved by the certificating authority.

c) the overflight shall be made with the rotor speed stabilized at the maximum normal operating
rpm certificated for level flight;

d) the helicopter shall be in the cruise configuration; and

e) the mass of the helicopter shall be the maximum take-off mass at which noise certification is
requested.

8.6.3.2 The value of Vy and/or Ve used for noise certification shall be quoted in the approved
flight manual.

8.6.4 Approach reference procedure
The approach reference procedure shall be established as follows:
a) the helicopter shall be stabilized and following a 6.0° approach path;
b) the approach shall be made at a stabilized airspeed equal to the best rate of climb speed,, Vv,
or the lowest approved speed for the approach, whichever is the greater, with power stabilized

during the approach and over the flight path reference point, and continued to a normal
touchdown;

CHAPTER 10. PROPELLER-DRIVEN AEROPLANES NOT
EXCEEDING 8 618 kg — Application for Type Certificate
or Certification of Derived Version submitted on
or after 17 November 1988

10.2 Noise evaluation measure

The noise evaluation measure shall be the maximum A-weighted noise level-tbamax), Lasmax, 85 defined
in Appendix 6.

10.5.2 Take-off reference procedure
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Second phase
a) the beginning of the second phase corresponds to the end of the first phase;

b) the aeroplane shall be in the climb configuration with landing gear up, if retractable, and flap
setting corresponding to normal climb throughout this second phase;

c) the speed shall be the best rate of climb speed, ¥, Vy; and

d) take-off power and, for aeroplanes equipped with variable pitch or constant speed propellers,
rpm shall be maintained throughout the second phase. If airworthiness limitations do not permit
the application of take-off power and rpm up to the reference point, then take-off power and rpm
shall be maintained for as long as is permitted by such limitations and thereafter at maximum
continuous power and rpm. Limiting of time for which take-off power and rpm shall be used in
order to comply with this chapter shall not be permitted. The reference height shall be calculated
assuming climb gradients appropriate to each power setting used.

10.6 Test procedures

10.6.1 The test procedures shall be acceptable to the airworthiness and noise certificating
authorities of the State issuing the certificate.

10.6.2 The test procedures and noise measurements shall be conducted and processed in an
approved manner to yield the noise evaluation measure in units of-bamax Lasmax 8S described in Appendix
6.
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CHAPTER 13. TILT-ROTORS

13.2 Noise evaluation measure

The noise evaluation measure shall be the effective perceived noise level in EPNdB as described in
Appendix 2 of this Annex. The correction for spectral irregularities shall start at 50 Hz (see 4.3.1 of
Appendix 2).

Note.— Additional data in SEL and-Easmax Lasmax @S defined in Appendix 4, and one-third octave
SPLs as defined in Appendix 2 corresponding t0—kamex Lasmax Should be made available to the
certificating authority for land-use planning purposes.

13.3 Noise measurement reference points

A tilt-rotor, when tested in accordance with the reference procedures of-Sectien—6 13.6 and the test
procedures of-Seetien—7 13.7, shall not exceed the noise levels specified in 13.4 at the following
reference points:

13.6.2 Take-off reference procedure

The take-off reference flight procedure shall be established as follows:

f) the reference take-off path is defined as a straight line segment inclined from the starting point
(500 m (1 640 ft) prior to the centre noise measurement point and 20 m (65 ft) above ground
level) at an angle defined by best rate of climb—(BRG&) and the best rate of climb speed
corresponding to the selected nacelle angle and for minimum specification engine performance.

13.6.3 Overflight reference procedure

13.6.3.1 The overflight reference procedure shall be established as follows:

d) in the VTOL/conversion mode, the nacelle angle at the authorized fixed operation point that is
closest to the lowest nacelle angle certificated for zero airspeed, a speed 0f-8:9%¢on 0.9 Veon
and a rotor speed stabilized at the maximum normal operating rpm certificated for level flight
shall be maintained throughout the overflight reference procedure;
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Note.— For noise certification purposes, Vcoy is defined as the maximum authorized speed for
VTOL/conversion mode at a specific nacelle angle.

e) in the aeroplane mode, the nacelles shall be maintained on the down-stop throughout the
overflight reference procedure, with:

1) rotor speed stabilized at the rpm associated with the VTOL/conversion mode and a speed of
0950 0.9 Veon; and

2) rotor speed stabilized at the normal cruise rpm associated with the aeroplane mode and at
the corresponding 8-9%wuce 0.9 Vcp 0r-8-9%wuo 0.9 Vo, Whichever is lesser, certificated for
level flight.
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APPENDIX 2. EVALUATION METHOD FOR
NOISE CERTIFICATION OF:

1.—SUBSONIC JET AEROPLANES — Application for
Type Certificate submitted on or after 6 October 1977

2.—PROPELLER-DRIVEN AEROPLANES OVER 8 618 kg —
Application for Type Certificate submitted on or after 1 January
1985

3.—HELICOPTERS
4.—TILT-ROTORS

Note.— See Part Il, Chapters 3, 4, 8, 13 and 14.

1. INTRODUCTION

Note 3.— A complete list of symbols and units:—the is included after the Table of Contents of this
Annex. The mathematical formulation of perceived noisiness, a procedure for determining atmospheric
attenuation of sound, and detailed procedures for correcting noise levels from non-reference to
reference conditions are included in Sections-6-te 7 and 8 of this appendix.

2.2.2 Atmospheric conditions
2.2.2.1 Definitions and specifications
For the purposes of noise certification in this section the following specifications apply:

Average crosswind component shall be determined from the series of individual values of the “eress
trackcross-track” (v) component of the wind samples obtained during the aircraft test run, using a
linear averaging process over 30 seconds or an averaging process that has a time constant of no
more than 30 seconds, the result of which is read out at a moment approximately 15 seconds after
the time at which the aircraft passes either over or abeam the microphone.

Average wind speed shall be determined from the series of individual wind speed samples obtained
during the aircraft test run, using a linear averaging process over 30 seconds, or an averaging
process that has a time constant of no more than 30 seconds, the result of which is read out at a
moment approximately 15 seconds after the time at which the aircraft passes either over or abeam
the microphone. Alternatively, each wind vector shall be broken down into its “aleng-trackalong-
track” (u) and “cross-track” (v) components. The u and v components of the series of individual
wind samples obtained during the aircraft test run shall be separately averaged using a linear
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averaging process over 30 seconds, or an averaging process that has a time constant of no more than
30 seconds, the result of which is read out at a moment approximately 15 seconds after the time at
which the aircraft passes either over or abeam the microphone. The average wind speed and
direction (with respect to the track) shall then be calculated from the averaged u and v components
according to Pythagorean Theorem and “arctan(v/u)”.

Distance constant (or response length). The passage of wind (in metres) required for the output of a
wind speed sensor to indicate 100 x (1—1/e) per cent (about 63 per cent) of a step-function increase
of the input speed.

Maximum crosswind component. The maximum value within the series of individual values of the
“eross-trackcross-track” (v) component of the wind samples recorded every second over a time
interval that spans the 10 dB-down period.

Maximum wind speed. The maximum value within the series of individual wind speed samples
recorded every second over a time interval that spans the 10 dB-down period.

Sound attenuation coefficient. The reduction in level of sound within a one-third octave band, in dB per
100 metres, due to the effects of atmospheric absorption of sound. Equations for the calculation of
sound attenuation coefficients from values of atmospheric temperature and relative humidity are
provided in Section 7.

Time constant (of a first order system). The time required for a device to detect and indicate 100 x
(1-1/e) per cent (about 63 per cent) of a step function change. (The mathematical constant, ee, is the
base number of the natural logarithm, approximately 2.7183 — also known as Euler’s number, or
Napier’s constant.)

3.1 Definitions

Free-field sensitivity of a microphone system. In volts per pascal, for a sinusoidal plane progressive
sound wave of specified frequency, at a specified—seund-incident sound-incidence angle, the
quotient of the root-mean-square voltage at the output of a microphone system and the root-mean-
square sound pressure that would exist at the position of the microphone in its absence.
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3.7 Analysis systems

3.7.5 When the one-third octave band sound pressure levels are determined from the output of the
analyser without SLOW-time-weighting, SLOW-time-weighting shall be simulated in the subsequent
processing. Simulated SLOW-weighted sound pressure levels can be obtained using a continuous
exponential averaging process by the following equation:

L (i-k)=10log-[(0-60653)-10%s F-¢ 11 (0 39347) 100K
SPL4(i,k) = 10 log [(0.60653) 10%*571s (-1 4 (0,39347) 1005PH(4)

where-£{k) SPL(i k) is the simulated SLOW-weighted sound pressure level and-E(k} SPL(i,K) is the
as-measured 0.5 seconds time average sound pressure level determined from the output of the analyser
for the k-th instant of time and the i-th one-third octave band. For k = 1, the SLOW-weighted sound
pressure-kgfi-k—1=0}} SPL[i,(k—1 = 0)] on the right-hand side shall be set to 0 dB.

An approximation of the continuous exponential averaging is represented by the following equation
for a four sample averaging process for k = 4:

L (k)= 10log[(0.13) 10> 3] _ 012} . 011} _ Oy
SPLs(i,k) — 10 |Og [(013) 100.18PL[i,(k—3)] + (021) 100.18PL[i,(k—2)] + (027) 100.13PL[i,(k—l)] + (039) 100.lSPL[i,k]]
where-£{k) SPL(i k) is the simulated SLOW-weighted sound pressure level and-E(k} SPL(i,K) is the

as-measured 0.5 seconds time average sound pressure level determined from the output of the analyser
for the k-th instant of time and the i-th one-third octave band.

4.1 General

4.1.3 The calculation procedure which utilizes physical measurements of noise to derive the EPNL
evaluation measure of subjective response shall consist of the five following steps:

a) each of the 24 one-third octave band sound pressure levels in each measured one-half second
spectrum is converted to perceived noisiness by the method of Section 4.7. The noy values are
combined and then converted to instantaneous perceived noise level, PNL(k) for each spectrum,
measured at the k-th instant of time, by the method of Section 4.2;

b) for each spectrum a tone correction factor,-S¢k} C(k), is calculated by the method of Section 4.3
to account for the subjective response to the presence of spectral irregularities;

c) the tone correction factor is added to the perceived noise level to obtain the tone corrected
perceived noise level, PNLT(k), for each spectrum:

PNLT(k) = PNL(K) +-E¢) C(K);
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4.2 Perceived noise level

Note.— Perceived noise level PN} PNL(K), as a function of total perceived noisiness is plotted in
the section of the Environmental Technical Manual (Doc 9501), Volume | — Procedures for the Noise
Certification of Aircraft, concerning reference tables used in the manual calculation of effective
perceived noise level.

4.3 Correction for spectral irregularities
4.3.1 Noise having pronounced spectral irregularities (for example, the maximum discrete

frequency components or tones) shall be adjusted by the correction factor,—S{k} C(k), calculated as
follows:

Table A2-2. Tone correction factors

Frequency Level difference  Tone correction
f, Hz F, dB cC, dB

Tone corrected perceived noise levels PNLT(k) shall be determined by adding the-S¢k} C(k) values to
corresponding PNL (k) values, that is:

PNLT(K) = PNL(K) +-C(k) C(K)

For any i-th one-third octave band, at any k-th increment of time, for which the tone correction factor is
suspected to result from something other than (or in addition to) an actual tone (or any spectral
irregularity other than aircraft noise), an additional analysis may be made using a filter with a bandwidth
narrower than one-third of an octave. If the narrow band analysis corroborates these suspicions, then a
revised value for the broadband sound pressure level, SPL'(i,k), shall be determined from the narrow
band analysis and used to compute a revised tone correction factor for that particular one-third octave
band.

Note.— Other methods of rejecting spurious tone corrections such as those described in-Appendix2
Chapter 4 of the Environmental Technical Manual (Doc 9501), Volume I — Procedures for the Noise
Certification of Aircraft may be used.

4.4 Maximum tone corrected perceived noise level

4.4.2 The tone at PNLTM may be suppressed due to one-third octave bandsharing of that tone. To
identify whether this is the case, the average of the tone correction factors of the PNLTM spectrum and
the two preceding and two succeeding spectra is calculated. If the value of the tone correction factor
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Stkn) C(kwm) for the spectrum associated with PNLTM is less than the average value of-S{k} C(k) for the
five consecutive spectra (kw—2) through (km+2), then the average value—C,. Cayg shall be used to
compute a bandsharing adjustment, Ag, and a value of PNLTM adjusted for bandsharing.

M%MM%%&M%%
Cavg = [C(kn—2) + C(km—1) + C(km) + C(km+1) + C(kmt2)] /5

If‘Gavg Cavg >'G€kM) C(kM)a then AB :‘eavg Cavg —GG'(M) C(kM) and

4.6 Effective perceived noise level

4.6.1 |If the instantaneous tone corrected perceived noise level is expressed in terms of a
continuous function with time, PNLT(t), then the effective perceived noise level, EPNL, would be
defined as the level, in EPNdB, of the time integral of PNLT(t) over the noise event duration,
normalized to a reference duration,—Fg ty, of 10 seconds. The noise event duration is bounded by-t& t;,
the time when PNLT(t) is first equal to PNLTM — 10, and-2 t,, the time when PNLT(t) is last equal to

PNLTM -10.
1 2
J:th—l-

1 (2
EPNL = 10log— f O AR
0J¢t

1

4.6.2 In practice PNLT is not expressed as a continuous function with time since it is computed
from discrete values of PNLT(k) every half second. In this case the basic working definition for EPNL is
obtained by replacing the integral in Section 4.6.1 with the following summation expression:

for
o kg
ky,

1
EPNL = 10 logt—z B TG
0

ForF, to = 10 and-At At = 0.5, this expression can be simplified as follows:
ky,
EPNL = 1010gz 100-1 PNLT() _ 13

Note.— 13 dB is a constant relating the one half second values of-PNEF) PNLT(k) to the 10-
second reference duration Ty: 10 log (0.5/10) = -13.
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Table A2-3. Constants for mathematically formulated noy values

*
* o
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BAND §
h Hz SPL(a) SPL(b) SPL(e) SPL(d) SPEe;  M({B) M{e) M{e) M{e)
1 50 910 B4 52 49 55  0.043478  0.030103 0.079520  0.058098
2 63 8.9 60 51 44 51 0.040570 0.068160 »
3 8 873 56 49 39 46  0.036831 » 0.052288
4 100 790 53 47 34 42 » 0059640  0.047534
5 125 798 51 46 30 39  0.035336 0053013  0.043573
6 180 760 48 45 27 36  0.033333 t 2
7 200 740 46 43 24 33 » 0.040221
8 250 749 44 42 21 30 0032051 0.037349
9 315 946 42 41 18 27 0030675  0.030103 0.034859
10 400 = 40 40 16 25  0.030103
u s | 4 4 18 2
12 630 40 4 18 25
13 800 40 4 18 25 v
14 1000 40 4 1 25 0.053013 v
15 1250 38 38 15 23 0030103 0.059640  0.034859
16 1600 34 34 12 21 0029960 0053013  0.040221
17 2000 32 32 9 18 t » 0.037349
18 2500 0 3 5 15 0047712  0.034859
19 3450 29 29 4 14 z
20 4000 29 29 5 14 0.053013
21 5000 y 3 3 6 15 ! z 0.034859
22 6300 e 3% 3T 10 17 0029960 0020960 0.068160  0.037349
23 8000 443 37 34 17 23 0.042285 0.079520 »
24 10000 507 4 37 21 29 » 2 0059640  0.043573
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BAND SO
(i) BAND
1 17
2 18
3 19
4 20
5 21
6 22
7 23
8 24
9 25
10 26
11 27
12 28
13 29
14 30
15 31
16 32
17 33
18 34
19 35
20 36
21 37
22 38
23 39
24 40

f

SPL(a) SPL(b) SPL(c) SPL(d) SPL(e)

Hz
50 91.0
63  85.9
80 873
100  79.0
125  79.8
160 76.0
200 740
250 749
315 946
400 ©
500 00
630 00
800 00
1000 0
1250 0
1600
2000 o
2500 o
3150 0
4000 0
5 000 0
6 300 0
8000 443
10000 50.7

64
60
56
53
51
48
46
44
42
40
40
40
40
40
38
34
32
30
29
29
30
31
37
41

52
51
49
47
46
45
43
42
41
40
40
40
40
40
38
34
32
30
29
29
30
31
34
37

49
44
39
34
30
27
24
21
18
16
16
16
16
16
15
12

o o1 B O ©

10
17
21

55
51
46
42
39
36
33
30
27
25
25
25
25
25
23
21
18
15
14
14
15
17
23
29

M(b)
0.043478
0.040570
0.036831
0.036831
0.035336
0.033333
0.033333
0.032051
0.030675
0.030103
0.030103
0.030103
0.030103
0.030103
0.030103
0.029960
0.029960
0.029960
0.029960
0.029960
0.029960
0.029960
0.042285
0.042285

M(c)
0.030103
0.030103
0.030103
0.030103
0.030103
0.030103
0.030103
0.030103
0.030103

<4——— NOTAPPLICABLE

0.029960
0.029960
0.029960

M(d)
0.079520
0.068160
0.068160
0.059640
0.053013
0.053013
0.053013
0.053013
0.053013
0.053013
0.053013
0.053013
0.053013
0.053013
0.059640
0.053013
0.053013
0.047712
0.047712
0.053013
0.053013
0.068160
0.079520
0.059640

M(e)
0.058098
0.058098
0.052288
0.047534
0.043573
0.043573
0.040221
0.037349
0.034859
0.034859
0.034859
0.034859
0.034859
0.034859
0.034859
0.040221
0.037349
0.034859
0.034859
0.034859
0.034859
0.037349
0.037349
0.043573

Figure A2-3. Example-ofperceived-noiselevel

corrected-for-tones—as—afunction—of-aeroplaneflyover-timePerceived noisiness as a function of

sound pressure level
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6. NOMENCLATURE: SYMBOLSAND UNITSRESERVED

Symbeol Unit  Meaning

d s
In a8
EPNL EPNdB

h dB
H %
i —
k —

A hoey
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S a8

: Fiod f .
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"

Ao degrees  Second-constant** climb-angle:
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Symbeol Unit  Meaning

7. SOUND ATTENUATION IN AIR

7.2 The relationship between sound attenuation, frequency, temperature and humidity is expressed

by the following equations:

* X
*

* o

*
*
*

. 3% T_ 3% T_
afi) = 10295 109 (fo/1 000) + 1.1394 x 103 x T~ 1.916984] 1(8) 1010 (fo) +8.42994 x 1078 x T - 2.755624]

1010 log HRH- 1.328924 + 3.179768 x 1026 x T, 2173716 x 10~4 x T2 + 1.7496 x 10-69 x T3
§= /—f 10 ) x 10" )
o
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where:
n(d) is given by Table A2-4 and f, by Table A2-5;
a(i) being the attenuation coefficient in dB/100 m;
6-T being the temperature in °C; and
H-RH being the relative humidity expressed as a percentage.

7.3 The equations given in 7.2 are convenient for calculation by means of a computer.

8. ADJUSTMENT OF AIRCRAFT FLIGHT TEST RESULTS

8.1 Flight profiles and noise geometry

Flight profiles for both test and reference conditions are described by their geometry relative to the
ground, the associated aircraft ground speed, and, in the case of aeroplanes, the associated engine
control noise performance parameter(s) used for determining the acoustic emission of the aeroplane.
Idealized aircraft flight profiles are described in 8.1.1 for aeroplanes and 8.1.2 for helicopters.

8.1.2 Helicopter flight profiles

8.1.2.1 Reference take-off profile characteristics

Figure A2-7 illustrates the profile characteristics for the helicopter take-off procedure for noise
measurements made at the take-off noise measurement point:

a) the helicopter is initially stabilized in level flight at point A at the best rate of climb speed-\,
Vy. The helicopter continues to point B where take-off power is applied, and a steady climb is
initiated. A steady climb is maintained through point X and beyond to point F, the end of the
noise flight path; and

8.1.3 Adjustment of measured noise levels from
measured to reference profile in the calculation of EPNL

Note.— The “useful portion of the measured flight path” referred to in this section is defined in
accordance with the requirements of 2.3.2.

8.1.3.1 For the case of a microphone located beneath the flight path, the portions of the test flight
path and the reference flight path which are significant for the adjustment of the measured noise levels
from the measured profile to the reference profile in the EPNL calculation are illustrated in Figure A2-
10, where:
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a) XY represents the useful portion of the measured flight path (Figure A2-10 a)), and X,Y, that of
the corresponding reference flight path (Figure A2-10 b)); and

b) K is the actual noise measurement point and K, the reference noise measurement point. Q
represents the aircraft position on the measured flight path at which the noise was emitted and
observed as PNLTM at point K. The angle between QK and the direction of flight along the
measured flight path is 0, the-aeeustie sound emission angle. Q, is the corresponding position on
the reference flight path where the angle between QK is also 0. QK and Q.K; are, respectively,
the measured and reference-neise sound propagation paths.

8.1.3.2 For the case of a microphone laterally displaced to the side of the flight path, the portions
of the test flight path and the reference flight path which are significant for the adjustment of the
measured noise levels from the measured profile to the reference profile in the EPNL calculation are
illustrated in Figure A2-11, where:

a) XY represents the useful portion of the measured flight path (Figure A2-11 a)), and X,Y, that of
the corresponding reference flight path (Figure A2-11 b)); and

b) K is the actual noise measurement point and K; the reference noise measurement point. Q
represents the aircraft position on the measured flight path at which the noise was emitted and
observed as PNLTM at point K. The angle between QK and the direction of flight along the
measured flight path is 0, the-aeoustic sound emission angle. The angle between QK and the
ground is v, the elevation angle. Q, is the corresponding position on the reference flight path
where the angle between Q,K, and the direction of flight along the reference flight path is also 0,
and the angle between Q,K; and the ground is—. ygr, Where in the case of aeroplanes, the
difference between y and-w, yg iS minimized.

8.1.3.3 In both situations the-aceustic sound emission angle 0 shall be established using three-
dimensional geometry.

8.1.3.4 In the case of lateral full-power noise measurements of jet aeroplanes the extent to which
differences between y and y, can be minimized is dependent on the geometrical restrictions imposed by
the need to maintain the reference microphone on a line parallel to the extended runway centre line.

Note.— In the case of helicopter measurements, there is no requirement to minimize the difference
between y and-y, yg.

8.2 Selection of adjustment method

8.2.3 For aeroplanes, either the simplified method, described in 8.3, or the integrated method,
described in 8.4, shall be used for the lateral, flyover or approach conditions. The integrated method
shall be used when:

a) for flyover, the absolute value of the difference between the value of-EPNL, EPNLg, when
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calculated according to the simplified method described in 8.3, and the measured value of EPNL
calculated according to the procedure described in 4.1.3 is greater than 8 EPNdB;

b) for approach, the absolute value of the difference between the value of-EPNL, EPNLg, when
calculated according to the simplified method described in 8.3, and the measured value of EPNL
calculated according to the procedure described in 4.1.3 is greater than 4 EPNdB; or

c) for flyover or approach, the value of-ERNL, EPNLRg, when calculated according to the simplified
method described in 8.3, is greater than the maximum noise levels prescribed in 3.4 of Part II,
Chapter 3, less 1 EPNdB.

Note.— Part Il, Chapter 3, 3.7.6, specifies limitations regarding the validity of test data based upon
both the extent to which ERNL, EPNLR differs from-ERNL EPNL, and also the proximity of the final
EPNLE, EPNLg values to the maximum permitted noise levels, regardless of the method used for
adjustment.

8.3 Simplified method of adjustment

8.3.1 General

8.3.1.1 The simplified adjustment method consists of the determination and application of
adjustments to the EPNL calculated from the measured data for the differences between measured and
reference conditions at the moment of PNLTM. The adjustment terms are:

a) A; — adjustment for differences in the PNLTM spectrum under test and reference conditions
(see 8.3.2);

D)  Area-Apeak — adjustment for when the PNLT for a secondary peak, identified in the calculation
of EPNL from measured data and adjusted to reference conditions, is greater than the PNLT for
the adjusted PNLTM spectrum (see 8.3.3);

8.3.1.2 The coordinates (time, X, Y and Z) of the reference data point associated with the emission
of PNLTM, PNLTMp shall be determined such that the-aeeustie sound emission angle 0 on the reference
flight path, relative to the reference microphone, is the same value as the-aeeustic sound emission angle
of the as-measured data point associated with PNLTM.

8.3.1.3 The adjustment terms described in 8.3.2 to 8.3.5 are applied to the EPNL calculated from
measured data to obtain the simplified reference condition effective perceived noise level,—ERNLE,
EPNLg, as described in 8.3.6.

8.3.2 Adjustments to spectrum at PNLTM

8.3.2.1 The one-third octave band levels SPL(i) used to construct PNL(ky) (the PNL at the
moment of PNLTM observed at measurement point K) shall be adjusted to reference levels SPL(i) as
follows:
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SPLAH  SPL{H-+0.01-feth—ethe Qi
+0:-6H-eh){QK—QKy)
_ +20Heg{QKQK)
SPLR(i) SPL(i) + 0.01 [a(i) — ar(i)] QK

+0.01 og(i) (QK - Q(K})
+20 log (QK/QK))

In this expression:

— the term 0.01 [a(i) —eH)o ar(i)] QK accounts for the effect of the change in sound attenuation
due to atmospheric absorption, and a(i) and-e{Hy ogr(i) are the coefficients for the test and
reference atmospheric conditions, respectively, obtained from Section 7;

— the term 0.01-eB, ar(i) (QK — Q;K) accounts for the effect of the change in the-peise sound
propagation path length on the sound attenuation due to atmospheric absorption;

— the term 20 log (QK/Q,K;,) accounts for the effect of the change in the-neise sound propagation
path length due to spherical spreading (also known as the “inverse square” law);

— QK and QK are measured in metres, and a(i) and-eH, agr(i) are obtained in the form of dB/100
m.

Note.— Refer to Figures A2-10 and A2-11 for identification of positions and distances referred to in
this paragraph.

8.3.2.2 The adjusted values of-SRL.{} SPLg(i) obtained in 8.3.2.1 shall be used to calculate a
reference condition PNLT value,-PNEF.(ky) PNLTR(Ky), as described in 4.2 and 4.3 of this appendix.
The value of the bandsharing adjustment, Ag, calculated for the test-day PNLTM by the method of 4.4.2,
shall be added to this-PNEF L) PNLTR(ky) value to obtain the reference condition-PNEFM, PNLTMg:

PNLETFM, PNLTMg =PNEF (e} PNLTR(ky) + Ag
An adjustment term, Ay, is then calculated as follows:
A =-PNLTM, PNLTMg - PNLTM

8.3.2.3 A shall be added algebraically to the EPNL calculated from measured data as described in
8.3.6.

8.3.3 Adjustment for secondary peaks

8.3.3.1 During a test flight any values of PNLT that are within 2 dB of PNLTM are defined as
“secondary peaks”. The one-third octave band levels for each “secondary peak” shall be adjusted to
reference conditions according to the procedure defined in 8.3.2.1. Adjusted values of-PNLF, PNLTR
shall be calculated for each “secondary peak” as described in 4.2 and 4.3 of this appendix. If any
adjusted peak value of-PNEF, PNLTRg exceeds the value of- PNEFM, PNLTMg, a-Apeak Apeak adjustment
shall be applied.

8.3.3.2  ApeacApeak Shall be calculated as follows:
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Apea=PNET (MaxPeak)—PNLTM,
Apeak =PN LTR(kMg) —PN LTMR

where—PNLEF (MaxPeak) PNLTRr(ky2) is the reference condition PNLT value of the largest of the
secondary peaks; and-PNLEFM, PNLTMg is the reference condition PNLT value at the moment of
PNLTM.

8.3.3.3  Apea—Apeak Shall be added algebraically to the EPNL calculated from measured data as
described in 8.3.6.

8.3.4 Adjustment for effects on noise duration

8.3.4.2 Referring to the flight paths shown in Figures A2-10 and A2-11, the adjustment term A,
shall be calculated from the measured data as follows:

A, =-T7.5 IOg (QK/QrKr) + 10 |Og (VgNg;VGR)
where:
V¢ is the test ground speed (horizontal component of the test airspeed); and

M Veris the reference ground speed (horizontal component of the reference airspeed).

8.3.5 Source noise adjustments

8.3.5.1 The source noise adjustment shall be applied to take account of differences in test and
reference source noise generating mechanisms. For this purpose the effect on aircraft propulsion source
noise of differences between the acoustically significant propulsion operating parameters actually
realized in the certification flight tests and those calculated or specified for the reference conditions of
Chapter 3, 3.6.1.5, is determined. Such operating parameters may include for jet aeroplanes, the engine
contrel noise performance parameter p (typically normalized low pressure fan speed, normalized engine
thrust or engine pressure ratio), for propeller-driven aeroplanes both shaft horsepower and propeller
helical tip Mach number and for helicopters, during overflight only, advancing rotor blade tip Mach
number. The adjustment shall be determined from manufacturer’s data approved by the certificating
authority.

8.3.5.2 For aeroplanes, the adjustment term Aj shall normally be determined from sensitivity
curve(s) of EPNL versus the propulsion operating parameter(s) referred to in 8.3.5.1. It is obtained by
subtracting the EPNL value corresponding to the measured value of the correlating parameter from the
EPNL value corresponding to the reference value of the correlating parameter. The adjustment term A
shall be added algebraically to the EPNL value calculated from the measured data (see 8.3.6).

Note.— Representative data for jet aeroplanes are illustrated in Figure A2-12 which shows a curve
of-ERNL EPNL versus the engine-centrol noise performance parameter-4 1. The EPNL data is adjusted
to all other relevant reference conditions (aeroplane mass, speed, height and air temperature) and, at
each value of— W, for the difference in noise between the installed engine and the flight manual
standard of engine.

R TE.RPR0O.00034-006 © European Aviation Safety Agency. All rights reserved. ISO 9001 certified.
ok if Proprietary document. Copies are not controlled. Confirm revision status through the EASA intranet/internet. Page 94 of 338

* *
* o

An agency of the European Union



European Aviation Safety Agency NPA 2017-01
6. Appendices

8.3.5.5 For helicopter overflight, if any combination of the following three factors results in the
measured value of an agreed noise correlating parameter deviating from the reference value of this
parameter, then source noise adjustments shall be determined from manufacturer’s data approved by the
certificating authority:

a) airspeed deviations from reference;
b) rotor speed deviations from reference; and/or
c) temperature deviations from reference.

This adjustment should normally be made using a sensitivity curve of-PNEFM, PNLTMg versus
advancing blade tip Mach number. The adjustment may be made using an alternative parameter, or
parameters, approved by the certificating authority.

Note 1.— If it is not possible during noise measurement tests to attain the reference value of
advancing blade tip Mach number or the agreed reference noise correlating parameter, then an
extrapolation of the sensitivity curve is permitted, provided the data cover an adequate range of values,
agreed by the certificating authority, of the noise correlating parameter. The advancing blade tip Mach
number, or agreed noise correlating parameter, shall be computed from as measured data. Separate
curves of-PNEFM, PNLTMg versus advancing blade tip Mach number, or another agreed noise
correlating parameter, shall be derived for each of the three certification microphone locations, centre
line, left sideline and right sideline, defined relative to the direction of flight of each test run.

8.3.6 Application of adjustment terms for simplified method
Determine EPNL for reference conditions,-ERNE, EPNLg, using the simplified method, by adding the
adjustment terms identified in 8.3.2 through 8.3.5 to the EPNL calculated for measurement conditions as
follows:

EP—N-I:F—EPNLR = EPNL + A1 +_APeak Apeak + Az + A3

8.4 Integrated method of adjustment

8.4.1 General

8.4.1.1 The integrated method consists of recomputing, under reference conditions, points in the
PNLT time history corresponding to measured points obtained during the tests, and then computing
EPNL directly for the new time history.

8.4.1.2 The emission coordinates (time, X, Y, and Z) of the reference data point associated with
each PNLT,(k) shall be determined such that the-aesustic sound emission angle 0 on the reference flight
path, relative to the reference microphone, is the same value as the-aceustic sound emission angle of the
as-measured data point associated with PNLT(K).

Note.— As a consequence, and unless the test and reference conditions are identical, the reception
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time intervals between the reference data points will typically neither be equally-spaced nor equal to
one-half second.

8.4.1.3 The steps in the integrated procedure are as follows:

a) The spectrum associated with each test-day data point, PNLT(K), is adjusted for spherical
spreading and attenuation due to atmospheric absorption, to reference conditions (see 8.4.2.1);

b) A reference tone-corrected perceived noise level -PNEF L) PNLTR(K), is calculated for each
one-third octave band spectrum (see 8.4.2.2);

c) The maximum value,-PNETFM, PNLTMg and first and last 10 dB-down points are determined
from the-PNLT, PNLTx series (see 8.4.2.3 and 8.4.3.1);

d) The effective duration,-8tg £k} dtr(K), is calculated for each-PNEF £k} PNLTR(K) point, and the
reference noise duration is then determined (see 8.4.3.2 and 8.4.3.3);

e) The integrated reference condition effective perceived noise level, —EPNLR, EPNLg, is
determined by the logarithmic summation of—PNLF.{} PNLTR(K) levels within the noise
duration normalized to a duration of 10 seconds (see 8.4.4); and

f) A source noise adjustment is determined and applied (see 8.4.5).

8.4.2 PNLT computations

8.4.2.1 The measured values of SPL(i,k) shall be adjusted to the reference values—SPL{ik)
SPLg(i,k) for the differences between measured and reference sound propagation path lengths and
between measured and reference atmospheric conditions, by the methods of 8.3.2.1. Corresponding
values of PNk} PNLg(k) shall be computed as described in 4.2.

8.4.2.2 For each value of PNk} PNLg(K), a tone correction factor-G{k} Cr(k) shall be determined
by analysing each reference value-SPE{-k} SPLg(i,k) by the methods of 4.3, and added to-PNL.(k)
PNLRg(K) to obtain-PNEF Lk} PNLTg(K).

8.4.2.3 The maximum reference condition tone corrected perceived noise level,—PNLETFM,
PNLTMeg, shall be identified, and a new reference condition bandsharing adjustment,-Ag, Agg, shall be
determined and applied as described in 4.4.2.

Note.— Due to differences between test and reference conditions, it is possible that the maximum
PNLTR value will not occur at the data point associated with-PNEFM PNLTM. The determination of
PNETM, PNLTMg is independent of PNLTM.

8.4.3 Noise duration
8.4.3.1 The limits of the noise duration shall be defined as the 10 dB-down points obtained from
the series of reference condition PNLT (k) values. Identification of the 10 dB-down points shall be
performed in accordance with 4.5.1. In the case of the integrated method, the first and last 10 dB-down

points shall be designated as-kg. keg and-ky, K r.

8.4.3.2 The noise duration for the integrated reference condition shall be equal to the sum of the
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effective durations, 6t,(k), associated with each of the-RNEF L} PNLTR(K) data points within the 10 dB-
down period, inclusive.

8.4.3.3 The effective duration,—8t.{k} otg(k), shall be determined for each-PNEF.{} PNLTg(K)
reference condition data point as follows:

%@G—Fﬂ‘ &k%—tp(k 1)) : (EF(I‘ 1) t“( E))I’g
8tr(K) = [(tr(k) — tr(k-1)) + (tr(k+1) — ta(k))] / 2

where:
tf-tr(K) is the time associated with-PNEF £k} PNLTR(K);

tk—D—tr(k-1) is the time associated with—PNEF k1) PNLTR(k-1), the data point preceding
PNLET.() PNLTR(K); and

tk+Dtr(k+1) is the time associated with-PNEFLk+1)} PNLTg(k+1), the data point following
PNLT ) PNLTR(K).

Note 1.— Due to differences in flight path geometry, airspeed and sound speed between test and
reference conditions, the times,-t{k} tz(k), associated with the-PNEF{k} PNLTR(K) points projected to
the reference flight path are likely to occur at varying, non-uniform time intervals.

Note 2.— Relative values of time-t.{k} tz(k) for the reference data points can be determined by using
the distance between such points on the reference flight path, and the reference aircraft airspeed-\. Vg.

Note 3.— The Environmental Technical Manual (Doc 9501), Volume | — Procedures for the Noise
Certification of Aircraft, provides additional guidance for one method for performing the integrated
procedure, including the determination of effective durations,-8t.£k} dzz(k), for the individual data points
of the reference time history.

8.4.4 Calculation of integrated reference condition EPNL

8.4.4.1 The equation for calculating reference condition EPNL using the integrated method,
EPNLER, EPNLg, is similar to the equation for test-day EPNL given in 4.6. However, the numerical
constant related to one-half second intervals is eliminated, and a multiplier is introduced within the
logarithm to account for the effective duration of each-PNEF £} PNLTRr(K) value,8t£k} tr(K):

2=
— } 0
7 7
:pgkﬁz
1 kLR
EPNLg = 10 logt—z 100-1PNLTR() § ¢ (J)

0

KFr

where:
the reference time, T4 to, is 10 seconds;
keeKer and-k. ki are the first and last 10 dB-down points as defined in 8.4.3.1; and

St k)-otr(K) is the effective duration as defined in 8.4.3.3 of each reference condition—PNEF(k)
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PNLTR(K) value.

8.4.5 Source noise adjustment

8.4.5.1 Finally, a source noise adjustment shall be determined by the methods of 8.3.5, and added
to the-ERNL, EPNLk determined in 8.4.4.1.

APPENDIX 3. EVALUATION METHOD FOR NOISE CERTIFICATION
OF PROPELLER-DRIVEN AEROPLANES NOT EXCEEDING
8 618 kg — Application for Type Certificate
submitted before 17 November 1988

4.2.2 Correction of noise received on the ground

The noise measurements made at heights different from 300 m (985984 ft) shall be adjusted to 300 m
(985984 ft) by the inverse square law.

4.2.3 Performance correction

4.2.3.2 The performance correction shall be calculated by using the following formula:

R/C
Yy
tR/C
1

Bes
AdB = 49.6 — 20 log [(3 500- D15)V— +1
Y

where DysDis= Take-off distance to 15 m at maximum certificated take-off mass and maximum take-
off power (paved runway)

Best R/IC = Best rate of climb at maximum certificated take-off mass and maximum take-
off power

W,y = Climb speed corresponding to Best R/C at maximum take-off power and expressed in
the same units.

APPENDIX 4. EVALUATION METHOD FOR NOISE CERTIFICATION
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OF HELICOPTERS NOT EXCEEDING 3 175 kg MAXIMUM
CERTIFICATED TAKE-OFF MASS

2.4 Flight test conditions

2.4.1 The helicopter shall be flown in a stabilized flight condition over a distance sufficient to
ensure that the time-varying sound level is measured during the entire time period that the sound level is

Note.—Eamax Lasmax 1S defined as the maximum of the A-frequency-weighted S-time-weighted sound
level measured during the test run.

2.4.2 The helicopter flyover noise test shall be conducted at the airspeed referred to in Part II,
Chapter 11, 11.5.2, with such airspeed adjusted as necessary to produce the same advancing blade tip