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Documents

#* ICAO Annex 16, Volume I, Fourth Edition, Amendment 8,
applicable since 24 November 2005

» legulation

> contains reference conditions and initial demonstration
procedures

#* [CAO Doc 9501-AN/929 Environmental Technical Manual
on the Use of Procedures in the Noise Certification; ofi
Alrcrafit (ETM), Third Edition - 2004

» guidance material
> mamiy,contains equivalent procedures
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ICAO Annex 16
- Relevant Chapters for Small Propeller-driven Aircraft and Helicopters -

Chapter alrcraft application accepted

6 small* propeller-driven | frem 1975 to 1988

10 small* propeller-driven firom 1988
8 helicopters fireim 1965
11 small** helicopters firem; 19938

= \ITOM < 8618 kg

# MIIOMI< 3175 kg
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ICAO Annex 16

- Relevant Chapters for Jet and
Large Propeller-driven Aircraft (1) -

Chapter alrcraft application accepted

2 subsonic jet Ut 2977

3 sulbsonic jet fram 1977 to 2005
3 large” propeller-driven| frem 1985 to 2005
4 subsonic jet firom; 2006

4 large* propeller-driven firem; 2006

5 large” propeller-driven| from 1977 ter 1985
112 SuUpersonic —

= MITOM > 8618 kg or 5700 kg
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ICAO Annex 16
- Relevant Chapters for Subsonic Jet and
Large Propeller-driven Aircraft (2) -

Reference during this presentation are Chapters 3 and 4

# Chapter 4 vs. Chapter 3
> maximum noeise levels for Chapter 4 are more stringent
% Chapter 2 vs. Chapter 3

» maximum noise levels for Chapter 2 (*older” sulhsenic
et aeroplanes) are less stringent

» diiiferent procedures (sideline microphene pesitien)
# Chapter 5vs. Chapter 3

> maximum noise levels for Chapter 5 (* older” large
prepeller-driven aeroplanes) are less; stringent
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Chapters 3 and 4

- Reference Noise Measurement Points (1) -

Lateral full-power reference noise measurement point
(since Marchi 2002 for subsonic jet aeroplanes only):

¥ The point on a line parallel torand
450 m from the runway centre
line, where the noise level is a
maximum during take-off.

_ateral full-power reference
nelse measurement poemi
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Chapters 3 and 4

- Reference Noise Measurement Points (2) -

Elyover reference noise measurement point:

#* The point on the extended centre
line of the runway and at a Power cuthack
distance of 6500 mi from the
Start of roll.

ElVOVer relerence
NeISE measureneni

peInt
6500 m \

Start of roll
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Chapters 3 and 4

- Reference Noise Measurement Points (3) -

Approach reference noise measurement point:

# The point on the ground, on the extended centre line
of the runway 2000 m from the threshoeld. On
level ground this cerresponds tera position
120'm vertically below the 3° descent
path eriginating from. as pelnt
300 m beyond thethresheld:

120'm
___________ } .

,Aooo m A)n?\ Threshold

Appreach reference
REISE measurement point
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Chapter 3 - Maximum Noise Levels

All noise levels are in EPNdB

MTOM*> 0 20.2 28.6 35 48.1 280 385 Z10]0)
Lateral 94 80.87 + 8.51 log M 103
<2* 89 66.65 + 13.29/ log M 101
Tlake-
Off g 89 69.65 + 13.291og M 104
>4 * 89 69.65 + 13.29 log M 106
ApPproach o8 86.03 + 7.75 log M 105

“RUMmMBEr of engines
ZNVINOM Inf 1000 kg
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Chapter 3 - Maximum Noise Levels at
Flyover Reference Noise Measurement Point

108 _
> 4 engines
106 1 _ o N
— 3 engines
10491 — < 2 engines |
1

Maximum noise levels [EPNdB]

10000 100000 1000000
MTOM [Kg]
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Chapter 3 - Trade-offs

If the maximum noise levels are exceeded at one or
two measurement points:

# The sum of excesses shall not be greater than: 3 EPNdB.

# Any excess at any single point shall not' be greates thian
2 EPNAB.

¥ Any excess shall be offset by correspending reduiciions at
the other point or peints.
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Chapter 4 - Maximum Noise Levels

¥ The maximum permitted noise levels are defined! in

Chapter 3 and shall not be exceeded at any ofi the
measurement points.

# The sum of the differences at all three measurement poeILs
petween the maximum neise levels and the Chapters
maximum noise levels shall not be lessithan 10:ERPNGB
(“cumulative margin™).

# The sum oef the differences at any two measurement peInts
PEWEEn the maximum neise levels and the Chapters
maximuml noise. levels shall not be less than 2'ERPNGE:
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Chapter 3 and 4

- Noise Certification Reference Procedures -

¥ Take-off reference procedure

» for the determination of the lateral full-power neise
level

» for the determination of the flyover noise level

» Approach reference procedure
> for the determination of the approach noise level
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Chapters 3 and 4

- Take-off Reference Procedure (1) -

Take-off refierence flight path shall be calculated’ as fiollows:

¥ Mass: The mass of the aeroplane at brake release shall e
the maximum take-offi mass at which the noeise certification

IS requested.

# Eng@ine thrust 1: Average engine take-off thrust eI peWer
shiall be used from the start of take-ofif to the pertWhere
atileast the fellowing height abeve runway: level s

feachea:
> aereplanes with two engines or less: 3001,
» aereplanes with three engines: 260) i)

> dereplanes with four engines o moere: 210Mmm.
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Chapters 3 and 4
- Take-off Reference Procedure (2) -

# Engine thrust 2 (cutback): Upon reaching the height
specified above, the thrust or power shall net be reduced
below that required to maintain:

» a climb gradient of 4 per cent,

» In the case of multi-engined aeroplanes, leveliiligiit
With one engine inoperative,

Whilchever thrust or power per engine Is: greater.
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Chapters 3 and 4
- Take-off Reference Procedure (3) -

#* Engine thrust 3: For the purpose of determiningl the lateral
fiull-pewer noise level, the reference flight path shallibe
calculated on the basis of using full take-ofifi power
throughout witheut a thrust or pewer reduction.

» Speed: The speed shall be the all engines eperating take=
offf climb speed and shall be at least V, + 10/kt DU ROL
greater than \V; + 20rkt.

» Etc.
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Chapters 3 and 4

- Take-off Reference Procedure (4) -

End ofi certification
Power cutback flight path
start / completed .

_ Full /
Py - Reduced »
POWEr
Lift off
Start of
roll \V/ i W2
i S

] 6500 m |

[€ >

VI = Cateral full-pewer neise measurement peini
V2 = Elyover neise measurement peint
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Chapters 3 and 4
- Approach Reference Procedure (1) -

Approach reference flight path shall be calculated as follows:

¥ Glide path: The aeroplane shall be stabilized and fiellewing
a 3° glide path.

» Speed: A steady approach speed off Ve + 10K, Wilth
thrust and power stabilized, shall be maintained.

» Mass: The mass of the aeroplane at the touchdewnrshiall
pe the maximum landing mass at Which noelse' certiicanen
IS reguested.

* Configuration: The most critical configuration; (thatWiaich
produces the highest noise level) shall be used.

. Etc.
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Chapters 3 and 4

- Approach Reference Procedure (2) -

Begin of certifi-
< cation flight path

Begin of final
approach

N
’ 2000 m | Tjouch
dewWin
MI= Approach noise measurement point.  Ihreshold
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Chapters 3 and 4
- Atmospheric Conditions (1) -

The reference procedures shall be calculated under the
fiollewing reference atmospheric conditions:

¥ Sea level atmospheric pressure of 1013.25 hPA
#* Ambient air temperature of 25°C

#* Relative humidity of 70 per cent

»* Zero wind
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Chapters 3 and 4
- Atmospheric Conditions (2) -

The tests shall be carried out under the folloewing
atmospheric conditions:

Ne precipitation
Ambient air temperature between -10°C and 35°C
Relative humidity between 20% and 95%

Windi speed not above 12 kt and crosswind speed noi
abhoeve 7 kt at 10 m above ground

Neranemalous atmospheric conditions that would
siignificantly: affiect the measured noise levels

* Ok N W

e
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Equivalent Procedures - Questions

#* What Is an equivalent procedure?

> An equivalent procedure is a test or analysis procedure
which, while differing from one specified in Annex 16,
Volume I, In the technical judgement of the certificating
authority, yields effectively the same noeise: levels as
the procedure specified in Annex 16.

# \Why eguivalent procedures are used?
» 1o reduce cost and time

» 10 obtain more Information than just the “hasic* neIse
data for a single configuration

#* \Where are eqguivalent procedures described?
> Inrthe ICAO Environmental Technical Manuais(ENVI)
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Equivalent Procedures - Examples (1)
- Take-Off Intercept -

o
Intercept point 3
prior to 10 dB-
down peint

Time
Intercepi Normal Take-oif
Elightpath 5 M2
M1 24

VIl = [Lateral full-power noise measurement pelnt
M2 = Elyover noise measurement poimt
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Equivalent Procedures - Examples (2)
- Measurement of Lateral Full-power Noise Level -

#* Two microphones are located symmetrically on either side

#

of the take-off reference track.

Elights are carried out at full take-off pewer at different
nelghts midway between the microphones.

Y X Lateral Full=pewer
i Noise Level

5 X N

& S

e

—1

=z

ol

LI X Data Points 4

0 100 20)0) 300 Z10)0) 10J0) Height [m]
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Equivalent Procedures - Examples (3)
- Noise Power Distance (NPD) Curves -

NPD curves enable determination ofi noise levels wihen engine
power/thrust has changed. No new noise test Is necessary.

EPNL [EPNdAB]

AV /£

X Datel points/j//(
X

7\ X
MX

X X X
M

A X X

Minimoim
height

Meditim
hiergh

Vaxamitim
helght

Power (expressed in engine N1C [RPM])
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