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Paragraph 1., add a new footnote 2 to read:

"1, Scope

This Regulation contains provisions on the sound emitted by motor vehicles
and applies to vehicles of categories M and N.!

The specifications in this Regulation are intended to reproduce the sound
levels which are generated by vehicles during normal driving in urban traffic.

This Regulation provides, as well, Additional Sound Emission Provisions for
vehicles of categories M1 and Nj referring to driving conditions with extreme
accelerations in an extended speed range representative for urban and suburban
traffic.?"

Paragraph 2.8., amend to read:

2.8. "Maximum net power, P," means the engine power available for propulsion
expressed in kW and measured dependent on the drive train concepts.

Applicable power sources are those, which provide drive power for forward
motion to the vehicle.

2.8.1. For vehicles with combustion engine(s) only (ICE)

The maximum engine power is the net power P, of the combustion engine(s)
measured at full engine load pursuant to UN Regulation No.85 paragraph 5.2.

2.8.2. For battery electric vehicles (BEV) or fuel cell electric vehicle (FCEV) that
have only one propulsion energy converter

The net power P, of the electric motor of the electric drive train is determined
pursuant to UN Regulation No.85 paragraph 5.3.

2.8.3. For hybrid electric vehicles (HEV), or pure electric vehicles that have more
than one propulsion energy converter

The maximum engine power is the "vehicle system power rating" according to
the arithmetic sum of parallel propulsive engines on the vehicle or GTR 21,
paragraph 6.9.1.(b) “sustained vehicle system power".

As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3)),
ECE/TRANS/WP.29/78/Rev.6.

Additional Sound Emission Provisions refer to the specifications of paragraph 6.2.3. of the main body
and Annex 7. A new Annex 9 was introduced for a sound evaluation of a vehicle under Real Driving
Conditions (RD-ASEP) for evaluation purposes without impact on the type approval. RD-ASEP covers
an extended control range with driving conditions outside of normal driving with higher accelerations
and vehicle speeds up to 100 km/h. See also the provisions in paragraph 5.1.
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Paragraph 2.24., amend to read:

"2.24, Table of symbols

Symbol Unit Annex Paragraph Explanation

k — Annex 3 3.121.4.1. gear ratio weighting factor; value to be reported
and used for calculations to the second decimal
place

NMAX 1/min | Annex 3 3.12141. Maximum engine rotational speed permitted for
Mz, N1, and M2 less than 3500 kg; value to be
reported and used for calculations to a precision
of 10 min (xxx0)

S 1/min | Annex 3 3.1.214.1. rated engine rotational speed in revs per minute,
synonymous with the engine rotational speed at
maximum power

Nes' 1/min | Annex 3 3.1.2.2. engine rotational speed of the vehicle, when the
reference point passes BB'; value to be reported
and used for calculations to a precision of 10 min-
1

Ntarget BB 1/min | Annex 3 3.1.2.2.1.1.(a) |targetengine rotational speed of the vehicle when
the reference point has to pass line BB' (see
2.11.2. for definition of reference point)

Lurban dB(A) | Annex 3 3.1.3.1. reported  vehicle sound pressure level
representing urban operation; value to be reported
mathematically rounded to the nearest integer

LR, ref (vTR ref) dB(A) | Annex 3 - 3.1. Reported reference test result of the tyre rolling

Appendix 2 sound measurements at left/right side according
Annex 3 — 43 to method described in Annex 3 Appendix 3
Appendix 3
slpref dB(A)/I | Annex 3 - 3.1 Slope of the tyre rolling sound measurements as
og(v) Appendix 2 determined by Annex 3 Appendix 3
VTR ref km/h Annex 3 - 3.1. The reference vehicle speed for the reference
Appendix 2 tyre rolling sound; this speed may be different
Annex 3 — 43 from Vwot OF vers _|f tyre rolling sound data have
A dix 3 been generated independently from the type
ppenaix approval test concerned. (see Annex 3 Appendix
3 paragraph 2.4.1. (b))
Vers,j km/h Annex 3 - 3.2./4.3. Vehicle speed when the reference point of the
Appendix 2 vehicle passes line PP' during a pass-by test
according Annex paragraph 3.1.2.1.6.
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Symbol Unit Annex Paragraph Explanation
Vwot, PP’ j km/h Annex 3 - 3.3./4.4. Vehicle speed when the reference point of the
Appendix 2 vehicle passes line PP’ during a pass-by test
according Annex paragraph 3.1.2.1.5.
Vwot,BB”,j km/h Annex 3 - 3.3./4.4. Vehicle speed when the rear of the vehicle
Appendix 2 passes line BB' during a pass-by test according
Annex paragraph 3.1.2.1.5.
Sret °C Annex 3 - 3. Reference air temperature:
Appendix 2 20°C
Sers °C Annex 3 - 3.2. Air temperature representative for one pass-by
Appendix 2 test run j under constant speed condition
Swot,j. °C Annex 3 - 3.3 Air temperature representative for one pass-by
Appendix 2 test run j under acceleration condition
L TR crs,j,9crs dB(A) |Annex3 - 3.2.3. Tyre rolling sound adjusted to the speed
Appendix 2 condition of the constant speed test
LeTersj dB(A) |Annex3 - 3.2.4. Extracted power train component from each
Appendix 2 valid constant speed test
L TR crs,j,9ref dB(A) |Annex3 - 3.2.2. Tyre rolling sound adjusted to the speed
Appendix 2 condition of the constant speed test and the

reference temperature

Lcrs,j, oref dB(A) |Annex3 - 3.2.5. Air temperature adjusted constant speed test
Appendix 2 result

L7R wot,j,9wot dB(A) | Annex 3 - 3.3.3. Tyre rolling sound adjusted to the speed
Appendix 2 condition of the acceleration test

LpT,wotj dB(A) | Annex 3 - 3.34 Extracted power train component from each
Appendix 2 valid acceleration test

LTR wot,j, 9ref dB(A) | Annex 3 - 3.3.2. Tyre rolling sound adjusted to the speed
Appendix 2 condition of the acceleration test and the

reference temperature

Lwot,j,9ref dB(A) | Annex 3 - 3.3.5. Air temperature adjusted acceleration test result
Appendix 2

LTR DB, 9ref dB(A) | Annex 3 - 4.1. Reported reference test result of the tyre rolling
Appendix 2 sound measurement left/right side according to

Annex 3 Appendix 3 taken from a database

LTR DB, 9ref dB(A) | Annex 3 - 4.1. Reported reference test result of the tyre rolling
Appendix 2 sound measurement at vrest left/right side
according to Annex 3 Appendix 3 taken from a
database
SIPDB ref kg Annex 3 - 4.1. Slope of the tyre rolling sound measurements as
Appendix 2 determined by Annex 3 Appendix 3 taken from a
database
VDB, TR ref km/h Annex 3 - 4.1, The reference vehicle speed for the reference
Appendix 2 tyre rolling sound; this speed may be different

from vers OF Vwet, if tyre rolling sound data have
been generated independently from the type
approval test concerned. (see Annex 3 Appendix
3 paragraph 2.4.1. (b))
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Symbol Unit Annex Paragraph Explanation
LTR,DB,crs, 9ref dB(A) | Annex 3 - 4.1. Reported reference test result of the tyre rolling
Appendix 2 sound measurement at vers left/right side
according to Annex 3 Appendix 3 taken from a
database
LTr,0B,wot,9ref dB(A) | Annex 3 - 4.1. Reported reference test result of the tyre rolling
Appendix 2 sound measurement at Vwot left/right side
according to Annex 3 Appendix 3 taken from a
database
awot_ASEP m/s? Annex 7 2.3. maximum required acceleration at wide-open-
throttle

Paragraph 3.4., amend to read and insert a new paragraph 3.4.2. and add a new footnote:
"3.4.
3.4.1.

3.4.2.

Paragraph 5.

Il5.
5.1.

5.1.1.

3

For example, but not limited to, conformity of production, or extensions of already existing approvals, or

Approval tests

At the request of the Technical Service conducting approval tests, the vehicle
manufacturer shall, in addition, submit a sample of the sound reduction system
and an engine of at least the same cylinder capacity and rated maximum net
power as that fitted to the vehicle in respect of which type-approval is sought.

Tyre rolling sound reference measurements according to Annex 3 Appendix 3
which are carried out independent of the type approval tests of a vehicle (see
Case 2 of Annex 3 Appendix 2) are not mandatory but can be performed at the
option and responsibility of the vehicle manufacturer.

Where the vehicle manufacturer decides to perform such tests, they shall

(@)  either be carried out by the vehicle manufacturer witnessed by the Type
Approval Authority or by a Technical Service, or

(b)  be carried out by the vehicle manufacturer by its laboratories and test
facilities which may be designated as an approved laboratory, or

(c) by laboratories and test facilities of a Technical Service designated by
the Type Approval Authority and selected by the vehicle manufacturer.

The test results shall be submitted to the Type Approval Authority as reference
data to be used when tests other than type approval test® are carried out on a
different test track.

Where no reference data have been established, no test track compensation is
applicable for above mentioned tests. Therefore, only Case 1 temperature
correction is applicable.”

and its subparagraphs., amend to read:

Approval

Type approval shall only be granted if the vehicle type meets the requirements
of paragraphs 6. and 7. below.

Starting from 1 July 2023 and for a period of twelve months, during type
approval of a vehicle, measurements in accordance with Annex 9 (RD-ASEP)
shall be performed. The test results shall be communicated to the Type
Approval Authority in the format according to the test report sheet of Appendix
5in Annex 9.

in-service conformity.
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For the purpose of type approval, it is not mandatory to comply with the
provisions of Annex 9.

For vehicles with PMR not exceeding 60, the performance of RD-ASEP tests
is not mandatory.

RD-ASEP tests are not applicable to any tests done for the purpose of extension
of existing approvals according to UN Regulation No. 51.

In case the type approval tests of Annex 3 and Annex 7 were carried out in an
indoor facility, the test and the delivery of data according to Annex 9 are not
mandatory.

Paragraph 5.4., amend to read:

5.4. There shall be affixed, conspicuously and in a readily accessible place
specified on the approval form, to every vehicle conforming to a vehicle type
approved under this Regulation an international approval mark consisting of:

54.1. A circle surrounding the letter "E" followed by the distinguishing number of
the country which has granted approval;*

5.4.2. The number of this Regulation, followed by the letter "R", a dash and the
approval number to the right of the circle prescribed in paragraph 5.4.1.

Paragraph 6.1., amend to read:
"6.1. General specifications for durability and against manipulation

6.1.1. The vehicle, its engine and its sound reduction system shall be so designed,
constructed and assembled as to enable the vehicle, in normal use, despite the
vibration to which it may be subjected, to comply with the provisions of this
Regulation.

6.1.2. The sound reduction system shall be so designed, constructed and assembled
as to be able to reasonably resist the corrosive phenomena to which it is
exposed having regard to the conditions of use of the vehicle, including
regional climate differences, and against manipulation.”

Paragraph 6.2.2.2., amend to read:

6.2.2.2. For vehicle types designed for off-road® use, the limit values shall be increased
by 2 dB(A) for M3 and N3 vehicles category and 1 dB(A) for any other vehicle
category.

For vehicle types of category M; the increased limit values for off-road
vehicles are only valid if the technically permissible maximum laden mass > 2
tons.

Paragraph 6.2.3., amend to read:
6.2.3. Additional sound emission provisions

The Additional Sound Emission Provisions (ASEP) apply only to vehicles of
categories My and N; equipped with an internal combustion engine.

Vehicles are deemed to fulfil the requirements of Annex 7, if the vehicle
manufacturer provides technical documents to the type approval authority
showing, that the difference between maximum and minimum engine speed of
the vehicles at BB' for any test condition inside the ASEP control range defined
in paragraph 2.3. of Annex 7 to this Regulation (including Annex 3 conditions)

5

The distinguishing numbers of the Contracting Parties to the 1958 Agreement are reproduced in Annex
3 to the Consolidated Resolution on the Construction of Vehicles (R.E.3),
ECE/TRANS/WP.29/78/Rev.6.
As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.),
ECE/TRANS/WP.29/78/Rev.6.
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does not exceed 0.15 x S. This article is intended especially for non-lockable
transmissions with variable gear ratios (CVT).

Paragraph 11.6., amend to read:

"11.6. Until 30 June 2025, vehicles with a serial hybrid drive train which have a
combustion engine with no mechanical coupling to the power train are
excluded from the requirements of paragraph 6.2.3. above. "

Paragraph 11.8., amend to read:

"11.8. Until 31 December 2023 for vehicle types of category N or for vehicle types
of category M1 derived from N the limits according to paragraph 6.2.2. of the
vehicle types of category N1 having a technically permissible maximum laden
mass above 2.5 tons apply, if all the following specifications are met:

@) Having a technically permissible maximum laden mass of less than or
equal to 2.5 tons;

(b)  An R-point height greater or equal to 800 mm from the ground,;
(¢)  Anengine capacity exceeding 660cc but less than 1495cc;

(d)  An engine where the centre point of gravity of the engine is between
300 mm and 1,500 mm behind the front axle;

(e)  And having a rear axle drive."
Add a new paragraph 11.13. to read:

"11.13. Supplement 7 (in particular, but not limited to Appendices 2 and 3 to Annex 3
and Annex 9) does not apply to existing type approvals, originally granted prior
to the date of entry into force of Supplement 7."

Paragraph 12., amend to read and insert new subparagraphs 12.2. and 12.3.:

"12. Names and addresses of Technical Services
responsible for conducting approval tests and of
Type Approval Authorities

12.1. The Contracting Parties to the 1958 Agreement applying this Regulation shall
communicate to the United Nations Secretariat the names and addresses of the
Technical Services responsible for conducting approval tests and of the Type
Approval Authorities which grant approval and to which forms certifying
approval or extension or refusal or withdrawal of approval, issued in other
countries, are to be sent.

12.2. The Contracting Parties to the 1958 Agreement which apply this Regulation
may designate laboratories of vehicle manufacturers as approved test
laboratories for the purpose of tyre rolling sound measurements according to
paragraph 3.4.2.

12.3. Where a Contracting Party to the 1958 Agreement applies paragraph 12.2.
above, it may, if it so desires, be represented at the tests by one or more persons
of its choice."”
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Annex 3,
Paragraph 1.4., amend to read:
"1.4. Instrumentation for speed measurements

The engine speed shall be measured with instrumentation having an accuracy
of £2 per cent or better at the engine speeds required for the measurements
being performed.

The road speed of the vehicle shall be measured with a continuous speed
measuring device having an accuracy of at least £0.5 km/h."

Paragraph 1.5., amend to read:
"1.5. Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental
conditions during the test shall include the following devices, which meet at
least the given accuracy:

(@)  Temperature measuring device, 1 °C;

(b)  Wind speed-measuring device, £1.0 m/s;

(c) Barometric pressure measuring device, £5 hPa;
(d) A relative humidity measuring device, +5 per cent.

A monitoring of the wind speed is not mandated when tests are carried out in
an indoor facility."”

Paragraph 2.1.3., amend to read and structured by subparagraphs:
"2.1.3. Ambient conditions

2.1.3.1. Ambient condition indoor

2.1.31.1. General

Meteorological conditions are specified to provide a range of normal operating
temperatures and to prevent abnormal readings due to extreme environmental
conditions.

The meteorological instrumentation shall deliver data representative for the
test site and values of temperature, relative humidity, and barometric pressure
shall be recorded during the measurement interval.

2.1.3.1.2. Temperature

The measurements shall be made when the ambient air temperature is within
the range from 5 °C to 40 °C.

The ambient temperature may of necessity be restricted to a narrower
temperature range such that all key vehicle functionalities (e.g. start/stop,
hybrid propulsion, battery propulsion, fuel-cell stack operation) are enabled
according to manufacturer's specifications.

2.1.3.1.3. Wind
n.a.
2.1.3.1.4. Background noise

For indoor testing, background noise shall take into account noise emissions
produced by the dynamometer rollers, ventilation systems, and facility exhaust
gas systems.

2.1.3.2. Ambient condition outdoor
2.1.3.2.1. General
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2.1.3.2.2.

2.1.3.2.3.

2.1.3.2.4.

The surface of the site shall be free of powdery snow, tall grass, loose soil or
cinders. There shall be no obstacle which could affect the sound field within
the vicinity of the microphone and the sound source. The observer carrying out
the measurements shall so position themself as not to affect the readings of the
measuring instrument.

Measurements shall not be made under adverse weather conditions. It shall be
ensured that the results are not affected by gusts of wind.

The meteorological instrumentation should be positioned adjacent to the test
area at a height of 1.2 m £ 0.02 m.

A value representative of air and road surface temperature, wind speed and
direction, relative humidity, and barometric pressure shall be recorded during
the sound measurement interval.

Temperature

The measurements shall be made when the ambient air temperature is within
the range from 5 °C to 40 °C and the test surface temperature within the range
from 5 °C to 60 °C.

Tests carried out on request of the manufacturer at air temperatures below 5° C
shall be accepted as well.

The ambient temperature may of necessity be restricted to a narrower
temperature range such that all key vehicle functionalities (e.g. start/stop,
hybrid propulsion, battery propulsion, fuel-cell stack operation) are enabled
according to manufacturer's specifications.

Wind

The tests shall not be carried out if the wind speed, including gusts, at
microphone height exceeds 5 m/s, during the sound measurement interval.

Background noise

Any sound peak which appears to be unrelated to the characteristics of the
general sound level of the vehicle shall be ignored in taking the readings.

The background noise shall be measured for duration of 10 seconds immediately
before and after a series of vehicle tests. The measurements shall be made with
the same microphones and microphone locations used during the test. The A-
weighted maximum sound pressure level shall be reported.

The background noise (including any wind noise) shall be at least 10 dB(A)
below the A-weighted sound pressure level produced by the vehicle under test.
If the difference between the ambient noise and the measured sound is between
10 and 15 dB(A), in order to calculate the test results the appropriate correction
shall be subtracted from the readings on the sound-level meter, as in the
following table:

Difference between ambient noise and

sound to be measured dB(A) 10 11 12 13 14 15

Correction dB(A) 0.5 0.4 0.3 0.2 0.1 0.0

Paragraph 2.2. and its subparagraphs, amend to read:

"2.2.
2.2.1.

Vehicle
Vehicle Selection

The vehicle shall be representative of vehicles to be put on the market as
specified by the manufacturer in agreement with the Technical Service to fulfil
the requirements of this Regulation.
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Measurements shall be made without any trailer, except in the case of non-
separable vehicles. At the request of the manufacturer, measurements may be
made on vehicles with lift axle(s) in a raised position.

2.2.2. Vehicle test mass m;and vehicle target mass Mearget

2.2.2.1. Measurements shall be made on vehicles at the test mass m: specified
according to Table 2 below.

When testing indoors, the test mass, m; shall be utilized by the control system
of the dyno roller. Actual mass of the vehicle has no effect on results and it is
permitted to load the vehicle as necessary to prevent slip between the tyres and
the dyno rolls. To detect excessive slip, it is recommended to control the ratio
of engine rotational speed and vehicle speed between the acceleration phase
and the constant-speed status. To avoid slip, it is possible to increase the axle
load.

2.2.2.2. Target mass, Marget, IS USed to denote the mass that N, and N3 vehicles should
be tested at. The actual test mass of the vehicle can be less due to limitations
on vehicle and axle loading.

Table 2: Specification of test mass for the various vehicle categories
Vehicle category Vehicle test mass

M1 The test mass m: of the vehicle shall be between
0.9 Mro<mt<1.2mro

N1 The test mass m: of the vehicle shall be between
0.9 Mro<mi<1.2mr
N2, N3 Miarget = 50 [Kg/kW] X Pn [KW]

Extra loading, mxioad, to reach the target mass, murget, Of the vehicle shall be placed
above the rear axle(s).

If the test mass my is equal to the target mass Mtarget, the test mass m shall be

0.95 Miarget < mt < 1.05 Mitarget.

The sum of the extra loading and the rear axle load in an unladen condition, Mra lad
unladen, 1S limited to 75 per cent of the technically permissible maximum laden mass
allowed for the rear axle, Mac ra max.

If the test mass m: is lower than the target mass Muarget, the test mass my shall be
achieved with a tolerance of £5 per cent.

If the centre of gravity of the extra loading cannot be aligned with the centre of the
rear axle, the test mass, my, of the vehicle shall not exceed the sum of the front axle
in an unladen condition, Mraoad unladen, and the rear axle load in an unladen condition,
Mra load unladen PIUS the extra loading, Mxicad, and the mass of the driver mq.

The test mass for vehicles with more than two axles shall be the same as for a two-
axle vehicle.

If the vehicle mass of a vehicle with more than two axles in an unladen condition,
Munladen, IS greater than the test mass for the two-axle vehicle, then this vehicle shall
be tested without extra loading.

If the vehicle mass of a vehicle with two axles, Muniaden, IS greater than the target
mass, then this vehicle shall be tested without extra loading.

M2 (M < 3,500 kg) The test mass mq of the vehicle shall be between
0.9Mr <mi < 1.2mro

Complete If the tests are carried out with a complete vehicle having a bodywork,

M2 (M > 3,500 kg), Miarget = 50 [kg/kW] x Pn [KW] is calculated either in compliance with conditions
Ms above (see Nz, N3 category)

or

the test mass m¢ of the vehicle shall be 0.9 Mo <m¢<1.1 mro.

11
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Vehicle category Vehicle test mass

Incomplete If the tests are carried with an incomplete vehicle not having a bodywork,

M2 (M > 3,500 kg), Mtarget = 50 [Kg/kW] x Pn [KW] is calculated either in compliance with conditions
Ms above (see N2, N3 category),

or
the test mass mt of the vehicle shall be 0.9 Mo <m¢<1.1 mro.
where

Mro = MechassisM2m3 + MxloadM2M3 .

2.2.2.3. Calculation procedure to determine extra loading of N and N3 vehicles only
2.2.2.3.1. Calculation of extra loading

The target mass, Mearget, (per kW rated power) for two-axle vehicles of category
N2 and N3 is specified in the Table in paragraph 2.2.1: above.

mtarget = 50 [kg / kW] X Pn [kW] (1)

To reach the required target mass, Mearget, fOr a vehicle being tested, the unladen
vehicle, including the mass of the driver, mq, shall be loaded with an extra
mass, Mxioad, Which shall be placed above the rear axle as given in Formula (8):

Mtarget = Munladen + Md + Mxioad (2)
The target mass, Meuarget, Shall be achieved with a tolerance of £5 per cent.

The vehicle mass of the test vehicle in the unladen condition, Muyniagen, IS
calculated by measuring on a scale the unladen front axle load, M+ ioad unladen,
and the unladen rear axle load, Mya 10ad unladen, @S given in Formula (3):

Munladen = Mfa load unladen + Mra load unladen 3)

By using Formulae (2) and (3), the extra loading, mMxicad, is calculated as given
in Formulae (4) and (5):

Mxioad = Mtarget — (Mg + Mynlagen) (4)
Mydoad = Miarget — (Md + Ma load unladen + Mra load unladen) 5)

The sum of the extra loading, mxiead, and the unladen rear axle load, My 1ad
unladen, 1S limited to 75 per cent of the technically permissible maximum laden
mass for the rear axle, Macramax, as given in Formula (6):

0.75 Mac ra max > Mxload + Mra load unladen (6)
The myiead is limited according to Formula (7):
Mydoad < 0.75 Mac ra max — Mra load unladen (7)

If the calculated extra loading, Mxicad, in Formula (5) fulfils Formula (7), then
the extra loading is equal to Formula (5). The test mass, m;, of the vehicle is as
calculated from Formula (8):

Mt = Mxioad + Md + Mfaload unladen + Mra load unladen (8)
In this case, the test mass of the vehicle is equal to the target mass
Mt = Mtarget 9)

If the calculated extra loading, Mxicad, in Formula (5) does not fulfil Formula
(7), but rather fulfils Formula (10)

Miydoad > 0.75 Mac ra max — Mra load unladen (10)

then, the extra loading, Myiead, Shall be as given by Formula (11):

Miydoad = 0.75 Mac ra max — Mra load unladen (11)
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2.2.2.3.2.

2.2.2.3.3.

2.2.2.3.4.

and the test mass, my, of the vehicle shall be as given by Formula (12):

Mt = 0.75 Mac ramax + Md + Mz load unladen (12)
In this case, the test mass of the vehicle is lower than the target mass

Mt < Miarget (13)
The test mass, my, shall be achieved with a tolerance of £ 5 per cent.

Loading considerations if load cannot be aligned with the centre of rear axle

If the centre of gravity of the extra loading, mxiead, cannot be aligned with the
centre of the rear axle, the test mass of the vehicle, m;, shall not exceed the sum
of the unladen front axle load, M¢a 10ad uniaden, and the unladen rear axle load, mr,
load unladen, PIUS the extra loading, Myicad, and the mass of the driver, mq.

This means that if the actual front and rear axle loads are measured on a scale
when the extra loading, mxiead, is placed onto the vehicle and it is aligned with
the centre of the rear axle, the test mass of the vehicle minus the mass of the
driver is as given by Formula (14):

Mt — Mg = Mfa load laden + Mra load laden (14)
Where:
Mfa load laden = Mfa load unladen (15)

If the centre of gravity of the extra loading cannot be aligned with the centre
of the rear axle, Formula (14) is still fulfilled, but

Mfa load laden > Mfa load unladen (16)

because the extra loading has partly distributed its mass to the front axle. In
that case, it is not allowed to add more mass onto the rear axle to compensate
for the mass moved to the front axle.

Test mass for vehicles with more than two axles

If a vehicle with more than two axles is tested, then the test mass of this vehicle
shall be the same as the test mass for the two-axle vehicle.

If the unladen vehicle mass of a vehicle with more than two axles is greater
than the test mass for the two-axle vehicle, then this vehicle shall be tested
without extra loading.

Calculation of the test mass of a virtual vehicle with two axles:

When a vehicle family is not represented by a two-axle vehicle because it is
physically not available, the vehicle family can be represented by a vehicle
with more than two axles (vrf). In that case the test mass of a virtual two-axle
vehicle (Mt (2 axies virtual)) Can be calculated in the following way:

For the calculation of the unladen vehicle mass of the virtual two-axle vehicle
(Munladen 2 axtes virwal)), take from the vehicle with more than two axles (vrf) the
measured unladen front axle load (Mfa (vrf) 10ad unladen) @nd the measured unladen
rear axle load of that driven rear axle (Mra (vrf) load uniaden) Which has the highest
unladen load.

If the vehicle (vrf) has more than one front axle, take the one with the highest
unladen front axle load.

=> Munladen (2 axles virtual) = Mfa (vrf) load unladen + Mra (vrf) load unladen

= Myioad (2 axles virtual) = Miarget — (Md + Muniaden (2 axles virtual))

Due to the requirement that the sum of the extra loading (Mxioad (2 axes virtuaty) and
the unladen rear axle load, Mra (rf) toad untaden, 1S limited to 75 per cent of the
technically permissible maximum laden mass allowed for the rear axle, Mac ra
max (2 axles virtual), tNiS VAIUE, Mac ra max (2 axtes virtuat), Nas to be chosen in such a way
that it represents the rear axle of the forecasted highest production-volume in

13
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2.2.2.4.

2.2.3.

2.2.3.1.

2.2.3.2.

the manufacturer's variation with a technically permissible maximum laden
mass allowed for the rear axle (Mac ra max (chosen) ) Tor the vehicle family as
declared by the manufacturer.

= Mac ra max (4x2 virtual) = Mac ra max (chosen)

If Myitoad (2 axtes virtual) < 0.75 Mac ra max (chosen) — Mra (vrf) load unladen

then

Mt (2 axles virtual) = Mxload (2 axles virtual) ¥ Md + Mfa (vrf) load unladen  Mra (vrf) load unladen

and
Mt (2 axles virtual) = Mtarget

If Myitoad (2 axtes virtual) > 0.75 Mac ra max (chosen) — Mra (vrf) load unladen

then

Mt (2 axles virtual) = 0.75 Mac ra max (chosen) + Md + Mia (urf) load unladen

and

Mt (2 axles virtual) < Mtarget

The test mass of the vehicle with more than two axles representing the vehicle
family is defined as followed:

Mt (vrf) = Mt (2 axles virtual)
and the extra loading is calculated as
Mixioad (vrf) = Mt (2 axles virtual) — Md — Munladen (vrf)

At the applicant's request the vehicle of a category Ma, M3, N2 or N3 is deemed
representative of its completed type if the tests are carried out to an incomplete
vehicle not having a bodywork. In the test of an incomplete vehicle all relevant
soundproofing materials, panels and noise reduction components and systems
shall be fitted on the vehicle as designed by the manufacturer except a part of
bodywork which is built in a later stage.

No new test shall be required due to fitting of a supplement fuel tank or re-
location of the original fuel tank on condition that other parts or structures of
the vehicle apparently affecting sound emissions have not been altered.

Preparation of the vehicle before testing
General

The vehicle shall be equipped as specified by the vehicle manufacturer. Before
the measurements are started, the vehicle shall be brought to its normal
operating conditions, which means that essential components for the operation
of the wvehicle are at their nominal temperatures as specified by the
manufacturer. This applies especially, but is not limited to

- the cooling water (if applicable);
- oil temperature (if applicable).
Battery state of charge

If so equipped, propulsion batteries shall have a state-of-charge sufficiently
high to enable all key functionalities according to the specifications of the
vehicle manufacturer. Propulsion batteries shall be within their component
temperature window to enable all key functionalities. Any other type of
rechargeable energy storage system shall be ready to operate during the test.
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2.2.3.3. Active Sound Systems

Any active sound devices, either for noise control, or sound enhancement, shall
operate as foreseen by the vehicle manufacturer and not be interfered with
during the measurements.

2.2.34. Tyres
2.2.34.1. Tyre Selection

The tyres and rims to be used for the test shall be representative for the vehicle and
shall be selected by the vehicle manufacturer and recorded in Addendum to the
Communication form (Annex 1, Appendix 1). They shall correspond to one of the
tyre sizes designated for the vehicle as original equipment. The tyre is or will be
commercially available on the market at the same time as the vehicle.® The tyres
shall be inflated to the pressure recommended by the vehicle manufacturer for the
test mass of the vehicle. The tyres shall have at least 1.6 mm tread depth.

When performing indoor testing, tyre/road sound is evaluated independently
on the test track with the tyres to be used, according to this paragraph.
Propulsion sound is independently evaluated on the dynamometer using tyres
and other sound control measures to produce tyre/road sound which does not
influence the measurement result.

2.2.3.4.2. Tyre conditioning

Tyres with special fitment requirements, such as asymmetric or directional
design, shall also be mounted in accordance with these requirements.

Before testing, tyres shall be conditioned (broken-in). Tyre break-in shall be
representative to about 100 km of normal on-road operation. Tyres with special
fitment requirements shall be broken-in in accordance with these requirements.
The tyres fitted to the test vehicle shall rotate in the same direction as when
they were broken-in.

Test tyres shall be warmed-up immediately prior to testing for at least 10min
in the range of the test speed, with moderate lateral & longitudinal acceleration.
The lateral acceleration shall be selected in a way to avoid excessive tire tread
wear effects.

2.2.3.5. If the vehicle is fitted with more than two-wheel drive, it shall be tested in the
drive which is intended for normal road use.

2.2.3.6. If the vehicle is fitted with fan(s) having an automatic actuating mechanism,
this system shall not be interfered with during the measurements.

2.2.3.7. If the vehicle is equipped with an exhaust system containing fibrous materials, it
might be necessary to carry out a conditioning test prior to testing. The provisions
of Annex 4, paragraph 1. in conjunction with the flowchart (Figure 2) of the
appendix to Annex 4 shall be followed.

2.2.3.8. Suspension Trim Level

If fitted, the trim level of a height adjustable suspension shall be set to its normal
level for on-road operation as specified by the vehicle manufacturer."

6 Given that the tyre contribution for overall sound emission is significant, regard shall be given for
existing regulatory provisions concerning tyre/road sound emissions. Traction tyres, snow tyres and
special-use tyres as defined in paragraph 2. of UN Regulation No. 117 shall be excluded during type-
approval and conformity of production measurements at the request of the manufacturer in accordance
with UN Regulation No. 117.

15
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Paragraph 3.1.1. amend to read:

"3.1.1.

General conditions of test

For outdoor testing, two lines, AA' and BB', parallel to line PP' and situated
respectively 10 m £ 0.05 m forward and 10 m £ 0.05 m rearward of line PP’ shall
be marked out on the test runway.

For indoor testing, the virtual line AA' indicates the beginning of the test track,
PP' indicates the virtual position of the two pass-by microphones, and BB'
indicates the end of the test track. The simulated vehicle speed at AA', vaa, Or
vehicle speed at PP', vpp, is defined by the roller speed when the reference
point of the vehicle passes the virtual line AA' or PP', respectively. The
simulated vehicle speed at BB', vgg, is defined when the rear of the vehicle
passes the virtual line BB".

At least four measurements shall be made on each side of the vehicle and for
each gear. Preliminary measurements may be made for adjustment purposes,
but shall be disregarded.

For outdoor testing the microphones shall be located on both sides of the
pathway at a distance of 7.5 m = 0.05 m from the reference line CC' of the
track and 1.2 m £ 0.02 m above the ground. For indoor testing microphones on
one side of the roller bench can be used.

The reference axis for free field conditions (see IEC 61672-1:2002) shall be
horizontal and directed perpendicularly towards the path of the vehicle line CC"."

Paragraph 3.1.2.1.4., fourth indent, replace "Appendix 3, Figure 4a to Figure 4e" to read
"Appendix 1, Figure 4a to Figure 4f".

Paragraph 3.1.2.1.4.1., amend to read:

"3.1.2.1.4.1. Vehicles with manual transmission, automatic transmissions, adaptive

transmissions or CVTs tested with locked gear ratios
The following conditions for selection of gear ratios are possible:

@) If one specific gear ratio gives an acceleration in a tolerance band of +5
per cent of the reference acceleration awet rer, NOt exceeding 2.0 m/s?, test
with that gear ratio.

(b)  If none of the gear ratios give the required acceleration, then choose a
gear ratio i, with an acceleration higher and a gear ratio i+1, with an
acceleration lower than the reference acceleration. If the acceleration
value in gear ratio i does not exceed 2.0 m/s?, use both gear ratios for
the test. The weighting ratio in relation to the reference acceleration
awot_ref IS calculated by:

K = (awot_ref — @wot_(i+1))/ (Bwot_(i) — wot_(i+1))

(c) If the acceleration value of gear ratio i exceeds 2.0 m/s?, the first gear
ratio shall be used that gives an acceleration below 2.0 m/s? unless gear
ratio i+1 (or i+2, or i+3 or ...) provides acceleration less than aurpan. In
this case, two gears, i and i+1 (or i+2, or i+3 or ...) shall be used,
including the gear i with acceleration exceeding 2.0 m/s?. In other cases,
no other gear shall be used. The achieved acceleration awot test during
the test shall be used for the calculation of the part power factor ke
instead of awot_ref.

(d)  If maximum engine speed nwax is exceeded in a gear i before the vehicle
passes BB' the next higher gear i+1 shall be used. If the next higher gear
i+1 results in an acceleration below auran, the vehicle test speed, Viest, in
the gear ratio i shall be reduced by 2.5 km/h and the gear ratio selection
shall proceed as specified by the options given in this paragraph. In no
case shall the vehicle test speed be reduced below 40 km/h.
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If the maximum engine speed nuax is exceeded in gear ratio i before the
vehicle passes BB' and the vehicle test speed is equal to 40 km/h, the
higher gear ratio i+1 is allowed even if awor_test d0es not exceed aurpan.

The vehicle test speed in the higher gear ratio i+1 shall be 50 km/h.
The maximum engine speed nuax is given by the formula below:
Nyax = 1.56 X PMR™%227 x S but not more than 80% of S.

(e) If no gear ratio is available with an acceleration below 2.0 m/s?, the
manufacturer shall, if possible take measures to avoid an acceleration
value awor_test greater than 2.0 m/s2,

Table 1 in Appendix 1 to Annex 3 provides examples for valid measures
to control the downshift of gears or to avoid accelerations beyond 2.0
m/s2. Any measure used by manufacturer for the above-mentioned
purposes shall be documented in the test report.”

Paragraph 3.1.2.1.4.2., amend to read:

"3.1.2.1.4.2. Vehicles with automatic transmission, adaptive transmissions and CVTs tested
with non-locked gear ratios:

Manufacturers may take measures to lock discrete gear ratios by electronic or
mechanical measures and follow the gear selection previsions of paragraph
3.1.2.1.4.1. above. If so selected, this shall be stated in the test report.

Otherwise, the gear selector position for full automatic operation shall be used.

The acceleration value awot test Shall be calculated as defined in paragraph
3.1.2.1.2.2.

The test may then include a gear change to a lower range and a higher
acceleration or a higher engine speed. A gear change to a higher range and a
lower acceleration is not allowed. A gear shifting to a gear ratio which is not
representative for urban traffic shall be avoided.

Therefore, it is permitted to establish and use electronic or mechanical devices,
including alternate gear selector positions, to avoid:

(@)  accelerations beyond 2.0 m/s2. Any measure used by manufacturer for
the above-mentioned purposes shall be documented in the test report.
The achieved acceleration awo _test Shall be greater or equal to aurban.

(b)  atestengine speed exceeding nuax (see Appendix 1, figure 4f).

Q) Therefore, the vehicle test speed viest may be reduced in steps by
2.5 km/h. In no case the vehicle test speed shall be reduced to a
vehicle speed below 40 km/h, or

(i)  The engine load is reduced to avoid a downshift to a gear ratio
where nmax is exceeded.

If possible, the manufacturer shall take measures to avoid an acceleration value
awot_test greater than 2.0 m/s2.

If possible, the manufacturer shall take measures to avoid an engine speed
higher than nuax.

Table 1 in Appendix 1 to Annex 3 provides examples for valid measures to
enable a test condition within the above specified boundaries. Any measure
used by manufacturer for the above-mentioned purposes shall be documented
in the test report.

The achieved acceleration awot test i then used for the calculation of the partial
power factor ke (see paragraph 3.1.2.1.3.) instead awot_rer."

17
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Paragraph 3.1.2.1.4.3., fifth indent, replace "Appendix to Annex 3" to read "Appendix 1 to

Annex 3",

Paragraph 3.1.2.1.6., amend to read:

"3.1.2.1.6.

Constant speed test

The constant speed test shall be carried out with the same gear(s) specified for
the acceleration test and a constant speed of 50 km/h with a tolerance of £1
km/h between AA' and BB', or if applicable at the speed determined for the
acceleration test according 3.1.2.1.4.1. (d) or 3.1.2.1.4.2. with a tolerance of £1
km/h between AA' and BB'.

During the constant speed test, the acceleration control shall be positioned to
maintain a constant speed between AA' and BB' as specified. If the gear is
locked for the acceleration test, the same gear shall be locked for the constant
speed test.

The constant speed test is not required for vehicles with a PMR < 25."

Paragraph 3.1.2.2.1.2., fifth indent, replace "Appendix to Annex 3" to read "Appendix 1 to

Annex 3".

Paragraph 3.1.3. and its subparagraphs, amend to read:

"3.1.3.

3.1.3.1L.

3.1.3.2.

3.1.3.3.

3.1.3.4.
3.1.34.1.

3.1.34.1.1.

Interpretation of results
Measurement readings for outdoor tests

For vehicles of categories My and N1, and for vehicles of category M- having
a maximum authorized mass not exceeding 3,500 kg, the maximum A-
weighted sound pressure level indicated during each passage of the vehicle
according to paragraphs 3.1.2.1.5. and 3.1.2.1.6. shall be rounded to the first
significant digit after the decimal place (e.g. XX.X).

For vehicles of category M, having a maximum authorized mass exceeding
3,500 kg and for vehicles of categories Ms, N2, and N3 the maximum A-
weighted sound pressure level indicated during each passage of the reference
point of the vehicle between line AA’ and line BB’ + 5 m shall be rounded, to
the first significant digit after the decimal place (e.g. XX.X).

Measurement readings for indoor tests

The pass-by sound of a vehicle is determined by energetical addition of the
power train sound measured in an indoor facility according to paragraph Annex
8, paragraph 2. of this regulation and the separately determined tyre/road sound
measured on an outdoor test track according to Annex 8, paragraph 2.3. of this
Regulation.

Validation of individual test runs

If a sound peak obviously out of character with the general sound pressure
level is observed, the measurement shall be discarded. At least four
measurements for each test condition shall be made on each side of the vehicle
and for each gear ratio. For outdoor tests left and right shall be measured
simultaneously, for indoor tests simultaneous measurement is recommended if
it is possible. The first four valid consecutive measurement results, within 2
dB(A), allowing for the deletion of non-valid results (see paragraph 2.1.), shall
be used for the further calculations below.

Calculation of results

Calculation for vehicles of category M; and N1, and for vehicles of category
M having a maximum authorized mass not exceeding 3,500 kg

Each valid test run of the acceleration and — if applicable — of the constant
speed tests per vehicle side and per gear ratio shall be subjected to a
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temperature and if applicable a test track correction according to Appendix 2
to Annex 3.

3.1.3.4.1.2. Per gear, test condition (acceleration and constant speed) and vehicle side the
four valid and corrected test results shall be averaged and mathematically
rounded to the first significant digit after the decimal place.

All further calculations to derive Lyman Shall be done separately for the left and
right vehicle side. The final value Lman mathematically rounded to the nearest
integer shall be the higher value of the two sides.

The speed measurements at AA', BB', and PP' used for reporting and further
calculations shall be rounded to the first significant digit after the decimal
place.

The calculated acceleration aacc test Used for reporting and further calculations
shall be rounded to the second significant digit after the decimal place.

The calculated interim values for the acceleration test and the constant speed
test are given by:

Lwot rep = Lwot (i+n) +k* (Lwot(i) - Lwot (i+n))
Lcrs rep = Lcrs(i+n) +k* (Lcrs @iy — Lcrs (i+n))

where K = (awot ref — awot (i+n))/(awot (i) — Gwot (i+n))
with n as determined by paragraph 3.1.2.1.4.1.

In the case of a single gear ratio test inclusive the non-locked condition
according to paragraphs 3.1.2.1.4.2. and 3.1.2.1.4.3. the interim values Lacc rep
and L rep are the averaged test results of each test condition (acceleration and
constant speed).

The final result is calculated by combining Laccrep and Lers rep- The equation is:
Lurban = Lwot rep — kP * (Lwot rep — Lcrs rep)

The weighting factor ke gives the part power factor for urban driving. In cases
other than a single gear test, ke is calculated by:

kp = 1 — (Qurban / @wot ref)

If only one gear was specified for the test, kp is given by:
kp = 1 — (Qurban / Qwot test)

In cases where awot test IS 1€SS than aurpan:

ke=0

In cases where the PMR of the vehicle is lower than 25, the final result Luran
is the result of the acceleration test:

Lurban = Lwot rep

3.1.34.2. Calculation for vehicles of category M, having a maximum authorized mass
exceeding 3,500 kg and for vehicles of categories M3, N, and N3

For each gear and vehicle side, the valid test runs shall be averaged separately,
rounded to the first decimal place, and be reported as interim results.

All further calculations to derive Lyman Shall be done separately for the left and
right vehicle side. The final value Lyman to be reported as the test result
mathematically rounded to the nearest integer shall be the higher value of the
two sides.

The speed measurements at line BB' shall be noted and used in calculations to
the first significant digit after the decimal place.

The engine speed measurements (if applicable) at line BB' shall be noted and
used in calculations to the full integer.

19
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In the case of a single gear test, inclusive the non-locked condition, the final
result Lyman is equal to the intermediate result.

In the case of a two-gear test, the final result is the arithmetic mean of the
intermediate results. The final result Lyman is the higher value of the two
calculated averages."

Paragraph 3.2.3., amend to read:
3.2.3. Test site - local conditions (see Appendix 1 of Annex 3, Figure 2)
Paragraph 3.2.3., amend to read:

3.2.5.3. Measuring of noise in proximity to the exhaust (see Appendix 1 of Annex 3,
Figure 3a)
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Annex 3, Appendix, renumber as Appendix 1.
Annex 3, Appendix 1 (renumbered), Figure 4b, amend to read:

"Figure 4b
Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this Regulation -
Gear selection using locked gear PART 1

Testing locked gears according to 3.1.2.1.4.1.

|

Select Gear

v
> Select Pre-acceleration and entrv speed

A 4

Is acceleration stable according
t0 2.26.2.7
Calculate test acceleration
No according to 3.1.2.1.2.1.
Yes
v
Select gears to obtain gear i with Is acceleration
stable acceleration above < Within awot_ref
awot_ref and gear i+1 with stable tolerance band?
acceleration below awot_ref No
v Yes
See Case 1 in Figure 4c _V
Is acceleration less than or equal

2,0 m/s?? and engine speed less

N -
° than nuwax prior to BB'?

VF Yes

See Case 2 in Figure 4c Y
Use gear and compute kp

according to 3.1.3.4.1.2.

A 4

Compute Lwot_rep Using results
of valid runs

21
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Annex 3 — Appendix 1 (renumbered), Figure 4c, amend to read:

"Figure 4c

Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this Regulation —
Gear selection using locked gear PART 2

Case 1:

Two gears, gear i with stable acceleration
above awot_rer and gear i+1 with stable
acceleration below awot_ref

Case 2:

One gear with stable acceleration above 2.0
m/s? or engine speed greater than nwax prior

to BB

v

h 4

Is acceleration of gear i less than or
equal 2.0 m/s?? and engine speed less

than nwax prior to BB’?

No

Yes

A 4

Determine first gear i + n (n=1, 2...) with stable
acceleration less than or equal to 2.0 m/s? and
engine speed less than nuax prior to BB'

v

Is acceleration of gear i +n
more than ayrpan?

y No

Is engine speed of gear i more
than nwax prior to BB*?

No Yes
y
Use both gears i with See Case 3 in
acceleration higher than 2.0 m/s? Figure 4d

and i+1, (i+2, i+3, or...) with
acceleration less than ayrpan

v ¥

Use both gears i and i+1, (i+2,
i+3, or... ) and compute kp
accordingto 3.1.3.4.1.2. and k
by 3.1.2.1.4.1.

A 4

A 4

Yes

Use gear i+n (n=1,2, ...) and
compute kp according to
3.1.34.1.2.

A 4

Compute Lwot_rep USing results
of valid runs




E/ECE/324/Rev.1/Add.50/Rev.3/Amend.7
E/ECE/TRANS/505/Rev.1/Add.50/Rev.3/Amend.7

Annex 3 — Appendix 1 (renumbered), Figure 4d, amend to read:
"Figure 4d

Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this Regulation —
Gear selection using locked gear PART 3

Case 3:
No gear with acceleration more than ayrpan and
engine speed less than nuax prior to BB’

A 4
Reduce test speed Viest by 2.5 km/h with gear i

A 4

\ 4
Is engine speed of gear i less than nyax prior to BB’?

No
No \ 4
Is test speed Viest 40 km/h? Yes
Yes
A 4 A 4
Use gear i+n (n=1, 2, ...) with test speed 50 Use both gears i and i+n (n=1,

km/h and compute kP according to 3.1.3.4.1.2. 2, ...) with new test speed for

gear i and 50 km/h for gear
i+n and compute kP according
t03.1.3.4.1.2.
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Annex 3 — Appendix 1 (renumbered), Figure 4e, amend to read:

"Figure 4e

Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this Regulation —

Gear Selection using non-locked gears

Testing unlocked gears according to
3.1.2.1.4.2.

A

Can measures be taken to control

A 4

Select Pre-acceleration and entry speed

Is acceleration stable? i.e.
there is no delay.
Calculate test acceleration
according to 3.1.2.1.2.2.

downshifts?
No Yes
A 4
A —»
Select entry speed
\ 4
A 4
Calculate test acceleration according to

3.1.2.1.2.2. Pre-acceleration is not allowed No

A 4

Yes

If possible, control downshift to obtain
acceleration less than or equal to 2.0
m/s? or awot rer, Whichever is lower. If

not possible, run higher than 2.0 m/s?is

valid.

A

engine speed greater than nmax
prior to BB'

Yes

No

y

Compute ke according to
3.1.34.1.2.

Compute Lot _rep USiNG results
of valid runs

See flowchart 4f.
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Annex 3 — Appendix 1 (renumbered), add a new Figure 4f, to read:

"Figure 4f

Flowchart for vehicles tested according to paragraph 3.1.2.1.4.2. of Annex 3 to this
Regulation — Gear Selection using non-locked gears

Engine speed exceed nmax prior to BB’

Possibility 1

A 4

Possibility 2

»
>

Reduce test speed Viest by 2.5 km/h

Is engine speed less than nyax prior to

BB’?

No

No

A 4

Is test speed Viest 40 km/h?

A

y

Yes
v

Not valid test condition.

Yes

Reduce engine load (by using
partial load) such that ngp- is
between 95 % nuax and Nuax

Yes

v

Test according to 3.1.2.1.4.2.
with new test speed

Test according to
3.1.2.1.4.2. with specified
engine load
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Annex 3, add a new Appendix 2 to read:

"Annex 3 — Appendix 2

Correction for the tyre rolling sound component of pass-by
sound measurements

1.

2.1.

2.2.

2.3.

2.4,

26

Scope of the correction

This Appendix contains provisions on the correction for the tyre rolling sound
component of pass-by sound measurements of Annex 3 and applies to vehicles
of categories My and Ny, and for vehicles of category M; having a maximum
authorized mass not exceeding 3,500 kg.

General (see the flowcharts in this Appendix 2, Figure 7a to Figure 7¢)

This Appendix provides correction for temperature and test track dependent on
the tyre category and purpose.

For the correction, tyre rolling sound reference values are needed. Tyre rolling
sound measurements shall be carried out according to the test procedure of
Appendix 3 to Annex 3 of this regulation.

These measurements might be carried out during the type approval of a vehicle
type (Case 1 as described in paragraph 3. of this appendix) or be performed as
an independent test to be used for type approval tests of different vehicle types
(Case 2 as described in paragraph 4. of this appendix).

For the further processing of data, the following tyre rolling sound reference
information shall be available from the test according to Appendix 3 to Annex
3:

(@  The tyre rolling sound Ltr srer Separately for the left and the right side
of the vehicle

(b)  The slope of the tyre rolling sound slprs separately for the left and for
the right side of the vehicle

(c)  The reference speed vrr ref to Which these sound levels are assigned. If
tyre rolling sound measurements are directly carried out in junction
with the pass-by measurements, the reference speed vrrrer Shall be
determined in a way to be equal to the vehicle test speed vers and Vot

The test results for each gear as determined according to Annex 3 paragraphs
3.1.2.1.4., test condition (acceleration or constant speed) and per vehicle side,
are subject to the temperature correction.

For simplicity, the formula below uses the index x as place holder for the
applicable gear ratio(s) i or i+n. No index is introduced for left and right side,
but all calculations shall be done separately for left and right side of the vehicle.

If tests are carried out at air temperatures below 5 °C according to paragraph
2.1.3. of Annex 3, the temperature correction is applicable down to an air
temperature of 0 °C. For any tests carried out at air temperatures below 0°C,
the temperature correction shall be calculated with 0 °C, regardless of the
measured air temperature.

Case 1

The temperature correction is based on tyre rolling sound measurements
carried in junction with pass-by tests according to Annex 3.
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3.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.3.

3.3.1.

Tyre Rolling Sound Reference

The rolling sound of the tyre Ltrs v and the tyre sound level slope slpres

ref' " TR,ref
for left and right side of the vehicle shall be determined for a reference vehicle
speed vtr ret at the reference temperature 3y according to Appendix 3 to Annex
3.

Temperature correction for constant speed test results

The reference speed shall be identical to the reference test speed of the constant
speed test vers determined in Annex 3. In most cases this will be 50 km/h. If the
tyre reference speed vriref, differs from v, adjust the tyre rolling sound per
vehicle side to the test speed vers by:

= Vers
LTR,crs,j,x‘)ref - LTR,I‘)ref,VTR'ref + Slpref X lg VIR ref

For each valid pass-by test run j under constant speed the following values per
gear are available from the measurements according to Annex 3 paragraph
3.1.2.1.:

(@)  the reported sound levels Lesj,
(b)  the vehicle speed Ve ppj, and
(c)  theair temperature Sersj.

For each individual test run (gear, condition and vehicle side), a tyre rolling
sound reference shall be calculated for the applicable air temperature S ;.

L =L +K x1g<—8ref+K2>
TR,crs,j,9 — MTR.crs,j,9 1
crs,j,ocrs Crs,j,9ref ﬁcrs,j + Kz
where Oer = 20°C and
Ky = 3.4 forC;and C;tyres and
K = 3.0 forCtyresand
K, = 15.0 for Cytyres

For each gear, run and vehicle side under constant speed extract the power train
component Lpr,crsj from the test result Lesj, by calculation.

Lprersj = 10 X 1g(10%1*Fersi — 1001LTRersjdcrs )

In case that Ltr.crs,
determined by

Lprcrsj = 10 X 1g(0.01 x 10%*ersi)

o IS greater than Lesj the power train component Ler orsj is

Calculate per gear, run and vehicle side the air temperature adjusted constant
speed test result Lersjs,. Using the temperature normalized tyre rolling sound

calculated by

ref

L7R 9e

L =10 X 1g(100'1XLPT'CrS'j + 100-1XLTR,crs,j,9ref)

crs,j,9vef
Temperature correction for acceleration test results

For each gear, run and vehicle side, adjust the tyre rolling sound to the speed
condition of the acceleration test

LrrRwotjorer = LTROrervrr ref T SIPref

x 1g(0.5 X (VBB',wot + VPP',wot)/VTR,ref)

27
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3.3.2.

3.3.3.

3.3.4.

3.3.5.

3.4.

4.1.

4.2.
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For each valid pass-by test run under acceleration the following values per gear
are available from the measurements according to Annex 3 paragraph 3.1.2.1.:

(@  the reported sound levels Lo,
(b)  the vehicle speeds Vyoppjand Vyoiss'j , and
(c) the air temperature Swot;.

For each individual test run (gear, condition and vehicle side), a tyre rolling
sound reference shall be calculated for the applicable air temperature or Swot;.

19ref + KZ
LR wot9er = LTRwotj 0, T K1 X 18

Bwot,j + KZ
where O = 20°C and
Ky = 3.4 forC;and C;tyres and
K = 3.0 forC;ytyresand
K, = 15.0 for Cytyres

For each gear, run and vehicle side extract the power train component Lptwot;
from the reported acceleration test Lwoj, by calculation.

Lprworj = 10 x 1g(10%1*Lwoti — 1001XLTRwotjdwor )

In case that Ltrwot;,s
is determined by

Lprworj = 10 x 1g(0.01 x 10%**Lwotj)

wot 1S greater than Lot j the power train component Lpt wot

Calculate per gear the acceleration test result Lwotj,s,

Lwot,j.ﬁref =10 x lg(100.1XLVF'WM'j + 100‘1XLTR'W0t'i'8ref)

Proceed to calculate Luman USing the temperature normalized sound pressure
levels Lersjs,.c and Lwotjs,.c according to the procedure of Annex 3 paragraph
3.1.34.1.2.

Case 2

ref ref

The temperature correction based on tyre rolling sound measurements that
have been performed independent from the pass-by tests subject to the
temperature correction.

Case 2 is applicable, when pass-by tests carried out according to Annex 3 shall
be compared with already existing results — e.g., from type approval, that have
been performed under a different temperature condition and on a different test
track.

The necessary information on tyre rolling sound representative for the tyre
used on the vehicle is available from former type approval tests or have been
carried out separately according to Appendix 3 to Annex 3 of this UN
Regulation. The essential information is provided by the test report of that
Appendix and is:

(@  thetyre rolling sound Ltrpg,s, at the reference temperature ver,

ref
(b)  the reference vehicle speed vir ps,ref, and
(c)  the tyre rolling sound slope sIppgref.

Determine the tyre rolling sound for the vehicle according to Case 1 above and
extract the power train relevant components Lprersj and Lerworj fOr each gear
and run accordingly.
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4.3. Temperature correction for constant speed test results

4.3.1. The reference speed shall be identical to the reference test speed of the constant
speed test viest determined in Annex 3. In most cases this will be 50 km/h. If
the tyre reference speed vrrpa rer differs from v, adjust the tyre rolling sound
per vehicle side to the test speed ves by:

LTR DB crs,jdref = LTRDB8r T SIPpB ref X lg(Vcrs,j / VTR,DB,ref)

4.3.2. For each gear, test run and vehicle side, calculate the air temperature and test
track adjusted constant speed test results Lers s, bY

Lersjo,ep = 10 X 1g(10%1¥EpTersj 4 1001 TRDBersjdrer )

4.4, Temperature correction for acceleration test results

4.4.1. For each gear, test run and vehicle side, adjust the tyre rolling sound Ltrpg,s
to the speed condition of the acceleration test

ref

LR DB wot,9er = LTRDBSer T SIPDB ret
X lg(O.S X (VBB’,wot,j + Vpp’,wot,j)/ VTR,DB,ref)

4.4.2. For each gear, test run and vehicle side, calculate the acceleration test result
Lwot,j,Sref by

; XL
Lwot,j,ﬂref =10 X lg(100'1XLPT'WOt'] + 100 X TR,DB,wot,],Sref)

4.5. Proceed to calculate Lyman With the temperature normalized sound pressure
levels Lersjo,.c and Lwotjs,.; according to the procedure of Annex 3 paragraph

3.134.1.2.

ref ref
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Figure 7a

Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this
Regulation — Correction of pass-by measurements for temperature and if applicable
for test track differences

Correction of pass-by measurements according to Annex 3

for temperature and for test track differences (if applicable)

v v

Case 1l Case 2
Correction for temperature only Correction for temperature and test track

v v

Tyre rolling sound has already been
determined independently and
the normalized parameters are available:

Perform pass-by sound measurements
according to Annex 3

v

Perform tyre rolling sound measurements in
combination with the tests above
according to Appendix 2 to Annex 3

- tyre rolling sound LTr,0B, 9,

- the reference speed VTr DB ref, and
- the tyre sound level slope sIpos ref

v

Per gear and run, adjust
the tyre rolling sound to

\ 4

Follow the procedure of Case 1
to determine the power train components

the vehicle speed condition of Lpr.ersjand Lerwot;
the individual test run T o

v

Per gear and run, extract
the power train component Let crs;
from the constant speed test result

v

Per gear and run, extract
the power train component Let wot;j >
from the acceleration test result

Y

\ 4

Per gear and run, normalize
the tyre rolling sound to
the reference temperature

:?:
Recalculate Lersj and Lwot;

with power train components and
normalized tyre rolling sound components

v

Calculate Lurban With the corrected
constant speed and acceleration test results
according to the procedure in Annex 3
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Figure 7b
Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this
Regulation — Temperature Correction for Tyre Rolling Sound Components Case 1

Correction for Tyre Rolling Sound Components

Case 1: Temperature Correction
Tyre rolling sound Lrr  is determined during a set of pass-by measurements according to Annex 3
and used to normalize the tyre rolling sound component of each individual measurement run
to the reference air temperature 9; = 20 °C

v

The rolling sound of the tyre Lirs,;, vrq ¢ fOr left and right side of the vehicle

shall be determined for a reference vehicle speed vrr et according to Appendix 3 to Annex 3.
The reported values are the tyre rolling sound level L1, ViR et

the tyre sound level slope slprsand the temperature 91z at which these tests have been performed.
| |

v v

For each individual pass-by measurement run j under constant For each individual pass-by measurement under acceleration
speed the following values per gear are available: the following values per gear are available:
the reported sound levels Les;, the reported sound levels Ly,
the vehicle speed Ve pp- the vehicle speeds Vyoppj aNd Vo s
and the air temperature ¢ j and the air temperature Swot;

v v

Adjust the tyre rolling sound L, viq e Adjust the tyre rolling sound Lrr,o o vrg o 1O
to the test speed condition of the constant speed test: the speed condition of the acceleration test:
VCI‘S

N = X
LTR,,Crs,],Bref LTR'aref'vTR ref + Slpref lg

VBB wot + VPP’ wot
VTR ref

. = X
LR wotjityer = LTRO, opvrp rer T SIPref lg< 2 X VrRref

\ 4 A
Adjust the tyre rolling sound to Adjust the tyre rolling sound to
the applicable air temperature ¢ the applicable air temperature S
of the individual run and vehicle side: of the individual run and vehicle side:
Bref + K2 Sref + KZ
LtRersiders = LR ersjoper T K1 X 18 <7‘9crs,j K, LR wotjdyor = LTRwotj0,e T K1 X 18 7\9‘”0” K,
with  K; = 3.4 for C,and C,tyres and with  K; = 3.4 forC,and C, tyres and
K, = 3.0 forC,tyresand K, = 3.0 forC,tyresand
K, = 15.0 for C,tyres K, = 15.0 for C,tyres
For the per gear and run reported For the per gear and run reported
constant speed test result L, extract acceleration test Lo, extract
the power train component Lpr s by calculation. the power train component Lerwatj by calculation.
Lprersj = 10 X 1g(1004¥Lersi — 1001bmRersjocs) Lprworj = 10 X 1g(10%1Lwotj — 100XLTRwots0,)
Calculate per gear and run the temperature adjusted Calculate per gear and run the temperature adjusted

constant speed test result Lsj,g acceleration test result Lyotrep.s

ref ref

=10 x 1g(10%1*Lrrwotj 4 1001XLTRwotjd,or)

Lergjopoe = 10 X 1g(100X1PTersi 4 1001 XTRersioer) L
Proceed to calculate Lman Using the temperature normalized sound pressure levels
and Luwaj s, according to the procedure of Annex 3

'WOtj,9pef

Lcrs,j \9,

ref ref
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Figure 7c

Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this
Regulation — Temperature/Test Track Correction for Tyre Rolling Sound
Components Case 2

Correction for Tyre Rolling Sound Components

Case 2: Temperature & Test Track Correction
Tyre rolling sound has already been determined independently from the type approval:
The air temperature normalized tyre rolling sound Lrpg,s,

the reference speed vrr pg,rer and the tyre sound level slope slppg,rr are available.

A 4 \ 4
Adjust the tyre rolling sound Ltr, ps, gref Adjust the tyre rolling sound L+r pg, sref tO
to the test speed condition of the constant speed test: the speed condition of the acceleration test:

S

_ Ver:
= L1r DB, o + SIPDBref X 1§ ————

LTR DB,crs,j,9.
DB ret VTR DB ref LTr DB wotj9

ref

v v

For each gear and run, determine the tyre rolling sound for the vehicle according to Case 1

v v

VBB’ wot + VPP’,WDt)

= Lrr DB oref T SIPDB ref X 18( 2 X v ;
TR,DBre

Extract the power train relevant components Lpr crs Extract the power train relevant components Ler wot,
Calculate per gear and run the temperature & track adjusted Calculate per gear and run the temperature & track adjusted

constant speed test result Les; g acceleration test result Lyojs

ref ref

Lcrs,j.Bref =10 X ]g(loo.lepT,crs,j + 100.1XLTR,DB,crs,j,.‘)ref) LWOt,i.ﬁref =10 x lg(loo.lepT'WOtJ‘ + 1()0-1XLTR,DB,w0t,j,8ref)
Proceed to calculate Lman Using the temperature normalized sound pressure levels
and Luej,s, according to the procedure of Annex 3

Lcrs,J,Sref

Annex 3, add a new Appendix 3 to read:

"Annex 3 — Appendix 3

Coast-by test method for measuring tyre-rolling sound

emission

1. Measuring instruments
Unless otherwise specified, the measuring instruments shall comply with the
provisions of Annex 3 of this UN Regulation.

1.1. Meteorological equipment
Unless otherwise specified, the meteorological equipment shall comply with
the provisions of Annex 3 of this UN Regulation.

2. Conditions of measurement

2.1. Test site
The test site shall comply with the provisions of Annex 3 of this UN
Regulation.

2.2. Meteorological conditions
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2.3.

2.4.
24.1.

2.4.2.

2.4.3.

2.4.4,

24.4.1.

24.4.2.

2.5.
2.5.1.

Tests carried out on request of the manufacturer at temperatures below 5° C
shall be accepted as well, however temperature correction to be applied is
limited to a minimum air temperature of 0 °C. See paragraph 2 of Appendix 2
to Annex 3 of this Regulation as well.

Ambient noise

The background noise provisions shall be in line with Annex 3 of this UN
Regulation.

Test vehicle requirements
General
The test vehicle shall be either

(a)  the vehicle directly used for tests according to Annex 3 of this UN
Regulation. In this case, the requirements of paragraphs 2.4.2. to 2.4.4.
inclusive the subparagraphs do not apply. The vehicle shall comply with
the specifications of Annex 3 of this UN Regulation, or

(b)  a motor vehicle compliant with the provisions of paragraphs 2.4.2. to
2.4.4,

Vehicle load

The vehicle shall be loaded such as to comply with the test tyre loads as
specified in paragraph 2.5.2. below.

Wheelbase

The wheelbase between the first and the second axles fitted with the test tyres shall
for Class C; be less than 3.50 m and for Class C, tyres be less than 5 m.

Measures to minimize vehicle influence on sound level measurements

The test vehicle shall be suitable for vehicles to which this tyre will be fitted,
this is fulfilled, if the vehicle has been cross-checked to the vehicle type to
which the tyres are dedicated with regard to the design criteria below:

Requirements:
@) Spray suppression flaps or another extra device to suppress spray;

(b) Retention of elements in the immediate vicinity of the rims and tyres,
which may screen the emitted sound;

(c)  Wheel alignment (toe in, camber and caster) shall be in full accordance
with the vehicle manufacturer's recommendations;

(d)  Sound absorbing material in the wheel housings or under the
underbody;

(e) Ground clearance: if available, the body level shall be adjusted to a
comparable ground clearance as applicable for the vehicle type.

Recommendations to avoid parasitic noise:

(@)  During testing it should be ascertained that brakes are not poorly
released, causing brake noise;

(b)  Itshould be ascertained that electric cooling fans are not operating;
(c)  Windows and sliding roof of the vehicle shall be closed during testing.
Tyres

General

Four tyres shall be fitted on the test vehicle to be representative for the tyre
configuration as it will be used for the type approval of a vehicle. Tyres with special
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2.5.2.

2.5.2.1.

2.5.2.2.

2.5.3.

2.5.3.1.

2.5.3.2.

2.5.4.

3.2.

fitting requirements shall be tested in accordance with these requirements (e.g.,
rotation direction). The tyres shall have a minimum tread depth of 80%.

New tyres shall be "run-in" prior to testing to remove compound nodules or
other tyre pattern characteristics resulting from the moulding process. This will
normally require the equivalent of about 100 km of normal use on the road.

Tyres are to be tested on rims specified by the vehicle manufacturer.
Tyre loads

If the test vehicle is a vehicle subject to tests according to Annex 3 according
to this UN Regulation, the provisions on the tyre loads below do not apply.

In other cases, the loads on the tyres shall be representative for the vehicle to
which these tyres are dedicated with a tolerance +/- 20% not exceeding 90%
of the maximum tyre load.

Tyre inflation pressure

If the test vehicle is a vehicle subject to type approval according to this
Regulation, the tyre inflation pressure shall be according to paragraph 2.2.2. of
Annex 3.

In other cases, the tyre pressure shall be adjusted according to the
manufacturer’s specification for the tyre load as selected according to
paragraph 2.5.2.2. above.

Preparations prior to testing

Prior to testing tyres shall be warmed up by running under test conditions for
at least 10 min to allow the rubber compound to warm-up.

Method of testing
General conditions

For all measurements the vehicle shall be driven in a straight line over the
measuring section (AA' to BB') in such a way that the median longitudinal
plane of the vehicle is as close as possible to the line CC'.

When the front end of the test vehicle has reached the line AA' the vehicle shall
be brought to coast-down by full release of the acceleration pedal. If applicable,
the influence of the power train noise shall be minimized, e.g. the driver shall
have put the gear selector to neutral position and switched off the engine. If
abnormal noise (e.g. ventilator, self-ignition) is emitted by the test vehicle
during the measurement, the test shall be disregarded.

As an alternative test method, the acceleration pedal may be positioned such
to maintain a constant speed between line AA” with an accuracy of +/- 1 km/h.
The procedure is recommended especially for electric vehicles when a release
of the acceleration pedal would result is a forced deceleration (recuperation)
with higher negative torque on the tyre.

Nature and number of measurements

The maximum sound level expressed in A-weighted decibels (dB(A)) shall be
measured simultaneously for the left and right side of the vehicle and be
reported to the first decimal place as the vehicle is coasting between lines AA'
and BB' (front end of the vehicle on line AA', rear end of the vehicle on line
BB).

For each pass-by measurement n the vehicle speeds vep, shall be reported,
when the reference point of the vehicle (see definition 2.11) passes the lines
PP’. In case of a test vehicle according 2.4.1. (b) test might be needed at various
reference points, if the tyre configuration shall be used on vehicles with
different reference points. The vehicles speeds shall be mathematically
rounded to the first decimal place.
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3.3.

4.1.

4.2.

4.3.

44.

5.1.
5.1.1

At least six measurements shall be made on each side of the test vehicle
approximately equally spaced over the speed range specified in paragraph 3.3.
below.

Test speed range
The test vehicle speeds shall be within the range from 40 km/h to 60 km/h.
Interpretation of results

The measurement shall be invalid if an abnormal discrepancy between the
values is recorded (see background noise and measurement reading provisions
of annex 3).

Determination of test result

Reference speed vrr ef Used to determine the final result will be 50 km/h, unless
the reference speed is reduced during the type approval test according to the
provisions of paragraph 3.1.2.1.4.1. (d) of Annex 3 of this UN Regulation.

Temperature correction

Each test result Ltrishall be normalized to the air temperature St by applying
a temperature correction, according to the following:

Lrrio... = Lrrises + Ky X 1g (M)
A,9ref TR,i,9TR 1 Sref + K2
where O = 20°C and
9tri = the measured air temperature per run i and
Ki = 3.4 forCyand C,tyresand
K2 = 3.0 forCytyresand
K2 = 15.0 for C;, tyres.

Regression analysis of rolling sound measurements

The tyre-road rolling sound level Ltr,sqqvrg f 1S determined by a regression
analysis for each vehicle side separately according to:

LTR.Bref,VTR‘ref = L —slpres XV

where L is the mean value of the rolling sound levels L;,
measured in dB(A):

n

-1

L==) LtRises
i=1

is the measurement number (n > 6),
is the mean value of logarithms of speeds vi:

< =

n

_ 1
v =_ZV1
n

i=1
with Vi lg

VTR,iref
slprer s the slope of the regression line in dB(A):
sl _ s (vi — V)(LTR,i,sref - E)
pref Z?zl(vi _ V)z

The final result L1r 9 .svrg o fOr the reference speed vrr et and the slope slprer

of the regression line shall be reported per vehicle side to the first decimal
place.

Test report
Authority present during the teStS: ..o

Name and address of apPliCant: ...
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5.1.2.
5.1.3.
5.1.4.
5.14.1.
5.14.2.
5.14.3.
5.1.5.
5.15.1.

5.1.5.2.
5.15.2.1.
5.1.5.3.
5.153.1.
5.1.5.3.2.
5.1.6.
5.1.6.1.
5.1.6.2.
5.1.6.3.
5.1.6.4.
5.1.6.5.
5.1.6.6.
5.1.6.7.
5.1.7.
5.1.7.1.

5.1.7.2.
5.1.7.3.
5.1.8.
5.1.9.
5.19.1.

Annex 6,

Date OF tESE: ...
LOCation OF tESE trACK: ...oviveviiiieeireceers e
Date of track certification to 1SO 10844:2014: .........cccoorveririenneeieneennnenns
S0 T=To I o) SRR
Method of CertifiCation: .........coeovrieiricr e
Test vehicle

Vehicle used for tyre testing (strike trough what is not applicable):

type approval vehicle / tyre test vehicle

In case of a type approval vehicle

QIR e (1S 1 o]

In case of a tyre test vehicle

Test vehicle Wheelbase: ..o mm
Tyre Information

Manufacturer and Brand Name or Trade description: .........ccccevvvevvevvervennnnn
I8 O - TS
Category of use: (M1, N7 OF N2< 3.5 1) cooiieiiiiiii e
Tyre test details (front/rear axIe): ........ccccoeviveiiiiii i
Tyre Size deSIGNatioN: ......ccccveiieiice e
Tyre Service deSCHPLION: .....ccveiieece e
Reference inflation Pressure: .......oovocveeciecicse e kPa
Reported values

Tyre Rolling Sound Level Ltr s vrg  (I€ft/right side of the vehicle): ..dB(A)

Reference speed vrr ref according to paragraph 4.1:.......cccccevvveveecvcvennnnnn, km/h
Regression slopes slprer (Ieft/right side of the vehicle): ............... dB(A)/log(v)
CommMENTS (IT ANY): e
DAL et b e bt b r e ear e nae e
SIGNALUIE. .ottt ettt bbbt b et e b «“

Paragraph 2.1., amend to read:

“2.1.

The vehicle(s) under test shall be subjected to the test for measurement of
sound of vehicle in motion as described in paragraph 3.1. of Annex 3.

For vehicles of category M and N1, and for vehicles of category M- having a
maximum authorized mass not exceeding 3,500 kg,

(@)  the same mode, gear(s)/gear ratio(s), gear weighting factor k and partial
power factor ke as determined during the type approval process may be
used, provided this information is available from the type approval test
report for the applicable vehicle variant of the family. If not, this
information shall be determined anew. The test report shall document
which way of data processing was selected.

(b)  the test mass m; of the vehicle shall be between 0.90m;, < m; < 1.20my,.
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Annex 7,

Notwithstanding the provisions of paragraph 2.2.3.4.2. on tyre conditioning for
testing, manufacturer may use a simplified conditioning according to the
vehicle manufacturers specification to avoid excessive use of the tyres during
the conditioning."

Title, amend to read:

""Measurement method to evaluate compliance with the
Additional Sound Emission Provisions"

Paragraph 1., amend to read

"1.

General (see the flowchart in Appendix 2, Figure 1)

This annex describes a measurement method to evaluate compliance of the
vehicle with the additional sound emission provisions (ASEP) conforming to
paragraph 6.2.3. of this Regulation.

It is not mandatory to perform actual tests when applying for type-approval.
The manufacturer shall sign the declaration of compliance set out in
Appendix 1. The approval authority may ask for additional information about
the declaration of compliance and carry out the tests described below.

The procedure set out in this annex requires the performance of a test in
accordance with Annex 3.

If the tests according to Annex 7 are carried out in the course of type approval,
all tests either for Annex 3 and for Annex 7 shall be carried out on same test
track and under similar environmental conditions.”

If Annex 7 tests are carried out when type approval has already been granted,
e.g. during tests for conformity of production or for in-use compliance, the
tests in motion specified in Annex 3 shall be carried out with the same mode,
gear(s)/gear ratio(s), gear weighting factor k and partial power factor kp as
determined during the type approval process.

The test results of Annex 3 shall be used within Annex 7 without any
temperature correction.”

Paragraph 2.5.1., last indent, replace "Appendix to Annex 3" to read "Appendix 1 to Annex

3"

Annex 8,

Introduction, amend to read:

""Indoor testing

Indoor testing is only for Annex 3 and Annex 7 measurements.

1. Documentation for indoor application

Paragraph 2.3., amend to read:

"2.3.

Tyre/road sound

Measurements for Annex 7 for a particular vehicle type may be carried out on different test tracks or
under different environmental conditions, each according to the provisions of this Regulation, if the test
results of the lower gear used for the calculation of Lurban in Annex 3 and representing the anchor point,
do not differ by more the +/- 1.0 dB from the test results at the time when the tests according to Annex
3 have been carried out.
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The measurements of the tyre/road sound shall be performed on a test track as
described paragraph 2.1.1. of Annex 3 of this Regulation. The evaluation of
tyre/road sound consists of two procedures, namely:

(a) Evaluation of free rolling sound as described in Appendix 3 of Annex 3;

(b) Evaluation of tyre/road sound including torque influence which can be
derived from a) by a simplified method.

All conditions for evaluation of tyre/road sound shall be done according to
paragraph 3. of this Annex."

Insert a new Annex 9, to read:

"Annex 9

38

Measurement method to evaluate compliance with the Real
Driving Additional Sound Emission Provisions (RD-ASEP)

1.

1.1.

1.2.

1.3.

1.4.

General

The Real Driving Additional Sound Emission Provisions (RD-ASEP) apply
only to vehicles of categories M1 and N1 equipped with:

- an internal combustion engine (ICE) for propulsion of the vehicle, or

- any other propulsion technology fitted with an exterior sound
enhancement system.

Notwithstanding the provisions of Annex 7, paragraph 1., section 4 inclusive
its footnote, tests according to Annex 9 done in the course of type approval
shall be witnessed by the Authority present during the tests.

Tests shall be carried out on the same test track and under similar
environmental conditions subject to the limitations in paragraph 3.3.

Exemptions

Notwithstanding the requirements above, vehicles which have no ICE for
propulsion are exempted from RD-ASEP, if a sound enhancement system is
fitted to the vehicle solely for the purpose of fulfilling the provisions of UN
Regulation No. 138, and the sound emitting device (AVAS) does not emit a
sound pressure level of more than 75 dB(A) & under any operation conditions
exceeding the specification range of UN Regulation No0.138.

All symbols’ abbreviations and acronyms used in this Annex are listed and
defined in Appendix 3 to this Annex.

All formulas used in this Annex and Appendix 1 are listed in Appendix 4 to
this Annex.

Definitions

"Exhaust silencing system with variable geometry" means a silencing system,
not including pressure charging, containing one or more active, passive, or self-
actuated moving parts or devices.

These parts or devices will cause a change of the gas flow through the exhaust
silencing system and result in a change of the sound reduction performance,
by opening or closing one or more valves in the exhaust gas flow as a function

8 See footnote 4 in paragraph 6.2.8. of UN Regulation No. 138 "The maximum overall sound pressure
level of 75 dB(A) measured at a distance of 2 m is corresponding to the overall sound pressure level
of 66 dB(A) measured at a distance of 7,5 m."
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2.2.

2.3.

2.4.

2.5.

3.2.

3.3.

4.2.

4.3.

of varying driving or engine conditions (engine speed, load, vehicle speed,
etc.).

Active devices mean actuators, controlled by any means.
Passive or self-actuated devices mean units controlled by exhaust flow.

"Exterior sound enhancement system" means a system that is installed to a
vehicle for producing exterior sound, such as but not limited to sound
actuators, either integrated into an exhaust silencing system or mounted as an
individual unit.

"Deceleration” means the vehicle deceleration stipulated by the release of the
acceleration control unit only, without any driver applied braking (service
brake, retarder, parking brake, etc...).

"Performance™ means the product of acceleration and vehicle speed as quantity
of the achieved vehicle performance.

"Power trains" means a propulsion system as combination of the energy
storage system, the energy supply system and the powertrain according to the
UN Mutual Resolution No. 2 (for example PEV, HEV, FCHEV).

Facilities

Due to spatial limitations of test facilities® not every test condition may be
performed on every test facility.

Notwithstanding such restrictions, the RD-ASEP tests shall be done on these
test facilities.

Tests for Annex 9 may be carried out on different test facilities® in case of
facility limitation(s). However, it is recommended to carry out all tests on one
test facility and under similar environmental conditions to reduce measurement
uncertainties.

Measurement method
Measurement instruments and condition of measurements

Unless otherwise specified, the measurement instruments, the conditions of the
measurements and the condition of the vehicle are equivalent to those specified
in Annex 3, paragraphs 1. and 2.

Method of testing

Unless otherwise specified, the conditions and procedures of Annex 3,
paragraphs 3.1. to 3.1.2.1.2.2. shall be used. For the purpose of this Annex,
single test runs are performed and evaluated.

Control range

A measurement for RD-ASEP is valid, if all parameters are within the
specifications of the table below during the test run between lines AA"and BB'.

Parameter Minimum Maximum
. >0 km/h 100 km/h
Vehicle Speed at line AA' at line BB'
Acceleration 0 m/s? 4 m/s?
Performance 0 m2/s3 35 m#/s3

9

Facilities may provide restriction for safety reasons, such as for vehicle speed.

10 Tests for Annex 3, Annex 7, and Annex 9 may be carried out on different test facilities if

documentation exists that demonstrates that the differences in sound performance are neglectable.
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44.

Parameter Minimum Maximum

Gear ANY for forward driving

Mode ANY

In any operation condition, the engine speed of a vehicle, which can be
propelled with an ICE operating, is limited to 80% of S.

Target operation conditions

The target operation condition for a single test run is randomly selected by the
authority present during the tests carried out for type approval.

The operation condition during measurements per run is defined by
- the gear selector position,

- the vehicle mode,

- the vehicle entry speed at line AA', and

- the percentage of accelerator depression, either for constant speed or in
steps of 25 % acceleration depression.

The manufacturer may establish a mechanical or electronic device to enable
the requested percentage of accelerator depression.

The requested accelerator depression shall be achieved during the test with a
tolerance of £ 10 % of full range.

The requested vehicle speed at AA' shall be achieved during the test with a
tolerance of + 3 km/h.

If under the chosen operation condition, a stable acceleration according to
paragraph 2.26.1. of the main body cannot be enabled, the authority present
during the test shall decide how to modify the operation condition (e.g.
different gear selector position, speed, acceleration, driving mode).

The chosen operation condition shall result in a run within the control range.
Each operation condition shall differ substantially from the test conditions of
Annex 3 and all other operation conditions already chosen for this type
approval already carried out under this Annex. For vehicles with a combustion
engine for propulsion, the operating conditions shall be chosen to differ
substantially in engine speed.

The number of operation conditions per vehicle in total is dependent on the
vehicles technology and provided by the table below.

D-Range M (locked)
IAutomatic Transmissions (lockable) 5 10
Automatic Transmissions (non-lockable) 15 n.a.(*)
\Vehicles with only one gear 15 n.a.(*)
Manual Transmissions n.a.(*) 15

(*) Not applicable

The operation conditions and test results shall be entered into the test report
sheet according to the table of the Appendix 5 to this Annex.
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45, Test of the vehicle

45.1. The path of the centerline of the vehicle shall follow line CC' as closely as
possible throughout the entire test, starting from the approach of the reference
point according to definition in paragraph 2.11. of the main body to line AA'
until the rear of the vehicle passes line BB' + 20 m.

The accelerator shall be positioned such to achieve the requested operation
condition for this run latest when the reference point of the vehicle reaches line
AA'. The accelerator shall be kept in its position until the rear of the vehicle
passes line BB'. The accelerator shall then be fully released between BB' and
BB'+ 5 m and kept in this released position until the rear of the vehicle passes
the line BB'+20 m.

45.2. Non-locked transmissions

In case of non-locked transmission conditions, the test may include a gear
change to a lower range and a higher acceleration under accelerated conditions.

A gear change to a higher range could occur under cruise and low load
acceleration conditions. Such upshifts shall be avoided. The authority present
during the test shall modify operation conditions so that these upshifts are
avoided between AA'and BB'.

In the approach to line AA', the vehicle shall be driven in a way to allow the
transmission to stabilize the gear.

45.3. Measurement readings
Per operation condition, one test run is carried out.

If a measurement within the control range is invalid due to background noise
disturbances, wind gusts or other reasons, the measurement shall be discarded
and repeated.

For every test run, the following parameters shall be determined and noted:

- The maximum A-weighted sound pressure level of both sides of the
vehicle, indicated during each passage of the vehicle between the two
lines AA' and BB' + 20 m, shall be measured and shall be
mathematically rounded to the first decimal place (Lrest).

If a sound peak obviously out of character with the general sound
pressure level is observed, the measurement shall be discarded.

For further processing, the higher sound pressure level of both sides
shall be used.

- The vehicle speed reading at lines BB', when the rear end of the vehicle
passes this line, shall be rounded and reported with the first significant
digit after the decimal place (vVaz’ rzs7).

- If applicable, the engine speed readings at line AA' and BB’ shall be
rounded to 10 min and reported (naa Test; Nes' TEST).

All measured values shall be entered into the test report sheet according to the
table of Appendix 5 to this Annex.

45.4, Calculated values

All calculated values shall be entered into the test report sheet according to the
table of Appendix 5 to this Annex.

454.1. Acceleration a

The accelerations shall be calculated between lines PP’ to BB', in accordance
with the formula provided in paragraph 3.1.2.1.2.2. of Annex 3 and be reported
to the second digit after the decimal place (aresr) as results.

45.4.2. Performance v-a
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45.43.

5.2.

5.3.

54.

55

The performance shall be calculated from the reported vehicle speed at line
BB' and the acceleration result from paragraph 4.5.4.1. and rounded to the first
digit after the decimal place.

Expected sound pressure level Ltest exp

For the calculation of the expected sound pressure level per test run, the
measured values according to paragraph 4.5.3. and calculated values according
to paragraphs 4.5.4.1. and 4.5.4.2. shall be used. All calculations are done
according to Appendix 1 to this Annex.

Compliance assessment
Case 1

The compliance of the vehicle is acceptable if the measured sound pressure
levels of all valid test runs are lower than or equal to the expected sound
pressure levels of paragraph 4.5.4.3.

Lrest < Lvest EXP
Case 2

If not more than two valid runs of the specified runs exceed the expected sound
pressure level of paragraph 4.5.4.3. by not more than 2 dB the compliance of
the vehicle is acceptable.

Case 3

If more than two valid runs of the specified runs exceed the expected sound
pressure level of paragraph 4.5.4.3. then the vehicle is non-compliant with RD-
ASEP.

Case 4

If one or more valid runs exceed the expected sound pressure level of paragraph
4.5.4.3. by more than 2 dB, the vehicle is non-compliant with RD-ASEP.

The case of compliance according to this paragraph 5 and the final result
(compliance yes/no) have to be mentioned in the Test report of Appendix 5 to
this Annex 9.



E/ECE/324/Rev.1/Add.50/Rev.3/Amend.7
E/ECE/TRANS/505/Rev.1/Add.50/Rev.3/Amend.7

Annex 9 — Appendix 1

Sound Expectation Model

1.

2.2.
2.2.1.

2.2.1.1.

2.2.1.2.

2.3.

2.3.1.

General

All the formulas and values coming from Annex 3 are identified with a suffix
of ‘ancHor’ in the symbols.

For example, vrest_ancrHor in Annex 9 is equal to vrest from Annex 3.
Extraction of parameters from measurements according to Annex 3

The procedure set out in this Annex requires the performance of tests in
accordance with Annex 3.

Determination of reference data from Annex 3:

The necessary reference data to establish the sound expectation model are
taken from the pass-by and from the cruise-by test of one gear of the Annex 3
tests.

In the case the test has been carried out with two gear ratios, the reported
parameters for gear i shall be selected. In the case the test has been carried out
in a single gear, the reported parameters for this single gear shall be selected.

The parameters taken from Annex 3 tests are in all cases the arithmetic average
of the four valid runs as determined by the measurements in Annex 3. All
values shall be taken over without any temperature or test track correction. The
engine speed is not requested for Annex 3. However, for the purpose of Annex
9 it needs to be measured.

The parameters to be reported from the acceleration test are:

- The sound pressure level Lacc_ancHor Which is the higher value of the
measured sound pressure levels of the left and right side of the vehicle,
rounded to the first decimal. If applicable, the value shall be corrected
according to Table 1 of the Appendix 1 to Annex 3, measures No. 3,
sub Nos. 1 or 2.

- The vehicle speed veg acc_ancHor When the rear of the vehicle passes
line BB', rounded to the first decimal.

- The engine speed ngs' acc_ancHor When the rear of the vehicle passes
line BB', rounded to 10 min. If applicable, the value shall be corrected
according to Table 1 of the Appendix 1 to Annex 3, measures No. 3,
sub Nos. 1 or 2.

The parameters to be reported from the constant speed test are:

- The sound pressure level Lcrs ancror Which is the higher value of the
measured sound pressure levels of the left and right side of the vehicle,
rounded to the first decimal.

- Thereference vehicle speed vrest is 50 km/h, unless the vehicle was tested
in Annex 3 at a different vehicle speed. In this case use the reported
vehicle speed Veg' crs_ancHor, rounded to the first decimal.

- The engine speed ngs' crs_ancror When the rear of the vehicle passes line
BB, rounded to 10 mint,

Selection of parameter coefficients

The necessary coefficients are dependent on the vehicle design and listed in
the table in Appendix 2 to this Annex.

Discrete Determination of the factor x
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2.4.

2.5.

2.6.

2.7.

2.8.

3.2.

3.2.1.

3.2.2.

On request of the manufacturer the factor x may be determined by discrete
coast-down measurement to determine Lrer _r directly, according to Appendix
3 of Annex 3 to this Regulation for the reference vehicle speed. Rounding and
temperature correction shall not apply.

Calculate the Reference Tyre/Rolling Sound Level Lrer v

(Formula 2.4. of Appendix 4)

Calculate the Reference Power Train Mechanics Sound Level Lger pr
(Formula 2.5. of Appendix 4)

Calculate the Reference Dynamic Sound Level Lrer pyn

(Formula 2.6. of Appendix 4)

Determine the Vehicle Dynamic Delta Sound Level ALpyn

If the arithmetic sound level difference between the reported acceleration
sound level Lacc ancHor and the reported constant speed sound level
Lcrs_anchor 1S at least 1.1 dB(A) or higher, the vehicle dynamic delta sound
level ALpyw is calculated by

(Formula 2.7. No.1 of Appendix 4, in junction with Formulas 2.7 Nos. 2 and 3
of Appendix 4)

If the arithmetic sound level difference between the reported acceleration
sound level Lacc ancHor and the reported constant speed sound level
Lcrs_anchor iS less than 1,1 dB, the vehicle dynamic delta sound level ALpyw is
set to 10 dB.

ALDYN = 10 dB

In cases where the arithmetic sum of sound energy adjusted reference tyres
rolling sound Lzzr 7= apyand the adjusted reference power train Lrzzr prapy is
equal or greater than the sound energy of the anchor point Lacc ancror, the
vehicle dynamic delta sound level ALpyy is set to 10 dB:

If
1001 Lpgp o apy + 100X ger prapy = 1091%Lgcc ancHOR
then ALpyn = 10 dB

Having established the sound expectation model for a given vehicle based on
its particular pass-by test results according to Annex 3 of this Regulation,
proceed to the single point evaluation for each test run performed according to
paragraphs 4.4. and 4.5. of Annex 9.

Calculation of the expected sound level Lrest exp

For each single test run, performed for the purpose of Annex 9, an expected
sound level Lrest exp shall be calculated.

Necessary input data for the sound model are taken from the pass-by
measurement according to paragraph 4.5.1. of Annex 9.

For the calculation of the expected sound level the parameters listed in
paragraphs 4.5.3. and 4.5.4.1. and 4.5.4.2. of Annex 9 are needed.

In addition, the vehicle speed to engine speed ratio xrest of the test run shall
be determined, expressed in km/h per 1000 min and calculated by the formula
below, rounded to the second decimal

(Formula 3.2.1. of Appendix 4)
Virtual engine speed for vehicles without internal combustion engine

When testing vehicles without an internal combustion engine for direct
forward propulsion, an engine speed information will not be available. In such
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3.2.3.

3.2.3.1L

3.2.3.1.1.

3.2.3.1.2.

3.2.3.2.

3.2.3.2.1.

3.2.3.2.2.

3.2.3.3.

3.2.3.3.1.

3.2.3.3.2.

cases the engine speed is simulated on the basis of the measured vehicle speed
Vee TesT DY Using a virtual uniform gear ratio of 30 km/h per 1000 min.

(Formula 3.2.2. of Appendix 4)
Virtual engine speed for hybrid electric vehicles

In case that an internal combustion engine is mechanically coupled with drive
axle whenever internal combustion engine is operating, this paragraph shall be
applied.

In case of the other HEV systems, paragraph 3.2.4. shall be used.

Hybrid electric vehicle may have been tested in Annex 3 partly or fully in
electric condition. For evaluation according to RD-ASEP, engine speeds and,
if applicable corrected sound pressure levels, will have to be assigned to the
cruise and the acceleration test.

Case 1 — Internal combustion engine is operational during acceleration test and
constant speed test:

Assignment of engine speed

For the acceleration test and the constant speed test, use the engine speed
information from the test result of Annex 3.

Adjustment of sound pressure level
No adjustment is applied.

Case 2 — Internal combustion engine is operational during acceleration test but
not during the constant speed test:

Assignment of engine speed

For the acceleration test, use the engine speed information from the test result
of Annex 3.

For the constant speed test, determine the highest gear in which the vehicle can
drive at the target speed of the vehicle vrest (usually 50 km/h) as selected for
the constant speed test in Annex 3. Calculate the engine speed with the gear
ratio of that gear.

Adjustment of sound pressure level

No adjustment is applied to the acceleration test result.

The adjusted cruise test result Lcrs_ancHor i determined by
(Formula 3.2.3.2.2. of Appendix 4)

Case 3 — Internal combustion engine is operational during constant speed test
but not during the acceleration test

Assignment of engine speed

For the constant speed, use the engine speed information from the test result of
Annex 3.

For the acceleration test, determine the highest gear that provides an
acceleration greater than the reference acceleration aacc_rer but not exceeding
2.0 m/s2. Calculate the engine speed with the gear ratio of that gear.

Adjustment of sound pressure level
No adjustment is applied to the constant speed test result.
The adjusted sound pressure level for the acceleration test is determined by

(Formula 3.2.3.3.2. of Appendix 4)
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3.2.3.4.

3.2.34.1.

3.2.34.2.

3.2.4.

3.24.1.

3.24.1.1.

3.24.1.2.

3.24.2.

3.24.2.1.

3.24.2.2.

3.2.4.3.

3.24.3.1.

where Limit is the applicable limit value for this vehicle type according to
paragraph 6.2.2. of the main body and kp is the determined kp-factor from the
Annex 3 test.

Case 4 — Internal combustion engine does neither operate during the
acceleration test nor the constant speed test

Assignment of engine speed

For the constant speed test, determine the highest gear in which the vehicle can
drive at the target speed of the vehicle vrest (usually 50 km/h) as selected for
the constant speed test in Annex 3. Calculate the engine speed with the gear
ratio of that gear.

For the acceleration test, determine the highest gear that provides an
acceleration greater than the reference acceleration aacc_rer but not exceeding
2.0 m/s2. Calculate the engine speed with the gear ratio of that gear.

Adjustment of sound pressure level

The adjusted sound pressure level for the constant speed test is
(Formula 3.2.3.4.2. No.1 of Appendix 4)

The adjusted sound pressure level for the acceleration test is
(Formula 3.2.3.4.2. No.2 of Appendix 4)

where Limit is the applicable limit for this vehicle type according to paragraph
6.2.2. of the main body and kp is the determined kep-factor from the Annex 3
test.

Virtual engine speed for hybrid electric vehicle the other system than
paragraph 3.2.3.

Case 1 — Internal combustion engine is operational during acceleration test and
constant speed test

Assignment of engine speed

For the acceleration test and the constant speed test, use the engine speed
information from the test result of Annex 3.

Adjustment of sound pressure level
No adjustment is applied

Case 2 — Internal combustion engine is operational during acceleration test but
not during the constant speed test

Assignment of engine speed

For the acceleration test, use the engine speed information from the test result
of Annex 3.

For the constant speed test, determine a virtual uniform gear ratio of 30 km/h
per 1000 min? at the target speed of the vehicle vrest as selected for the
constant speed test in Annex 3. Calculate the engine speed with the gear ratio
of that gear.

Adjustment of sound pressure level

No adjustment is applied to the acceleration test result.

The adjusted cruise test result Lcrs_ancHor IS determined by
(Formula 3.2.4.2.2. of Appendix 4)

Case 3 — Internal combustion engine is operational during constant speed test
but not during the acceleration test

Assignment of engine speed
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For the constant speed, use the engine speed information from the test result of
Annex 3.

For the acceleration test, determine a virtual uniform vehicle speed to engine
speed ratio of 20 km/h per 1000 min™. Calculate the engine speed with the
vehicle speed VBB ACC_ANCHOR-

(Formula 3.2.4.3.1. of Appendix 4)

3.2.4.3.2. Adjustment of sound pressure level
No adjustment is applied to the constant speed test result.

The sound pressure level for the acceleration test is determined by
(Formula 3.2.4.3.2. of Appendix 4)

where Limit is the applicable limit for this vehicle type according to paragraph
6.2.2. of the main body and kp is the determined ke-factor from the Annex 3
test.

3.2.4.4, Case 4 — Internal combustion engine is neither operational during the
acceleration test nor during the constant speed test

3.24.4.2. Assignment of engine speed

For the constant speed test, determine a virtual uniform vehicle speed to engine
speed ratio of 30 km/h per 1000 min‘! at the target speed of the vehicle vrest as
selected for the constant speed test in Annex 3. Calculate the engine speed with
the vehicle speed.

(Formula 3.2.4.4.2. No. 1 of Appendix 4)

For the acceleration test, determine a virtual uniform vehicle speed to engine
speed ratio of 20 km/h per 1000 min. Calculate the engine speed with the
vehicle speed

(Formula 3.2.4.4.2. No. 2 of Appendix 4)

3.24.4.3. Adjustment of sound pressure level
The adjusted sound pressure level for the constant speed test is
(Formula 3.2.4.4.3. No. 1 of Appendix 4)
The adjusted sound pressure level for the acceleration test is
(Formula 3.2.4.4.3. No. 2 of Appendix 4)

where Limit is the applicable limit for this vehicle type and kp is the determined
ke-factor from the Annex 3 test.

3.2.5. Virtual constant speed test for PMR < 25

A vehicle having a PMR lower than 25 is tested in Annex 3 without constant
speed test. For the purpose of RD-ASEP a constant speed test result has to be
assigned in Annex 9.

3.2.5.1. The virtual constant speed test result Lcrs ancror: is determined by
(Formula 3.2.5.1. of Appendix 4)

3.25.2 Assignment of engine speed

3.25.2.1. Annex 3 acceleration test done in locked gear

For the acceleration test, use the engine speed information from the test result
of Annex 3.

If an engine speed information is not available for the acceleration test result
(e.g. EV or HEV), the engine speed for the acceleration test is calculated by
the formula below:

(Formula 3.2.5.2.1. No.1 of Appendix 4)
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3.2.5.2.2.

3.3.

3.4.

3.5.

3.6.
3.6.1.
3.6.1.1.

For the constant speed test, the engine speed is calculated with the parameters
determined above for the acceleration test with the formula below:

(Formula 3.2.5.2.1. No.2 of Appendix 4)

For constant speed test, depending on the situation different cases using
internal combustion engine and/or electric engine, use the formulas of
paragraph 3.2.4.

Annex 3 acceleration test done in non-locked gear or one gear

The engine speed for the constant speed test is calculated with a virtual uniform
gear ratio of 30 km/h per 1000 min™* at the target speed of the vehicle vrest as
selected for the constant speed test in Annex 3.

(Formula 3.2.5.2.2. of Appendix 4)
Calculation of expected tyre rolling sound component Ltr_exp

The expected tyre rolling sound component Ltr exe is calculated dependent on
the achieved vehicle speed vgg' test during the test.

For vehicles speeds up to and inclusive vrest, L1r_exp is calculated by
(Formula 3.3. No.1 of Appendix 4)

For vehicle speeds veg Test exceeding vrest, Ltrexp is calculated by
(Formula 3.3. No.2 of Appendix 4)

The parameters 6rr Lo and érr 11 are taken from the parameter table as
applicable for the vehicle.

Calculation of expected power train mechanical sound component Lpr exp

The expected power train base mechanical sound component Lpr gxp iS
calculated dependent on the achieved engine speed ngg: test during the test.

For engine speeds up to and inclusive nge: crs_ancHor, Let exe is calculated by
(Formula 3.4. No.1 of Appendix 4)

For engine speeds exceeding nee' crs_ancHor, Lpt exp iS calculated by
(Formula 3.4. No.2 of Appendix 4)

The parameters 6br_Lo, 61 _ni and nswirr_pr are taken from the parameter table
as applicable for the vehicle.

Calculation of expected base dynamic sound component Lpyn_exp

The expected base dynamic sound component Lpoyn_exe is calculated dependent
on the achieved engine speed ngg _test during the test.

For engine speeds up to and inclusive nge: acc_ancHor, Loyn_exp is calculated by
(Formula 3.5. No.1 of Appendix 4)

For engine speeds exceeding Nee acc ancHor, Lovn_exe IS calculated by
(Formula 3.5. No.2 of Appendix 4)

The parameters ébyn_Lo, Gbyn_ri and Nskier_opyn are taken from the parameter
table as applicable for the vehicle.

Calculation of expected dynamic delta sound component ALpyn_exp
Determination of the maximum reference acceleration amax_rer

The maximum reference acceleration awmax rer iS the maximum acceleration
performance determined in a low gear under full load condition.

A test run not part of the RD-ASEP assessment shall be performed to determine
the maximum acceleration performance amax_rer Of the vehicle. This value will



E/ECE/324/Rev.1/Add.50/Rev.3/Amend.7
E/ECE/TRANS/505/Rev.1/Add.50/Rev.3/Amend.7

3.6.2.

3.6.3.

3.6.3.1.

3.6.3.2.

3.6.3.3.

3.7.

be used in the model to determine the load achieved during a RD-ASEP test
run.

This test run is recommended to be carried out in a gear ratio and at a vehicle
entry speed such, that the vehicle engine speed ngg Test is between the 50% of
S and 80% of S. The acceleration arzgr and the performance v-arest may
exceed the control range during this test.

This operation condition is determined by the vehicle manufacturer in
agreement with the authority present during the test.

The acceleration amax rer is calculated according to the provisions of
paragraph 4.5.4.1. of Annex 9.

The vehicle speed to engine speed ratio xrest of this operation condition is
defined as the reference vehicle speed to the engine speed ratio xrer. For
calculation, see paragraph 3.2.1. of this Appendix.

Calculation of the partial load LOAD~est achieved during the test run

The partial load normalized with the maximum load is calculated based on the
achieved acceleration aresr, relative to the reference acceleration amax i with
the formula below

(Formula 3.6.2. of Appendix 4)
Performance related calculations
Calculation of the performance v-arest

The performance achieved during the test is calculated from the achieved
acceleration expressed in m/s? and the vehicle speed expressed in km/h by

(Formula 3.6.3.1. of Appendix 4)
Calculation of the dynamic performance component ALpyn va

The dynamic performance component of the vehicle dynamic sound is
calculated based on the achieved performance v-arest relative to the achieved
performances from Annex 3 Type-approval acceleration test.

(Formula 3.6.3.2. No.1 of Appendix 4)

If the achieved performance does not exceed the reference performance
V-aancHor, the dynamic performance component ALpyn va IS equal zero.

If the achieved performance exceeds the reference performance, the dynamic
performance component ALpyn v iS calculated by

(Formula 3.6.3.2. No.2 of Appendix 4)

The parameter Sis taken from the parameter table as applicable for the vehicle.
The maximum dynamic performance component ALpyn v iS limited to 10 dB.
Aggregation of dynamic sound components

The final dynamic delta sound component ALpyn_exe dynamic is calculated by
(Formula 3.6.3.3. of Appendix 4)

The parameters o and o are taken from the parameter table as applicable for
the vehicle.

For vehicles falling under the scope of UN Regulation No. 138 equipped with
a sound system covering the specification range of UN Regulation No. 138 a
tolerance ALavas on the RD-ASEP model is applied to ensure compatibility
with the maximum permissible sound level emitted by the AVAS according to
UN Regulation No.138.
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3.8.

3.9.

For the vehicle speed range up to vrer of Annex 3 of this UN Regulation, the
additional tolerance is dependent on the achieved vehicle speed vresr during
the RD-ASEP test.

(Formula 3.7. of Appendix 4)

For vehicle speeds vgs' rzsr exceeding vrest, no additional tolerance is applied,
ALavas is set to zero in that case.

Calculation of the expected sound level Lrest exp

The calculation results of the paragraphs 3.3. to 3.7. are used to calculate the
expected sound level for an individual run to be compared with the measured
maximum sound pressure level, by the following formula

(Formula 3.8. of Appendix 4)

Proceed with the compliance assessment according to paragraph 5. of Annex 9.
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Annex 9 — Appendix 2

Parameter Table for the Sound Expectation Model

The table below provides the necessary parameters for establishing the sound expectation model of Annex
9 Appendix 1. The parameters to be selected depend on the propulsion technology.

- Column A: ICE
- Column B: BEV, FCEV
- Column C: HEV
M1/N1
Model Part Parameter Symbol Unit A B C
Reference Vehicle Speed
(as repr(;(r:ted frolm AnF;]ex VTEST km/h 50 50 50
3) (min.40) |(min.40)|(min.40)
Tyre Rolling Sound 90 or 90 or
SOUND FROM TYRE ROLLING SOUND | Energy Fraction of Annex X % meas%re 95 meas?]re
UNDER NO LOAD 3 Cruise Test Lops ancrior
Tyre Rolling Sound Slope
<Vrest 01 10 dB 20 20 20
Tyre Rolling Sound Slope
N Orr i dB 40 40 40
Power Train Sound Slope
o PPl 0o | B 60 60 | 60
— BB’ CRS’ ANCHOR B
SOUND FROM THE MECHANICAL Power Train Sound Slope
SYSTEM UNDER > N crs AnCHOR Ot | dB 115 | 8 | 115
NO LOAD Form Factor for the
logarithm function of the Nspier pr 1/min 5000 5000 5000
mechanical sound model
Dynamic Sound Slope <
- PPS oo o | dB 50 50 | 50
BB’ _ACC_ANCHOR -
SOUND FROM DYNAMICS Dynamic Sound Slope > | o © o | dB 105 | 75 | 105
SYSTEM UNDER LOAD BB’ ACC ANCHOR -
Form Factor for the
logarithm function of the | Ngyyer pyn | 1/min 5000 5000 5000
dynamic sound model
Dynamic v-a Factor B dB(A) 8 8 8
SOUND FROM DYNAMICS SYSTEM -
UNDER EXTENDED PERFORMANCE Z?rt'a' Load Form Factor a1 017 | 017 | 017
v-a -
zirtlal Load Form Factor w 0.40 0.40 0.40
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Annex 9 — Appendix 3

Symbols, Abbreviations and Acronyms

Annex 9

Symbol

Unit

Paragraph

Explanation

AMAX_REF

m/s?

3.4.

maximum reference acceleration as determined in a low gear under
full load condition.

Ltest

dB(A)

3.5.3.

sound pressure level measured for any target operation condition;
\value to be reported and used for calculations to the first decimal place

Va4’ _TEST

km/h

3.5.3.

\vehicle speed measured for target operation condition when the
reference point passes line AA'; value to be reported and used for
calculations to the first decimal place

VPP’ _TEST

km/h

3.5.3.

\vehicle speed measured for target operation condition when the
reference point passes line PP; value to be reported and used for
calculations to the first decimal place

VBB’ _TEST

km/h

3.5.3.

\vehicle speed measured for target operation condition when the rear
end of the vehicle passes line BB'; value to be reported and used for
calculations to the first decimal place

N44°_TEST

1/min

3.5.3.

engine speed measured for target operation condition when the
reference point of the vehicle passes line AA'; value to be reported and
used for calculations to a precision of 10 min!

NBB’_TEST

1/min

3.5.3.

engine speed measured for target operation condition when the rear
end of the vehicle passes line BB'; value to be reported and used for
calculations to a precision of 10 min!

ATEST

m/s?

3.5.4.1.

acceleration from PP’ to BB'; value to be reported and used for
calculations to the second decimal place

\V-aTest

m2/s3

3.5.4.2.

performance calculated from the reported vehicle speed at line BB’ in
meters per second and the acceleration result from paragraph 3.5.4.1.
and rounded to the first digit after the decimal place.

Lexp

dB(A)

3.5.4.3.

the expected sound pressure level for a discrete test run

Annex 9 - Appendix 1

Lacc_ANCHOR

dB(A)

2.2.1.2.

\vehicle sound pressure level for the acceleration test to be reported
from Annex3 with the tested gear in single-gear test or the lower
tested gear in two-gear test and used for calculations to the first
decimal place

VBB ACC_ANCHOR

km/h

2.2.1.2.

\vehicle speed value when the rear of the vehicle passes line BB' for
the acceleration test to be reported from Annex3 with the tested gear
in single-gear test or the lower tested gear in two-gear test and used
for calculations to the first decimal place

NBB*_ACC_ANCHOR

1/min

2.2.1.2.

engine speed value when the rear of the vehicle passes line BB' for the
acceleration test to be reported from Annex3 with the tested gear in
single-gear test or the lower tested gear in two-gear test and used for
calculations to a precision of 10 min!

Lcrs_ANCHOR

dB(A)

2.2.1.2.

\vehicle sound pressure level at constant speed test; value to be
reported from Annex3 with the tested gear in single-gear test or the
lower tested gear in two-gear test and used for calculations to the first
decimal place
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VBB’ CRS_ANCHOR km/h 2.2.1.2. \vehicle speed value when the rear of the vehicle passes line BB' for
the constant speed test to be reported from Annex3 with the tested
gear in single-gear test or the lower tested gear in two-gear test and
used for calculations to the first decimal place

NBB’ CRS ANCHOR 1/min 2.2.1.2. engine speed value when the rear of the vehicle passes line BB' for the
constant speed test to be reported from Annex3 with the tested gear in
single-gear test or the lower tested gear in two-gear test and used for
calculations to a precision of 10 min!

X - 2.3.1. energy contribution ratio of tyre/rolling sound level at Lcrs_AncHOR

Lrer_Tr dB(A) 2.3.1. calculated Reference Tyre Rolling Sound Level

Lrer_pt dB(A) 2.5. calculated Reference Power Train Mechanics Sound Level

Lrer_pyn dB(A) 2.6. calculated Reference Dynamic Sound Level

ALbyN dB(A) 2.7. \Vehicle Dynamic Delta Sound Level

LREF_TR_ADJ dB(A) 2.7. Tyre Rolling Sound Level with adjusted vehicle speed for ALpyn
calculation

LReF_PT_ADJ dB(A) 2.7. Power Train Mechanical Sound Level with adjusted engine speed for
ALpyn calculation

O1r_LO dB(A) 2.7. sound slope for tyre rolling sound when vehicle speed is not greater
than the reference speed

OpT_LO dB(A) 2.7. sound slope for Power Train Sound when vehicle engine speed is not
greater than Npp*_crs'_ANCHOR

NSHIFT_PT 1/min 2.7. constant (shifting factor) for the regression curve of the mechanic
sound model

krest km/h-min  [3.2.1. \vehicle speed to engine speed ratio under "Real Driving Additional
Sound Emission Provisions™ (RD-ASEP) as expressed in km/h per
1000 min-1 during a test run, rounded to the second decimal

krer km/h-min  [3.2.1. Reference vehicle speed to engine speed ratio defined in paragraph
3.6.1.

Lcrs_ancHor dB(A) 3.2.3.2.2. corrected cruise test result for HEV

Lacc_ancror’ dB(A) 3.2.3.3.2. corrected acceleration test result for HEV

Limit dB(A) 3.2.3.3.2. sound level limits in the table of paragraph 6.2.2. of main body to this
Regulation for the valid phase

Ltr_Exp dB(A) 3.3. expected tyre rolling sound

QTR_HI dB(A) 3.3. sound slope for tyre rolling sound when vehicle speed is greater than
the reference speed

LpT_exp dB(A) 3.4. expected power train mechanics sound

OpT_Hi dB(A) 3.4. sound slope for Power Train Mechanics Sound when vehicle engine
speed is exceeding NBB’ CRS’ ANCHOR

Lovn_Exp dB(A) 3.5. expected base dynamic sound

Opvn_Lo dB(A) 3.5. sound slope for Dynamic Sound when vehicle engine speed is not
greater than nes*_acc’_ANCHOR

OpvN_HI dB(A) 3.5. sound slope for Dynamic Sound when vehicle engine speed is
exceeding NBe*_ACCc’ ANCHOR

A Lpyn_ExP dB 3.6. expected dynamic delta sound

LOADvEsT 3.6.2. load achieved during the test run
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AMAX m/s? 3.6.2. Maximum acceleration in gear K

A LDYN_vxa dB 3.6.3.2. dynamic performance component calculated based on the achieved
performance v-ares relative to a reference performance.

B 3.6.3.2. coefficient for calculating dynamic performance component

V-8ANCHOR m?2/s3 3.6.3.2. performance value to be reported from Annex3 with the tested gear in
single-gear test or the lower tested gear in two-gear test and used for
calculations to the first decimal place

a1 3.6.3.3. coefficient for calculating dynamic sound components

a2 3.6.3.3. coefficient for calculating dynamic sound components
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Annex 9 — Appendix 4

Formulas

Formula 2.4

Lrgr 7 = 10 X lg(x X 100-1¥LCRS_ANCHOR )

Formula 2.5
Lggr pr = 10 X 1g((1 — x) X 100-1XLCcRS ANCHOR))

Formula 2.6
Lrer pyn = Lrer pr — 15 dB(A)

Formula 2.7 No.1

ALpyy =10 X 19(100-1>< Lacc.ancHOR — 1 (01X LREF.TR.AD] — 100-1><LREF_PT_AD]) — Lrgr pyn

Formula 2.7 No.2

BB'_ACC_ANCHOR

v
Legr TR apy = O1R 10 X Lg( ) + Lrer 1

VrEST

Formula 2.7 No.3

(nppr _acc_ancHor T Nsyipr_pT)

Lggp pr_ap; = Opr 1o X lg( ) + Lggr pr

(Mg’ _crs_ancwor + MsuiFr_pr)

Formula 3.2.1

Krgst = Vpp' rest/Mpp’ resy X 1000

Formula 3.2.2.

Npp' TEST = (VBB’_TEST/3O) X1000

Formula 3.2.3.2.2.

LCRS_ANCHORI = LCRS_ANCHOR + 0.5 dB(A)

Formula 3.2.3.3.2.

Lacc_anchorr = (Limit —kp X LCRS?ANCHOR)/(l — kp)

Formula 3.2.3.4.2 No.1

LCRS,ANCHORI = LCRS,ANCHOR + 0.5 dB(A)

Formula 3.2.3.4.2 No.2

Lacc_anchor = (Limit — kp X LCRS_ANCHORI)/(l —kp)

Formula 3.2.4.2.2

LCRS_ANCHORI = LCRS_ANCHOR + 0.5 dB(A)

Formula 3.2.4.3.1.

NAcc_ANCHOR = (vBBI_ANCHOR/ZO) %1000

Formula 3.2.4.3.2

55



E/ECE/324/Rev.1/Add.50/Rev.3/Amend.7
E/ECE/TRANS/505/Rev.1/Add.50/Rev.3/Amend.7

Lacc_anchor = (Limit —kp X LCRS_ANCHOR)/(l —kp)

Formula 3.2.4.4.2 No.1

nCRS_ANCHOR = (vTEST/30) %X 1000

Formula 3.2.4.4.2 No.2

Nacc_ancor = (Wrgsr/20) X 1000

Formula 3.2.4.4.3 No.1

LCRS_ANCHORI = LCRS_ANCHOR + 0.5 dB(A)

Formula 3.2.4.4.3 No.2

Lacc_anchor = (Limit —kp X LCRS_ANCHOR/)/(l —kp)

Formula 3.2.5.1.

LCRS_ANCHORI = LACC_ANCHOR —1.1dB(A4)

Formula 3.2.5.2.1 No.1

VBB'_ACC_ANCHOR
Npp'_ ACC_ANCHOR = — 0 x 1000

Formula 3.2.5.2.1 No.2

UTEST

Npp’ CRS_ANCHOR = X Npp' AcC_ANCHOR
UBB'_ACC_ANCHOR

Formula 3.2.5.2.2.

VTEST
NpR' CRS_ANCHOR = 30 x 1000

Formula 3.3. No.1

Lrg gxp = Orr 10 X lg(VBB’_TEsT/ VTEST) + Lggr R

Formula 3.3. No.2

Lrr gxp = Orp_m1 X lg(VBB’,TEST/ VTEST) + Lrer 1R

Formula 3.4. No.1

Lpr gxp = Opr 10 X lg((nBB'_TEST + nSHIFT_PT)/ (nBB’_CRS_ANCHOR + nSHIFT_PT)) + Lrgr pr

Formula 3.4. No.2

LPT_EXP = HPT_HI X lg((nBBI_TEST + nSHIFT_PT)/(nBBI_CRS_ANCHOR + nSHIFT_PT)) + LREF_PT

Formula 3.5. No.1

Lopyn_exp = Opyn_ro X 18((nss’ rest + suirr_ovn)/ (e’ acc ancror + Nsuirr_oyw)) + Lrer pyn

Formula 3.5. No.2

Lpyn exp = Opyn_ur X ]g((nBB’,TEST + nSHIFT,DYN)/ (nBB’,ACC,ANCHOR + nSHIFT,DYN)) + Lrer pyn
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Formula 3.6.2.
KREF

LOADrgsr = Qrgsr/Amax i where  ayax ; = rEST X Qmax_REF

Formula 3.6.3.1.

v !
_ VBB'-TEST 2/a3
Vargsr = = oo X ArEsT [m?/s?]

Formula 3.6.3.2. No.1

V-GancHor = VeBracc_ancHor/3:6 X Gucc_anchor

Formula 3.6.3.2. No. 2

V-Argst
ALpyny va =B %X 1g (—)
V-AancHOR

Formula 3.6.3.3.
ALpyn gxp = (ALDYN + ALDYN_V-G.) X (1= a;/(LOADygsr + 0(2))/(1 —a;/(1+ az)) +0.3

Formula 3.7.

ALgyas = (LACC_ANCHOR - 58) X (1 - (VBBI_TEST/VTEST)MS)

Formula 3.8.
Lrgst gxp = 10 X ]g(100-1><LTR_EXP + 1001xLpT ExP | 1()0-1><(LDYN_EXP+ALDYN_EXP)) + ALy as + 2dB(A)
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Annex 9 — Appendix 5

Test report sheet

Test Report for Pass-by Sound Measurements According to UN R51.03 Annex 9

Parameter from Annex 3 as specified by Paragraph 2.2. of Appendix 1 to Annex 9

Model Parameters

Refer gear (index) Lace ANCHOR [dB(A)] Lers ANCHOR [dB(A)] Parameter Set A/B/C
Refer gear (number) Vg’ ACC_ANCHOR [km/h] VBB'_CRS_ANCHOR = VREF [km/h] Ref gear ratio
Ngg'_Acc_ANCHOR [rpm] NBB'_CRs_ANCHOR [rpm] Ref acceleration
AACC_ANCHOR [m/s?]
Target Condition Measured Values Conformity
: Maximum | Maximum .
Gear o Vehicle Acceh.etato :::erlte::i:tn Engine Sound Sound Ru:’:::hd Acceleratio| Vehicle E);F;Zl::d el 1o
Run Selector Speed | rPosition (i Vehicle Speeds Speedat | Pressure | Pressure Comments | n between | Performan Ligst <Llexp | oF  EXP| TTESTT TEXP
Position | M°de Van | goepedal | acceleration lineBB' | Level Level | Control PP'-BB' ce Pressure jaiclelaicel pioletance
lepression) length) g - " - Range Level
eft Side [ Right Side
Nr Gear/Nr. I Vaa' Vpp! Vgg: Ngg: Ligrr LrigHt Yes/No arest v-a Lexp Cross Xif [ Cross Xif | Cross Xif
km/h % m km/h km/h km/h 1/min dB(A) dB(A) m/s? m?/s? dB(A) | applicable | applicable | applicable
Test Runs
1
2
3
a
5
6
7
8
9
10
11
12
13
14
15
Additional Runs
1
2
3
4

Compliance of the test results to Annex 9: YES/NO

Number Case of compliance according to paragraph 4 of Annex 9:

L' PUBWIY/E ASH/0G PPV/T A /12€E/3D3/3
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