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Justification: this proposal aims at ensuring the full benefit of the switch to quiet electric vehicles.
The emission of additional exterior sound is acceptable as long as it addresses safety concerns. It shall be strictly
prohibited whenever safety is not at stake.
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2.1.

2.2.

2.2.1.

2.2.1.1.
2.2.1.2.

2.2.1.3.

2.2.14.

2.2.2.

2.2.2.1.

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 M and N referring to driving conditions with extreme
accelerations in an extended speed range representative for urban and suburban
traffic.?

Definitions

For the purpose of this Regulation,

"Approval of a vehicle" means the approval of a vehicle type with regard to
sound;

"Vehicle type" means a category of motor vehicles which do not differ in such
essential respects as:

For vehicles tested according to Annex 3, paragraph 3.1.2.1.:
The shape or materials of the engine compartment and its soundproofing;

The type of engine (positive or compression ignition, two- or four-stroke,
reciprocating or rotary piston), number and capacity of cylinders, number and
type of carburettors or injection system, arrangement of valves, or the type of
electric motor;

Rated maximum net power and corresponding rated engine speed(s); however
if the rated maximum net power and the corresponding rated engine speed
differs only due to different engine mappings, these vehicles may be regarded
as from the same type;

The silencing system.
For vehicles tested according to Annex 3, paragraph 3.1.2.2.:

The shape or materials of the engine compartment and its soundproofing;

1 As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.3, para. 2 -
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html

2 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.


http://www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html

2.2.2.2.

2.2.2.3.

2.3.

2.4.

2.5.

2.6.

The type of engine (positive or compression ignition, two- or four-stroke,
reciprocating or rotary piston), number and capacity of cylinders, type of
injection system, arrangement of valves, rated engine speed (S), or the type of
electric motor;

Vehicles having the same type of engine and/or different overall gear ratios
may be regarded as vehicles of the same type;

However, if the differences in paragraph 2.2.2. provide for different target
conditions, as described in paragraph 3.1.2.2. of Annex 3, these differences are
to be considered as a change of type;

"Mass of a vehicle in running order (m,,)" means
(a) In the case of a motor vehicle:

The mass of the vehicle, with its fuel tank(s) filled to at least 90 per cent
of its or their capacity/ies, including the mass of the driver, of the fuel
and liquids, fitted with the standard equipment in accordance with the
manufacturer's specifications and, when they are fitted, the mass of the
bodywork, the cabin, the coupling and the spare wheel(s) as well as the
tools;

(b)  In the case of a trailer:

The mass of the vehicle including the fuel and liquids, fitted with the
standard equipment in accordance with the manufacturer's
specifications, and, when they are fitted, the mass of the bodywork,
additional coupling(s), the spare wheel(s) and the tools.

"Technically permissible maximum laden mass (M)" means the maximum
mass allocated to a vehicle on the basis of its construction features and its
design performances; the technically permissible laden mass of a trailer or of
a semi-trailer includes the static mass transferred to the towing vehicle when
coupled;

"Vehicle length" means a dimension which is measured according to ISO
standard 612-1978, term No. 6.1. In addition to the provisions of that standard,
when measuring the vehicle structural length the following devices shall not
be taken into account:

(a)  Wiper and washer devices;

(b)  Front or rear marker-plates;

(c) Customs sealing devices and their protection;
(d)  Devices for securing the tarpaulin and their protection;
(e)  Lighting equipment;

() Rear view mirrors;

(g)  Rear space watching aids;

(h)  Air-intake pipes;

(1) Length stops for demountable bodies;

) Access steps;

(k)  Ram rubbers;



2.7

2.8.

2.8.1.

2.8.2.

2.8.3.

2.9.

2.10.

2.11.
2.11.1.

) Lifting platforms, access ramps and similar equipment in running order,
not exceeding 200 mm, provided that the loading capacity of the vehicle
is not increased;

(m)  Coupling devices for motor vehicles.

"Vehicle width" means a dimension which is measured according to ISO
standard 612-1978, term No. 6.2. In addition to the provisions of that standard,
when measuring the vehicle structural width the following devices shall not be
taken into account:

(a) Customs sealing devices and their protection;

(b)  Devices for securing the tarpaulin and their protection;
(c) Tyre failure tell-tale devices;

(d)  Protruding flexible parts of a spray-suppression system;
(e) Lighting equipment.

"Maximum net power, Pn" means the declared engine power available for
propulsion expressed in kW and measured dependent on the drive train
concepts pursuant to UN Regulation No. 85 or UN GTR No. 21.

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

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.

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.

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.

"Rated engine speed, S" means the declared engine speed in min™! (rpm) at
which the engine develops its rated maximum net power pursuant to
Regulation No. 85 or, where the rated maximum net power is reached at several
engine speeds, the highest one of those speeds.

"Power to Mass Ratio index (PMR)" means a numerical quantity (see Annex 3,
paragraph 3.1.2.1.1.) with no dimension used for the calculation of
acceleration.

"Reference point" means one of the following points:

In the case of vehicles of categories M;, N; and M < 3,500 kg technically
permissible maximum laden mass:

(a)  For front engine vehicles: the front end of the vehicle;



2.11.2.

2.12.

2.13.

2.14.

2.15.

2.16.

2.17.

2.18.
2.18.1.

2.18.1.1.

2.18.1.2.

2.18.1.3.

2.18.1.4.

(b)  For mid-engine vehicles: the centre of the vehicle;
(c)  For rear engine vehicles: the rear end of the vehicle.

For vehicles having multiple propulsion sources, the reference point is
determined by the position of the propulsion source having the highest power.
If there are multiple propulsion sources of equivalent power, then the position
of the most forward propulsion source shall prevail.

In the case of vehicles of categories M, > 3,500kg technical permissible
maximum laden mass, M3, Nj, N3:

(a)  For front-engine vehicles, the front end of the vehicle;

(b)  For all other vehicles, the border of the engine closest to the front of the
vehicle;

"Engine" means the power source without detachable accessories.

Power source includes in this context all sources of motive power; for example,
electric or hydraulic power sources used alone or in combination with other
power sources.

"Target acceleration" means acceleration at a partial throttle condition in urban
traffic and is derived from statistical investigations.

"Reference acceleration" means the required acceleration during the
acceleration test on the test track.

"Gear ratio weighting factor k" means a dimensionless numerical quantity
used to combine the test results of two gear ratios for the acceleration test and
the constant speed test.

"Partial power factor k," means a numerical quantity with no dimension used
for the weighted combination of the test results of the acceleration test and the
constant speed test for vehicles.

"Pre-acceleration" means application of acceleration control device prior to
AA' for the purpose of achieving stable acceleration between AA' and BB' as
referred to in Figure 1 of Appendix 1 to Annex 3.

Gear?
"Gear ratios"

“Internal gearbox ratio” means the ratios of engine to gearbox output shaft
revolutions.

“Final drive ratio” means the ratio(s) of gearbox output shaft to driven wheel
revolutions.

“Total gear ratio” means the ratios between vehicle speed and engine speed
during the passage of the vehicle through the test track.

“Gear ratio” used in context with vehicles tested according to 3.1.2.1. of
Annex 3 and Annex 7 is the total gear ratio as defined in 2.18.1.3. above.

3 Note: The common understanding of a "low gear" or a "high gear" shall not apply to gear ratios. For
example, the lowest gear for forward driving, the first gear, has the highest gear ratio of all forward
driving gears. While manual transmission has discrete gears, many non-manual transmissions can have
more gear ratios engaged by the control unit of the transmission.



2.18.2.

2.18.3.

2.18.4.

2.19.

2.20.

2.21.

2.22.

2.23.

"Locked gear ratio" means the control of the transmission such that the gear
will not change during a test.

"Gear" means in the context of this Regulation a discrete gear ratio either
selectable by the driver or by an external device.

For vehicles tested according to paragraph 3.1.2.1. of Annex 3 and Annex 7,
"gear;" and "gear;+;" are defined as two gears in sequence, where gear; either
provides an acceleration within the 5 per cent tolerance according to paragraph
3.1.2.1.4.1. (a) of Annex 3 or an acceleration greater than the reference
acceleration, and gear;j+; an acceleration lower than the reference acceleration
according to paragraph 3.1.2.1.4.1. (b) or (c) of Annex 3.

"Silencing system" means a complete set of components necessary for
limiting the sound produced by an engine, its intake and its exhaust (the
exhaust manifold(s), the catalyst(s) and emission after-treatment device(s)
are not considered part of the silencing system; these parts belong to the
engine).

"Design family of exhaust silencing system or exhaust silencing system
components" means a group of silencing systems or components thereof in
which all of the following characteristics are the same:

(a)  The presence of net gas flow of the exhaust gases through the absorbing
fibrous material when in contact with that material;

(b)  The type of the fibres;

(c)  Where applicable, binder material specifications;
(d)  Average fibre dimensions;

(e)  Minimum bulk material packing density in kg/m?;

(f)  Maximum contact surface between the gas flow and the absorbing
material.

"Exhaust silencing system of different types" means silencing systems which
significantly differ in respect of at least one of the following:

(a) Trade names or trademarks of their components;

(b)  The characteristics of the materials constituting their components,
except for the coating of those components;

(c)  The shape or size of their components;

(d)  The operating principles of at least one of their components;
(e)  The assembly of their components;

() The number of exhaust silencing systems or components.

"Replacement silencing system" means any part of the silencing system or its
components intended for use on a vehicle, other than a part of the type fitted
to this vehicle when submitted for type-approval pursuant to this Regulation.

"R-point" means R-point as defined in paragraph 2.4. of Annex 1 to the
Consolidated Resolution on the Construction of Vehicles (R.E.3.).



2.24. Table of symbols

Symbol Unit Annex Paragraph Explanation

Mro kg Annex 3 |2.2.1. mass in running order; value to be
reported and used for calculations to a
precision of 10 kg

mt kg Annex 3 |2.2.1. test mass of the vehicle; value to be
reported and used for calculations to a
precision of 10 kg

Marget kg Annex 3 |2.2.1. target mass of the vehicle

Mixload kg Annex 3 |[2.2.1. extra loading

Mfa load unladen kg Annex 3 |2.2.1. front axle load in unladen condition

Mra load unladen kg Annex 3 |2.2.1. rear axle load in unladen condition

Munladen kg Annex 3 |2.2.1. unladen vehicle mass

Mac ra max kg Annex 3 |[2.2.1. Technically permissible maximum laden
mass allowed for the rear axle as
declared by the manufacturer

md kg Annex 3 |2.2.1. mass of driver

Mchassis M2M3 kg Annex 3 |2.2.1. mass of the incomplete vehicle (M2 or
M3)

Mxload M2M3 kg Annex 3 |2.2.1. extra load to be added to the incomplete
vehicle (M2 or M3) to reach the mass of
the vehicle in running order as chosen by
the manufacturer

Mifa load laden kg Annex 3 |[2.2.7.2. front axle load in laden condition

Mra load laden kg Annex 3 |[2.2.7.2. rear axle load in laden condition

Mt (2 axles virtual) kg Annex 3 |2.2.74. test mass of a virtual vehicle with two
axles (4x2 or 4x4)

Vif — Annex 3 |2.2.7.4. vehicle with more than two axles
representing the vehicle family

Munladen (2 axles virtual) | Kg Annex 3 |2.2.74. unladen vehicle mass of the virtual
vehicle with two axles

Mixload (2 axles virtual) kg Annex 3 |2.2.74. extra loading for the virtual vehicle with
two axles

Mac ra max (chosen) kg Annex 3 |2.2.74. Technically permissible maximum laden
mass allowed for the chosen rear axle as
defined in paragraph 2.2.7.4. in Annex
3

AA’ — Annex 3 |3.1.1. line perpendicular to vehicle travel

which indicates beginning of zone in
which to record sound pressure level
during test




Symbol

Unit

Annex

Paragraph

Explanation

BB’

Annex 3

3.1.1.

line perpendicular to vehicle travel
which is 10.00 m behind line PP'

cC'

Annex 3

3.1.1.

line of vehicle travel through test surface
defined in ISO 10844

PP'

Annex 3

3.1.1.

line perpendicular to vehicle travel
which indicates location of microphones

Viest

PMR

km/h

Annex 3

Annex 3

3.1.2.1.
3.1.2.1.1.

vehicle test speed

power-to-mass ratio index to be used for
calculations; value to be reported and
used for calculations to the first decimal
place

Pn

kW

Annex 3

3.1.2.1.1.

rated total engine net power

Annex 3

3.1.2.1.2.

reference length; value to be reported
and used for calculations to a precision
0of 0.01 m (1 cm)

Lven

Annex 3

3.1.2.1.2.

length of vehicle; value to be reported
and used for calculations to a precision
0of 0.01 m (1 cm)

VAA'

km/h

Annex 3

3.1.2.1.2.

vehicle velocity when the reference
point passes line AA' (see paragraph
2.11. for definition of reference point);
value to be reported and used for
calculations to the first decimal place

VBB'

km/h

Annex 3

3.1.2.1.2.

vehicle velocity when the reference
point or rear of vehicle passes line BB'
(see paragraph 2.11. for definition of
reference point); value to be reported
and used for calculations to the first
decimal place

vpep

km/h

Annex 3

3.1.2.1.2.

vehicle velocity when the reference
point passes line PP' (see paragraph
2.11. for definition of reference point);
value to be reported and used for
calculations to the first decimal place

Awot test

m/s

Annex 3

3.1.2.1.2.1.

acceleration at wide-open throttle from
AA' to BB'; value to be reported and
used for calculations to the second
decimal place

Awot test,i

m/s

Annex 3

3.1.2.1.2.1.

acceleration at wide-open throttle
achieved in a particular gear i; value to
be reported and used for calculations to
the second decimal place

10




Symbol

Unit

Annex

Paragraph

Explanation

Annex 3

3.1.2.1.2.1.

point of depressing the accelerator
before line AA'; value to be reported in
full meter

Awot test, PP-BB

Aurban

Annex 3

Annex 3

3.1.2.1.2.2.

3.1.2.1.2.3.

acceleration at wide-open throttle from
PP' to BB'; value to be reported and used
for calculations to the second decimal
place

target acceleration representing urban
traffic acceleration; value to be reported
and used for calculations to the second
decimal place

Awot ref

Annex 3

3.1.2.1.2.4.

reference acceleration for the wide-
open-throttle test; value to be reported
and used for calculations to the second
decimal place

ke

Annex 3

3.1.2.1.3.

partial power factor; value to be reported
and used for calculations to the second
decimal place

Awot i

Annex 3

3.1.2.1.4.1.

acceleration at wide-open-throttle in
gear ratio i; value to be reported and used
for calculations to the second decimal
place

Awot (i +1)

Annex 3

3.1.2.1.4.1.

acceleration at wide-open-throttle in
gear ratio (i + 1); value to be reported
and used for calculations to the second
decimal place

gear ratio i

Annex 3

3.1.2.1.4.1.

gear ratio which provides an
acceleration within the 5 per cent
tolerance of the reference acceleration
awot ref Or greater than the reference
acceleration awot_ref

gear ratio i+1

Annex 3

3.1.2.1.4.1.

second of two gear ratios, with an
acceleration lower than gear ratio i

gear ratio i+2, i+3,

Annex 3

3.1.2.1.4.1.

gear ratios selectable for the pass-by test
of Annex 3, if gear ratio i and gear ratio
i+1 exceed an acceleration of 2.0 m/s?

Annex 3

3.1.2.1.4.1.

gear ratio weighting factor; value to be
reported and used for calculations to the
second decimal place

NMAX

1/min

Annex 3

3.1.2.1.4.1.

Maximum engine rotational speed
permitted for Mi, Ni, and M2 less than
3500 kg; value to be reported and used
for calculations to a precision of 10 min-
1 (xxx0)

11
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Symbol Unit Annex Paragraph Explanation
S I/min | Annex 3 |3.1.2.1.4.1. | rated engine rotational speed in revs per
minute, synonymous with the engine
rotational speed at maximum power
nBp’ I/min | Annex3 |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!
Niarget BB' I/min | Annex 3 |3.1.2.2.1.1.( |target engine rotational speed of the
a) vehicle when the reference point has to
pass line BB' (see 2.11.2. for definition
of reference point)
Viarget BB' km/h Annex 3 |[3.1.2.2.1.1.( |target vehicle velocity when it is
a) necessary that the reference point has to
pass line BB' (see 2.11.2. for definition
of reference point)
VBB' gear [ km/h Annex 3 |3.1.2.2.1.1.( | target vehicle velocity when certain
b) conditions are met
VBB' gear i, i= 1,2 km/h Annex 3 |[3.1.2.2.1.1. |target vehicle velocity when certain
(c) conditions are met
gearx - Annex 3 |[3.1.2.2.1.1. | first of two gear ratios used for testing of
(d) M: having a maximum authorized mass
of more than 3 500 kg, M3, N2, and N3
where certain criteria on test conditions
are met
geary - Annex 3 |[3.1.2.2.1.1. | second of two gear ratios used for testing
(d) of Mz having a maximum authorized
mass of more than 3,500 kg, M3, N2, and
N; where certain criteria on test
conditions are met
VBB'x km/h Annex 3 |[3.1.2.2.1.1. |target vehicle velocity when certain
(d) conditions are met
VBB'y km/h Annex 3 |[3.1.2.2.1.1. |target vehicle velocity when certain
(d) conditions are met
VBB'I km/h Annex 3 |3.1.2.2.1.2. |target vehicle velocity when certain
(b) conditions are met
VBB2 km/h Annex 3 |3.1.2.2.1.2. |target vehicle velocity when certain
(b) conditions are met
neBi, i=1,2 I/min | Annex3 |[3.1.2.2.1.2. |engine rotational speed when the
(d) reference point passes BB' when certain

conditions are met




Symbol Unit Annex Paragraph Explanation
Lers i) dB(A) |Annex3 |3.1.3.4.1.2. |vehicle sound pressure level at constant
speed test for gear i; value to be reported
and used for calculations to the first
decimal place
Lers i+ 1) dB(A) | Annex3 |3.1.3.4.1.2. | vehicle sound pressure level at constant
speed test for gear (i+ 1); value to be
reported and used for calculations to the
first decimal place
Lers rep dB(A) |Annex3 |3.1.3.4.1.2. |reported vehicle sound pressure level at
constant speed test; value to be reported
and used for calculations to the first
decimal place
Lwot ¢ dB(A) | Annex3 |3.1.3.4.1.2. |vehicle sound pressure level at wide-
open-throttle test for gear i; value to be
reported and used for calculations to the
first decimal place
Lwot G+ 1) dB(A) | Annex3 |3.1.3.4.1.2. |vehicle sound pressure level at wide-
open-throttle test for gear (i + 1); ; value
to be reported and used for calculations
to the first decimal place
Lwot rep dB(A) |Annex3 |3.1.3.4.1.2. |reported vehicle sound pressure level at
wide-open-throttle; value to be reported
and used for calculations to the first
decimal place
Lurban dB(A) |Annex3 |3.1.3.4.1.2. |reported vehicle sound pressure level
representing urban operation; value to be
reported mathematically rounded to the
nearest integer
LR, 9ref (VIR ref) dB(A) |Annex3 |3.1. Reported reference test result of the tyre
- rolling sound measurements at left/right
Appendix 43 side according to method described in
2 ’ Annex 3 Appendix 3
Annex 3
Appendix
3
Slpref dB(A)/1 | Annex 3 |3.1. Slope of the tyre rolling sound
og(v) |- measurements as determined by Annex 3
Appendix Appendix 3
2

13



Symbol Unit Annex Paragraph Explanation

VTR ref km/h Annex 3 |3.1. The reference vehicle speed for the
- reference tyre rolling sound; this speed
Appendix 43 may be different from vwot or vers if tyre
2 o rolling sound data have been generated
Annex 3 independently from the type approval'

test concerned. (see Annex 3 Appendix 3

- . h2.4.1. (b
Appendix paragrap ()
3

Vers,j km/h Annex 3 |3.2./4.3. Vehicle speed when the reference point
- of the vehicle passes line PP' during a
Appendix pass-by test according Annex paragraph
2 3.1.2.1.6.

Vwot,PP”,j km/h Annex 3 |3.3./44. Vehicle speed when the reference point
- of the vehicle passes line PP' during a
Appendix pass-by test according Annex paragraph
2 3.1.2.1.5.

Vwot,BB’,j km/h Annex 3 |3.3./44. Vehicle speed when the rear of the
- vehicle passes line BB' during a pass-by
Appendix test according Annex paragraph
2 3.1.2.1.5.

Sret °C Annex 3 | 3. Reference air temperature:
- 20 °C
Appendix
2

Sors,j °C Annex3 |3.2. Air temperature representative for one
- pass-by test run j under constant speed
Appendix condition
2

Swot,j. °C Annex 3 |3.3. Air temperature representative for one
- pass-by test run j under acceleration
Appendix condition
2

LR crsj,9ers dB(A) | Annex3 |3.2.3. Tyre rolling sound adjusted to the speed
- condition of the constant speed test
Appendix
2

Lpr,crsj dB(A) |Annex3 |[3.24. Extracted power train component from
- each valid constant speed test
Appendix
2

LR crs,j,9ref dB(A) |Annex3 |3.2.2. Tyre rolling sound adjusted to the speed
- condition of the constant speed test and
Appendix the reference temperature
2
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Symbol Unit Annex Paragraph Explanation
Lersj.9ref dB(A) | Annex3 |3.2.5. Air temperature adjusted constant speed
- test result
Appendix
2
LR wot,j,9wot dB(A) | Annex3 |3.3.3. Tyre rolling sound adjusted to the speed
- condition of the acceleration test
Appendix
2
LpT,wot dB(A) | Annex3 |3.3.4 Extracted power train component from
- each valid acceleration test
Appendix
2
LR wotj,8ref dB(A) |Annex3 |[3.3.2. Tyre rolling sound adjusted to the speed
- condition of the acceleration test and the
Appendix reference temperature
2
Lwot,j.gref dB(A) | Annex3 |3.3.5. Air temperature adjusted acceleration
- test result
Appendix
2
L1r,DB,8ref dB(A) |Annex3 |4.1. Reported reference test result of the tyre
- rolling sound measurement left/right side
Appendix according to Annex 3 Appendix 3 taken
2 from a database
LR DB, Sref dB(A) | Annex3 [4.1. Reported reference test result of the tyre
- rolling sound measurement at VTEsT
Appendix left/right side according to Annex 3
2 Appendix 3 taken from a database
SIpDB,ref kg Annex 3 |4.1. Slope of the tyre rolling sound
- measurements as determined by Annex 3
Appendix Appendix 3 taken from a database
2
VDB, TR ref km/h Annex 3 |4.1. The reference vehicle speed for the
- reference tyre rolling sound; this speed
Appendix may be different from vers Or Vwor, if tyre
2 rolling sound data have been generated
independently from the type approval
test concerned. (see Annex 3 Appendix 3
paragraph 2.4.1. (b))
LR DB,crs,9ref dB(A) | Annex3 [4.1. Reported reference test result of the tyre
- rolling sound measurement at vers
Appendix left/right side according to Annex 3
2 Appendix 3 taken from a database
L1r,DB.wot,9ref dB(A) | Annex3 [4.1. Reported reference test result of the tyre
- rolling sound measurement at Vot
Appendix left/right side according to Annex 3
2 Appendix 3 taken from a database

15
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Symbol

Unit

Annex

Paragraph

Explanation

Awot_ ASEP

m/s

Annex 7

2.3.

maximum required acceleration at wide-
open-throttle

Annex 7

2.3.

gears to be tested under "Additional
Sound Emission Provisions" (ASEP)

NBB_ASEP

1/min

Annex 7

2.3.

maximum test engine speed; value to be
reported and used for calculations to a
precision of 10 min-1

VAA’_ASEP

km/h

Annex 7

2.3.

Target vehicle velocity for test point P1
of the assessment method according
paragraph 2.4.

VBB’_ASEP

km/h

Annex 7

2.3.

Target vehicle velocity for test point P4
of the assessment method according
paragraph 2.4.

P

Annex 7

2.4.

test point(s) under ASEP

Annex 7

2.4.

index for the test points under ASEP

VBB_j

km/h

Annex 7

24.

vehicle test speed at BB' for a particular
ASEP test point

Awot,test, kj

m/s

Annex 7

2.5.

acceleration at wide-open throttle
achieved in gear k and at test point j

Lwot,Kj

dB(A)

Annex 7

2.5.

sound pressure level measured for a gear
k and at a test point j; value to be
reported and used for calculations to the
first decimal place

NBBxj

1/min

Annex 7

2.5.

vehicle test engine speed at BB' for a
gear Kk and at test point j

VAA K

km/h

Annex 7

2.5.

vehicle test speed at AA' for a gear k and
at test point j; value to be reported and
used for calculations to the first decimal
place

VBB.xj

km/h

Annex 7

2.5.

vehicle test speed at BB' for a gear k and
at test point j; value to be reported and
used for calculations to the first decimal
place

VPP «j

km/h

Annex 7

2.5.

vehicle test speed at PP' for a gear k and
at test point j; value to be reported and
used for calculations to the first decimal
place

Lanchor

dB(A)

Annex 7

3.1.

reported vehicle sound pressure level for
gear ratio i from Annex 3; value to be
reported and used for calculations to the
first decimal place

Nanchor,k

1/min

Annex 7

3.1.

reported vehicle engine speed for gear
ratio i from Annex 3




Symbol

Unit

Annex

Paragraph

Explanation

Vanchor,k

km/h

Annex 7

3.1.

reported vehicle test speed for gear ratio
i at BB’ from Annex 3; value to be
reported and used for calculations to the
first decimal place

LKj

dB(A)

Annex 7

3.5.

sound pressure level measured for a gear
k and at a test point j; value to be
reported and used for calculations to the
first decimal place

kp Asep

Annex 7

4.2.1.

partial power factor determined for the
Lurban principle of ASEP

Lwot_ASep

dB(A)

Annex 7

4.2.1.

vehicle sound pressure level measured
for the Lurban principle of ASEP; value to
be reported and used for calculations to
the first decimal place

LurbanﬁmeasurediASEP

dB(A)

Annex 7

4.2.1.

interim result for calculation of
ALurban_asep; value to be reported and
used for calculations to the first decimal
place

Lurbanﬁnormalized

dB(A)

Annex 7

4.2.1.

interim result for calculation of
ALurban_asep; value to be reported and
used for calculations to the first decimal
place

ALurban ASEP

dB(A)

Annex 7

4.2.1.

estimated deviation from urban sound
pressure level; value to be reported to the
first decimal place

Annex 7

5.2

gear to be determined for the reference
sound assessment according to the type
of transmission

Liref

dB(A)

Annex 7

5.3.

reference sound pressure level for
reference sound assessment; value to be
reported and used for calculations to the
first decimal place

NBB’_ref

1/min

Annex 7

5.3.

Reference vehicle test engine speed for
reference sound assessment

17
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Symbol Unit Annex Paragraph Explanation
VBB’ _ref km/h | Annex7 |5.3. reference vehicle test speed for reference
sound assessment

2.25. Modes

2.25.1. "Mode" means a distinct driver-selectable condition which does affect the
sound emission of the vehicle.

2.26. Stable acceleration
For the purpose of this Regulation, three conditions are defined for stable
acceleration.

2.26.1. "Stable acceleration" applicable to all vehicles subject to this Regulation for
low engine speed conditions, which eliminates power train reactions such as
bumping and jerking.

2.26.2. "Stable acceleration" applicable to vehicles of category M, Nj and M» < 3,500
kg technically permissible maximum laden mass avoids acceleration delays in
acceleration due to engine control application, at the moment when the
acceleration unit is depressed. This is typically ensured by using pre-
acceleration.

2.26.3. "Stable acceleration" for the purpose of Annex 7 is based on the assumption of
a constant acceleration over the complete measurement distance between AA'
and BB' plus the vehicle length.

2.27. "Kickdown" means a driver initiated automated gear shift to a test condition
outside the specific target conditions for the vehicle as defined in Annex 3.

2.28. "Prevention of downshift" means a measure by the vehicle manufacturer to
ensure that the vehicle is tested within its specific target conditions as defined
in Annex 3 and Annex 7.

2.29. "Exterior sound producing and amplifying system (ESPAS)" means any
system that is installed to a vehicle for producing or amplifying exterior
sound, with the exception of safety-related devices required by UN-
Regulations or national legislations such as AVAS, reverse warning
systems, horns and sirens.

3. Application for approval

3.1 The application for approval of a vehicle type with regard to sound shall be
submitted by its manufacturer or by his duly accredited representative.

3.2 It shall be accompanied by the undermentioned documents and the following
particulars in triplicate:

3.2.1. A description of the vehicle type with regard to the items mentioned in
paragraph 2.2. above. The numbers and/or symbols identifying the engine type
and the vehicle type shall be specified;

3.2.2. A list of the components, duly identified, constituting the sound reduction system;

3.2.3. A drawing of the assembled sound reduction system and an indication of its

position on the vehicle;



3.2.4.

3.2.5.

3.3.

3.4.

3.4.1.

3.4.2.

3.5.

4

Detailed drawings of each component to enable it to be easily located and
identified, and a specification of the materials used.

A technical information document including the information as outlined in
Annex 1, Appendix 2.

In the case of paragraph 2.2.2. the single vehicle, representative of the type in
question, will be selected by the Technical Service conducting approval tests,
in accordance with the vehicle manufacturer, following the specification laid
down in paragraph 3.1.2.2. in Annex 3.

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

(a) 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.

The Type Approval Authority shall verify the existence of satisfactory
arrangements for ensuring effective control of the conformity of production
before type approval is granted.

Markings
The components of the sound reduction system, excluding fixing hardware and
piping, shall bear:

The trade name or mark of the manufacturer of the sound reduction system and
of its components; and

The manufacturer's trade description;

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

in-service conformity.
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4.2.
4.3.

5.2.

These markings shall be clearly legible and be indelible even after fitting.

A component may carry several approval numbers if it has been approved as
component of several replacement silencing systems.

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 complete test report (in pdf format) shall be
communicated to the Type Approval Authority by their Technical Services and
in addition, the monitoring information shall be entered into the data entry file
"RD-ASEP Monitoring Data Sheet", which is published on the UN-ECE
website.’

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-ASERP 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.

Notwithstanding the provisions above, the Type Approval Authorities,
Technical Services, and vehicle manufacturers may digitally submit additional
vehicle tests of approved vehicles6 in the format as specified above, provided
that all data have been determined on a single vehicle. This is applicable but
not limited to

(a)  extensions of type approval, or
(b)  vehicles not falling under the scope of RD-ASEP, or
(c)  approvals not falling within the monitoring period.

All tests for Annex 3 and for Annex 9 shall be carried out on the same test track
and under similar environmental conditions.

An approval number shall be assigned to each type approved. Its first two digits
(at present 03 corresponding to the 03 series of amendments) shall indicate the
series of amendments incorporating the most recent major technical
amendments made to the Regulation at the time of issue of the approval. The

https://unece.org/documents-reference-only-0

In the “monitoring data sheet” the address, where the file shall be submitted to, is on the top of the
sheet table “(0) instructions”.

Where the Type Approval Authorities, Technical Services or vehicle manufacturers decide to submit
additional test reports, the measured vehicles shall be in such a condition that they can be used for
type approval (e.g., the vehicles should not be older than one year, originally equipped, without
manipulation and maintained according to the manufacturer's specifications) and type approved
according to the 03 series of UN Regulation No. 51.


https://unece.org/documents-reference-only-0

same Contracting Party shall not assign the same number to another vehicle

type.

5.3. Notice of approval or of extension or of refusal or withdrawal of approval or
of production definitively discontinued of a vehicle type pursuant to this
Regulation shall be communicated to the Parties to the Agreement applying
this Regulation, by means of a form conforming to the model in Annex 1 to
this Regulation.

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.

5.5. If the vehicle conforms to a vehicle type approved under one or more other
Regulations annexed to the Agreement, in the country which has granted
approval under this Regulation, the symbol prescribed in paragraph 5.4.1. need
not be repeated; in such a case the regulation and approval numbers and the
additional symbols of all the Regulations under which approval has been
granted in the country which has granted approval under this Regulation shall
be placed in vertical columns to the right of the symbol prescribed in paragraph

5.4.1.

5.6. The approval mark shall be clearly legible and be indelible.

5.7. The approval mark shall be placed close to or on the vehicle data plate affixed
by the manufacturer.

5.8. Annex 2 to this Regulation gives examples of arrangements of the approval
mark.

6. Specifications

6.1. General specifications fer-durability-and-against-manipulation

6.1.1. 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-againstmanipulation.

6.1.2. The sound reduction system shall be so designed, constructed and
assembled as to be able to reasonably resist manipulations.

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)



22

6.1.3.

6.2.
6.2.1.
6.2.1.1.

6.2.1.2.

6.2.2.

The installation of Exterior sound producing and amplifying systems
(ESPAS) is prohibited.

Specifications regarding sound levels
Methods of measurement

The sound made by the vehicle type submitted for approval shall be
measured either indoors or outdoors by the methods described in Annex 3 to
this Regulation . The specific conditions for indoor testing are provided in
Annex 8 to this Regulation. The results of the outdoor and indoor tests are
deemed equivalent.

For each specific test condition for vehicles, the manufacturer can select to test
the vehicle either indoors or outdoors. The Type Approval Authority shall
always have the option to mandate an outdoor test for verification. The option
of the type approval authority to mandate an outdoor test shall apply to any test
specified in this Regulation, including conformity of production testing.

In addition, the sound shall be measured on the vehicle when stationary;®
in the case of a vehicle where an internal combustion engine cannot operate
when the vehicle is stationary, the emitted sound shall only be measured in
motion. In the case of a hybrid electrical vehicle of category M1 where an
internal combustion engine cannot operate when the vehicle is stationary,
the emitted sound shall be measured according to Annex 3, paragraph 4.

Vehicles having a technically maximum permissible laden mass exceeding
2,800 kg shall be subjected to an additional measurement of the compressed
air noise with the vehicle stationary in accordance with the specifications
of Annex 5, if the corresponding brake equipment is part of the vehicle.

The values measured in accordance with the provisions of paragraph 6.2.1.1.
above shall be entered in the test report and a certificate corresponding to the
model shown in Annex 1.

Sound level limits

The sound level measured in accordance with the provisions of paragraph 3.1.
of Annex 3 to this Regulation, mathematically rounded to the nearest integer
value, shall not exceed the following limits:

8 A test is made on a stationary vehicle in order to provide a reference value for administrations which

use this method to check vehicles in use.



Limit Values (dB(A))
Vehicle
category Vehicles used for the carriage of passengers | Phase I Phase 2 Phase 3
PMR <120 72 70 68
120 <PMR <160 73 71 69
Mi PMR > 160 75 73 71
PMR > 200, no. of seats < 4, R-point
height <450mm from the ground & 74 2
M< 25t 72 70 69
M 25t<M< 35t 74 72 71
’ M >35tP, < 135kW 75 73 7
M >3.5t; Pn > 135 kW 75 74 72
Pn < 150 kW 76 74 73
M3 150 kW <P, <250 kW 78 77 76
Pn > 250 kW 80 78 77
Vehicle
category Vehicles used for the carriage of goods Phase 1 Phase 2 Phase 3
N M <25t 72 71 69
: M >25t 74 73 71
N Pn < 135kW 77 75 74
’ P> 135 kW 78 76 75
Pn < 150 kW 79 77 76
N3 150 kW <Pn < 250 kW 81 79 77
Pn > 250 kW 82 81 79
6.2.2.1. For vehicle types of category M; derived from N; vehicle types having a
technically permissible maximum laden mass above 2.5 tons and a R-point
height greater than 850 mm from the ground, the limits of vehicles types of
category N; having a technically permissible maximum laden mass above
2.5 tons apply.
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.
6.2.2.3. Limit values shall be increased by 2 dB(A) for wheelchair accessible vehicles
of category M, constructed or converted specifically so that they accommodate
one or more persons seated in their wheelchairs when travelling on the road,
and armoured vehicles, as defined in paragraph 2.5.2. of R.E.3.
6.2.2.4. For vehicle types of category M3 having a gasoline only engine, the applicable
limit value is increased by 2 dB(A).
6.2.2.5. For vehicle types of category N; having a technically permissible maximum

laden mass of less than or equal to 2.5 tons, the engine capacity not exceeding

° 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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6.2.3.

6.2.3.1.

6.2.3.2.
6.2.3.3.

6.3.
6.3.1.

660 cc and the power-to-mass ratio (PMR) calculated by using the technically
permissible maximum laden mass not exceeding 35 and a horizontal distance
"d" between the front axle and the driver's seat R point of less than 1,100 mm,
the limits of the vehicle types of category N having a technically permissible
maximum laden mass above 2.5 tons apply.

Additional sound emission provisions

The Additional Sound Emission Provisions (ASEP) apply only to vehicles of
categories M 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)
does not exceed 0.15 x S. This article is intended especially for non-lockable
transmissions with variable gear ratios (CVT).

Vehicles are exempted from ASEP testing during type-approval if one of the
following conditions is fulfilled:

(a)  For vehicles of category Nj, if the engine capacity does not exceed 660
cc and the power-to-mass ratio PMR calculated by using the technically
permissible maximum laden mass does not exceed 35.

(b)  For vehicles of category Ny, if the payload is at least 850 kg and the
power-to-mass ratio calculated by using the technically permissible
maximum laden mass does not exceed 40.

(c)  For vehicles of category N; or M, derived from N if the technically
permissible maximum laden mass is greater than 2.5 tons and the R-
point height is greater than 850 mm from the ground and the power- to-
mass ratio calculated by using the technically permissible maximum
laden mass does not exceed 40.

The sound emission of the vehicle under typical on-road driving conditions,
which are different from those under which the type-approval test set out in
Annex 3 and Annex 7 was carried out, shall not deviate from the test result in
a significant manner.

The vehicle manufacturer shall not intentionally alter, adjust, or introduce any
mechanical, electrical, thermal, or other device or procedure solely for the
purpose of fulfilling the sound emission requirements as specified under this
Regulation which is not operational during typical on-road operation.

The vehicle shall meet the requirements of Annex 7 to this Regulation.

In applying for type approval, the manufacturer shall provide a statement, in
conformity with Appendix 1 of Annex 7, that the vehicle type to be approved
complies with the requirements of paragraph 6.2.3. of this Regulation.

Specifications regarding exhaust systems containing fibrous materials

Requirements of Annex 4 shall be applied.



7.1.

7.2.

7.3.

8.1.2.

8.2.

9.1.

9.2.

10.

10.1.

Modification and extension of approval of a vehicle
type

Every modification of the vehicle type shall be notified to the Type Approval
Authority which approved the vehicle type. The Type Approval Authority may
then either:

Consider that the modifications made are unlikely to have an appreciable
adverse effect and that in any case the vehicle still complies with the
requirements, or

Require a further test report from the Technical Service responsible for
conducting the tests.

Confirmation or refusal of approval, specifying the alterations shall be
communicated by the procedure specified in paragraph 5.3. above to the Parties
to the Agreement applying this Regulation.

The Type Approval Authority issuing the extension of approval shall assign a
series number for such an extension and inform thereof the other Parties to the
1958 Agreement applying this Regulation by means of a communication form
conforming to the model in Annex 1 to this Regulation.

Conformity of production

The conformity of production procedures shall comply with those set out in
the Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/505/Rev.2) with the
following requirements:

Vehicles approved according to this Regulation shall be so manufactured as to
conform to the type approved by meeting the requirements of paragraph 6.
above.

The minimum requirements for conformity of production control procedures
of Annex 6 to this Regulation shall be complied with.

The authority which has granted type approval may at any time verify the
conformity control methods applied in each production facility. The normal
frequency of these verifications shall be one every two years.

Penalties for non-conformity of production

The approval granted in respect of a vehicle type pursuant to this Regulation
may be withdrawn if the requirements set forth above are not met.

If a Contracting Party to the Agreement applying this Regulation withdraws an
approval it has previously granted, it shall forthwith so notify the other
Contracting Parties applying this Regulation, by means of a communication
form conforming to the model in Annex 1 to this Regulation.

Production definitively discontinued

If the holder of the approval completely ceases to manufacture a vehicle type
approved in accordance with this Regulation, he shall so inform the authority
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11.

11.2.

11.2.1.

11.2.2.

11.2.3.

11.2.4.

11.2.5.

11.3.

11.3.1.

11.3.2.
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which granted the approval. Upon receiving the relevant communication that
authority shall inform thereof the other Parties to the 1958 Agreement applying
this Regulation by means of a communication form conforming to the model
in Annex | to this Regulation.

Transitional provisions

As from the official date of entry into force of the 03 series of amendments to
this Regulation, no Contracting Party applying this Regulation shall refuse to
grant or refuse to accept type-approvals under this Regulation as amended by
the 03 series of amendments.

Transitional Provisions for Phase 1 (see paragraph 6.2.2. above)

As from 1 July 2016, Contracting Parties applying this Regulation shall grant
type-approvals only if the vehicle type to be approved meets the requirements
of phase 1 (see paragraph 6.2.2. above) of this Regulation as amended by the
03 series of amendments.

As from the official date of entry into force of the 03 series of amendments,
Contracting Parties applying this Regulation shall grant type approvals to the
vehicle type which meets the requirements of phase 2 or phase 3 of this
Regulation as amended by the 03 series of amendments.

Contracting Parties applying this Regulation shall not refuse to grant
extensions of type approvals for existing types which have been granted
according to the 02 series of amendments to this Regulation.

Until 30 June 2022, no Contracting Party applying this Regulation shall refuse
national or regional type approval of a vehicle type-approved to the 02 series
of amendments to this Regulation.

As from 1 July 2022, Contracting Parties applying this Regulation shall not be
obliged to accept for the purpose of national or regional type approval, a
vehicle type approved to the preceding series of amendments to this
Regulation.

Even after the date of entry into force of the 03 series of amendments to this
Regulation, Contracting Parties applying this Regulation may continue for
national or regional purposes granting type approvals and extensions of type
approvals to the preceding series of amendments to this Regulation.

Transitional Provisions for Phase 2 (see paragraph 6.2.2. above)

As from 1 July 2020 for vehicle types other than N, and as from 1 July 2022
for vehicles types of category N, Contracting Parties applying this Regulation
shall grant type approvals only if the vehicle type to be approved meets the
requirements of phase 2 (see paragraph 6.2.2. above) of this Regulation as
amended by the 03 series of amendments.

Furthermore, as from the official date of entry into force of the 03 series of
amendments, Contracting Parties applying this Regulation shall grant type
approvals to the vehicle type which meets the requirements of phase 3 of this
Regulation as amended by the 03 series of amendments.

Contracting Parties applying this Regulation shall not refuse to grant
extensions of type approvals for existing types which have been granted



11.3.3.

11.3.4.

11.3.5.

11.4.

11.4.1.

11.4.2.

11.4.3.

11.4.4.

11.4.5.

11.5.

11.6.

according to phase 1 (see paragraph 6.2.2. above) or the 02 series of
amendments to this Regulation.

Until 30 June 2022 for vehicle types other than N, and until 30 June 2023 for
vehicles types of category N», no Contracting Party applying this Regulation
shall refuse national or regional type approval of a vehicle type-approved to
phase 1 (see paragraph 6.2.2. above) or the 02 series of amendments to this
Regulation.

As from 1 July 2022 for vehicle types other than N, and as from 1 July 2023
for vehicles types of category N,, Contracting Parties applying this Regulation
shall not be obliged to accept for the purpose of national or regional type
approval, a vehicle type approved to phase 1 (see paragraph 6.2.2.1. above) or
the preceding series of amendments to this Regulation.

Even after the date of entry into force of the 03 series of amendments to this
Regulation, Contracting Parties applying this Regulation may continue for
national or regional purposes granting type approvals and extensions of type
approvals to phase 1 (see paragraph 6.2.2. above) or the preceding series of
amendments to this Regulation.

Transitional Provisions for Phase 3 (see paragraph 6.2.2. above)

As from 1 July 2024 for vehicle types other than N, N3 and M3 and as from 1
July 2026 for vehicles types of category N», N3 and M3, Contracting Parties
applying this Regulation shall grant type-approvals only if the vehicle type to
be approved meets the requirements of phase 3 (see paragraph 6.2.2. above) of
this Regulation as amended by the 03 series of amendments.

Contracting Parties applying this Regulation shall not refuse to grant
extensions of type approvals for existing types which have been granted
according to phase 2 according to paragraph 6.2.2. above.

Until 30 June 2026 for vehicle types other than N, N3 and M3 and until 30
June 2027 for vehicles types of category N», N3 and M3, no Contracting Party
applying this Regulation shall refuse national or regional type approval of a
vehicle type-approved to phase 2 according to paragraph 6.2.2. above.

As from 1 July 2026 for vehicle types other than N, N3 and M3 and as from 1
July 2027 for vehicles types of category N», N3 and M3, Contracting Parties
applying this Regulation shall not be obliged to accept for the purpose of
national or regional type approval, a vehicle type approved to phase 2
according to paragraph 6.2.2. above.

Even after the date of entry into force of the 03 series of amendments to this
Regulation, Contracting Parties applying this Regulation may continue for
national or regional purposes granting type approvals and extensions of type
approvals to phase 1 or phase 2 (see paragraph 6.2.2. above) or the preceding
series of amendments to this Regulation.

Notwithstanding the transitional provisions above, Contracting Parties whose
application of this Regulation comes into force after the date of entry into force
of the most recent series of amendments are not obliged to accept type
approvals which were granted in accordance with any of the preceding series
of amendments to this Regulation.

Until 30 June 2028, 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.
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11.7.

11.8.

11.9.

11.10.

11.11.

11.12.

11.13.

11.14.

11.15.

11.16.

11.17.

Until 30 June 2019, Contracting Parties applying this Regulation can continue
to grant approvals using test sites which comply with the specifications of the
preceding series of amendments to this Regulation as an alternative to Annex
3, paragraph 2.1. of this Regulation.

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

(a)  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;
(c)  An engine 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;

(¢)  And having a rear axle drive.

Until 18 months after the date of entry into force of the Supplement 3, it shall
not apply to extensions of existing approvals, originally granted prior to the
date of entry into force of Supplement 3.

Until May 1, 2020 Supplement 4 does not apply to existing approvals,
originally granted prior to the date of entry into force of Supplement 4.

Until May 1, 2020 Supplement 5 does not apply to existing approvals,
originally granted prior to the date of entry into force of Supplement 5.

Until 12 months after the date of entry into force of the Supplement 6, it shall
not apply to extensions of existing approvals, originally granted prior to the
date of entry into force of Supplement 6.

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.

Supplement 8 does not apply to existing type approvals, originally granted
prior to the date of entry into force of Supplement 7.

From the entry into force of Supplement 8, ISO 10844:2021 shall be accepted
for all approvals granted under this Regulation. Until five years from the entry
into force of Supplement 8, ISO 10844:2014 shall be accepted for all approvals
granted under this Regulation.

Supplement 9 does not apply to existing type approvals and their extensions,
granted prior to the date of entry into force of Supplement 9.

Supplement 11 applies immediately to new type approvals and applies to
existing type approvals and their extensions after a lead time of 2 years
from the entry into force of the Supplement.



12.

12.1.

12.2.

12.3.

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

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.

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.

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 1

Communication

(maximum format: A4 (210 x 297 mm))

issued by: Name of administration:

concerning:?> Approval granted
Approval extended
Approval refused
Approval withdrawn
Production definitively discontinued

of a vehicle type with regard to its sound emission pursuant to Regulation No. 51

Approval No. ...ovviiiiiiiiiiii e, Extension NO. ....ooovvviiiiiiiiiiiiiennns
Section I
0.1. Make (trade name of ManUACtUIET): ......cccveeiieieiiieiieeeiee e s
0.2. 4 o< O
0.3. Means of identification of type if marked on the vehicle: 3............cccooveniennnnn.
0.3.1. Location of that Marking: ..........ccceeceeiiieeiiiiieeiie e
0.4. Category Of VENICIE: . ...ooiiiiiii et
0.4.1. Subcategory according to paragraph 6.2.2., the 2" column of the table and the
paragraphs 6.2.2.1. 10 6.2.2.5. . cui i
0.5. Company name and address of manufacturer:..........cccceevveeveeerieenieereeee e,
0.6. Names and Address(es) of assembly plant(s): ......ccceevveervierirerniiieniieenieesveenenenn
0.7. Name and address of the manufacturer's representative (if any): .........c.ccoc......

Distinguishing number of the country which has granted/extended/refused/withdrawn approval (see
approval provisions in the Regulation).

Delete what does not apply.

If the means of identification of type contains characters not relevant to describe the vehicle types
covered by the type-approval certificate such characters shall be represented in the documentation by
the symbol: '?' (e.g. ABC??12377).

As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.3, para. 2 -
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html

Confidential C
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Section II

1. Additional information (where applicable): See Addendum (Appendix 1)

2

3

4

5

6. PLACE: e et
7 DaALE: .. e
8

9 Reasons fOr EXTENSIONS: .....cevuiiriiriiiiiiieniieteeteete ettt
Attachments:

Information package

Test report(s)
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Annex 1 — Appendix 1

Addendum to the communication form No ...

1.1.2.
1.1.3

1.1.4.
1.1.5.
1.1.6.
1.1.7.
1.1.8.
1.1.9.
1.2.

1.2.1.
1.3.

2.1.
2.1.1.
2.2.

2.2.1.
2.2.2.
2.2.3.

! If applicable

Additional information

Power plant

Manufacturer's €NZINE COAEC: ......curriiiriieeiiieiieeeiie e eieeeeeereesteeebeeseeeeaee e

Rated maximum net power: ... kW at ... min’
or maximum continuous rated power (electric motor) ........... kW

Exhaust Silencer(s), Make and TyPe: .....ccccvveveeeciiiiiieeiie e eiee e eiee e
Catalyst(s), Make and TyYPe:....cceeviiiiiierieeiiesie et
Particulate Trap(s), Make and TYPE: ...ccveecveiiriieeiiiiiieeiie et
Transmission

Type (mechanical, hydraulic, electric, €tC.):....ccccvrvirrviirniieeiieeiie e
Non-engine devices designed to redUCE NOISE: ......eevevieeveerieerieeiiienreerveenneens
Test results

Sound level of moving vehicle (ANNex 3): ...ooccveeeieereerciieiieeeieeeieeee dB(A)
Selected mode for tests of the vehicle in motion: ........c.cceoevevienneen.

1

Sound level of stationary vehicle: .......... dB(A) at . min’ in mode
1

Sound level of stationary vehicle: .......... dB(A) at ........ min”' in mode
1

Sound level of stationary vehicle: .......... dB(A) at ........ min”!' in mode

Sound level of stationary vehicle: .......... dB(A) at ........ min'inmode ..................

Sound level of compressed air, service brake: ..........cccoeevveeevienciienneennee. dB(A)
Sound level of compressed air, parking brake: .........c.ccccceevvvienciiencnennnee. dB(A)

Sound level of compressed air, during the pressure regulator actuation:
.....dB(A)
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2.3. Data to facilitate in-use compliance test of hybrid vehicles, where an internal
combustion engine cannot operate when the vehicle is stationary

2.3.1. Gear (i) or position of the gear selector chosen for the test:

2.3.2. Position of the operating switch during measurement Lwot (i), (if switch is
fitted)

2.33. If applicable, pre-acceleration length lpa (Point of the accelerator depression in

meter before line AA"). If the pre-acceleration length differs per gear, reporting
per gear is required."

2.3.4. Sound pressure level L Wot (1) .oocveeeveeeveeienieniesieeieeie e dB(A)
24. Testing method information

24.1. Test method selected: Outdoor/Indoor?

3 REMATKS: ...t

2 Delete what does not apply.
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Technical Information Document

0. General

0.1. Make (trade name of manufacturer): .........cocveeveveeerienierieeee e
0.2. Y o

0.3. Means of identification of type, if marked on the vehicle:'............cccccvereennnee.
0.3.1. Location of that marking: ...........ocoiiiiiiiiii e
0.4. Category Of VENICIE:2 ...
0.5. Company name and address of manufacturer:..........ccoceevveevieenieenieeieeee e,
0.6. Name and address of the manufacturer's representative (if any): ......................
0.7. Name(s) and address(es) of assembly plant(s):........ccceeeververvenierescierierieeene
1 General construction characteristics of the vehicle

1.1 Photographs and/or drawings of a representative vehicle:...........ccoceveeneenennee.
1.2. Number of axles and Wheels:? ...
1.2.1. Powered axles (number, position, interCONNECtiON):.....c..cevveeeereerrreercreesreenneenns
1.3. Position and arrangement of the engine:..........c.coccevvvevierieniecieeeieeeeeeeee.
2 Masses and dimensions* (in kg and mm) (Refer to drawing where applicable)
2.1. Range of vehicle dimensions (Overall): .........cccceecerierienieiieieee e
2.1.1. For chassis without bodywork: ..o,
2.1.1.1. LN @R e
2.1.1.2. WIRALN: ettt enas
2.1.2. For chassis With DOdyWOrkK ..........cccoeciiiiiiiiiieiee e
2.1.2.1. 1S3 11 o USSP PSTRURRURRR
2.1.2.2. WIALR e

If the means of identification of type contains characters not relevant to describe the vehicle types
covered by the type-approval certificate such characters shall be represented in the documentation by
the symbol: '?' (e.g. ABC??123?77).

2 As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.3, para. 2 -
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html

Only for the purpose of defining "off-road vehicles".

Standard ISO 612: 1978 — Road vehicles — Dimensions of motor vehicles and towed vehicles -
terms and definitions.

(a) Where there is one version with a normal cab and another with a sleeper cab, both sets of
masses and dimensions are to be stated.

(b) Optional equipment that affects the dimensions of the vehicle shall be specified.
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2.2. Mass in running order?
(a)  Minimum and maximum for each variant:...........c.ccoccovenerienciencncncnnens

(b)  Mass of each version (a matrix shall be provided):........cccccoevvvecireirnnns

2.3. Technically permissible maximum laden mass stated by the manufacturer:5-7

3. Power plant®

3.1. Manufacturer of the eNgINe:.........ccovviiiiiiiiiii e

3.1.1. Manufacturer's engine code (as marked on the engine, or other means of
TAENETICALION): .eviiiiieiieeiieete et ete et et e et e et e et e eteeeaeeetaeeeeeenseeensneenees

3.2 Internal combustion engine

3.2.1. Specific engine information

3.2.1.1. Working principle: positive ignition/compression ignition, cycle four

stroke/two stroke/rotary®
3.2.1.2. Number and arrangement of cylinders:...........coccoevieieiienenieieic e

3.2.1.2.1. FAFNE OTAI: .ttt

3.2.1.3. Engine capacity:'° .... cm®

3.2.14. Rated maximum net power: .... kW at ..... min"' (manufacturer's declared
value)

3.2.2. Fuel feed

3.2.2.1. By fuel injection (compression ignition only): yes/no®

3.2.2.1.1. Working principle: Direct injection/pre-chamber/swirl chamber’

3.2.2.1.2. Governor

T U0 R 4 o U PR
3.2.2.1.2.2. Speed at which Cut-off starts under load: .... min™'

3.2.22. By fuel injection (positive ignition only): yes/no’

3.2.2.2.1. Working  principle:  Intake  manifold  (single-/multi-point?)/direct
injection/other (specify)’

The mass of the driver is assessed at 75 kg. The liquid containing systems (except those for used
water that shall remain empty) are filled to 90 per cent of the capacity specified by the manufacturer.
The information referred to in points 2.2. (b) do not need to be provided for vehicle categories N2, N3,
Mz and M3.

For vehicles coupled with a trailer or a semi-trailer, which exert a significant vertical load on the
coupling device or the fifth wheel, this load, divided by standard acceleration of gravity, is included
in the maximum technically permissible mass. Please fill in here the upper and lower values for each
variant.

Please fill in here the upper and lower values for each variant.

In the case of a vehicle that can run either on petrol, diesel, etc., or also in combination with another
fuel, items shall be repeated. In the case of non-conventional engines and systems, particulars
equivalent to those referred here shall be supplied by the manufacturer.

Delete what does not apply.

This value shall be calculated (n = 3.1416) and rounded off to the nearest cm?.
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3.2.3.
3.23.1.
3.23.1.1.
3.23.1.2.
3.23.2.
3.23.2.1.
32322.
3.24.
3.24.1.
3.24.2.

3.2.43.
3.2.44.
3.2.5.

3.2.5.1.

3.2.6.
3.2.6.1.
3.2.6.2.

Intake system

Air filter, drawings, or

Exhaust system

Description and/or drawing of the exhaust system: ...........cceevervecireceencvennenne.

Where relevant for exterior noise, reducing measures in the engine
compartment and on the eNgiNe: ...........coeceerieiiiiiiieieee e

Exhaust silencer containing fibrous materials: ...........cccccevverieriercienreneesieennns
Catalytic convertor: yes/no’

Number of catalytic convertors and elements (provide the information below

Pressure charger(s)

MaAKE(S): vvvreerteteite e
TYPe(S): cevee i

3.3. Electric motor (describe each type of electric motor separately)

33010 MAKE! it

T 00 1 T OO TS OUUPRO PP UPRTSRRPRR

3.3.3. Rated maximum net power: .... kW

3.3.4. Operating voltage: .... V”

34. Engine or motor combination: ............coeerieneiiiiiieiienieseeeee e

34.1. Hybrid electric vehicle: yes/no’

34.2. Category of hybrid electric vehicle: off-vehicle charging/not off-vehicle
charging:’

3.4.3. Operating mode switch: with/without’

3.4.3.1. Selectable modes

3.43.1.1. Pure electric: yes/no’

343.1.2. Pure fuel consuming: yes/no’

3.4.3.1.3. Hybrid modes: yes/no® (if yes, short description):

3.4.4. Electric motor (describe each type of electric motor separately)

344.1.

1A 1 = SRRSO
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3.4.4.2. Y o< PR
3.443. Rated maximum net power: ...... kW
4. Transmission!!
4.1. Type (mechanical, hydraulic, electric, etC.) . ...cccvrviirririiiieieeie e
4.2. Gear ratios
Internal gearbox ratios Final drive ratio(s)
(ratios of engine to gearbox (ratio of gearbox output shaft Total gear
Gear output shaft revolutions) to driven wheel revolutions) ratios
Maximum for CVT'?
1
2
3
Minimum for CVT
Reverse
4.3, Maximum vehicle design speed (in km/h): 3 ..o,
5. Suspension
5.1 Tyres and wheels
5.1.1. Tyre/wheel combination(s)
(a)  For tyres indicate size designation, load-capacity index and speed
category symbol,
(b)  For wheels indicate rim size(s) and off-set(s).
5.1.2. Upper and lower limits of rolling radii
5.1.2.1. AXIE 11 e ettt eae s
5.1.2.2. AXIE 21 ettt ene s
5.1.2.3. AXIE 31 e ettt sttt ae s
5.1.2.4. AXIE A ettt bbbt
etc.
6. Bodywork
6.1. Type of DOAYWOIK: ..o
6.2. Materials used and methods of CONStIUCtION:........cccvveeviiiiciiieiieeiieeiee e
7. Miscellaneous
7.1 Details of any non-engine devices designed to reduce noise (if not covered by
OTNET TEIMIS )i 1.ttt s e teeae b e eaaeetaesseenbeensaas
N3P TS RSP
POSItION 11 COMPANY . ....viiiiiiieiiiieiieieesteeteete et e eteesteesteeseessesssesseessaesseesseesseessesssesssesseesesnsens

1" The specified particulars are to be given for any proposed variants.
12" Continuous Variable Transmission (CVT): transmission with variable gear ratios.
13" With respect to trailers, maximum speed permitted by the manufacturer.
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Annex 2

Arrangements of the approval mark

Model A
(See paragraph 5.4. of this Regulation)

T 51R - 032439 %«

a =8 mm min.

The above approval mark affixed to a vehicle shows that the vehicle type concerned
has, with regard to its noise emission, been approved in the Netherlands (E 4) pursuant to
Regulation No. 51 under approval No. 032439.

The first two digits of the approval number indicate that Regulation No. 51 already included
the 03 series of amendments when the approval was granted.

Model B
(See paragraph 5.5. of this Regulation)

- 51 | 032439 J_w;ﬂ
33 | 001628 [tw =

-

a =8 mm min.

The above approval mark affixed to a vehicle shows that the vehicle type concerned has been
approved in the Netherlands (E 4) pursuant to Regulations Nos. 51 and 33.! The approval
numbers indicate that, at the dates when the respective approvals were granted, Regulation
No. 51 included the 03 series of amendments while Regulation No. 33 was in its original
form.

' The latter number is given as an example only.
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Methods and instruments for measuring the sound made by
motor vehicles

I1.1.

1.2.

Measuring instruments
Acoustic measurements

The apparatus used for measuring the sound level shall be a precision
sound-level meter or equivalent measurement system meeting the
requirements of Class 1 instruments (inclusive of the recommended
windscreen, if used). These requirements are described in "IEC 61672-1:2002:
Precision sound level meters", second edition, of the International
Electrotechnical Commission (IEC).

For indoor testing, when no general statement or conclusion can be made about
conformance of the sound level meter by each channel of the array
conformance (e.g. when pass-by sound level simulation algorithms do not
compute the overall level but spectrum or temporal to recompose it), a
simulated pass-by run shall be performed at a constant speed of 50 km/h while
a constant tone signal is supplied to all channels of the arrays. The simulated
A-weighted sound level is processed and the deviation from a reference tone
signal shall be checked in accordance to IEC 61672-3.

Measurements shall be carried out using the "fast" response of the acoustic
measurement instrument and the "A" weighting curve also described in
"[EC 61672-1:2002". When using a system that includes a periodic monitoring
of the A-weighted sound pressure level, a reading should be made at a time
interval not greater than 30 ms.

The instruments shall be maintained and calibrated in accordance to the
instructions of the instrument manufacturer.

Calibration Verification and adjustment of the entire Acoustic Measurement
System fer-a before and after every Measurement Session

At the beginning and-—at-the—end of every measurement session, the entire
acoustic measurement system shall be checked by means of a sound calibrator
that-fulfils-the requirements-forsound-ealibratoers of at least precision Class 1
according to IEC 60942:2003, and — if necessary — adjusted to the reference
values given by the calibrator.

At the end of every measurement session, the entire acoustic measurement
system shall be re-checked by the same calibrator which has been used for
the calibration in the beginning. Without any further adjustment, the
difference between the readings at the beginning and at the end ef-twe
eonsecutive-cheeks shall be less than or equal to 0.5 dB(A).

If this-value the difference is greater than 0.5 dB(A) is-execeeded, the results

of the whole measurements session ebtained-aftertheprevieus—satisfactory
eheek shall be discarded.

For indoor testing, the entire measurement system shall be checked at the
beginning and at the end of a series of sessions.
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1.3.

1.4.

1.5.

2.1.1.

A qualified calibration method (i.e. electrical calibration) is recommended to
be provided by the hardware supplier and, in that case, shall be implemented
in the measurement software used. Simulation algorithms using sound source
localization detection should deactivate that feature for these tests.

Compliance with requirements

Compliance of the acoustic measurement instrumentation shall be verified by
the existence of a valid certificate of compliance. These certificates shall be
deemed to be valid if certification of compliance with the standards was
conducted within the previous 12 month period for the sound calibration device
and within the previous 24 month period for the instrumentation system. All
compliance testing shall be conducted by a laboratory, which is authorized to
perform calibrations traceable to the appropriate standards.

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.

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:

(a) 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.

Conditions of measurement
Test Site and ambient conditions

The specifications for the test site provide the necessary acoustic environment
to carry out the vehicle tests documented in this Regulation. Outdoor and
indoor test environments that meet the specifications of this Regulation
provide equivalent acoustic environments and produce results that are equally
valid.

Test Site Outdoor

The surface of the test track and the dimensions of the test site shall be in
accordance with ISO 10844:2021.

Test Site Indoor

Test Site Indoor requirements shall be as specified below.
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2.1.3.
2.1.3.1.
2.1.3.1.1.

2.1.3.1.2.

2.1.3.1.3.

2.1.3.1.4.

2.1.3.2.
2.1.3.2.1.

(a) The test room dimensions are described in paragraph 7.2. of ISO 362-
3:2016. All room dimensions may be adjusted to meet the specific
application for the products being tested according to Annex 8§,
paragraph 4.

(b)  The test facility shall meet the requirements of ISO 26101:2012 with
the qualification criteria and measurement requirements appropriate to
this test method as described in ISO 362-3:2016, paragraph 7.3.

(c) Condition of the floor is described in ISO 362-3:2016, paragraph 7.4.

(d)  Cooling, ventilation, and exhaust gas management are described in ISO
362-3:2016, paragraph 7.5.

(¢) Dynamometer requirements are described in ISO 362-3:2016,
paragraph 8.

() Vehicle fixing system is described in ISO 362-3:2016, paragraph 9.3.
Ambient conditions

Ambient condition indoor

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.

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.

Wind
n.a.
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.

Ambient condition outdoor
General

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.
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2.1.3.2.2.

2.1.3.2.3.

2.1.3.2.4.

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 1.20 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
2.2. Vehicle
2.2.1. 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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2.2.2.
2.2.2.1.

2.2.2.2.

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.

Vehicle test mass m; and vehicle target mass Myarget

Measurements shall be made on vehicles at the test mass m; specified
according to the 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.

Target mass, Mrget, 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

M

The test mass m¢ of the vehicle shall be between
0.9 mro < mt< 1.2 mro

N1

The test mass m¢ of the vehicle shall be between
0.9 mro < mt< 1.2 mro

N2, N3

Mitarget = 50 [kg/kW] X P [kW]

Extra loading, mxicad, to reach the target mass, mrurget, of the vehicle shall be
placed above the rear axle(s).

If the test mass my is equal to the target mass muarget, the test mass my shall
be 0.95 Mtarget < mt< 1.05 Mtarget

The sum of the extra loading and the rear axle load in an unladen condition,
Mra load 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 me 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, Mfa load unladen, and the rear axle load
in an unladen condition, Mra load unladen plus the extra loading, mxioad, 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.
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Vehicle category Vehicle test mass

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

Mz (M < 3,500 kg) The test mass m: of the wvehicle shall be between

0.9Inro <mt< 1.2mm

Complete
Mz (M > 3,500 kg), | Mtarget = 50 [kg/kW] x Pu [kW] is calculated either in compliance with

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

conditions above (see N2, N3 category)

M3

or

the test mass m: of the vehicle shall be 0.9 mro < me < 1.1 mro.
Incomplete If the tests are carried with an incomplete vehicle not having a bodywork,

M2 (M > 3,500 kg), | Murget = 50 [kg/kW] x Pn [kW] is calculated either in compliance with

conditions above (see N2, N3 category),

M3
or
the test mass m: of the vehicle shall be 0.9 mro < m¢ < 1.1 mro.
where
Mro = MchassisM2M3 T MxloadM2M3
2.2.2.3. Calculation procedure to determine extra loading of N, and N3 vehicles only
2223.1. Calculation of extra loading

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

Miarget = 50 [kg / kW] x Py [kW] (1)

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

mtarget = IMuynladen + mgy + Mxload (2)
The target mass, Marger, shall be achieved with a tolerance of £5 per cent.

The vehicle mass of the test vehicle in the unladen condition, mynladen, 1S
calculated by measuring on a scale the unladen front axle load, ms ioad unladen,
and the unladen rear axle load, My, 1oad unladen, @s given in Formula (3):

Muynladen = Mfa load unladen T Mra load unladen (3)

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

Mixload = mtarget - (md + munladen) (4)

Mixload = mtarget - (md + Mfa load unladen + Mra load unladen) (5)
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2.2.232.

The sum of the extra loading, mxioad, and the unladen rear axle load, mya 10ad
unladen, 18 limited to 75 per cent of the technically permissible maximum laden
mass for the rear axle, Mac ra max, s given in Formula (6):

075 Mac ra max > Mxload + Mya load unladen (6)
The myioad is limited according to Formula (7):
Mixjoad < 075 Mac ra max — Mra load unladen (7)

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

m¢ = Mixjoad + my + Mfa load unladen + Mra Joad unladen (8)
In this case, the test mass of the vehicle is equal to the target mass
m¢ = Mitarget (9)

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

Myload > 0.75 Mac ra max — Mia load unladen (10)
then, the extra loading, myicad, shall be as given by Formula (11):

Myload = 0.75 Mac ra max — Mra load unladen (11)
and the test mass, my, of the vehicle shall be as given by Formula (12):

m; = 0.75 Mac ra max + Md + Mfa load unladen (12)
In this case, the test mass of the vehicle is lower than the target mass

My < 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, mxicad, cannot be aligned with the
centre of the rear axle, the test mass of the vehicle, my, shall not exceed the sum
of the unladen front axle load, M, 10ad unladen, and the unladen rear axle load, my,
Joad unladen, PlUs 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, mxioad, 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):

m; — M4 = Mfa load laden T 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

My Joad laden = Mfa load unladen ( 1 6)

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.



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

Annex 3

2.2.233.

2.2.234.

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 (Mg (2 axtes virwat)) can be calculated in the following way:

For the calculation of the unladen vehicle mass of the virtual two-axle vehicle
(Munladen (2 axles virtal)), take from the vehicle with more than two axles (vrf) the
measured unladen front axle load (Mfa (vrf) 1oad unladen) and the measured unladen
rear axle load of that driven rear axle (Mra (vrf) load unladen) 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.

9 Munladen (2 axles virtual) = Mfa (vrf) load unladen + My (vrf) load unladen
9 Mxload (2 axles virtual) — Mtarget — (md + Munladen (2 axles Virtual))

Due to the requirement that the sum of the extra loading (mxioad (2 axles virtual)) and
the unladen rear axle load, My (vrf) load unladen, 18 limited to 75 per cent of the
technically permissible maximum laden mass allowed for the rear axle, macra
max (2 axles virtual), this value, Mac ra max (2 axles virtual), has to be chosen in such a way
that it represents the rear axle of the forecasted highest production-volume in
the manufacturer's variation with a technically permissible maximum laden
mass allowed for the rear axle (Mac ra max (choseny ) for the vehicle family as
declared by the manufacturer.

9 Mac ra max (4x2 virtual) = Mac ra max (chosen)
If IMxload (2 axles virtual) < 0.75 IMac ra max (chosen) — Mlra (vrf) load unladen
then
M (2 axles virtual) = Mxload (2 axles virtual) +mgq+my (vrf) load unladen + My (vrf) load unladen
and
Mt (2 axles virtual) = Mtarget
If Mxload (2 axles virtual) >0.75 Mac ra max (chosen) — Mra (vrf) load unladen
then
Myt (2 axles virtual) = 0.75 IMac ra max (chosen) +mg + My (vrf) 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:
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2.2.24.

2.2.3.

2.23.1.

2.2.3.2.

2.2.343.
2.2.3.43.1.

My (vrf) = Mt (2 axles virtual)
and the extra loading is calculated as

Mxload (vrf) = Mt (2 axles virtual) — Md — Munladen (vrf)

At the applicant's request the vehicle of a category Ma, M3, N 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 vehicle 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.

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

! 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
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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.

2.2.3.4:3.2. 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.

If test tyres have operational temperature limits that do not cover the full
temperature range of this regulation, the tyres shall be conditioned to their
operational temperature regarding the provisions described in paragraph
22317

2.2.3.54. 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.

2.2.3.6:5. If the vehicle is fitted with fan(s) having an automatic actuating mechanism,
this system shall not be interfered with during the measurements.

2.2.3.76. 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.

2.2.3.87. 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.

3. Methods of testing
Outdoor tests shall be performed according to paragraph 3.1.

Indoor tests shall be performed according to paragraph 3.1. using the
specifications of ISO 362-3:2016, variant A. For indoor application, the
manufacturer shall provide to the technical service, documentation according

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.
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3.1.
3.1.1.

3.1.2.
3.1.2.1.

3.1.2.1.1.

to Annex 8, paragraph 1. Variant A is a combination of indoor testing (power
train sound) and outdoor testing (tyre/road sound).

Measurement of sound of vehicles in motion
General conditions of test

For outdoor testing, two lines, AA' and BB', parallel to line PP' and situated
respectively 10 m £ 0.05m forward and 10 m & 0.05m 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', vgp, 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 microphone 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'.

Specific test conditions for vehicles

Vehicles of category M, N; and M, < 3,500 kg technically permissible
maximum laden mass:

The path of the centreline of the vehicle shall follow line CC' as closely as
possible throughout the entire test, from the approach to line AA' until the rear
of the vehicle passes line BB' +20 m.

If the vehicle is fitted with an auxiliary manual transmission or a multi-gear
axle, the position used for normal urban driving shall be used. In all cases, the
gear ratios for slow movements, parking or braking shall be excluded.

The test mass of the vehicle shall be according to the table of paragraph 2.2.1.

The test speed viest is 50 km/h = 1 km/h. The test speed shall be reached, when
the reference point is at line PP".

If the test speed is modified according to paragraph 3.1.2.1.4.1.(d) of Annex 3
to this Regulation, the modified test speed shall be used for both the
acceleration and constant speed test.

Power to mass ratio index (PMR)
PMR is defined as follows:

PMR = (P, / myw) * 1000 kg/kW, where P, is measured in kW and defined
according to paragraph 2.8. of the main body and m,, is measured in kg and
defined according to paragraph 2.4. of the main body.

The PMR with no dimension is used for the calculation of acceleration.
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3.1.2.1.2. Calculation of acceleration

Acceleration calculations are applicable to M;, N; and M, < 3,500 kg
technically permissible maximum laden mass categories only.

All accelerations are calculated using different speeds of the vehicle on the test
track. 2 The formulae given are used for the calculation of ayoti, awot i+1 and awot
wst. The speed either at AA' or PP' is defined as the vehicle speed when the
reference point passes AA' (vaa') or PP' (vpp'). The speed at BB' is defined
when the rear of the vehicle passes BB' (vss'). The method used for
determination of the acceleration shall be indicated in the test report.

Due to the definition of the reference point for the vehicle the length of the
vehicle (lyen) is considered differently in the formula below. If the reference
point is in the front of the vehicle, then 1 = lyeh, mid: 1 =% lyeh and rear: 1 =0.

At the choice of the vehicle manufacturer, front engine vehicles may use
1 =5 m, and mid-engine vehicles may use 1 = 2.5 m.

3.1.2.1.2.1. Calculation procedure for vehicles with manual transmission, automatic
transmission, adaptive transmissions and transmissions with continuous
variable transmissions (CVT's) tested with locked gear ratios:

awot test = ((VBB/3.6)? - (vaa/3.6)%) / (2*(20+1))

awot test USed in the determination of gear selection shall be the average of the
four awot test, i during each valid measurement run.

Pre-acceleration may be used. The point of depressing the accelerator before
line AA' shall be reported in the Addendum to the Communication form
(Annex 1, Appendix 1).

3.1.2.1.2.2. Calculation procedure for vehicles with automatic transmissions, adaptive
transmissions and CVT's tested with non-locked gear ratios:

awot test USed in the determination of gear selection shall be the average of the
four awot est, i during each valid measurement run.

If devices or measures described in paragraph 3.1.2.1.4.2. can be used to
control transmission operation for the purpose of achieving test requirements,
calculate ayor est USing the equation:

awot test = ((VBB/3.6)? - (vaa/3.6)?) / (2*%(20+1))
Pre-acceleration may be used.

If devices or measures described in paragraph 3.1.2.1.4.2. are not used,
calculate ayo test using the equation:

Awot_testPP-BB — ((VBB'/3.6)2 - (VPP'/3.6)2) / (2*(10+l))
Pre-acceleration shall not be used.

The location of depressing the accelerator shall be where the reference point
of the vehicle passes line AA".

3.1.2.1.2.3. Target acceleration

2 See Annex 3, Appendix, Figure 1.
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3.1.2.1.2.4.

3.1.2.1.3.

3.1.2.1.4.

3.1.2.1.4.1.

The target acceleration auman defines the typical acceleration in urban traffic
and is derived from statistical investigations. This function depends on the
PMR of a vehicle.

The target acceleration auman is defined by:
Aurban = 0.63 * logio (PMR) - 0.09
Reference acceleration

The reference acceleration awo ref defines the required acceleration during the
acceleration test on the test track. It is a function depending on the power-to-
mass ratio of a vehicle. That function is different for specific vehicle categories.

The reference acceleration ayo ref is defined by:

awotref = 1.59 * logio (PMR) -1.41 for PMR > 25
Awot ref = @ urban = 0.63 * logio (PMR) - 0.09 for PMR < 25
Partial power factor kp

The partial power factor kp (see paragraph 3.1.3.4.1.2.) is used for the weighted
combination of the test results of the acceleration test and the constant speed
test for vehicles of category M; and N; and M, < 3,500 kg technically
permissible maximum laden mass

In cases other than a single gear test, awot rer Shall be used instead of awor st (s€€
paragraph 3.1.3.4.1.2.).

Gear ratio selection

The selection of gear ratios for the test depends on their specific acceleration
potential awo,: under full throttle condition, according to the reference
acceleration awo ref required for the full throttle acceleration test.

If the vehicle allows different transmission setups like automatic or manual
gear selection and/or has different software programs or modes (e.g. sporty,
winter, adaptive) leading to valid accelerations, the vehicle manufacturer shall
prove to the satisfaction of the Technical Service, that the vehicle is tested in
the mode which achieves an acceleration being closest to awot ref.

The vehicle transmission, gear, or gear ratio may be controlled by electronic
or mechanical measures to avoid the activation of a kick-down function.”

Appendix 1, Figure 4a to Figure 4f, give gear selection criteria and test run
criteria for categories M; and M» having a technically permissible maximum
laden mass not exceeding 3.500 kg and for category Ny, in a flowchart form as
an aid to test operation.

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:

(a) If one specific gear ratio gives an acceleration in a tolerance band of £5
per cent of the reference acceleration awo rer, N0t 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
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3.1.2.1.4.2.

the test. The weighting ratio in relation to the reference acceleration
awot ref 1S calculated by:

k= (awot ref — Awot (i+1))/(awot (i) — Awot (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 auman. 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/s2. In other cases,
no other gear shall be used. The achieved acceleration awor test during the
test shall be used for the calculation of the part power factor kp instead
of Awot ref-

(d)  If maximum engine speed nu4x is exceeded in a gear ratio 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 auwan, 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.

If the maximum engine speed ny4xy 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 ayo test does not exceed aurban.

The vehicle test speed in the higher gear ratio i+1 shall be 50 km/h.
The maximum engine speed nuy4x is given by the formula below:
Nyax = 1.56 X PMR™9227 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 ayq test greater than 2.0 m/s2.

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

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 awo st 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.
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3.1.2.1.43.

3.1.2.1.5.

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

(a)  accelerations beyond 2.0 m/s?>. Any measure used by manufacturer for
the above-mentioned purposes shall be documented in the test report.
The achieved acceleration a. s Shall be greater or equal to a@urpan.

(b)  atest engine speed exceeding nyx (see Appendix 1, figure 4f).

i) Therefore, the vehicle test speed vi;s 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

(ii))  The engine load is reduced to avoid a downshift to a gear ratio
where ny4x is exceeded.

The achieved acceleration ayo: st Shall be greater or equal to aurban.

If possible, the manufacturer shall take measures to avoid an acceleration value
Ayot test greater than 2.0 m/s?.

If possible, the manufacturer shall take measures to avoid an engine speed
higher than ny4y.

Table 1 in Appendix 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 st 1S then used for the calculation of the partial
power factor k;, (see paragraph 3.1.2.1.3.) instead awot ref.

Vehicles with only one gear ratio, like but not limited to Battery Electric
Vehicles (BEV) and Fuel Cell Vehicles (FCV)

The gear selector position for forward driving shall be used. The acceleration
value awor est Shall be calculated as defined in paragraph 3.1.2.1.2.1.

The achieved acceleration ayo: st Shall be greater or equal to aurban.

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

Table 1 in Appendix 1 to Annex 3 provides examples for valid measures to
avoid accelerations beyond 2.0 m/s?>. Any measure used by manufacturer for
the above-mentioned purposes shall be documented in the test report.

The achieved acceleration awor test is then used for the calculation of the partial
power factor k;, (see paragraph 3.1.2.1.3.) instead awot ref.

Acceleration test

The manufacturer shall define the position of the reference point in front of
line AA' of fully depressing the accelerator. The accelerator shall be fully
depressed (as rapidly as is practicable) when the reference point of the vehicle
reaches the defined point. The accelerator shall be kept in this depressed
condition until the rear of the vehicle reaches line BB'. The accelerator shall
then be released as rapidly as possible. The measurement reading shall not end
before the rear of the vehicle is 20 m behind the BB' line. The point of fully
depressing the accelerator shall be reported in Addendum to the
Communication form (Annex 1, Appendix 1). The Technical Service shall
have the possibility of pretesting.
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3.1.2.1.6.

3.1.2.2.

If the vehicle length was set according to the provisions of 3.1.2.1.2. the
accelerator shall be kept in the depressed condition until the reference point
reaches BB’ + 5 m for front engine vehicles, and BB’ + 2.5 m for mid-engine
vehicles.

In the case of articulated vehicles consisting of two non-separable units
regarded as a single vehicle, the semi-trailer shall be disregarded in
determining when line BB' is crossed.

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 to 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.

Vehicles of categories M > 3,500 kg technically permissible maximum laden
mass, M3, N2, Ns:

The path of the centreline of the vehicle shall follow line CC' as closely as
possible throughout the entire test, from the approach to line AA' until the rear
of the vehicle passes line BB'. The test shall be conducted without a trailer or
semi-trailer. If a trailer is not readily separable from the towing vehicle the
trailer shall be ignored when considering the crossing of line BB'. If the vehicle
incorporates equipment such as a concrete mixer, a compressor, etc., this
equipment shall not be in operation during the test. The test mass of the vehicle
shall be according to the table of paragraph 2.2.1. of Annex 3 to this
Regulation.

The value of ngp and vep' used in the determination of gear and vehicle speed
selection shall be the average of the four ngp, j and vp, j values during each
valid measurement run.

The value of ngp' shall be reported to a precision of 10 revolutions per minute.
The reported ngp' shall be used in all subsequent calculation.

The value of vgp shall be reported to the first digit after the decimal (xx,x).
The reported vgp shall be used in all subsequent calculation.

Target conditions of category M, > 3,500 kg technically permissible maximum
laden mass, N»:

When the reference point passes line BB', the engine speed ngp' shall be between
70 and 74 per cent of speed S, at which the engine develops its rated maximum
net power, and the vehicle speed shall be 35 km/h + 5 km/h. Between line AA'
and line BB' a stable acceleration condition according to definition 2.26.1. shall
be ensured.

Target conditions of category M3, Ns:

When the reference point passes line BB', the engine speed ngp' shall be between
85 and 89 per cent of speed S, at which the engine develops its rated maximum
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3.1.2.2.1.

3.1.2.2.1.1.

net power, and the vehicle speed shall be 35 km/h + 5 km/h. Between line AA'
and line BB' a stable acceleration condition according to definition 2.26.1. shall
be ensured.

Gear ratio selection

It is the responsibility of the manufacturer to determine the correct manner of
testing to achieve the required conditions.

The vehicle transmission, gear, or gear ratio, shall be chosen to be able to fulfil
the target conditions according to paragraphs 3.1.2.2.1.1. or 3.1.2.2.1.2. of
Annex 3 to this Regulation. The vehicle transmission, gear, or gear ratio may
be controlled by electronic or mechanical measures including exclusion of
kick-down function.

Appendix 3, Figure 5a to Figure 5d, give gear selection criteria and test run
criteria for categories M, having a technically permissible maximum laden
mass exceeding 3,500 kg, and for category N», M3 and N3, in a flowchart as an
aid to test operation.

Manual transmission, automatic transmissions, adaptive transmissions or
transmissions with continuously variable gear ratios (CVTs) tested with locked
gear ratios

Stable acceleration condition according to definition 2.26.1. shall be ensured.
The gear choice is determined by the target conditions.

The following conditions for fulfilling the target conditions in paragraph
3.1.2.2. of Annex 3 to this Regulation are possible:

(a) If one gear choice fulfils both target conditions for the rotational engine
speed Nirge BB> and for the vehicle speed Viarget BB, test with that gear.

(b)  If more than one gear choice fulfils both target conditions for the
rotational engine speed Nirget BB’ and for the vehicle speed Viarget BB, test
in gear i that gives velocity Vep’ geari Closest to 35 km/h.

(c) If two gear choices fulfil both target conditions for the rotational engine
speed nNrget p' and for the vehicle speed Virger Br’, and fulfil the
following condition.

(Vlarget BB’ — VBB’ gear i) = (VBB’ gear i+1 — Vtarget BB’)
then both gears are taken for further calculation of Lysban.

(d)  If one gear choice fulfils the target condition for the rotational engine
speed nureer B3> but not the target condition for the vehicle speed
Viarget BB’, USE tWO gears, gearx and geary. The target conditions for the
vehicle speed for these two gears are as follows:

geary

25 km/h < vppx < 30 km/h
and

geary

40 km/h < vppy < 45 km/h

Both gears, geary and gear, shall fulfil the target rotational engine speed
Nuarget BB>. Both gears shall be used for further calculation of Lysban.
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3.1.2.2.1.2.

If only one of the gears fulfils the target rotational engine speed,
Nuarget BB’, test with that gear. This gear shall be used for further
calculation of Lusan.

(e) If none of the two gears fulfils the target rotational engine speed
Narget Bg> Under condition d) then condition f) shall be chosen.

() If no gear choice fulfils the target rotational engine speed choose the
gear that fulfils the target vehicle velocity Virget Be> and is closest to the
target rotational engine speed Narget BB, but not higher than niarget BB

VBB’ geari — Vtarget BB’
NBB’ gear i < Ntarget BB

A stable acceleration condition according to definition 2.26.1. shall be
ensured. If such a stable acceleration cannot be ensured in a gear, this
gear shall be disregarded. In all conditions, the rated engine speed shall
not be exceeded while the reference point of the vehicle is in the
measurement zone. If the rated engine speed is exceeded within the
measurement zone, this gear shall be disregarded.

Automatic transmission, adaptive transmissions, and transmissions with
variable gear ratio tested with non-locked gear ratios

The gear selector position for full automatic operation shall be used.

The test may then include a gear change to a lower range and a higher
acceleration. A gear change to a higher range and a lower acceleration is not
allowed. In any case a gear change to a gear ratio that is typically not used at the
specified condition as defined by the manufacturer in urban traffic shall be
avoided.

Therefore, it is permitted to establish and use electronic or mechanical devices,
including alternative gear selector positions, to prevent a downshift to a gear
ratio that is typically not used at the specified test condition as defined by the
manufacturer in urban traffic.

Table 1 in Appendix 1 to Annex 3 provides examples for valid measures to
control the downshift of gears. Any measure used by manufacturer for the
above-mentioned purposes shall be documented in the test report.

The following conditions for fulfilling the target conditions in paragraph
3.1.2.2. of Annex 3 to this Regulation are possible:

(a) If the choice of the gear selector position fulfils both target conditions
for the rotational engine speed nure: g’ and for the vehicle speed
Viarget BB, test with the gear selector in that position.

(b)  Ifthe choice of the gear selector position fulfils the target condition for
the rotational engine speed nireet BB’ but not the target condition for the
vehicle speed Viareet BB’, Change the target condition for the vehicle speed
to two vehicle target speeds as follows:

Define vpp’1 as
25 km/h < vgp'1 <35 km/h

and
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(©)

(d)

(e)

)

Define vgp~ as

35 km/h < vpp2 <45 km/h.

Conduct two tests, one with vgp'; and one with vgp.

Both test conditions are used for further calculation of Luswan.

If under condition b) the target rotational engine speed Narget BB’ CANNOL
be fulfilled, condition d) shall be chosen.

If the choice of the gear selector position cannot fulfil the target
condition for the rotational engine speed nurge: B but the target
condition for the vehicle speed viarget BB’, change the target condition for
the vehicle speed to two vehicle target speeds as follows:

Define vgp'1 as

25 km/h < vpp'1 <30 km/h

and

Define vgg~ as

40 km/h < vpp2 <45 km/h.

Conduct two tests, one with vgp'; and one with vgp.

Use the test where ngp- is closest to the target rotational engine speed
Narget B3> Ut not higher than Nrget BB’

NBp’ i < Narger B° fOri =1, 2
If the vehicle cannot fulfil the condition:
npp’i < Nuarger B’ fori=1, 2
condition (e) shall be used.

If the choice of the gear selector position cannot fulfil the target
conditions for the rotational engine speed newret Ba° and the target
condition for the vehicle speed viarget BB’, change the target condition for
the vehicle speed to the following:

VBB’ = Viarget BB’ T 5 km/h

Conduct the test with that vehicle speed veg' where ngp- is closest to the
target rotational engine speed nurget BB>. A gear change to a higher range
and a lower acceleration is allowed after the vehicle passes line PP’.

If the vehicle includes a transmission design that provides only a single
gear selection (D) that limits engine speed during the test, the vehicle
shall be tested using only the target vehicle speed Viarget BB’

Powertrain with no combustion engine rotational engine speed available

Vehicles with a powertrain where no combustion engine rotational engine
speed is available shall fulfil only the target condition for the vehicle speed

Vtarget BB’

The following conditions for fulfilling the target condition Ve Bp> in
paragraph 3.1.2.2. of Annex 3 to this Regulation are possible.

(a)

If no rotational engine speed is available, it is necessary to fulfil only
the target vehicle speed Viarge: BB .
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(b)  If no rotational engine speed is available and the target vehicle speed
Viarget BB’ Cannot be fulfilled, two test conditions shall be conducted as
follows:

vep’1 for the first test condition is defined as

25 km/h < vpp'1 <35 km/h

and

vgp~2 for the second test condition is defined as

35 km/h < vpp2 <45 km/h

Both test conditions are used for further calculation of Luswan.

(c) If no rotational engine speed is available and the target vehicle speed
Viarget BB> and vppe1 defined as

25 km/h < vgp'1 <35 km/h

cannot be fulfilled, it is necessary to conduct, only one test with vgp~
where vgp~ is defined as

35 km/h < vgp» < 45 km/h
The test condition for vgp-; is taken for further calculation of Luyban.
3.1.2.2.2. Acceleration test

When the reference point of the vehicle reaches the line AA' the accelerator
control shall be fully depressed (without operating the automatic downshift to
a lower range than normally used in urban driving) and held fully engaged until
the reference point reaches BB’ + 5 m. The acceleration control unit can then
be released on request of the manufacturer.

In the case of articulated vehicles consisting of two non-separable units
regarded as a single vehicle, the semi-trailer shall be disregarded in
determining when line BB' is crossed.

3.1.3. Interpretation of results

3.1.3.1. Measurement readings for outdoor tests

For vehicles of categories M and N, 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 M3, N», 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).

3.1.3.2. 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
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3.1.3.3.

3.1.34.
3.1.34.1.

3.1.34.1.1.

3.1.34.1.2.

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 Nj, 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
temperature and if applicable a test track correction according to Appendix 2
to Annex 3.

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 Luwan shall be done separately for the left and
right vehicle side. The final value Luwan 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 st 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 i — Lcrs (i+n))

where k= (awot ref — Awot (i+n))/ (awot (i) — Awot (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 Lacc rep and Lers rep. The equation is:
Lurban = Lwot rep — kP * (Lwol rep — Lcrs rep)

The partial power factor kp is given for urban driving. In cases other than a
single gear test, kp is calculated by:
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kp =1 — (aurban / @wot ref)

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

In cases where awor est 1S less than ayrban:

kp:()

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

Luban = Lot rep
In cases where Lyorep 15 1€ss than Ler rep:
kp:1

In cases where Lyotrep 1S less than Lersrep the final result Lywan is the result of
the cruise test:

Luban= Lcrs,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 Luwan shall be done separately for the left and
right vehicle side. The final value Lypan 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.

In the case of a single gear test, inclusive the non-locked condition, the final
result Lyran 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 Luwan is the higher value of the two
calculated averages.

3.2. Measurement of sound emitted by stationary vehicles
3.2.1. Sound level in the vicinity of vehicles

The measurement results shall be entered into the Addendum to the
Communication form (Annex 1, Appendix 1).

3.2.2. Acoustic measurements

A precision sound level meter as defined in paragraph 1.1 of this annex shall
be used for the measurements.

3.2.3. Test site - local conditions (see Appendix 1 of Annex 3, Figure 2)
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3.2.4.

3.2.5.
3.2.5.1.

3.2.5.2.

3.2.53.

3.2.53.1.
3.253.1.1.

3.2.53.1.2.

In the vicinity of the microphone, there shall be no obstacle that could influence
the acoustical field and no person shall remain between the microphone and
the sound source. The meter observer shall be positioned so as not to influence
the meter reading.

Disturbance noise and wind interference

Readings on the measuring instruments produced by ambient noise and wind
shall be at least 10 dB(A) below the sound level to be measured. A suitable
windscreen may be fitted to the microphone provided that account is taken of
its effect on the sensitivity of the microphone (see paragraph 1.1. of this annex).

Measuring method
Nature and number of measurements

The maximum sound level expressed in A-weighted decibels (dB(A)) shall be
measured during the operating period referred to in paragraph 3.2.5.3.2.1.

At least three measurements shall be taken at each measuring point.
Positioning and preparation of the vehicle

The vehicle shall be located in the centre part of the test area with the gear
selector in neutral position and the clutch engaged. If the design of the vehicle
does not allow this, the vehicle shall be tested in conformity with the
manufacturer's prescriptions for stationary engine testing. Before each series
of measurements, the engine shall be brought to its normal operating condition,
as specified by the manufacturer.

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

The engine hood or compartment cover, if so fitted, shall be closed.

Measuring of noise in proximity to the exhaust (see Appendix | of Annex 3,
Figure 3a)

Positions of the microphone

The microphone shall be located at a distance of 0.5 m £+ 0.01 m from the
reference point of the exhaust pipe defined in Figure 2 and at an angle of 45°
(£5°) to the vertical plane containing the flow axis of the pipe termination. The
microphone shall be at the height of the reference point, but not less than 0.2 m
from the ground surface. The reference axis of the microphone shall lie in a
plane parallel to the ground surface and shall be directed towards the reference
point on the exhaust outlet.

If two microphone positions are possible, the location farthest laterally from
the vehicle longitudinal centreline shall be used.

If the flow axis of the exhaust outlet pipe is at 90° to the vehicle longitudinal
centreline, the microphone shall be located at the point, which is furthest from
the engine.

For vehicles having an exhaust provided with outlets spaced more than 0.3 m
apart or more than one silencer, one set of measurement is made for each outlet.
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3.2.53.13.

3.2.53.14.

3.2.53.1.5.

3.2.5.3.1.6.

3.2.53.2.
3.2.53.2.1.

If a vehicle has two or more exhaust outlets spaced less than or equal to 0.3 m
apart and connected to a single silencer, only one set of measurement shall be
made. The microphone shall be located relative to the outlet furthest away from
the vehicle longitudinal centreline, or when such outlet does not exist, to the
outlet, which is highest above the ground.

For vehicles with a vertical exhaust (e.g. commercial vehicles) the microphone
shall be placed at the height of the exhaust outlet. Its axis shall be vertical and
oriented upwards. It shall be placed at a distance of 0.5 m £ 0.01 m from the
exhaust pipe reference point, but never less than 0.2 m from the side of the
vehicle nearest to the exhaust.

For vehicles, where the reference point of the exhaust pipe is not accessible, or
located under the vehicle body, as shown in Figure 3b and 3c in Annex 3,
because of the presence of obstacles which form part of the vehicle (e.g. spare
wheel, fuel tank, battery compartment), the microphone shall be located at least
0.2 m from the nearest obstacle, including the vehicle body, and shall not be
located under the vehicle. Its axis of maximum sensitivity shall face the
exhaust outlet from the position least concealed by the above-mentioned
obstacles. In case the distance from the exhaust outlet to the other side of the
vehicle is larger than 0.2 m (Figures 3c and 3d in Annex 3), the following
distances of d; and d> shall be chosen:

Case 1:

d; shall be equal to 0.5 m and the distance from the side (outer border of the
vehicle) shall be at least 0.2 m.

d> shall be equal to 0.5 m and the distance from the side (outer border of the
vehicle) shall be at least 0.2 m.

Case 2 (if Case 1 is not fulfilled):

d; shall be at least 0.5 m and the distance from the side (outer border of the
vehicle) shall be equal to 0.2 m.

d> shall be at least 0.5 m and the distance from the side (outer border of the
vehicle) shall be equal to 0.2 m.

When several positions are possible, as shown in Figure 3c, the microphone
position giving the lowest value of d; or d> shall be used.

Examples of the position of the microphone, depending on the location of the
exhaust pipe, are given in Figures 3a-3d in Appendix 1 to Annex 3.

Operating conditions of the engine
Target engine speed
The target engine speed is defined as:

(a) 75 per cent of the rated engine speed S for vehicles with a rated engine
speed < 5,000 min™';

(b)  3.750 min™! for vehicles with a rated engine speed above 5.000 min!
and below 7,500 min’';
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3.2.53.23.

3.2.6.
3.2.6.1.

3.2.6.2.

(c) 50 per cent of the rated engine speed S for vehicles with a rated engine
speed > 7,500 min™..

If the vehicle cannot reach the engine speed as stated above, the target engine
speed shall be 5 per cent below the maximum possible engine speed for that
stationary test.

For vehicles for which the engine speed is a fixed value, (for example, but not
limited to, series hybrids) either above or below the target engine speed and
cannot be adjusted by the accelerator, the test shall be carried out at the fixed
engine speed.

In case the engine speed deviates from the applicable target engine speed, the
engine speed used for the test and the reason for the deviation shall be
documented in the test report and at paragraph 2.2. of Appendix 1 to Annex 1.

Test procedure

The engine speed shall be gradually increased from idle to the target engine
speed, not exceeding the tolerance band of £3 per cent of the target engine
speed, and held constant. Then the throttle control shall be rapidly released and
the engine speed shall be returned to idle. The sound pressure level shall be
measured during a period of operation consisting of a maintaining constant
engine speed of 1 second and throughout the entire deceleration period. The
maximum sound level meter reading during this period of operation,
mathematically rounded to the first decimal place, is taken as the test value.

Test validation

The measurement shall be regarded as valid if the test engine speed does not
deviate from the target engine speed by more than +3 per cent for at least
1 second.

Results for sound emitted by stationary vehicles
Single test position (outlet)

For the vehicles equipped with one exhaust outlet or two or more exhaust
outlets as specified in paragraph 3.2.5.3.1.3., the stationary sound of the
vehicle shall be determined for one test position.

At least three measurements for a test position (outlet) shall be made.

The maximum A-weighted sound pressure level indicated during each of the
three measurements shall be recorded to the first decimal place.

The first three valid consecutive measurement results, within 2 dB(A),
allowing for the deletion of non-valid results (see paragraph 2.1. except the
specifications of the test site), shall be used for the determination of the final
result for the given measurement position.

The result for a test position (outlet) is the arithmetic average of the three valid
measurements, mathematically rounded to the nearest integer value (e.g. 72.5
shall be noted as to 73 while 72.4 shall be noted as to 72).

Multiple test positions (outlets)

For wvehicles equipped with multiple exhaust outlets as specified in
paragraph 3.2.5.3.1.2., the stationary sound of the vehicle shall be determined
for each test position, following the measurement and calculation principles
above.
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The reported sound pressure level shall be for the test position having the
highest average sound pressure level.

3.2.6.3. Modes

If the vehicle has different modes according to the definition 2.25.1. the
stationary sound of the vehicle shall be determined for each mode, following
the measurement and calculation principles above.

The sound pressure level for each mode shall be reported according to 3.2.6.1.
in case the vehicle has only a single test position (outlet) and according to
3.2.6.2. in case of multiple test positions (outlets).

3.2.7. Stationary sound pressure level representative for the vehicle type?

If the vehicle has only one mode and a single test position (outlet), the
representative sound pressure level for the vehicle type is determined by the
measurement result according to paragraph 3.2.6.1.

If the vehicle has only one mode but multiple test positions (outlets), the
representative sound pressure level for the vehicle type is determined by the
measurement result according to paragraph 3.2.6.2.

If the vehicle has multiple modes and one or more test positions (outlets), the
representative sound pressure level for the vehicle type is determined by the
measurement result according to paragraph 3.2.6.3. In the test report and
paragraph 2.2. of Appendix 1 to Annex 1 the representative test result
determined by the principles above and the name of the mode shall be
documented for every mode. The representative sound pressure level for the
vehicle type and its registration papers is the highest reported sound pressure
level of all modes as documented in paragraph 2.2. of Appendix 1 to Annex 1.

4. Sound from the hybrid vehicle of categories M in motion, where an internal
combustion engine cannot operate when the vehicle is stationary (data reported
to facilitate testing of the vehicle in use).

4.1. In order to facilitate in-use compliance test of hybrid vehicles — where an
internal combustion engine cannot operate when the vehicle is stationary —, the
following information relating to the sound-pressure level measurements
carried out in accordance with paragraph 3.1. of Annex 3 for the motor vehicles
in motion is referred to as in-use compliance reference data:

(a) Gear (i) or, for vehicles tested with non-locked gear ratios, the position
of the gear selector chosen for the test;

(b)  Position of the operating switch during measurement of the sound
pressure level Lyo ¢y (if switch is fitted);

(©) The pre-acceleration length IPA in m;

(d)  The average vehicle speed in km/h at the beginning of the full throttle
acceleration for tests in gear (i); and

(e) The sound pressure level Lyo ¢y in dB(A) of the wide-open-throttle tests
in gear (i), defined as the maximum of the two values resulting from

3 See Figure 6 of Annex 3, Appendix
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averaging the individual measurement results at each microphone
position separately.

4.2. The in-use compliance reference data shall be entered in the type approval
certificate as specified in paragraph 2.3. of the Addendum to the
Communication form (Annex 1, Appendix 1).
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Figure 1
Measuring positions for vehicles in motion
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Figure 2

Reference point for measurement of sound emitted by stationary vehicles
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Figure 3a
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Figure 3b
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Figure 3c
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Figure 4a
Flowchart for vehicles tested according to paragraph 3.1.2.1. of Annex 3 to this Regulation — Lurban
computation

Determine PMR for test vehicle 3.1.2.1.1.

A 4

Determine target acceleration auban  (3.1.2.1.2.3.) and reference acceleration awotref (3.1.2.1.2.4.)

) 4
Select test method (3.1.2.1.4.)

locked gears (3.1.2.1.4.1.) See Figures 4b, 4c and 4d \

non-locked gears (3.1.2.1.4.2.) See Figure 4¢

e

Acceleration test (3.1.2.1.5.)

v
Constant speed test (3.1.2.1.6.)

A 4

Calculation of gear weighting factor k if 2-gear test (3.1.2.1.4.1.)

\ 4
Calculate L wotrep and L crsrep (3.1.3.4.1.2.)

A 4
Calculate kp (3.1.3.4.1.2)

\ 4
Calculate L yan (3.1.3.4.1.2.)
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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

A 4

> Select Pre-acceleration and entrv speed

A 4

Is acceleration stable according
t02.26.2.7
Calculate test acceleration
No according to 3.1.2.1.2.1.
Yes
A 4
Select gears to obtain gear i Is acceleration within a
with stable acceleration above a | wot_ref tolerance band?
wot_ref and gear i+1 with stable
acceleration below @ wot_rer No
v Yes
4

See Case | in Figure 4c

Is acceleration less than or equal

2,0 m/s?? and engine speed less
than n4x prior to BB'?

Y Yes

A 4

See Case 2 in Figure 4c
Use gear and compute k p

according to 3.1.3.4.1.2.

A 4

Compute L wo rep using results
of valid runs
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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 a wot rer and gear i+1 with stable
acceleration below @ wo ref

Case 2:
One gear with stable acceleration above 2,0
m/sec? or engine speed greater than na4x
prior to BB'

v

A 4
Is acceleration of gear i less than
or equal 2,0 m/s?? and engine
speed less than nx prior to

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 ny prior to BB'

v

Is acceleration of gear i +n
more than a uran?

No Yes

Is engine speed of gear i
more than nyy prior to BB’ ?

No

A 4

Use both gears i with

acceleration higher than 2,0 Figure 4d

See Case 3 in

m/sec? and i+1, (i+2, i+3, or,..)
with acceleration less than a

v ¥

Use both gears i and i+1, (i+2,
i+3, or,..) and compute k p
according to 3.1.3.4.1.2. and k£

\ 4

Use gear i+n (n=1, 2, ...) and

bv3.1.2.1.4.1

compute k p according to
3.1.34.1.2.

\ 4

A 4

of valid runs

Compute L ot rep USing results
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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

No gear with acceleration more than a@,,5q, and
engine speed less than nyax prior to BB’

Case 3:

A

> Reduce test speed viy by 2,5 km/h with gear i

A 4

Is engine speed of gear i less than naax prior to BB’?

No
No v

Is test speed vies = 40 km/h? Yes

Yes

A 4

A

Use gear i+n (n=1, 2, ...) with test speed 50
km/h and compute kP according to 3.1.3.4.1.2.

Use both gears i and i+n (n=1,
2, ...) with new test speed for
gear i and 50 km/h for gear
i+n and compute kP according
to 3.1.3.4.1.2.




Annex 3 - Appendix

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 4

Can measures be taken to control

downshifts?
No Yes
\ 4
v — Select Pre-acceleration and entry speed
Select entry speed
) 4
Is acceleration stable? i.e.
y there is no delay.
Calculate test acceleration according to Calculate test acceleration
3.1.2.1.2.2. Pre-acceleration is not allowed No according to 3.1.2.1.2.2.

v Yes

If possible, control downshift to obtain
acceleration less than or equal to 2,0
m/s? Or @ wot_ref, Whichever is lower. If
not possible, run higher than 2,0 m/s?is

valid.
v l
. Yes
engine speed greater than nazx
prior to BB'
No v
\ 4
Compute k p according to P See flowchart 4f

3.1.34.1.2.

l

Compute L wot rep using results
of valid runs
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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 nx prior to BB’

Possibility 1 v Possibility 2

> Reduce test speed viey by 2.5 km/h Reduce engine load (by using
partial load) such that ngp’ is
between 95 % naux and nax

Is engine speed less than nyx prior to

BB’?
No No
y
Is test speed viess = 40 km/h? Yes Yes
Yes
v v v
Not valid test condition. Test according to 3.1.2.1.4.2. Test according to

with new test speed 3.1.2.1.4.2. with specified

engine load
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Figure 5a*

Flowchart for vehicles tested according to paragraph 3.1.2.2. of Annex 3 to this Regulation —

Test in locked gears

Determine vehicle load (2.2.1.)
v
Establish target conditions (3.1.2.2.)
v
Select test method (3.1.2.2.1.)
v
Locked gear ratios (3.1.2.2.1.1.)
v
Fulfilling target conditions (3.1.2.2.)?

v

v

Mtarget BB’ = Yes

v

Vtarget BB' = Yes

v

| Yes, on one gear |

v

v

Yes, on more than
one gear

v

nlarget BB~ NO

A 4

v

Vtarge! BB~ NO

V!arget BB~ Yes

If(3.1.2.2.1.1 )

A 4 A 4
Test criteria Test criteria Test criteria Test criteria
(3.1.2.211. a) (3.1.2.2.1.1.b) (3.1.2.21.1.d) (3.1.2.21.1.1)
Npp = Ntarget BB’ Nep = Ntarget BB’ Nep = Ntarget BB’ VBB geari = Vtarget BB’
Veg' = Viarget BB’ Gear i with Veggeari 25 km/h £ vgg < 30 km/h and
Closest t0 ViargetBe: 40 km/h £ vggy< 45 km/h Mg geari < Niarget B8’

v

v

v

v

One test At least two test Two test At least two test
condition conditions conditions conditions
Lurban Lurban for gear i Lurban X for VBB x Lurban for Npp' geari
W|th VBB'geari Lurban y for VBB'y ClOSGSt tO bUt
closest t0 ViargetBe' < Mharget B8
(3.1.3) (313 (3.1.3)) (3.1.3))

[

v

If (3.1.2.2.1.1. ¢)

(Vtarget BB’ - VBB’ geari)

is equal to

(VBB' geari+1~ V!arget BB')

If Nep = n!arget BB’

v v

For both gears

For one gear only

v

Calculate average (3.1.3.2.)

#I Final result (3.1.3.2.) I<

v v
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Figure 5b*

Flowchart for vehicles tested according to paragraph 3.1.2.2. of Annex 3 to this Regulation —
Test in non-locked gears PART 1

Determine vehicle load (2.2.1.)

v

Establish target conditions (3.1.2.2.)

v

Select test method (3.1.2.2.1.)

v

Non-locked gear ratios (3.1.2.2.1.2.)

v

Fulfilling target conditions (3.1.2.2.)?

v

ntarge! BB~ Yes

v

v

V!arget BB~ Yes

A 4

Vtarget BB' = No

\ 4

0

nlarget BB~ NO

v

Vtarget BB' = Yes

If (3.1.2.2.1.2. )

A 4

Vtarge! BB~ NO

If BB’ i > Miarget B8

A 4 A 4 A 4 \ 4
Test criteria Test criteria Test criteria Test criteria
(3.1.2.2.1.2. a) (3.1.2.2.1.2. b) (3.1.2.2.1.2.d) (3.1.2.21.2.€)

Npp = nlarget BB’

VBB’ = Viarget BB’

Nep = ntarge! BB’

25 km/h < vgg 1< 35 km/h

25 km/h < vgg 1< 30 km/h
40 km/h < vgg 2 < 45 km/h

Ve = V!arget BB’ + 5km/h

npg closest to

35 km/h < vgg 2 < 45 km/h Mg’ S Narget BB’ Niarget BB
One test Two test Two test One test
condition conditions conditions conditions
Lurban Lurban 4 for veg 4 Lurban for nes i Lurban
Lurtan 2 for ves 2 closest to but for ngg closest to
(3.1.3) .
< ntarge! BB'for |=1,2 ntarget BB’
3.1.3.
( ) (3.1.3) (3.1.3)
A 4

Calculate average (3.1.3.2.)

A AN
g

Final result (3.1.3.2.) [4—

)l
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Figure 5c*
Flowchart for vehicles tested according to paragraph 3.1.2.2. of Annex 3 to this Regulation —
Test in non-locked gears PART 2

Viarget B’ = Limited

by
gear selection D

y

Test criteria
(3.1.2.2.1.2.1)

VBB’ = Viarget BB’

v

One test
condition

v

Lurban

(3.1.3)

A 4
Final result (3.1.3.2.)
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Figure 5d*

Flowchart for vehicles tested according to paragraph 3.1.2.2. of Annex 3 to this Regulation —
Test for no- combustion engine speed available

Determine vehicle load (2.2.1.)

v

Establish target conditions (3.1.2.2.)

v

Select test method (3.1.2.2.1.)

v

No rotational engine speed available (3.1.2.2.1.3.)

v

Fulfilling target conditions (3.1.2.2.)?

A 4

Vtarget BB' = Yes

A 4

Test criteria
(3.1.2.2.1.3. a)

VBB = Vtarge! BB’

\ 4

Vtarget BB' = No

\ 4

v

Test criteria
(3.1.2.2.1.3. b)

25 km/h < vgg 1< 35 km/h

35 km/h < vgg < 45 km/h

veg 1= No

\ 4

A

One test
condition

v

Lurban

(3.1.3)

v

Two test
conditions

v

Test criteria
(3.1.2.2.1.3.¢)

35 km/h < vgg < 45 km/h

Luroan 1 for veg 1
Lurpan 2 for veg 2
(3.1.3.)

v

One test
conditions

v

A 4

Liran 2 for ves 2

(3.1.3)

Calculate average (3.1.3.2.)

A 4

#I Final result (3.1.3.2.) I<
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Note:

*

Broaden the window for the target vehicle speed Ve Bp> for vehicles of category
M>>3,500 kg technically permissible maximum laden mass and for vehicles of category
Nz, M3 and N3.

The target vehicle velocity Virget Bp’ 1S defined as Viarges BB” = 35 km/h £ 5 km/h which
results in a window for the velocity ver’, when the reference point passes line BB’, from
30 km/h to 40 km/h. If the target vehicle velocity Virget B> 1S changed into two target
vehicle velocities, a lower and a higher one, the following is meant: The lower target
vehicle velocity is defined as the target vehicle velocity Viareet B8 reduced by 5 km/h (v
target BB’ - 5 km/h) which results in a window for the velocity vep’ 1, when the reference
point passes line BB’, from 25 km/h to 35 km/h.

25 km/h < vgp'1 < 35 km/h.

The higher target vehicle velocity is defined as the target vehicle velocity Viarget BB’
increased by 5 km/h (Viarger BB + 5 km/h) which results in a window for the velocity vgg2,
when the reference point passes line BB’, from 35 km/h to 45 km/h.

35 km/h < vgp-2 <45 km/h.
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Figure 6
Flowchart for measurement and data processing of stationary sound according to
paragraph 3.2.

Stationary sound Measurements
according to paragraph 3.2.

v

Setup of the vicinity and vehicle
according paragraphs 3.2.1. to
3.2.4.

!
.

Stationary sound measurement
at a test position (outlet)
according para. 3.2.5.

l

Multiple
test positions
available?

n <
> <

Select next test position (outlet)
for measurement.

All test positions
are measured?

lYES

Report sound pressure level Report sound pressure level for
according to paragraph 3.2.6.1. according to paragraph 3.2.6.2.

Select next mode, repeat all
measurements at any test
position (outlet)

7 N

Driver
selectable modes
available?

Outlet(s)
are measured in all
modes?

Report for each mode the
representative sound pressure
level J

| Y

Report highest sound pressure level of
all modes and outlets as representative
sound pressure level for the vehicle

type
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Table 1
Examples for Devices and Measures to Enable a Vehicle Tested within the
Acceleration Boundaries

No. Impact ‘]S;/Z.lob Measure Additional Requirements
1" A discrete gear ratio can be none
locked by the driver
A discrete gear ratio is
Lock of a available onboard, but is not
1| discrete gear available to the driver. Locking
ratio 2 | can be activated by the none
manufacturer with an onboard
(hidden) function or with an
external device
Controlled gear . . . .
shift 1" | Kickdown is deactivated none
management:
Applicable to )
5 transmissions Gear shift ghange(s) can .
which cannot be happen during the test, gear Acceleration™ shall be between
locked, or where 2 | shift is controlled by activation | aurban and awotef, N0t exceeding 2.0
no locked gear of an interngl function or m/s.
provides a valid external device
test result
Defined acceleration™ shall be
. NPT between aurban and awotref, NOt
1 Accelergtlon is !1m1ted by a exceeding 2.0 m/s2.
mechanical device o .
For ASEP™, the anchor point parameter
Defined partial are calculated by:
3 | 1oad driving®™* Lunctor = (Lo - KoL) /(1K)
with kp = 1-aes/awot ref
External Programming for and Aot ef according to 3.1.2.1.2.4. but
2 ; O not higher than 2.0 m/s?
partial load acceleration™"
Nanchor = Nbb,test * 36 / Vbb,test *
(Aworref*(20+2%1)+192,9)*°
1" Mode is available onboar.d and | none
Mixed Solution can be selected by the driver
(Mpde): Mode is available onboard and
Thls measure 5 |can only be activated by the
4 will be a mix of manufacturer with a hidden none
the above function or an external device
solutions
combined in a Mode is not available onboard, | Acceleration™ shall be between
specific mode 3 | an external software overrides | aurban and awotref, not exceeding 2.0
the internal software m/s%
* Comment: This is a standard situation, already covered by the Regulation text.
**  Applicable to vehicles of category M1, N1 and M2 < 3,500 kg.
**%  Partial load shall be achieved by simulation of the travel restriction of the accelerator. It is not
allowed to interfere with the engine control management.
sksksksk

Applicable

to vehicles of categories M1, N1 and M2 < 3,500 kg, for the further calculation of Lurban in Annex 3 the
sound level measured under partial load shall replace the sound level under wide open throttle.

The achieved acceleration under partial load during the test shall be used for the calculation of

the part power factor kp instead of awot ref.
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The test procedure and the data processing follow the same principle. Although it is tested in
partial load, symbols Xwot (€.g. Lwot, awat, ...) shall be used.
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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.

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 M; and N, 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:

(a)  The tyre rolling sound Ltr gt separately for the left and the right side
of the vehicle

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

(¢)  The reference speed vrr rer 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 vrrrr shall be
determined in a way to be equal to the vehicle test speed vers and vyt

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. Tyre Rolling Sound Reference

The rolling sound of the tyre Ltrs . and the tyre sound level slope slprer
for left and right side of the vehicle shall be determined for a reference vehicle

speed vrr et at the reference temperature 3.raccording to Appendix 3 to Annex

3.
3.2. Temperature correction for constant speed test results
3.2.1. 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 vrr e, differs from v, adjust the tyre rolling sound per
vehicle side to the test speed vers by:

= Vers
LTR,crs,j,Sref - LTR,Sref,VTR_ref + Slpref X lg VIR ref

3.2.2. 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.:

(a)  thereported sound levels L,
(b) the vehicle speed vers pp- j, and

(c)  the air temperature Sersj.

3.2.3. For each individual test run (gear, condition and vehicle side), a tyre rolling
sound reference shall be calculated for the applicable air temperature Srs;.
Oref + Ky
Lrgersjocrs = Lrrersjo. T K1 X 18 <—
crs,j,ocrs CrS,j,ref s + Kz
where Oer = 20°C and
Ky = 3.4 forC;and C, tyres and
K> = 3.0 forC; tyres and
K> = 15.0 for C; tyres
3.24. For each gear, run and vehicle side under constant speed extract the power train

component Lpr e from the test result Lerj, by calculation.
Lprersj = 10 X 1g(10%*Fersi — 1001 MR ersiders )

In case that Ltrers,9,, 1S greater than L j the power train component Lpr e j 1S

crs

determined by

Lprersj = 10 X 1g(0.01 x 100 *ersi)
with Ltg crs joers redefined as
LR ers jgers = 10 % 1g(0.99 x 1001xLersi)

The redefined Ltrcrs,jgers shall then be subjected to temperature correction in
3.2.3 to obtain the corresponding Lr crs,j,sret.”

3.2.5. Calculate per gear, run and vehicle side the air temperature adjusted constant
speed test result Lerj 9, using the temperature normalized tyre rolling sound
L1r s, calculated by

Lcrs.]’.ﬁref =10 x lg(100'1XLPT'CrSJ + 100.1XLTR'crs'j'eref)
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3.3. Temperature correction for acceleration test results

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

LrrRwotjorer = LTROrepvrR ref T SIPref

X lg(0.5 X (VBB',wot + VPP',wot)/VTR,ref)
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3.3.2. 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.:

(a) the reported sound levels Lo,
(b)  the vehicle speeds Vwotppj and Vworsp’,j , and
(c)  the air temperature Swot,.

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

1()ref + KZ
LR wot,9yer = LTRwotjo,r T K1 X 18

wot,j + K2
where Oer = 20°C and
Ky = 3.4 forC;and C, tyres and
K> = 3.0 forC; tyres and
K> = 15.0 for C, tyres
3.3.4. For each gear, run and vehicle side extract the power train component Lpt wot

from the reported acceleration test Lywotj, by calculation.
Lprworj = 10 x 1g(10% ¥ woti — 100 1XLTRwotjswor )
In case that

IOOAIXLTR,wot,j,Swotz 0.99 x IOOAIXLwot,j

the power train component Lpr wotj is determined by
Lprwotj = 10 x 1g(0.01 x 10%1*Lwotj)

with Ltr wotj,swot redefined as

L1r,wotj,swot = 10 % 12(0.99 x 100 1Lwotyy

The redefined Litr wotjswot Shall then be subjected to temperature correction in
323 3.3.3. to obtain the corresponding L1 wotsref

3.3.5. Calculate per gear the acceleration test result Lyocj,

ref

LWOt,]',sref =10 X lg(loo-IXLPT,wot,j + 100-1XLTR,w0t,]’,Sref)

3.4. Proceed to calculate Lyman using the temperature normalized sound pressure
levels Lers; 8, and Lyotj,.¢ according to the procedure of Annex 3 paragraph
3.1.34.1.2.

4. Case 2

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.

4.1. 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
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4.2.

4.3.

43.1.

43.2.

4.4.

44.1.

44.2.

4.5.

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:

(a)  the tyre rolling sound Ltr pg s, at the reference temperature Srer,

ref

(b) the reference vehicle speed vrr pBref, and
(c)  the tyre rolling sound slope slpps,ref.

Determine the tyre rolling sound for the vehicle according to Case 1 above and
extract the power train relevant components Lprcrsj and Lprwotj for each gear
and run accordingly.

Temperature correction for constant speed test results

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 vrr parer differs from vers, adjust the tyre rolling sound
per vehicle side to the test speed v by:

LTR DB crs,jdref = LTRDB8er T SIPpB ref X lg(vcrs,j/ VTR,DB,ref)

For each gear, test run and vehicle side, calculate the air temperature and test

track adjusted constant speed test results Less s, by

Lers,jder = 10 X ]g(100-1><LPT,crs,j + 100'1XLTR,DB,ch,j,Sref)

Temperature correction for acceleration test results

For each gear, test run and vehicle side, adjust the tyre rolling sound Ltr pg,s

ref

to the speed condition of the acceleration test

LR DBwotj9,e = LTRDB9or T SIPDB ref
X lg(0.5 X (VBB',wot,j + VPP',wot.j)/ VTR,DB,ref)

For each gear, test run and vehicle side, calculate the acceleration test result
by

Lwot,j,Sref

Lwotjp.er = 10 X 1g(10%HPTwotj 4 10% TR DB wot drer )

Proceed to calculate Luwan With the temperature normalized sound pressure
levels Lers s, and Ly 9, according to the procedure of Annex 3 paragraph

3.1.34.1.2.
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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
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Correction of pass-by measurements according to Annex 3

for temperature and for test track differences (if applicable)

v v

Case 1 Case 2
Correction for temperature only Correction for temperature and test track
v v
Perform pass-by sound measurements Tyre rolling sound has already been

determined independently and

according to Annex 3 ! ¢
the normalized parameters are available:

v

Perform tyre rolling sound measurements in - the reference speed VTR, DB,ref, and
combination with the tests above - the tyre sound level slope slppp ref

according to Appendix 2 to Annex 3

* A 4

Per gear and run, adjust
the tyre rolling sound to
the vehicle speed condition of
the individual test run

v

Per gear and run, extract
the power train component Lpr,crs ﬁ‘\
from the constant speed test result

v

Per gear and run, extract Ar
the power train component Lpt,wot; ¢\>
from the acceleration test result

- tyre rolling sound LTr,0B,9 .4

Follow the procedure of Case 1
to determine the power train components
LPT,crs,j and LPT,WoI,j

\ 4

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

:?:
Recalculate Lersj and Lot

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 Lir s  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 3= 20 °C

v

ot VIR e for left and right side of the vehicle

shall be determined for a reference vehicle speed vrg rr according to Appendix 3 to Annex 3.
The reported values are the tyre rolling sound level Lz g

The rolling sound of the tyre Lt g

ref > VTR, ref

the tyre sound level slope slp..rand the temperature Str at which these tests have been performed.
1 1

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 Vs ppj the vehicle speeds Vyorprj and Vyouss’
and the air temperature S and the air temperature 9y,
Adjust the tyre rolling sound Lirg,, VIR et Adjust the tyre rolling sound Lirs,p VIR et O
to the test speed condition of the constant speed test: the speed condition of the acceleration test:
LTR,crsjo.of = LTRS, o ov. + slprer X 1g Yers L 0 =L +slpr x | [ VBB.wot + VPP wot
CIS ) Vref Vref TRyref VIR ref TRWOL] O or — TR'Bref'VTR’ref SIPref X 18 2 x VIR ref
\ 4 A\ 4
Adjust the tyre rolling sound to Adjust the tyre rolling sound to
the applicable air temperature Sy the applicable air temperature 3o
of the individual run and vehicle side: of the individual run and vehicle side:
8ref + KZ sref + KZ
LrRcrsjogs = LTRersjo e T K1 X 18 <m Lrrwotdyor = LTRwot o, T K1 X 18 Bwory T Kz
with K, = 3.4 for C, and C, tyres and with K, = 3.4 for C, and C, tyres and
K, = 3.0 for C; tyres and K, = 3.0 for C; tyres and
K, = 15.0 forC, tyres K, = 15.0 forC, tyres
For the per gear and run reported For the per gear and run reported
constant speed test result L, extract acceleration test Ly, extract
the power train component Lprj by calculation. the power train component Lprwoj by calculation.
Lprersj = 10 X 1g(10%1Lersi — 100-1XLTRersioc ) Lprworj = 10 X 1g(10°1* woti — 1001LTRwotj0,0,)
Calculate per gear and run the temperature adjusted Calculate per gear and run the temperature adjusted
constant speed test result Lersj9p acceleration test result Lot REPS, ¢
Lcrs,j.ﬂref =10 x 1g(10%1<Lprersj 4 1001XLTRers o er) Lwot,j.sref =10 x lg(10%*Lrrwotj 4 100-1xLTRwotj0 ()

v v

Proceed to calculate Ly, using the temperature normalized sound pressure levels
Lersj9,.; @nd Luor 9, according to the procedure of Annex 3

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 Ltr pgg

the reference speed vrr psrer and the tyre sound level slope slppg s are available.

ref?

A\ 4

A\ 4

Adjust the tyre rolling sound Lig, pp, gref
to the test speed condition of the constant speed test:

Vers

LTR DB.crs,j8 e¢ = LTRDB.S, o¢ T SIPDB,rer X 18

VTR, DB ref

Adjust the tyre rolling sound Ltg pg, grer t0
the speed condition of the acceleration test:

VBB wot T VPP’ wot
LTR,DBwot,j,8, o ErSvm—

= LR DB sref T SIPDB ref X lg< 2 X VinDprer
o el

v

v

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

y

y

Extract the power train relevant components Lprcrs;

Extract the power train relevant components Lpr ot

'

'

Calculate per gear and run the temperature & track adjusted
constant speed test result Lersj .

Lersjo,qp = 10 X 1g(10%1XtPTersi 4 1001 TRDBers o)

Calculate per gear and run the temperature & track adjusted
acceleration test result Lot o,p

Luotjoye = 10 X 1g(100¥LrTwoti 4 1001<LTRDB M0t O,cr)

v

v

Lcrs\j.\‘)mr and Lwoﬁ\j,\‘)mr

Proceed to calculate Ly using the temperature normalized sound pressure levels
according to the procedure of Annex 3
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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

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.

2.3. Ambient noise

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

Regulation.
24. Test vehicle requirements
24.1. 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.

2.4.2. Vehicle load

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

2.4.3. 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.

24.4. 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:
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2.4.4.1. Requirements:
(a) 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.

2.44.2. Recommendations to avoid parasitic noise:

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

(b) It should be ascertained that electric cooling fans are not operating;

(c)  Windows and sliding roof of the vehicle shall be closed during testing.
2.5. Tyres
2.5.1. 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
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.
2.5.2. Tyre loads

2.5.2.1. 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.

2.5.2.2. 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.

2.5.3. Tyre inflation pressure

2.5.3.1. 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.

2.53.2. 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.

2.5.4. 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.

3. Method of testing
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3.1.

3.2

3.3.

4.1.

4.2.

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 vpp, 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.

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 rer 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 Ltg ; shall be normalized to the air temperature Sy.r by applying
a temperature correction, according to the following:

O + Kz)

Lriorer = LTrigpg T K1 X lg( 9t + K,
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4.3.

44.

5.

5.1.
5.1.1.
5.1.2.
5.1.3.
5.1.4.
5.14.1.

where Oref = 20°C and
91r; = the measured air temperature per run i and
Ky = 3.4 for C;and C; tyres and
K> = 3.0 forC, tyres and
K> = 15.0 for C; tyres.

Regression analysis of rolling sound measurements

The tyre-road rolling sound level L1r 9 pvrp o r 1S determined by a regression
analysis for each vehicle side separately according to:

LTRr"’ref'VTR‘ref = L—slprer XV

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

n

-1

L= ) LTRidres
i=1

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

<| B

n

— 12
vV =— Vi
n.

1

1
. vi
with v; = Igg_1—

slprer  is the slope of the regression line in dB(A):

1 _ iz (vi — V) (LTR,i,Sref - E)
S pref - Z{l_l(vi _ V)z

The final result L1r 9, pvrg ¢ fOT the reference speed vrr rer 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: ........coccveverrieriieriieriee e

Name and address of applicant: ............ccoocverieriieiiieiecieeeee e

DAt OF tEST: . e
Location Of teSt IraCK: .......cooviiiiiiiie e

Date of track certification to ISO 10844:2021%: .......ccoovvivviiiieiiiieiiiieeeeeeeeeenns

* Delete what does not apply according to the transitional provisions in this Regulation.

5.1.4.2.
5.1.43.
5.1.5.

5.1.5.1.

5.1.5.2.

3114 o) PR PSTRURS
Method of CErtifiCation: .......c.ccoeverieirieitirieniee ettt
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



Annex 3 - Appendix

5.1.5.2.1. TYPE AESCTIPLION: ..eieuerieiiieiieeiieeite ettt erte et ete et e e saeeetaeeaeeetaeesaeeensaeensneenees
5.1.5.3. In case of a tyre test vehicle

5.1.5.3.1. Make, model, year, modifications, €tC.: ........cceevueerreeriiieeiiieeirie e eiee e
5.1.53.2. Test vehicle Wheelbase: ......c.ccccooiviiiiiiiiiiiniiicccce e mm
5.1.6. Tyre Information

5.1.6.1. Manufacturer and Brand Name or Trade description: .........c.ccceevveeeveiiieencnnnnns
5.1.6.2. TYTE CIASS: evieneieeiiieiie et eeee ettt et ettt e et e et eeaeeetbeeaeeebaeesaeensaeenseeenees
5.1.6.3. Category of use: (M1, Nj or N2 < 3.5 1) ioviiiiiieieeieeie e
5.1.6.4. Tyre test details (front/rear axIe): ......cceeceeriieerieerieerie e e e
5.1.6.5. Tyre $iZ€ deSIZNAtION: ..o.eieieiieiiieiie ettt ettt e et eesaeeebeeeaeeenes
5.1.6.6. Tyre SErvice deSCIIPHION: ..iivuiieiiiieiieeiieeriie e ertteeteeereee et e eaee et e eseeeebeeeaeeenes
5.1.6.7. Reference inflation PreSSUIe: ......oocveeeveeiieeriieeiie e e eieeeiee e kPa
5.1.7. Reported values

5.1.7.1. Tyre Rolling Sound Level Ltr 8, pvrg . (left/right side of the vehicle): ..dB(A)
5.1.7.2. Reference speed vrr rer according to paragraph 4.1:......cccoocvvevveenreennnenne. km/h
5.1.7.3. Regression slopes slprr (left/right side of the vehicle): ............... dB(A)/log(v)
5.1.8. Comments (I ANY): coueeeiieeiieeieee ettt e enes
5.1.9. DIALE: ..t

5.1.9.1. Signature:
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Annex 4

Exhaust silencing systems containing acoustically absorbing
fibrous materials

1.1.

1.1.2.
1.1.3.

1.2.

1.2.1.

1.2.2.

1.2.3.

General

Sound absorbing fibrous materials may be used in silencing systems or
components thereof only if

(a)  The exhaust gas is not in contact with the fibrous materials; or if

(b)  The silencing system or components thereof are of the same design
family as systems or components for which it has been proven, in the
course of type approval process in accordance with the requirements of
this regulation for another vehicle-type, that they are not subject to
deterioration.

Unless one of these conditions is fulfilled, the complete silencing system or
components thereof shall be submitted to a conventional conditioning using
one of three installations and procedures described below, or - on request of
the manufacturer - by removing the fibrous materials from the silencer.

Continuous road operation for 10,000 km

50 £ 20 per cent of this operation shall consist of urban driving and the
remaining operation shall be long-distance runs at high speed; continuous road
operation may be replaced by a corresponding test-track programme.

The two speed regimes shall be alternated at least twice.

The complete test programme shall include a minimum of 10 breaks of at least
three hours duration in order to reproduce the effects of cooling and any
condensation which may occur.

Conditioning on a test bench

Using standard parts and observing the vehicle manufacturer's instructions, the
silencing system or components thereof shall be fitted to the vehicle referred
to in paragraph 3.3. of this Regulation or the engine referred to in paragraph
3.4. of this Regulation. In the former case the vehicle shall be mounted on a
roller dynamometer. In the second case, the engine shall be coupled to a
dynamometer.

The test shall be conducted in six six-hour periods with a break of at least 12
hours between each period in order to reproduce the effects of cooling any
condensation which may occur.

During each six-hour period, the engine shall be run, under the following
conditions:

(a) Five minutes at idling speed;
(b) One-hour sequence under 1/4 load at 3/4 of rated maximum speed (S);
(c) One-hour sequence under 1/2 load at 3/4 of rated maximum speed (S);

(d) 10-minute sequence under full load at 3/4 of rated maximum speed (S);



Annex 4

1.2.4.

1.3.
1.3.1.

1.3.2.

1.3.3.

1.3.4.

1.3.5.

1.3.6.

1.3.7.
1.3.8.

(e) 15-minute sequence under 1/2 load at rated maximum speed (S);
® 30-minute sequence under 1/4 load at rated maximum speed (S).

Each period shall comprise two sequenced sets of the six above-mentioned
conditions in consecutive order from (a) to (f).

During the test, the silencing system or components thereof shall not be cooled
by a forced draught simulating normal airflow around the vehicle.
Nevertheless, at the request of the manufacturer, the silencing system or
components thereof may be cooled in order not to exceed the temperature
recorded at its inlet when the vehicle is running at maximum speed.

Conditioning by pulsation

The silencing system or components thereof shall be fitted to the vehicle
referred to in paragraph 3.3. of this Regulation or the engine referred to in
paragraph 3.4. of this Regulation. In the former case the vehicle shall be
mounted on a roller dynamometer.

In the second case, the engine shall be mounted on a dynamometer. The test
apparatus, a detailed diagram of which is shown in Figure 1 of the appendix to
this annex shall be fitted at the outlet of the silencing system. Any other
apparatus providing equivalent results is acceptable.

The test apparatus shall be adjusted in such a way that the exhaust-gas flow is
alternatively interrupted and re-established by the quick-action valve for 2,500
cycles.

The valve shall open when the exhaust-gas back pressure, measured at least
100 mm downstream of the intake flange, reaches a value of between 35 and
40 kPa. It shall close when this pressure does not differ by more than 10 per
cent from its stabilized value with the valve open.

The time-delay switch shall be set for the duration of gas exhaust resulting
from the provisions laid down in paragraph 1.3.3. above.

Engine speed shall be 75 per cent of the rated engine speed (S) at which the
engine develops rated maximum net power.

The power indicated by the dynamometer shall be 50 per cent of the full-
throttle power measured at 75 per cent of rated engine speed (S).

Any drain holes shall be closed off during the test.
The entire test shall be completed within 48 hours.

If necessary, one cooling period will be observed after each hour.
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Figure 1
Test apparatus for conditioning by pulsation

@50 £ 5 mm
[0
w
o
<1
@ 50 + 5mm
optional

s1m ‘£1m optional

1. Inlet flange or sleeve for connection to the rear of the test exhaust system.

2. Hand-operated regulating valve.

W

Compensating reservoir with a maximum capacity of 40 | and a filling time of
not less than one second.

Pressure switch with an operating range of 0.05 to 2.5 bar.
Time delay switch.

Pulse counter.

N »k

Quick-acting valve, such as exhaust brake valve 60 mm in diameter, operated
by a pneumatic cylinder with an output of 120 N at 4 bar. The response time,
both when opening and closing, shall not exceed 0.5 second.

8. Exhaust gas evacuation.
9. Flexible pipe.

10. Pressure gauge.
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Figure 2: Flowchart for the check on the necessity for a silencer conditioning test

Check on Necessity for a
Silencer Conditioning

Does the silencer
contain a fibrous
material?

Is the fibrous material in
contact with exhaust
gas?

NO

Is the silencer member of a
design family for which it has
been proven that the fibrous
material will not deteriorate?

Provide documentation that the silencer is belonging
to a family of silencers for which it was proven that
the fibrous material will not deteriorate.

v

Provide information about the family representative v
silencer and the way of proof for the non- —PC
deterioration
v v
Conditioning test IS Conditioning test
necessary IS NOT necessary
v

Perform either a
conditioning test or —on
request of the manufacturer l
—remove the fibrous
material

v
A

Proceed to the
sound emission tests
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Annex 5

Compressed air noise

1.

Method of measurement

The measurement is performed at microphone positions 2 and 6 according to
Figure 1, with the vehicle stationary. The highest A-weighted sound level is
registered during venting the pressure regulator and during ventilating after the
use of both the service and parking brakes.

The noise during venting the pressure regulator is measured with the engine at
idling speed. The ventilating noise is registered while operating the service and
parking brakes; before each measurement, the air-compressor unit has to be
brought up to the highest permissible operating pressure, and then the engine
switched off.

Evaluation of the results

For all microphone positions two measurements are taken. In order to
compensate for inaccuracies of the measuring equipment, the meter reading is
reduced by 1 dB(A), and the reduced value is taken as the result of
measurement. The results are taken as valid if the difference between the
measurements at one microphone position does not exceed 2 dB(A). The
highest value measured is taken as the result. If this value exceeds the sound
limit by 1 dB(A), two additional measurements are to be taken at the
corresponding microphone position.

In this case, three out of the four results of measurement obtained at this
position have to comply with the sound limit.

Limiting value

The sound level shall not exceed the limit of 72 dB(A).
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Figure 1
Microphone positions for measurement of compressed air noise
8
7 1
? e 7.0 ——-o{
microphone 6 — 72 Mmicrophone

The measurement is performed at the stationary vehicle according to Figure 1, using two
microphone positions at a distance of 7 m from the contour of the vehicles, and at 1.2 m
above ground.
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Checks on conformity of production

1.

2.1.

2.2.

2.3.

General

These requirements are consistent with the test for checking Conformity of
Production (COP) according to paragraph 8. of this Regulation.

Testing procedure
The test site and measuring instruments shall be those as described in Annex 3.

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 Mi, N and for vehicles of category M, having a
maximum authorized mass not exceeding 3,500 kg,

(a)  the same mode, gear(s)/gear ratio(s), gear weighting factor k and partial
power factor kp 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 0.9mro < me< 1.2mro.

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.

Compressed air noise

Vehicles having maximum mass exceeding 2,800 kg and equipped with
compressed air systems shall be subjected to an additional test for measurement
of the compressed air noise as described in paragraph 1. of Annex 5.

Additional Sound Emission Provisions (ASEP)

The vehicle manufacturer shall assess the compliance with ASEP by an
appropriate evaluation (for example, but not limited to, part checks) or may
perform the test described in Annex 7.

Sampling and evaluation of the results

One vehicle shall be chosen and subjected to the tests set out in point 2. If the
sound level of the vehicle tested does not exceed by more than 1 dB(A) the
limit value specified in paragraph 6.2.2. of this Regulation, and, where
appropriate, paragraph 3. of Annex 5, the vehicle type shall be considered to
conform to the requirements of this Regulation.

If one of the test results does not fulfil the COP requirements of this annex and
of paragraph 8. of the main body of this Regulation two more vehicles of the
same type shall be tested pursuant to paragraph 2. above.
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If the test results for the second and the third vehicle fulfil the COP
requirements of this annex and of paragraph 8. of the main body of this
Regulation, the vehicle is considered in compliance with regard to the COP.

If one of the test results of the second or third vehicle does not fulfil the COP
requirements of this annex and of paragraph 8. of the main body of this
Regulation the vehicle type shall be considered not to conform to the
requirements of this Regulation and the manufacturer shall take the necessary
measures to re-establish the conformity.
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Annex 7

Measurement method to evaluate compliance with the

Additional Sound Emission Provisions

Only applicable for vehicles as specified in paragraph 6.2.3. of this Regulation
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 the same

test track and under similar environmental conditions.33

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.
2. Measurement method (see the flowchart in Appendix 2, Figure 3)

2.1. 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.

If the vehicle has different modes which affect sound emission, all modes shall
comply with the requirements in this annex. In the case where the manufacturer
has performed tests to prove to the approval authority compliance with the
above requirements, the modes used during those tests shall be reported in a

test report.
2.2. Method of testing

33

Measurements for Annex 7 for a particular vehicle type may be carried out on a 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 Luban 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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2.3.

2.4.

Unless otherwise specified, the conditions and procedures of Annex 3 shall be
used. For the purpose of this annex, one run per test condition is measured and
evaluated.

Control range

The ASEP requirements apply to every gear ratio k that leads to test results
within the control range as defined below.

Vehicle speed Vaa’ asep:  vaa’ > 20 km/h
Vehicle acceleration awor aser:  awor < 5.0 m/s?
Engine speed ngp’ asep npp’ < 2.0 * PMR0222 * S or
npp’ < 0.9 * S, whichever is the lowest
Vehicle speed Vgp_asep:

If the vehicle, in the lowest valid gear does not achieve the maximum engine
speed npp’_asep below 70 km/h, increase the vehicle speed in that gear to reach
the maximum engine speed npp’_asep, but not beyond 80 km/h.

For any other gear, the maximum vehicle speed is 70 km/h.

For vehicles tested in non-locked transmission conditions, the maximum
vehicle speed is 80 km/h.

Gears k < gear i as determined in Annex 3

Transmission conditions:

Annex 3 gear selection Annex 7 gear selection
Locked Gear;,
geari.1,...
Non-locked Non-locked

Target conditions

The sound emission shall be measured in each valid gear ratio at the four test
points as specified below. For all test points the boundary conditions as
specified in paragraph 2.3. shall be met.

The gear ratio is valid if all four points and the anchor point meet the
specifications of paragraph 2.3. above. Any gear ratio for which this criteria is
not fulfilled is invalid and not analysed further.

The first test point P is defined by using an entry speed vaa i of 20 km/h <
Vaaxl <20 km/h + 3 km/h.

For Py, if a stable acceleration condition according to the definition of 2.26.1
cannot be achieved, the speed vaa i shall be increased in steps of 5 km/h until
a stable acceleration is reached.

For all points, stable acceleration condition according to the definition of
2.26.3. shall be verified by comparing the acceleration awo test,aa-Bs calculated
between line AA’ and line BB’ with the acceleration awot test,pp-88 calculated
between line PP” and BB’.

If the ratio awot_test,Pr-BB / @wot_test,Aa-BB does not exceed or is equal to 1,20, then
proceed with the acceleration calculation between line AA” and Line BB’.
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2.5.
2.5.1.

2.5.2.

If the ratio awor test,Pp-BB / awor_test,aA-BB does exceed 1,20, then proceed with the
acceleration calculation between line PP’ and line BB’.

In case of non-locked transmission conditions where ngg asep is exceeded
during the test, the following measures shall be considered separately or
together:

- provisions of paragraph 2.5.1.

- increased speed in steps of 5 km/h.

The test speed for the fourth test point P4 in any gear is defined by either
- 0.95 x npp_Asep < NBB 4 <NBB ASEP OF

veB asep - 3 km/h < Vg < Vis asep With Vig asep as defined in paragraph
2.3. The test speed for the other two test points is defined by the following
formula:

Test Point Pj: veg, «j = veBx1 T ((j - 1)/ 3) * (VBBx4 - VBB«1) fOr j =2 and 3 with
a tolerance of £3 km/h

Where:

vee«1 = vehicle speed at BB' of test point P;
veB«4 = vehicle speed at BB' of test point P4
Test of the vehicle

The path of the centreline 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 2.11. of the main body to line AA' until the rear
of the vehicle passes line BB'.

At line AA' the accelerator shall be fully depressed. To achieve a more stable
acceleration according definition 2.26.2. or to avoid a down shift between line
AA' and BB' pre-acceleration before line AA' may be used according to the
provisions of paragraphs 3.1.2.1.2.1. and 3.1.2.1.2.2. of Annex 3. The
accelerator shall be kept in depressed condition until the rear of the vehicle
reaches line BB'.

In case of non-locked transmission conditions, the test may include a gear ratio
change to a lower range and a higher acceleration. A gear change to a higher
range and a lower acceleration is not allowed.

If possible, the manufacturer shall take measures to avoid that a gearshift leads
to a condition not in compliance with the boundary conditions. For that, it is
permitted to establish and use electronic or mechanical devices, such as
alternate gear selector positions. If no such measures can be applied, the
rationale shall be provided and documented in the technical report.

Table 1 in Appendix 1 to Annex 3 provides examples for valid measures to
control the downshift of gears. Any measure used by manufacturer for the
above-mentioned purposes shall be documented in the test report.

Measurements reading:
Per test point, one single run is carried out.

For every separate test run, the following parameters shall be determined and
noted:
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2.5.3.

3.2

3.2.1.

The maximum A-weighted sound pressure level of both sides of the vehicle,
indicated during each passage of the vehicle according to paragraph 3.1.2.1.5.
of Annex 3, shall be mathematically rounded to the first decimal place (Lwotxj)-
If a sound peak obviously out of character with the general sound pressure
level is observed, the measurement shall be discarded. Left and right side may
be measured simultaneously or separately. For further processing, the higher
sound pressure level of both sides shall be used.

The vehicle speed readings at AA', PP’ and BB' shall be rounded and reported
with the first significant digit after the decimal place. (Vaa,xj; VPp.j; VBB.j)

If applicable, the engine speed readings at BB' shall be reported as a full integer
value (nBg,q)-

The calculated acceleration shall be determined in accordance to the formula
in paragraph 3.1.2.1.2. of Annex 3 and reported to the second digit after the
decimal place (awottest.xj)-

Analysis method 1: Slope-Assessment
Determination of the anchor point

The anchor point is the same for each gear ratio k falling under the control
range according to paragraph 2.3. The parameters for the anchor point are taken
from the acceleration test of Annex 3 as follows:

In the case the test has been carried out with two gear ratios:

Lanchor is the higher sound pressure level of Lot of left and right side of gear
ratio i;

Nanchor 1S the average of npp,wot 0f the 4 runs of gear ratio i reported from Annex
3;

In the case the test has been carried out in a single gear:

Lanchor is the higher sound pressure level of Ly of left and right side of gear
ratio selected for the test;

Nanchor 1S the average of npp,wot Of the 4 runs of gear ratio selected for the test
reported from Annex 3;

Slope of the regression line for each gear ratio

The sound measurements shall be evaluated as function of engine speed
according to paragraph 3.2.1.

Calculation of the slope of the regression line for each gear ratio k
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The linear regression line is calculated using the anchor point and the four
correlated additional measurements with the results for engine speeds and
sound levels as reported under 2.5.2. of this annex.

5
Z(nj ~m)(L;-L)
Slope, =+ (in dB(A)/1,000 min™)

5
PICTE
=1

5 5
= 1 -1
With L :§2Lj and n =§2nj ;
j=1 j=1
Where n; = engine speed measured at line BB'

3.2.2. Slope of the regression line for each gear ratio

The slopex of a particular gear for the further calculation is the derived result
of the calculation in paragraph 3.2.1. rounded to the first decimal place, but not
higher than 5 dB(A)/1,000 min™.

In case of non-locked conditions, if Slope. < 0, the selected transmission setup
is not valid. In that case the Lywan-Assessment as specified in paragraph 4. shall
be applied.

3.3. Calculation of the linear sound level increase expected for each measurement

The sound level Lasepyj for measurement point j and gear ratio k shall be
calculated using the engine speeds measured for each measurement point,
using the slope specified in paragraph 3.2. above to the specific anchor point
for each gear ratio.

For npp_«j < Nanchor:LasEP xj = Lanchor + (Slopex - Y) * (BB _j - Nanchor) / 1,000
For npp_«j > Nanchor:LASEP «j = Lanchor + (Slopex +Y) * (npp_x,j - Nanchor) / 1,000
Where Y=1

3.4, Additional Samples

On request of the type approval authority, two additional runs within the
boundary conditions according to paragraph 2.3. of this annex shall be carried
out.

3.5. Specifications
Every individual sound measurement shall be evaluated.

The sound level of every specified measurement point shall not exceed the
limits given below:

L <Lasep «j +Xx
With:

x =3 dB(A) + limit value?* - Lurban ~ for vehicle tested with non-locked
transmission conditions

34 As applicable for the approved type of vehicle
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4.2.

4.2.1.

x = 2 dB(A) + limit value® - Lurban of Annex 3 for all other vehicles

If the measured sound level at a point exceeds the limit, two additional
measurements at the same point shall be carried out to verify the measurement
uncertainty. The vehicle is still in compliance with ASEP, if the average of the
three valid measurements at this specific point fulfils the specification.

Analysis method 2: Lyan Assessment
General

This evaluation procedure is an alternative selected by the vehicle
manufacturer to the procedure described in paragraph 3. of this annex and is
applicable for all vehicle technologies. It is the responsibility of the vehicle
manufacturer to determine the correct manner of testing. Unless otherwise
specified, all testing and calculation shall be as specified in Annex 3 to this
Regulation.

The measurement method is defined in paragraph 2. Each testing point shall
be evaluated individually.

Calculation of ALuban_Asep
Data-processing

From any Lo asep as measured according to this annex, ALywban asep shall be
calculated as follows:

(a) Calculate awor est aAsep using acceleration calculation from paragraph
3.1.2.1.2.1. or 3.1.2.1.2.2. of Annex 3 to this Regulation, as applicable;

(b)  Determine the vehicle speed (ves_asep) at BB during the Lwo: asep test;
(c) Calculate kp asep as follows:

kp asep =1 - (@urban / Qwot_test ASEP)

Test results where awot test asep are less than auman shall be disregarded.
(d) Calculate Lurban measured_asep as follows:

Lurban_measured_ ASEP = Lwot_aseP - kp asep * (Lwot ASEP = L crs rep)

For further calculation, use the Lupan from Annex 3 to this Regulation
without rounding, including the digit after the decimal (xx.x).

(e) Calculate Luran_normalized to normalize the speed from vag_asepto 50 km/h
as follows:

Lurbaninormalized = LurbanfmeasuredﬁASEP - (015 * (VfBBiASEP - 50))

() Calculate the deviation ALysan asep relative to Lurpan as follows:

ALurbaniASEP = Lurbaninormalized - Lupan —4.2.2. SpCCiﬁcationS

Compliance with limits:

ALyrban_asep shall be less than or equal to 3.0 dB(A) + limit value®® - Lurban5. Reference

5.1.

sound assessment (see the flowchart in Appendix 2, Figure 2)

General

35 As applicable for the approved type of vehicle
36 As applicable for the approved type of vehicle
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The reference sound can be obtained by simulation or from direct
measurement. The result of one assessment method has to comply with the
specification of paragraph 5.4.

5.1.1. Simulation method?’

For simulation, the reference sound is assessed at a single point in one discrete
gear, simulating an acceleration condition assuming an exit speed vep' equal to
61 km/h. The sound compliance is calculated using the slope results of
paragraph 3.2.2.

If the result of slope of 3.2.2. is not available for the gear specified in paragraph
5.2, this slope of the missing gear can be determined according to paragraphs
24.,3.1. and 3.2.

5.1.2. Direct measurement method

For direct measurement, the reference sound is assessed at a single run in an
acceleration condition started at line AA’ as specified in paragraph 2.5. The
gear shall be as specified in paragraph 5.2. for vehicles tested in locked
condition or in a gear selected position for normal driving as specified by the
manufacturer for vehicles tested in non-locked condition.

The target test speed vaa is equal to 50 km/h £ 1 km/h unless vgp exceeds 61
km/h.

If vep exceeds 61 km/h, the target test speed vgg shall be set to 61 km/h + 1
km/h. The entry speed shall be adjusted to achieve the target test speed.

5.2. The determination of gear a is as follows:

- o = 3 for manual transmission and for automatic transmission tested in
locked position with up to 5 gears;

- a = 4 for manual transmission and for automatic transmission tested in
locked position with 6 or more gears. If the acceleration calculated from AA
to BB + vehicle length in gear 4 exceeds 1.9 m/s?, the first higher gear a > 4
with an acceleration lower than or equal to 1.9 m/s? shall be chosen. If there is
no gear with an acceleration less than or equal to 1.9 m/s? available, the highest
available gear shall be chosen.For vehicles tested under non-locked condition
, the gear ratio for further calculation shall be determined from the acceleration
test result in Annex 3

For vehicles tested under non-locked condition, the gear ratio for further
calculation shall be determined from the acceleration test result in Annex 3
using the reported engine speed and vehicle speed at line BB'.

5.3. Data-processing for simulation assessment5.3.1. Determination of reference
engine speed Npp’ ref o

The reference engine speed, ngp’ rer « Shall be calculated using the gear ratio of
gear a at the reference speed of vep' ref = 61 kim/h.

5.3.2. Calculation of Lys

Lrer= Lanchor + SlOpCa * (nBB’ireffa - nanchor) /1,000

37 Simulation may not always be applicable as the test result of Annex 3 and the elaborated slopes
according to paragraph 3. of Annex 7 might not provide consistent data for the simulation. In that
case, it is recommended to carry out direct measurements.
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5.4.

Specifications
For vehicles of category My, Li. shall be less than or equal to 76 dB(A).

For vehicles of category M fitted with a manual transmission having more
than four forward gears and equipped with an engine developing a rated
maximum net power greater than 140 kW (according to Regulation No. 85)
and having a maximum-power/maximum-mass ratio greater than 75, Lyr shall
be less than or equal to 79 dB(A).

For vehicles of category M; fitted with an automatic transmission having more
than four forward gears and equipped with an engine developing a rated
maximum net power greater than 140 kW (according to Regulation No. 85)
and having a maximum-power/maximum-mass ratio greater than 75, L shall
be less than or equal to 78 dB(A).

For vehicles of category N; with a technically permissible maximum laden
mass below 2,000 kg, Lrr shall be less than or equal to 78 dB(A).

For vehicles of category N; with a technically permissible maximum laden
mass above 2,000 kg and below 3,500 kg, L shall be less than or equal to 79
dB(A).

For vehicles of category M; and N, equipped with a compression-ignition and
direct injection internal combustion engine, the sound level shall be increased
by 1 dB(A).

For vehicles of category M; and N; designed for off-road use and with a
technically permissible maximum laden mass above 2 tonnes, the sound level
shall be increased by 1 dB(A) if they are equipped with an engine having a
rated maximum net power of less than 150 kW (according to UN Regulation
No. 85) or by 2 dB(A) if they are equipped with an engine having a rate
maximum net power of 150 kW (according to UN Regulation No. 85) or
higher.
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Annex 7 — Appendix 1

Statement of compliance with the additional sound emission
provisions

(Maximum format: A4 (210 x 297 mm))

...................... (Name of manufacturer) attests that vehicles of this type ................... (type
with regard to its sound emission pursuant to Regulation No. 51) comply with the
requirements of paragraph 6.2.3. of Regulation No. 51.

...................... (Name of manufacturer) makes this statement in good faith, after having
performed an appropriate evaluation of the sound emission performance of the vehicles.

Name of authorized rePreSENTAtIVE: ........c.evverierieriieiteeie et ste ettt ettt eseeeseeesseesseesessesnees

Signature of authorized repreSentative: .........ccvecueeieriereerieee ettt se e enees
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Annex 7 — Appendix 2

Figure 1

Flowchart for the assessment concept for ASEP according to Annex 7
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Flowchart for the vehicle sound assessment according to Annex 7, paragraph 5. ""Reference

sound assessment"
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Figure 3
Flowchart for the determination of the individual test points P; according to Annex 7,

paragraph 2. ""Measurement method"
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Annex 8

report data for
P1to P4

Indoor testing

Indoor testing is only for Annex 3 and Annex 7 measurements.
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2.1.

2.2.

2.3.

2.4.

Documentation for indoor application
Documentation shall include:

(a)  Validation of facility, e.g. free field propagation, dyno and air handling
background noise level, dyno dynamic performance, software.

(b)  Procedures to be applied for indoor testing, e.g. dyno and software set-
up, loading and tie-down, air-handling and vehicle’s temperature
management.

(c) Coast down and tyre sound level data used for calculation of
dynamometer load coefficients and tyre sound data used for
determination of final reported results.

(d)  Test results on a representative selection of the manufacturer’s
production to demonstrate that indoor testing delivers comparable
results as outdoor testing within acceptable accuracy.

Vehicle tested indoor using Variant A

Indoor pass-by test is simulated by measurement of power train sound on the
dynamometer and energetical addition of the tyre/road sound (measured
separately on an outdoor test track).

General

This method is a combination of indoor testing (power train sound) and
outdoor testing (tyre/road sound). It is not necessary to repeat the measurement
of the tyre/road sound every time a vehicle is tested. The data of several tyres
can be stored in a database and a matching data set from the database can then
be used for the test.

Power train sound

It shall be ensured that there is no remaining tyre/road sound affecting the
measurements. In any case it shall be ensured that the remaining tyre/road
sound shall be at least 10 dB below the maximum A-weighted sound pressure
level produced by the vehicle under test. If this condition cannot be fulfilled, a
correction shall be carried out. This correction procedure is described in ISO
362-3:2016 Annex B, paragraph B.6.

The vehicle shall be measured according to the operating condition specified
in paragraphs 3.1.2.1. or 3.1.2.2. of Annex 3 of this Regulation.

Tyre/road sound

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.

Calculation of the total vehicle sound

The total vehicle sound is the energetical sum of tyre/road sound and power
train sound. This calculation shall be carried out for each single run as describe
in ISO 362-3.2016, paragraph 10.2.4.

Procedure for measurement, evaluation, and calculation of tyre/road sound
when using variant A

All conditions for evaluation of tyre/road sound, free rolling sound, and torque
influence are described in ISO 362-3:2016, Annex B.

Adjustment of room dimensions
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To cater for the smaller size test rooms, the maximum levels shall be evaluated with caution
though to avoid missing them according to ISO 362-3:2016, Annex E.
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Annex 9

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

1. General

The Real Driving Additional Sound Emission Provisions (RD-ASEP) apply
enly to all vehicles of categories M; and N; with the exception of those listed

in point 6.2.3.equipped-with:

1.1. 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.

1.2.

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

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

2. Definitions

2.1. "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
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.

2.2. "Exteri l

38 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.

24.

3.2

3.3.

4.2.

4.3.

"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 Powertrain" 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 facilities3® 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 . .
ehicle spee at line AA' at line BB'
|Acceleration 0 m/s? 4 m/s?
Performance 0 m?/s? 35 m?¥s?

39
40

Facilities may provide restriction for safety reasons, such as for vehicle speed.
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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4.4.

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)
Automatic Transmissions (lockable) 5 10
IAutomatic 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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4.5.
4.5.1.

4.5.2.

4.5.3.

4.54.

4.5.4.1.

4.5.4.2.

Test of the vehicle

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.

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.

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 (Lzzsr).

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 (vgs’ res7).

- If applicable, the engine speed readings at line AA' and BB' shall be
rounded to 10 min™! and reported (744 7sT. N8B’ TEST).

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

Calculated values

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

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 (arzsr) as results.

Performance v-a
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4.5.4.3.

5.2.

5.3.

5.4.

5.5

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 Lrest £xp

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 < Lrest 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.



Annex 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_ancHoOR 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 Licc 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. 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 vsa' acc ancror When the rear of the vehicle passes
line BB', rounded to the first decimal.

- The engine speed npp acc avcror 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.

- The reference vehicle speed vresris 50 km/h, unless the vehicle was tested
in Annex 3 at a different vehicle speed. In this case use the reported
vehicle speed vag' crs ancror, rounded to the first decimal.

- The engine speed nss’ crs ancror When the rear of the vehicle passes line
BB', rounded to 10 min™'.

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

2.4. Calculate the Reference Tyre/Rolling Sound Level Lrer 7z
(Formula 2.4. of Appendix 4)

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

2.6. Calculate the Reference Dynamic Sound Level Lzer pyny
(Formula 2.6. of Appendix 4)

2.7. Determine the Vehicle Dynamic Delta Sound Level ALpyy

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 ALpyn 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 Lucc ancnor and the reported constant speed sound level
Lcrs ancror 1s less than 1,1 dB, the vehicle dynamic delta sound level ALpyy is
set to 10 dB.

ALDYN =10 dB

In cases where the arithmetic sum of sound energy adjusted reference tyres
rolling sound Lrzer 77 apyand the adjusted reference power train Lgrer 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
1001xLgep 7R apy + 10915 ger pr apy = 100X Lgcc ancror
then ALpyn = 10 dB

2.8. 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.

3. Calculation of the expected sound level Lresr gxp

3.1. For each single test run, performed for the purpose of Annex 9, an expected
sound level Lzgsr £xp shall be calculated.

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

3.2.1. 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 xrzsr 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)

3.2.2. 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.

3.23.1.

3.23.1.1.

3.2.3.1.2.

3.23.2.

3.23.2.1.

3.232.2.

3.2.33.

3.2.33.1.

3.2.33.2.

3.23.4.

3.234.1.

cases the engine speed is simulated on the basis of the measured vehicle speed
veg resT by 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 vrgsr (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 ancror' is 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 ascc rer but not exceeding
2.0 m/s%. 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)

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
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3.234.2.

3.2.4.

3.24.1.

3.24.1.1.

3.24.1.2.

3.24.2.

3.24.2.1.

3.2422.

3.2.43.

3.243.1.

3.243.2.

For the constant speed test, determine the highest gear in which the vehicle can
drive at the target speed of the vehicle vrzsr (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 a4cc rer but not exceeding
2.0 m/s?. 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.l 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 kp-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 vrzsr 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 ancror' 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

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)

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)
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3.24.4.

3.244.2.

3.2.443.

3.2.5.

3.2.5.1.

3252
3.2.5.2.1.

3.2.5.2.2.

3.3.

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 kp-factor from the Annex 3
test.

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

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 vrzsr 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)

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
kp-factor from the Annex 3 test.

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.

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

Assignment of engine speed

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.l of Appendix 4)

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 vrgsr 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 Lzz gxp

The expected tyre rolling sound component L1z rxp is calculated dependent on
the achieved vehicle speed vgp' 7esr during the test.

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

For vehicle speeds vas resr exceeding vresr, Ltr exp is calculated by
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3.4.

3.5.

3.6.
3.6.1.

3.6.1.1.

3.6.2.

3.6.3.

3.6.3.1.

3.6.3.2.

(Formula 3.3. No.2 of Appendix 4)
The parameters &k 10 and Oz mr are taken from the parameter table as
applicable for the vehicle.

Calculation of expected power train mechanical sound component Lpr £xp

The expected power train base mechanical sound component Lpr gxp is
calculated dependent on the achieved engine speed ngp' 757 during the test.
For engine speeds up to and inclusive ngp' crs ancror, Lpr exp is calculated by
(Formula 3.4. No.1 of Appendix 4)

For engine speeds exceeding ngs' crs ancror, Lpr exp 1s calculated by
(Formula 3.4. No.2 of Appendix 4)

The parameters Gpr 10,6pr 1 and nsyrr prare taken from the parameter table
as applicable for the vehicle.

Calculation of expected base dynamic sound component Lpyn gxp

The expected base dynamic sound component Lpyy zxp is calculated dependent
on the achieved engine speed npp' rest during the test.

For engine speeds up to and inclusive ngs' 4cc ancror, Loyn exp is calculated by
(Formula 3.5. No.I of Appendix 4)

For engine speeds exceeding nss' acc ancHor, Loy Exp is calculated by
(Formula 3.5. No.2 of Appendix 4)

The parameters Gpyn 1o, Opyn mr and nspirr pyn are taken from the parameter
table as applicable for the vehicle.

Calculation of expected dynamic delta sound component ALpyy exp
Determination of the maximum reference acceleration ayux rer

The maximum reference acceleration auuy 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 aicx rer of the vehicle. This value will
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 ngp 7zsr is between the 50% of
S and 80% of S. The acceleration arggr and the performance v-argsr 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 awmax rer is calculated according to the provisions of
paragraph 4.5.4.1. of Annex 9.

The vehicle speed to engine speed ratio xresr 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 LOADrgsr achieved during the test run

The partial load normalized with the maximum load is calculated based on the
achieved acceleration argsr, relative to the reference acceleration apx ; with
the formula below

(Formula 3.6.2. of Appendix 4)

Performance related calculations
Calculation of the performance v-aresr

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 ALpyy v«
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3.6.3.3.

3.7.

3.8.

3.9.

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

(Formula 3.6.3.2. No.l of Appendix 4)

If the achieved performance does not exceed the reference performance
v-a4ncHor, the dynamic performance component ALpyw v« is equal zero.

If the achieved performance exceeds the reference performance, the dynamic
performance component ALpyw 4 is calculated by

(Formula 3.6.3.2. No.2 of Appendix 4)

The parameter fis taken from the parameter table as applicable for the vehicle.
The maximum dynamic performance component ALpyy v« is limited to 10 dB.

Aggregation of dynamic sound components

The final dynamic delta sound component ALpyy zxp 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,
the expected AVAS sound Lavasexp is one of the dynamic sound
components considered in the global aggregation of sounds.-atelerance

Calculation of the expected sound level Lresr 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 3.78. 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

MI/N1
Model Part Parameter Symbol Unit A B C
Reference Vehicle Speed
(as reported from Annex A\ km/h >0 >0 >0
3 p TEST (min.40) | (min.40)|(min.40)
Tyre Rolling Sound 90 90
SOUND FROM TYRE ROLLING SOUND | Energy Fraction of Annex X % oF | 95 or
UNDER NO LOAD 3 Cruise Test Lgs o measure measure
Tyre Rolling Sound Slope
<Vrgst Orr 1o dB 20 20 20
Tyre Rolling Sound Slope
o O 1 dB 40 40 40
Power Train Sound Slope
<n Opr 10 dB 60 60 60
=g crs’ ANCHOR
SOUND FROM THE MECHANICAL Power Train Sound Slope 0 B 115 85 115
SYSTEM UNDER > Ny cRs' ANCHOR PT_HI
NO LOAD Form Factor for the
logarithm function of the Doyt pr 1/min 5000 5000 5000
mechanical sound model
Dynamic Sound Slope <
- 0 dB 50 50 50
Npp' ACC_ANCHOR PYN.LO
SOUND FROM DYNAMICS Dynamic Sound Slope =1 g\ | a8 105 | 75 | 105
SYSTEM UNDER LOAD BB’ ACC ANCHOR _
Form Factor for the
logarithm function of the Dgyipr pyn|  1/min 5000 5000 5000
dynamic sound model
Dynamic v-a Factor 8 B dB(A) 8 8 8
SOUND FROM DYNAMICS SYSTEM .
Partial Load F Fact
UNDER EXTENDED PERFORMANCE | * FO%€ FOmm Facior a 017 | 017 | 017
v-a X
1;22111131 Load Form Factor o N 0.40 0.40 0.40
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Annex 9 — Appendix 3

Symbols, Abbreviations and Acronyms

Annex 9

Symbol

Unit

Paragraph

Explanation

am4x REF

3.4.

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

\L7EST

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

VAA® 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

A4’ 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™!

BB’ 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

3.5.4.1.

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

V-ATEST

m?/s*

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

BB’ 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

136



Annex 7

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

BB’ 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’!

- 2.3.1. energy contribution ratio of tyre/rolling sound level at Lcrs ANCHOR

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

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

\LREF DYN dB(A) 2.6. calculated Reference Dynamic Sound Level

ALpyn 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. IPower Train Mechanical Sound Level with adjusted engine speed for
ALpyn calculation

07z L0 dB(A) 2.7. sound slope for tyre rolling sound when vehicle speed is not greater
than the reference speed

Orr 10 dB(A) 2.7. sound slope for Power Train Sound when vehicle engine speed is not
greater than nep’ crs’ ANCHOR

MSHIFT_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

krEF km/h-min  3.2.1. IReference 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_aNCHOR® 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
IRegulation for the valid phase

\L1r_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

\Lpr ExP dB(A) 3.4. expected power train mechanics sound

Opr 11 dB(A) 3.4. sound slope for Power Train Mechanics Sound when vehicle engine
speed is exceeding nBB’ CRS” ANCHOR

\LDYN ExP dB(A) 3.5. expected base dynamic sound

Opyv 10 dB(A) 3.5. sound slope for Dynamic Sound when vehicle engine speed is not
greater than nes Acc’ ANCHOR

Opyn_mr dB(A) 3.5. sound slope for Dynamic Sound when vehicle engine speed is
exceeding NBB’ ACC' ANCHOR

ALpyn_Exp dB 3.6. expected dynamic delta sound

\LOAD1est 3.6.2. load achieved during the test run
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amax « m/s? 3.6.2. Maximum acceleration in gear K

ALDYN vxa dB 3.6.3.2. dynamic performance component calculated based on the achieved
performance v-atest relative to a reference performance.

3.6.3.2. coefficient for calculating dynamic performance component

V*AANCHOR m?/s> 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

ar 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 tr = 10 X Ig(x x 10%1*Lcrs.ancHor )

Formula 2.5
Lggr pr = 10 X lg((1 — x) X 100-1XLCRS_ANCHOR)

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

Formula 2.7 No.1

ALpyy =10 X lg(100-1>< Lacc_ancHoR — 101X LREF_TR.AD] — 100-1><LREF_PT_AD]) — Lrer pyn

Formula 2.7 No.2

v I}
BB'_ACC_ANCHOR
Lrgr TR apj = Org o X lg(————=——") + Lggr 1r
UTEST
Formula 2.7 No.3
L -0 % 1 (Ngp'_acc_ancror + Nsuirr_pr) s
REF_PT_ADJ = YpT 1O g n REF_PT
(nB’_crs_ancHOR NsHiFT_PT)

Formula 3.2.1
(Ngp'_acc_ancror + Nsuirr_pr)

Lrgr pr_apy = Opr_0 X U9 ( ) + Lggr pr

(N’ _crs_ancror + MsuiFr_pr)

Formula 3.2.2.

Npp’ TEST = (VBB’,TEST/3O) X 1000

Formula 3.2.3.2.2.
Lcrs_anchor: = Lcrs_ancror + 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_ancrorr = Lcrs_ancror + 0.5 dB(A)
Formula 3.2.3.4.2 No.2

Lacc_anchorr = (Limit —kp x LCRS_ANCHOR/)/(l —kp)
Formula 3.2.4.2.2

Lcrs_ancrorr = Lcrs_ancror + 0.5 dB(A)
Formula 3.2.4.3.1.

Macc_ANCHOR = (vBB/_ANCHOR/ZO) % 1000
Formula 3.2.4.3.2

Lacc ancHorRr = (Limit —kp X LCRS,ANCHOR)/(l —kp)
Formula 3.2.4.4.2 No.1

Ners ancnor = (Vresr/30) X 1000
Formula 3.2.4.4.2 No.2

Nacc ancror = (Vrgsr/20) X 1000
Formula 3.2.4.4.3 No.1

LCRS_ANCHORI = LCRS_ANCHOR + 05 dB(A)

Formula 3.2.4.4.3 No.2
Lacc_anchorr = (Limit —kp x LCRS_ANCHOR/)/(]- —kp)
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Formula 3.2.5.1.

Lcrs_ancrorr = Lacc_ancror — 1.1 dB(A)
Formula 3.2.5.2.1 No.1

Vpp!
_ UBB'_ACC_ANCHOR
NBB'_ACC_ANCHOR = — 50 x 1000

Formula 3.2.5.2.1 No.2

Vrest

Npp' CRS_ANCHOR = X Npp' AcC_ANCHOR
VBB'_ACC_ANCHOR

Formula 3.2.5.2.2.

UTEST
BB’ CRS_ANCHOR = ~3 x 1000

Formula 3.3. No.1

Lrg gxp = O1g 10 X lg(UBB’,TEST/ I7TEST) + Lger TR

Formula 3.3. No.2

Lrg gxp = Orr ur X lg(vBB'_TEST/ vTEST) + Lrgr R

Formula 3.4. No.1
Ler gxp = Opr 10 X 18((Ngs' 15t + Nsmirr_pr)/(Nss'_crs_ancror + Nsuirr_pr)) + Lrer_pr
Formula 3.4. No.2

Lpr gxp = Opr_ui X lg((Nppi rest + Nsuirr_pr) / (Mepi_crs ancror + Msuirr pr)) + Lrer pr

Formula 3.5. No.1

Loyn_exp = Opyn_ro X 18((nss’ rest + Nsuirr_ovn)/(Mes’ acc ancror + Nsuirr_oyn)) + Lrer_pyn
Formula 3.5. No.2

Loyn gxp = Opyn_nr X18((nsp' resr + Nsuirr_pvn)/(Mas' acc ancror + Nsuirr_ovw)) + Lrer_pyn

FOI‘n’lula 3.6.2. LOADTEST = aTEST/aMAXl'

KREF
KTEST

where apux ; = X Amax_REF

Formula 3.6.3.1.

v 1
_ YBB'-TEST 2/03
Vargsr == 2o X Argst [m?*/s?]

Formula 3.6.3.2. No.1

V-QancHoR = VBBr_acc_anchor/3-6 X Gacc_ancror
Formula 3.6.3.2. No. 2
V-Qrgst )

ALpyy va =B % 1 (
pyNva =B g Y GancHon

Formula 3.6.3.3.

ALpyn gxp = (ALDYN + ALDYN_vu) X (1—=a;/(LOADgsr + az))/(l —a /(1 + az)) +0.3
Formula 3.7

Formula 3.78.
Lrgsr gxp = 10 X 1g(100-1><LTR_EXP + 1001%Lpr_ExP 4 100-1%(LDYN_EXP+ALDYN_EXP) 100-1XLAVAS_EXP)+_A_LM
+ 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) | | Lacc ANCHOR [dB(A)] Leps ANCHOR [dB(A)] Parameter Set A/B/C
Refer gear (number) | | VBB'_ACC_ANCHOR [km/h] VBB CRS_ANCHOR = VREF [km/h] Ref gear ratio
NBB'_ACC_ANCHOR [rpm] NBB'_CRS_ANCHOR [rpm] Ref acceleration
AACC_ANCHOR [m/s?]
Target Condition Measured Values Conformity
i Maximum | Maximum A
Gear o Vehicle Accelfn:ato ic:Lr;ISH Engine Sound Sound Ru:’:::hd Acceleratio| Vehicle E);:iit:d el Lreer > Le
Run Selector Speed FESHED (pre- Vehicle Speeds Speedat | Pressure | Pressure Comments | n between | Performan L @l || TP || PR
Position Moce Vaa d(%ped?' acceleration line BB' Level ] Control PP'-BB' ce Pressure +tolerance |+ tolerance
Spressid) length) 5 = = = Range Level
eft Side | Right Side
Nr Gear/Nr. | Vaa' Vppr Vgg' Ngg:' Ligrr Lright Yes/No arest v-a Lexp Cross Xif | Cross Xif | CrossXif
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
4
5
6
7
8
9
10
11
12
13
14
15
Additional Runs
1
2
3
a4

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

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