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Spot checks of vehicles chosen at random rarely occur in an ideal acoustic environment. If measurements are carried out
on the road in an acoustic environment which does not fulfill the requirements stated in this SAE Standard, the results
obtained may deviate appreciably from the results obtained using the specified conditions.

In addition, this standard provides an engineering method to assess the performance of external sound generation systems
intended for the purpose of providing acoustic information to pedestrians on a vehicle’s operating condition. This information
is reported as objective criteria related to the external sound generation system’s sound pressure level, frequency content,
and changes in sound pressure level and frequency content as a function of vehicle speed. As such, these measures can
provide pedestrians with information on the location, speed, direction of travel, acceleration, and deceleration behavior of a
vehicle. Annex A contains background information relevant in the development of this SAE Standard.

2. REFERENCES

2.1 Applicable Documents
2.1.1 SAE Publi¢ations

Available from SAR International, 400 Commonwealth Drive, Warrendale, PA 15096-0001,Tel: 877-606-7323 (inside USA
and Canada) or +1| 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology
SAE J2805 Me¢asurement of Noise Emitted by Accelerating Road Vehicles
2.1.2 1SO Publications

Available at http://webstore.ansi.org/

ISO 362-1:2007 |Measurement of noise emitted by accelerating road vehicles - Engineering method - Part1: M and N
Categories

ISO 10844:2014 |Acoustics - Test surface for road«vehicle noise measurements
ISO 26101:2012 |Acoustics - Test methods for.qualification of free-field environments
2.1.3 |EC Publichtions

Available from IEC|Central Office, 3{.rue de Varembe, P.O. Box 131, CH-1211 Geneva 20, Switzerland, [Tel: +41 22 919 02
11, www.iec.ch.

IEC 60942:2003 Electroacoustics - Sound calibrators

IEC 61672-1:2002| _Electroacoustics - Sound level meters - Part 1: Specifications

2.1.4 ANSI/ASA Publications

Available at http://webstore.ansi.org/

ANSI/ASA S$1.11-2014 /Part1 / IEC 61260-1:2014 AMERICAN NATIONAL STANDARD Electroacoustics — Octave-
band and Fractional-octave-band Filters — Part 1: Specifications
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3. DEFINITIONS

For the purposes of this document, the following terms and definitions apply.

3.1 REFERENC

E POINT

Point depending on the test purpose.

3.1.1 Reference

point for gear selector indicating forward motion

The front end of the vehicle.

3.1.2 Reference
The rear end of thq
3.2 EXTERNAL

System that provid
pedestrians.

3.3 HIGHEST A
Highest audible fre

3.4 COMPONEN

External sound generation system intended to emit sound information which can be tested separate fro

3.5 CURB MASS

Complete shipping
elements for M1, N

lubricants, cq

other equipn
spare parts @

NOTE:The
definition g

fuel (tank fillgd to at least 90 %.-of the capacity specified by the manufacturer);

point for gear selector indicating rearward motion
vehicle.
SOUND GENERATION SYSTEM

s an acoustic signal to the external environment of the vehicle forthe purpose to prg

UDIBLE FREQUENCY

quency of an external sound generation system as defined by the manufacturer.
T

b

mass of a vehicle fitted with all equipment necessary for normal operation plus the m
1 and M2 having a maximum @uthorized mass not exceeding 3 500 kg:

olant (if needed), washer fluid;

ent if included:as basic parts for the vehicle, such as spare wheel(s), wheel chocks,
nd tool kit

ontained in ISO 1176.

vide information to

m the vehicle.

ass of the following

ire extinguisher(s),

definition of curb (kerb) mass can vary from country to country, but in this SAE Standard, it refers to the

3.6

MASS IN RUNNING ORDER

Nominal mass of an N2, N3 or M2 vehicle having a maximum authorized mass greater than 3 500 kg, or an M3 vehicle as
determined by the following conditions:

a.

b.

the mass is taken as the sum of the unladen vehicle mass and the driver's mass;

is incorporated in the same way and equal to that of the driver

NOTE 1 TO ENTRY: The driver's mass is calculated in accordance with ISO 2416.

in the case of category M2 and M3 vehicles that include seating positions for additional crewmembers, their mass
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3.7 FULL VEHICLE OPERATION

Operation of a vehicle with all systems and components operating as per the manufacturer’s specification for normal road

use.

3.8 SIMULATED VEHICLE OPERATION

Operation of a vehicle with some systems or components disabled to reduce noise interference during testing. Simulated

vehicle operation may include external signals applied to the vehicle to simulate actual in-use signals.

3.9 LOWEST FREQUENCY OF INTEREST

Frequency below which there is no signal content relevant to the measurement of sound emission for thg vehicle under test.
4. SYMBOLS AND ABBREVIATED TERMS
Table 1 - Lists symbols and the paragraph they are first used:
Symbol Unit Clause Explanation
, Line perpendicular to vehicletravel which indicatgs beginning
AA - 7.1.5.1 :
of zone to record soundressure level during tes
, Line perpendicular towehicle travel which indicatgs end of
BB - 7.1.5.1 :
zone to record sound’pressure level during test
cC - 711 Centreline of vehicle travel
faudible Hy 7164 Highest audible frequency of external sound gengration
system
_ Single frequency component of external sound ggneration
fl,speed Hz 7271 . .
systemhat a given vehicle speed
. Sihglé frequency component of external sound ggneration
f|, ref Hz 7.2.7.1 .
system at reference vehicle speed
del_f % 7243 ]Ic:requency shift expressed in percent of a referenge
requency.
Frequency resolution of narrowband analysis used to measure
Af Hz 7.2.3 frequency spectrums for the purpose of determinihg frequency
shift information.
fs Hz 71.6.4 Sampling frequency used by digital signal procesging system
. Index for single test run within stopped or slow speed cruise
j - 6.3.2 e
test conditions
Lot fwd 4B 718 Vehplg A-weighted sound pressure level in statiopary forward
condition.
Lsta. rev dB 718 Vehu;lg A-weighted sound pressure level in statiopary reverse
condition.
Lstop dB 7.1.8 Vehicle A-weighted sound pressure level
L ors dB 7.1.10 Cruise vehicle A-weighted sound pressure level
Cruise vehicle A-weighted sound pressure level at a vehicle
Lcrs,10 dB 7.1.10 speed of10km/h
Cruise vehicle A-weighted sound pressure level at a vehicle
L crs, 20 dB 7.1.10 speed of 20 km/h.
Cruise vehicle A-weighted sound pressure level at a vehicle
L crs, 30 dB 7.1.10 speed of 30 km/h.
Lcorr dB 6.3.2 Background noise correction
Ltest, dB 6.3.2 A-weighted sound pressure level result of jth test run
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Symbol Unit Clause Explanation
Liesteorn dB 6.3.2 A-weighted sound pressure level result of jth test run
/ e corrected for background noise
Lbgn dB 6.3.1 Background A-weighted sound pressure level.
Range of maximum to minimum value of the representative
Lbgn,p-p dB 6.3.2 background noise A-weighted sound pressure level over a
defined time period.
Ly dB A-weighted sound pressure level for any stationary or cruise
condition for use in assessment of measurement uncertainty.
AL 4B 6.3.2 A-weighted sound pressure level of jth test result minus the A-
" weighted background noise level (AL = Liestj - Lbgn)
N ) 793 Block size of digital sample used for discrete Foufier transform
o or autopower spectrum analysis
PP’ ) 7152 Line perpendicular to vehicle travel which indicatgs location of
T microphones
Vehicle velocity when vehicle reference ‘point in fgrward
Voaa km/h 5.2 motion passes line AA'. See 3.1.1 for'definition of|reference
point.
Vehicle velocity when vehiclereference point or rear of vehicle
Vg km/h 5.2 in forward motion passes, line’BB’. See 3.1.1 for definition of
reference point.
Vo km/h 59 Vehicle velocity whendeference point in forward motion
PP ' passes line PP’. See/3.1.1 for definition of referer|ce point.
v km/h 79044 Reference vehigle‘velocity used for calculating frgquency shift
ref o percentage.
Viest km/h 7.1.53 Target vehicle test velocity
AA’ ) 7151 Line perpendicular to vehicle travel which indicatgs beginning
T of zone to record sound pressure level during tes

5. INSTRUMENT

5.1

5.1.1

The apparatus use

The entire measur
sound calibrators ¢

Measurements sh

Instruments

General

ATION

C 61672-1.

for Acoustic Measurement

ement system shall be checked by means of a sound calibrator that fulfills the requi
ccording to IEC 60942.

d for measuring the'sound pressure level shall be a sound level meter or equivalent m¢asurement system
meeting the requirgments of Class_1sinstruments (inclusive of the recommended windscreen, if used). T
are described in IE

hese requirements

rements of Class 1

iment and the "A"

frequency weighting also described in IEC 61672-1. 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.

5.1.2

Calibration

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 as described in 5.1.1. Without any further adjustment, the difference between the readings
shall be less than or equal to 0.5 dB. If this value is exceeded, the results of the measurements obtained after the previous

satisfactory check shall be discarded.
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5.1.3 Compliance with requirements

Compliance of the sound calibrator with the requirements of IEC 60942 shall be verified once a year. Compliance of the
instrumentation system with the requirements of IEC 61672-1 shall be verified at least every 2 years. All compliance testing
shall be conducted by a laboratory which is authorized to perform calibrations traceable to the appropriate standards.

5.2 Instrumentation for Speed Measurements

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least £ 0.5 km/h when
using continuous measuring devices.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits of at least +
0.2 km/h.

These requirements are only valid for full vehicle testing.

NOTE: Independent measurements of speed are when two or more separate devices will determine the v ,, v o and v

values. A fontinuous measuring device will determine all required speed information with one device
5.3 Meteorologigal Instrumentation

The meteorologic@l instrumentation used to monitor the environmental conditions during the test shall meet the
specifications of:

11 °C or lesq for a temperature measuring device;

1.0 m/s for p wind speed-measuring device;

1 5 hPa for g barometric pressure measuring device;

1 5 % for a relative humidity measuring device.
6. ACOUSTIC ENVIRONMENT, METEOROLQOGICAL CONDITIONS, AND BACKGROUND NOISE
6.1 Test Site
6.1.1 General
The specifications [for the test site‘provide the necessary acoustic environment to carry out the full velpicle or component
level tests documepted in this<SAE standard. Outdoor and indoor test environments that meet the specifications of this SAE

Standard provide gquivalent.acoustic environments and produce results that are equally valid.

6.1.2 Outdoor testing

The test site shall be substantially level. The test track construction and surface shall meet the requirements of ISO
10844:2011, 1ISO 10844:2014, or ISO 10844:1994.

Within a radius of 50 m around the center of the track, the space shall be free of large reflecting objects such as fences,
rocks, bridges or buildings. The test track and the surface of the site shall be dry and free from absorbing materials such as
powdery snow, or loose debris.

In the vicinity of the microphone, there shall be no obstacle that could influence the acoustic field and no person shall remain
between the microphone and the noise source. The meter observer shall be positioned so as not to influence the meter
reading.
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NOTE 1:

NOTE 2:

NOTE 3:

Buildings outside the 50 m radius might have significant influence if their reflection focuses on the test track.

The term, “Substantially level” is intended to convey that the test site should not have slopes or discontinuities
that would render invalid the assumption the site provided free-field acoustic propagation. This is not to limit
slopes on the test site necessary for water management, drainage, etc. Engineering judgment is expected to be
applied to determine the effect on the site of any obstacle. The test track itself is subject to the requirements
specified.

The ISO 10844:1994 and ISO 10844:2011 standards will be considered for removal at the next review period.
It is recommended that all test surfaces be constructed to and meet the requirements of ISO 10844:2014.
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Figure 1 - Test site dimensions - shaded area is the minimum area to be covered
with a surface complying with ISO 10844

Full Vehicle Indoor HemiAnechoic Testing
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6.1.3  This sub clause specifies conditions applicable when testing a full vehicle, either operating as it would on the road
with all systems operational, or operating in a mode where only the external sound generation system is operational.

The test facility shall have a cutoff frequency, as defined in ISO 26101, lower than the lowest frequency of interest.

In the vicinity of the microphone, there shall be no obstacle that could influence the acoustic field and no person shall remain
between the microphone and the noise source. The meter observer shall be positioned so as not to influence the meter
reading. Microphones shall be located as specified in Figure 1.

NOTE:lt is expected that users of this standard will understand that valid measurements can only be made when
the cut-off frequency is lower than the lowest frequency of interest. A specific numerical requirement for cut-off
frequency is not given due to the range of variation of appropriate cut-off frequencies depending upon the measured
vehicle.

6.1.4 Indoor extgrnal sound generation system testing

This sub clause spgcifies conditions applicable when testing only the external sound generation system separate from the
vehicle.

The test facility shgll meet the requirements of ISO 26101.
The test facility shgll have a cutoff frequency lower than the lowest frequency of interest.
In the vicinity of theg microphone, there shall be no obstacle that could influence the acoustic field and no person shall remain
between the microphone and the noise source. The meter observer.shall be positioned so as not to influence the meter
reading. Microphones shall be located as specified in 7.2.4.1.1
6.2 Meteorologigal Conditions

6.2.1 General

Metrological conditions are specified to provide a range’of normal operating temperatures and to preventlabnormal readings
due to extreme enyironmental conditions.

A value representative of temperature, relative-humidity, and barometric pressure shall be recorded during the measurement
interval.

6.2.2 Outdoor measurements

The meteorological instrumentation shall deliver data representative for the test site and shall be positioped adjacent to the
test area at a heigljt representative of the height of the measuring microphone.

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

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

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.

6.2.3 Indoor measurements
The measurements shall be made when the ambient air temperature is within the range from 5 to 40 °C.
The ambient temperature may of necessity be restricted to a narrower temperature range such that all key vehicle

functionalities that can reduce vehicle noise emissions (e.g., start/stop, hybrid propulsion, battery propulsion, fuel-cell stack
operation) are enabled per manufacturer’s specifications.
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6.3 Background Noise

6.3.1 Measurement criteria for A-weighted sound pressure level

The background, or ambient noise, shall be measured for duration of at least 10-seconds before and after a series of vehicle
tests. A 10 second sample taken from this measurement shall be used to calculate the reported background noise, taking
account to insure the 10 second sample selected is representative of the background noise in absence of any transient
disturbance. The measurements shall be made with the same microphones and microphone locations used during the test.

When testing in an indoor facility, the noise emitted by the roller-bench, chassis dynamometer, or other test facility
equipment, without the vehicle installed or present, inclusive of the noise caused by air handling, facility vehicle cooling,

shall be reported a

The maximum A-w

noise, L bgn, along
1/3 octave frequen
Class 1. Figure 2

When analysis in 1

NOTE 1

intent o

an ass§g

NOTE 4
stations
pressur
allow fo

dB

Ay

s the background noise.

eighted sound pressure level in the selected 10 second sample shall be reported
vith the maximum to minimum range of the background noise from both micrgphone
Cy corresponding to the reported maximum level of background noise, shall.be report

I/3 octaves is required, the background noise shall meet the requirements of 6.3.3
:Background noise measurements account for the variations both in time and in both
the above statement is to capture the entire range of variation eéxperienced at the te
ssment of the suitability of the test facility to carry out the specified measurement..
:The range of background noise, Logn, p-p , is specified to ensure the background

ry, in an acoustic sense, to be able to apply the background correction of Table 2 to
e levels. One-third octave measurements do nothave the necessary background ng

I compensation.
Range \

A

provides graphical information on the determination of the range of background noisd.

as the background
S,, Lbgn, p-p , and the
bd per ANSI S1.11,

microphones. The
5t facility to provide

hoise is sufficiently
A-weighted sound
ise time stability to

Time

Figure 2 - Determination of the range of background noise.

6.3.2 Vehicle A-weighted sound pressure level measurement correction criteria

Depending on the level and peak to peak fluctuation of the background noise, the measured jth test result within a test
condition, Ltestj, shall be corrected according to the table below to obtain the noise-corrected level Liestcorrj. Except where
noted, Ltestcorr,j = Ltest,j - Leorr.
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Table 2 - Correction for background noise when measuring full vehicle overall sound pressure level.

Correction for Background Noise

Background Range of Sound Pressure Level Correction in dB
Noise Level maximum to of jth test result minus
minimum value of Background Noise Leorr
Lbgn the representative Level in dB
background noise
A-weighted sound AL= Ltest,j - Lbgn
pressure level
over a defined
time period in dB
ngn, p-p
> 25 A-weighted AL >10 0dB
sound pressure
level (dBA) <2 8<AL<10 0.5dB
6<AL<8 1.0dB
45<AL<6 1.5dB
3<AL<45 2.5dB
AL <.3 dB Do not correct, reportfout:
Ltestcorr,j < ngn
<25 A-weighted See 6.3.2, Do not correct, reportout:
sound pressure paragraph 4 Logn <10 dB
level (ABA) Ltestcorr, j < Ltest;
Lbgn > 10 dB 0dB

The trained technigian should ensure(that measurements are only performed when there is no transie|

could potentially relsult in an inappropriate noise correction.

Background noise [corrections{to-measurements are only valid when the range of the maximum to mi

noise A-weighted pound pressure level are 2 dB or less. In all cases where the range of the max

background noise is greater than 2dB, the maximum level of the background noise shall be 10 dB or gre
of the measuremeTt. VWhen the maximum to minimum range of background noise is greater than 2 dB

background noise

s'ess than 10 dB below the measurement, no valid measurement is possible.

nt disturbance that

himum background
imum to minimum
ter below the level
and the level of the

Background compensation is not permitted for one-third octave band measurements.
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These criteria are established to ensure accurate vehicle measurements while recognizing the practical issue that A-
weighted sound pressure levels lower than 25 dB are not necessary to measure accurately for the purposes of this SAE
Standard. The use of indoor test facilities may be necessary to achieve the specifications in this SAE Standard.

NOTE: The requirements for margin between background noise and test results are given to maintain an uncertainty of 1
dB or less solely due to background noise. Total measurement uncertainty will include uncertainty due to additional

factors.

6.3.3 Backgroun

d noise requirements when analyzing in one-third-octave bands

When analysing one-third octaves according to this International Standard, the level of background noise in each one-third
octave of interest, analysed according to 6.3.1, shall be at least 6 dB below the measurement of the vehicle or external

sound generation g
of the background
under test.

Background compegnsation is not permitted for one-third octave band measurements.

6.3.4 Measurem
When measuring a
the background no

The background, ¢
tests. A 10-s samp
to ensure the 10-s
measurements sha

The maximum A-w
Lbgn along with the
background noise
background noise

7. TEST PROCE
7.1  Full Vehicle
7.1.1  Microphon

The distance from
10844) as specifie

The microphone sh

ystem under test in each one-third-octave band of interest. The overall A-weighted, sq
noise shall be at least 10 dB below the measurement of the vehicle or external sound

ent background noise when testing a component

h external sound generation system separate from the vehicle'asprovided in this Inte
se level shall be at least 10 dB lower than the measured leyel of the component und

r ambient noise, shall be measured for a duration of‘ab least 10 s before and after
e taken from this measurement shall be used to calculate the reported background ng
sample selected is representative of the background noise in absence of any transie
Il be made with the same microphones and microphone locations used during the te

eighted sound pressure level in the comhined 10-s samples shall be reported as the

one-third-octave frequency spectrum per’ANSI S1.11, Class 1, corresponding to the
shall be reported. For measurements where narrowband results are reporteg

Shall be reported at the same frequency resolution as the measurement results.

DURES

[esting

B positions

the microphone positions on the microphone line PP’ to the perpendicular reference
I in Figure_¥ on the test track or in an indoor test facility shall be 2.0 m £ 0.05 m.

und pressure level
generation system

rnational Standard,
er test.

a series of vehicle
ise, taking account
ht disturbance. The
5t.

background noise,
maximum level of
, the narrowband

line CC’ (see ISO

field conditions as

all be-located 1.2 m £ 0.02 m above the ground level. The reference direction for freq

specified in IEC 61

6721 shall be horizontal and directed perpendicularly towards the path of the vehiclg line CC’.

7.1.2 Conditions

7.1.21 General

of the vehicle

conditions

The vehicle shall be supplied as specified by the vehicle manufacturer.

Before the measurements are started, the vehicle shall be brought to its normal operating conditions.
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7.1.2.2 Battery state of charge

If so equipped, propulsion batteries shall have a state-of-charge sufficiently high to enable all key functionalities per the
manufacturer’s specifications. Propulsion batteries shall be within their component-temperature window to enable all key
functionalities that could reduce vehicle noise emissions. Any other type of rechargeable energy storage system shall be
ready to operate during the test.

7.1.2.3 Accessory loads

If the vehicle is equipped with an internal combustion engine and a second source of propulsive power, all vehicle loads

that may automatically force an engine re-start or prevent engine shut down shall be switched off.

All audio, entertain
NOTE: Example Iq

7.1.2.4 Multi-mo

If the vehicle is eq
emission during th¢

When the vehicle g
the manufacturer t

In cases where it i
shall be tested and
Standard.

NOTE: Modes inc
eco, winte
(sport, eco
7125

No sound or noise

NOTE: The purpo
during the
7.1.3 Testmass

Measurements sh3
allowable tolerancd

Vehicle fpon-pedestrian safety warning signals

ment, communication, and navigation systems shall be switched off.

ads could include air conditioning, defroster operation, window de-icing, seatiheater
de operation

uipped with multiple driver selectable operating modes, the mode/\which provides
e test conditions of 7.1.5 shall be selected.

b determine the correct manner of testing to achieve theminimum sound emission.

5 not possible to determine the vehicle operating mode providing the lowest sound €
the mode giving the lowest test result shall beused to report the vehicle sound em

, etc.), vehicle selectable operating maodes (sport, eco, winter, etc.,), and transmiss
winter, etc.). This does not include transmission gear selection such as Park, Drive, R

source not related to pedestrian safety shall operate during the tests..

be of this requirement)is to ensure no sound or noise source not related to pedestrian s
fest.

of the vehicle

of ¥45 percent.

5 or coolers, etc.

the lowest sound

rovides multiple operating modes that are automatically selected by the vehicle, it is {he responsibility of

mission, all modes
ssion per this SAE

ude, but are not limited to: Engine operation state (on or off), driver selectable operating modes (sport,

on selection mode
everse, or Neutral.

safety shall operate

Il beamade on vehicles at curb mass or mass in running order, as defined by the manufacturer with an

7.1.4 Tire selection and condition

The tires for test are selected by the vehicle manufacturer, and shall correspond to one of the tire sizes and types designated
for the vehicle by the vehicle manufacturer.

NOTE: Tire noise will contribute to the sound emission of the vehicle at any speed over 0 km/h. At vehicle speeds in excess

of 20 km/h

, tire noise will have a significant contribution to measured sound pressure levels.
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7.1.5 Operating conditions
7.1.5.1  General Conditions

The path of the centerline 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’. Any trailer, which is not readily separable from the towing
vehicle, shall be ignored when considering the crossing of the line BB’.

For the purpose of measuring the performance of an external sound generation system, the sound pressure level of the
vehicle may be measured with the vehicle at 0 km/h and the external sound generation system controlled as to simulate
operation at any vehicle speed of interest. In such cases, the true test level at the vehicle speed of interest will be equal or
higher to the simulated test level.

7152 Testspgeds
The vehicle shall r¢ach the test speed, v tst , when the reference point according to 3.1 is at ling PP’. During the constant
speed test the accgleration control unit shall be positioned to maintain a constant speed betweén AA’ and BB’. The vehicle
shall be operated gs defined by the manufacturer for normal operation.

NOTE: Normal opgration may include shutoff of one or more propulsion sources.

7.1.5.3 Standstill Conditions

7.1.5.3.1 Genera
The test speed v tft shall be 0 km/h with the reference point on the.PP’ line.
If the vehicle is equjpped with an internal combustion engine and.a second source of propulsive power, the stopped condition
test measurement ghall be made after a time delay from the vehicle stopped condition to allow engine shlitdown, and before
vehicle loads can fprce an engine re-start.

7.1.5.3.2 Forwafd testing

For forward testing), the front plane of the vehicle shall be on the PP’ line.
7.1.5.3.3  Backing testing

For backing testing, the rear plane of the vehicle shall be on the PP’ line.
7.1.5.3.4 Manudl transmissien-vehicle

The vehicle shall bg testéd\in the appropriate stopped mode as defined in 7.1.2.4. The gear selector shall be in a gear and

the vehicle shall remainrat 0 km/h for the duration of the test. The manufacturer shall determine the agpropriate condition
for testing.

NOTE: The common situation for stopped vehicle testing would be for a manual transmission vehicle to have the gear
selector in neutral. However, for the purpose of this test, the intention is to place the vehicle in a state where it is
ready to move.

7.1.5.3.5 Automatic transmission vehicle

The vehicle shall be tested in the appropriate stopped mode as defined in 7.1.2.4. The gear selector shall be in in the
normal driving position for testing when the front plane of the vehicle is on the PP’ line. The gear selector shall be in the
reverse driving position for testing when the rear plane of the vehicle is on the PP’ line. The vehicle shall remain at 0 km/h
for the duration of the test, the manufacturer shall determine the appropriate condition for testing.
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7.1.5.3.6

Vehicle commencing motion

The test speed v tst shall be 0 km/h with the reference point on the PP’ line.

The vehicle sound

pressure level shall be measured for a duration of 15 s.

If the vehicle is equipped with an internal combustion engine and a second source of propulsive power, the stopped condition
test measurement shall be made after a time delay from the vehicle stopped condition to allow engine shutdown, and before
vehicle loads can force an engine re-start

7.1.54

Slow speed cruise

7.1.5.41 Gener

If a vehicle is teste
appropriate. The V

third-octave frequgncy spectrum corresponding to the reported maximum A-weighted sound presg

reported,

7.1.54.2 Autom

The gear selector §
7.1.5.4.3 Manus

The gear selector
speed.

71544 Forwa
The test speed Vtes

7.1.6 Measurem

7.1.6.1 General

It is recommended
test instrumentatio

At least four measiyirements forall test conditions shall be made on each side of the vehicle and for eac

The first four jth va
deletion of non-val

2]

j in an indoor facility, the vehicle shall be located with the front or rear referenee-poin
ehicle A-weighted sound pressure level shall be measured for a duration of\5)s and

ptic transmission vehicle
hall be placed as specified by the manufacturer for normal driving.
| transmission vehicle

shall be placed in the highest gear which cancachieve the target vehicle speed wi

d testing at 10 km/h
shall be 10 km/h + 1.0 km/h between*AA’ and PP’.

ent Readings and Reported Values

that persons techrically trained and experienced in current sound measurement teq
n and conduct the tests.

id consecutive measurement results for any test condition, within 2.0 dB of overall S
d results, shall be used for the calculation of the appropriate intermediate or final res

on the PP' line, as
eported. The one-
ure level shall be

th constant engine

hniques select the

h mode tested.

PL, allowing for the
ult.

NOTE: Satisfying the criteria listed above requires evaluation of measured sound pressure data vs. time to select the
appropriate time segments for proper analysis and reporting of measured values according to this SAE Standard.

7.1.6.2

Measurement of a vehicle in standstill conditions

This paragraph specifies the requirements to measure the vehicle sound emission in standstill conditions.

The vehicle sound

pressure level shall be measured for duration of 5 s.
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The maximum A-weighted sound pressure level indicated during each standstill run for each microphone position, Liest,,
shall be noted, to the first significant digit after the decimal place (for example — XX,X). If a sound peak obviously out of
character with the general sound pressure level is observed, that measurement shall be discarded. The selected sound
sample shall be representative of the vehicle minimum sound emission in the condition of test in absence of any transient
disturbance. Leest; shall be corrected according to 6.3.2 to obtain Ltestcorr,.

For each maximum A-weighted sound pressure level for each microphone position, the corresponding one-third-octave

results for each microphone position , shall be reported.

7.1.6.3

Measurement of a vehicle in motion

This paragraph specifies the requirements to measure the vehicle sound emission in motion.

7.1.6.3.1  Outdo

The maximum A-w
shall be noted for §

If a sound peak ob
discarded. The se

test in absence of any transient disturbance. Ltst; shall be corrected according to 6<3.2 to obtain Liestcor;.

For each maximun
each microphone |

7.1.6.3.2 Indoor

The vehicle sound

If a sound peak oH
discarded. The se
test in absence of
obtain Lestcorr,.

For each maximun
each microphone |

7.1.6.3.3 Analys

This paragraph spégcifies the réguirements to analyze in one-third-octave bands in any vehicle or compdg

Background noise
6.3.3 are not satisf

br testing

eighted sound pressure level indicated during each passage of the vehicle between

viously out of character with the general sound pressure level is pbserved, that me
ected sound sample shall be representative of the vehicle minimidm sound emissior]

osition.

testing

pressure level shall be measured for duratiof of 5 s.

viously out of character with the general sound pressure level is observed, that me

ected sound sample shall be representative of the vehicle minimum sound emissior]
any transient disturbance. Ltest,; fOF each microphone position shall be corrected ad

osition.

is in one-third-octaye bands

shall meet the requirements of 6.3.3. Any one-third octave spectrum measured whe
ed may only be reported for information.

AA, and PP, (Ltest,j)

ach microphone position, to the first significant digit after the decimal place\(for example — XX,X).

asurement shall be
in the condition of

n A-weighted sound pressure level, the corresponding @ne-third-octave spectrum shall be reported for

asurement shall be
in the condition of
cording to 6.3.2 to

n A-weighted sound pressure level, the corresponding one-third-octave spectrum shall be reported for

nent configuration.

n the conditions of

No background correction shall be applied to any measured one-third octave result.

NOTE: The test conditions are standstill, and cruise.

7.1.64

Measurement of a vehicle commencing motion

This paragraph specifies the requirements to measure the peak vehicle noise emission characteristic for a commencing

motion sound.

The A-weighted sound pressure level measured during each specified test period shall be recorded to the first significant
digit after the decimal place (for example — XX.X).
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Measurement starts with the vehicle stopped and the propulsion system active for sufficient period to achieve stable
operation, the transmission in any drive gear, and the service brakes activated to hold the vehicle stationary; for manual
transmission vehicles, the clutch pedal shall also be depressed.

After 5s +2 s the service brakes are released and vehicle motion is initiated to accelerate the vehicle from full stop triggering
the commencing motion sound. The commencing motion sound should be recorded for a period of 3s - 5 s.

The sustained peak A — weighted sound pressure level measured during each test shall be noted to the first decimal (see
Figure 2). If a sound peak obviously out of character with the general sound pressure level is observed, that measurement
shall be discarded.

The sample frequency, Fs ,shall be 2 times higher than the highest audible frequency, Faudive ,in order to avoid leakage
effects.

The minimum sample frequency shall be 24,000 Hz.

commencing motion sound

Temporary increase in sound pressure
level to create a commencing motion

< I—

'

1]

=

i Sound level at low speed

% T T T

0 3} .10 1 ?1 20
vehicle speed [kph]
Figure 3 - lllustrative example of commencing motion sound

7.1.7 Data comgilation

For a given test co
octave spectrums
side shall be round
of the two average

For AL < 3 dB, and

For all other cases

ndition and mode (7.1.2.4)the background-corrected results, Ltestcorr,j, and the corres
pf each side of the vehicle for each individual test shall be averaged separately. Th
ed to the first decimal)place. The A-weighted sound pressure level intermediate resu
5 as follows:

Logn p-p <=2-dB, L «rs and L stop shall be expressed as the lower or equal to the inter

L ascand L stop shall be expressed as equal to the intermediate result.

ponding one-third-
b average for each
tis the lower value

mediate result;

The one-third octa

ereported spectrum shall be the arithmetic average of the four individual run one-t

hird-octave spectra

corresponding to the maximum A-weighted sound pressure level for each individual measurement run.

If individual run results are reported as an inequality, this value shall be used in subsequent averaging and the intermediate
result shall be reported as an inequality.

7.1.8 Stationary

results

The L stop value for each mode according to 7.1.2.4 shall be the result from 7.1.5.3 using the definitions of 7.1.6

If 1/3 octave bands are analyzed, they shall use the result of 7.1.6.3.3
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7.1.9 Commenci

ng motion result

The Lcm value for each mode according to 7.1.2.4 shall be the result from 7.1.5.4 using the definitions of 7.1.6

If 1/3 octave bands

are analyzed, they shall use the result of 7.1.6.3.3

7.1.10 Slow speed cruise result

The L «s value for each mode according to 7.1.2.4 shall be the result from 7.1.5.5 using the definitions of 7.1.6

If 1/3 octave bands

are analyzed, they shall use the result of 7.1.6.3.3

7.1.11 Reported

The reported value
7.1.5.5 foreachm

7.2 Measuremer

7.21  General

The specifications
sound generation
vehicle. The infor
frequency as a fun

No background cofrection shall be applied to any measured result,

See Annex B for fu

7.2.2 Instrument

The entire acoustid
the requirements o

The digital sound r
shall be appropriat

NOTE: No specifig
may be an

7.2.3 Signal pro

alue

L stop and L «s shall be the minimum of the Lo, and L s values determined. aecor
pde according to 7.1.2.4.

t of Sound to Determine Frequency Shift

contained in these sections are intended to measure the emitted acoustic informatiq
system installed for purposes of providing acoustic information to pedestrians in th
mation so measured characterizes the frequencies emitted by the system, as wel
Ction of vehicle operating parameters.

rther information on frequency shift
ation

measurement system including'microphone(s) and any subsequent measurement a
f IEC 61672-1 class 1 soundevel meter.

bcording system shall.have at least a 16 bit quantization. The sampling rate, Fs, and
e to the signal of interest.

requirements:have been given for sampling rate due to the wide range of signal freg
blysed. Itis«expected that knowledgeable and trained personnel will select approprig

essing requirements

ding to 7.1.5.3 and

n from an external
e near vicinity of a
as the change in

bparatus shall fulfill

the dynamic range

uency content that
te sampling rates.

The frequency res

plGtion, Af, of the measurement shall be 1 Hz or less. The sound analysis system

shall be capable of

performing Discrete Fourier Transform and Auto Power Spectrum analysis at a frequency resolution and over the frequency
range containing all frequencies of interest. The block size, N, used for subsequent signal processing shall enable the

required Af, where

Af=F¢/N.

Analyzer settings shall be determined by the user to provide data according to these requirements.
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7.2.4 Test facilities

The test facility shall meet the requirements of 6.1

7.2.4.1

Vehicle test facilities

The test facility shall meet the requirements of 6.1

7.24.2

Component test facilities

The test facility shall meet the requirements of 6.1

The sound emittin
reflecting plane (flg
horizontal to the re

The microphone is

NOTE: Specific rg
microphon
external sg

7.2.5 Frequency

7.25.1 General
The frequency shif
7.2.5.1.1  Fullve

The vehicle shall b
test facility shall hg

for the full vehicle test conditions as specified in Figure 1. The front plane of the vehicle shall be on the

Outdoor variant: T
condition as for the

of the emitting surface of the external(sound generating system. The acquisition system shall be instal

vehicle.

A frequency, fi, shall be identified that is intended to change as a function of vehicle speed, which carj

can be tracked for

j component of the external sound generation system is recommended be moun
or) of the test space. The primary propagation axis of the sound emitting compone
flecting plane.

recommended be located 1.0 m from the centre of the component at a height of 0.5
commendations have been given for placement of the external‘sound generatig
e within the test facility to provide guidance for successful testing:~There are other a
und generation system and microphone that can be effective tolmeasure frequency

shift measurement test procedure

hicle operation
e installed in an indoor test facility where the vehicle can operate in the same manne

ve the capability to simulate actual-road load input to the vehicle. All microphone Io

ne vehicle shall be operatedin the same outdoor test facility and according to the sam
full vehicle testing (§.721). The microphone shall be installed on board of the vehicle

pperating'conditions specified in this SAE Standard.

signal-analysis tools provide frequency and time coordinates of the tonal component

ed 0,5 m above a
nt shall be oriented

m.
n system and the

rrangements of the
content.

shall be measured by a vehicle, a simulated yehicle operation, or a component bas¢d test procedure.

r as outdoors. The
cations shall be as
PP’ line.

e general operating
n the direct vicinity
ed on board of the

be measured and

can be obtained by

cursor on the autopower spectrogram to pick frequency and time coordinates th

At correspond with

speed.

No specific frequency identification process has been specified as there is no known identification specification

that can clearly identify frequencies which shift with vehicle operating conditions, primarily vehicle speed, when
the frequency content of the desired signal and any background noise is unknown. See Appendix B for further

NOTE 1: Typical
using 4
vehicle

NOTE 2:
informa

NOTE 3:

tion.

It is not recommended to carry out the frequency shifting measurements in outdoor facilities with the vehicle in

motion. At the present time, accurate frequency measurements from a moving object over a speed range relative
to the stationary PP’ microphones will not provide reliable results. It is not recommended to carry out the
frequency shifting measurements in outdoor facilities with the vehicle in motion using signal from PP’
microphones. On board microphones do not have relative motion from the sound generation system and deliver
a reliable signal for frequency shifting measurement.
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NOTE 4: It is understood when using an indoor test facility that the vehicle will remain in position relative to the
microphones. This is for the purpose to provide an acoustically stationary signal for subsequent analysis and

NOTE 5:

It is not recommen
the contaminating

72512

The vehicle shall §
vehicle operation.
plane of the vehicl¢ shall be on the PP’ line.

A frequency, f,, sh
can be tracked for pperating conditions specified in this International Standard.

NOTE 1:

NOTE 2:

NOTE 3:

7.2.5.1.3

A frequency, f, shall be-identified that is intended to change as a function of vehicle speed, which car
can be tracked for ppérating conditions specified in this International Standard.

reporting of results.

For on-board microphone installed in the direct vicinity of the emitting surface of the external sound generating

system, it is recommended :

- to position the microphones on the axis (if it exists) of the acoustic emission of the system,

- atadistance of 8 cm from the emitting surface : not too far to be polluted by other noises, not too closed to

have no any distorted signal

- tose a decoupling attachment device between microphone and vehicle body

Signal from the tire/roll interface.
Simulgted vehicle operation (for indoor or outdoor)

e operated in a test facility where the vehicle can accept an external vehicle spee
A\l microphone locations shall be as for the full vehicle test conditions as specified in

Il be identified that is intended to change as a function Jof vehicle speed, which can

Typicaljsignal analysis tools provide frequency and time coordinates of the tonal component
using al cursor on the autopower spectrogram to pick frequency and time coordinates th
vehicle [speed.

No spetific frequency identification processhas been specified as there is no known identifi

ded to perform the pitch shifting measurements in indoor facilities with the tires-rotafing. This is due to

d signal simulating
Figure 1. The front

be measured and

can be obtained by
At correspond with

cation specification

that can clearly identify frequencies which'shift with vehicle operating conditions, primarily ve¢hicle speed, when

the frequency content of the desired signal and any background noise is unknown. See Ap
information.

bendix B for further

It is understood when usingtan’ indoor test facility that the vehicle will remain in positjon relative to the

microphones. This is for the,purpose to provide an acoustically stationary signal for subse

noise.

Component test\procedure

nuent analysis and

of results. The{use of the simulated operation further removes potentially interfering noise due to the

be measured and

NOTE: Typical signal analysis tools provide frequency and time coordinates of the tonal component can be obtained by
using a cursor on the auto spectrum to pick frequency and time coordinates that correspond with vehicle speed or
other vehicle operating parameters of interest.

7252

Measurement procedure

The frequency characteristics of the sound shall be measured together with an input signal to the external sound generation
system corresponding to the reference vehicle
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The sound output of the system shall

be measured as follows:

e Record at least 5 seconds of the sound.

e Using a Hanning window, calculate the autopower of the signal with a frequency resolution of at least 1 Hz using at
least 66.6% overlapping averages from the 5 second time signal.

1. The main frequencies, fispeea, Of the external sound generation system shall be measured and recorded. The
corresponding vehicle speeds, fispeeda and firer shall be measured and recorded

2. Calculate del f, the frequency shift of the external sound generation system signal according to equation (1):

where

del_f = {[(fispeed - firef)/(Vtest — Vref)]/firer} - 100

fispeedis the frequency at a given speed value;

firefis the frequéncy at the reference speed value;

Vtestis the vehide velocity, actual or simulated, corresponding to the frequency. i speed;

Vref iS the vehicle velocity, actual or simulated, corresponding to the frequency firef;

This equation is only valid when the actual vehicle speed, viest, is higher than the reference vehicle spee

3. Results shall be reported using Table 3.

Table 3 - Vehicle speeds for measurement

Target Speed

Actual Speed | Frequency,
Km/h fi, speed (HZ)

Frequency Shift

Reference
speed

vehicle

Not Applicable

10 km/hr

15 kmihe

20°km/hr

d, Vref

NOTE: The reference speed should

be 5 km/h unless other speeds are desired.

(Eq. 1)
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8. TEST REPORT

The test report includes the following information:

a.

b.

9.

9.1

A change bar (1) lo
editorial changes,

Reference to this SAE Standard;

Details of the test site, site orientation and weather conditions including wind speed, air temperature, wind direction,
barometric pressure, and humidity; or if an indoor facility is used, description of the facility including dimensions and
cut-off frequency of facility;

The type of measuring equipment, including the windscreen;

The A-weighte

The one-third-gctave-band spectrum typical of the background noise;

The identificati
type of tires, tir

The auxiliary ¢

All valid A-weig
the direction of

All valid indivig
each test;

The technolog
hybrid, plug-in

Any special teqg
content listed i

)If a vehicle is
system shall b

The final resulf
NOTES

Marginal Ind

 sound pressure level typical of the background noise;

pn of the vehicle, its engine, its transmission system, including available transmiss
e pressure, tire production type, power, test mass, vehicle length and location of the

quipment of the vehicle, where appropriate, and its operating cofditions;

the vehicle movement on the test site;

ual narrowband frequencies measured and all one~third octave frequency spectra
content of the vehicle’s propulsion system:(e:g., internal combustion engine, stop/st

hybrid, extended-range electric, fuel cell);

t or vehicle conditions, including opérating modes of the vehicle, or settings reflectiv
N J);

being tested to measure the'sound emission performance of an external sound gené
e noted in the report;

S Lers,10 , Lstrev @and Lst)fwd

cia

catedrin the left margin is for the convenience of the user in locating areas where tech

on ratios, size and
reference point;

hted sound pressure level values measured for each test, listed according to the sid¢ of the vehicle and

measurements for

art, battery electric,

b of the technology

bration system, this

nical revisions, not

have been made to the previous issue of this document. An (R) symbol to the left of

the document title

indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE SAFETY AND HUMAN FACTORS STEERING COMMITTEE
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