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A | NTRODUCTI ON TO AN | SO WORKI NG DRAFT

The encl osed docurent is working draft of the | SO working group on “neasurenent
of noise emitted from accelerating road vehicles”. The comittee has done an
extensive review of actual in-use vehicle operation beginning with data from
the TUV Autonotive study in the early 1990's and has continued with data

devel oped through other conmttee menbers in 1996 through 2000. |In includes
nearly 100 vehicles operated on a variety of urban roads in Europe and Asia.
The primary focus of the in use nmeasurenents was to determ ne how the vehicles
were being driven with a variety of vehicles, driving behaviours and traffic
situations. ("the test procedure (1SO R 362) doesn't reflect realistic driving
conditions" 1996 EU Green Paper)

The procedure proposed here is an attenpt provide a neasure of the sound | eve
fromvehicles in several operating cycles under controlled conditions that when
combi ned represent the equival ent of the urban driving neasured in the
comunity. The use of two prinmary operations an acceleration and a cruise ("In
the case of notor vehicles other factors are also inportant such as the

dom nance of tyre noise above quite | ow speeds (50 kmh)" — 1996 EU Green
Paper) are conmbined to be equivalent to the partial throttle and partial power
(engi ne |l oad) actually used. The conmittee found that attenpts to conduct a
partial load test as in actual use resulted in significant run to run
variability that significantly interfered with the repeatability

and reproducibility of the test cycle.

Al though this cycle is also included in a conposite paper being nade avail abl e
in the GRB by the German del egation this docunent is offered as a conplete
cycle that is cohesive and deals with all the elenents of the test cycle.

It will also include background and related information in the annex section.

Wil e this paper has been provided to the GRB for review there will be changes
as additional information and further testing becomes avail able. The sections
in square brackets [ ] will probably be changed. |In addition there are other
sections which further testing may show need further work.

This paper is submitted at this time to encourage coments to allow the | SO
to review the conments and answer the questions that may arise.

Thank you in advance for whatever response you have to this Wrking Draft.

* * *
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| SO 362: Acoustics - Measurenent of noise emtted by accel erating road
vehi cl es - Engi neering nethod

1. SCOPE

This International Standard specifies an engineering nmethod for neasuring the
noi se emtted by [accel erating road vehicles] vehicles under urban traffic
condi tion.

The nethod is designed to nmeet the requirements of sinplicity as far as they
are consistent with reproducibility of results under the operating conditions
of the vehicle.

The specifications are intended to reproduce the noise |levels which are
produced during [the use of internmediate gears with full utilisation of the
engi ne power available as may occur in urban traffic] normal driving in urban
traffic. (See Annex C — still under devel opnent).

The test method requires an acoustical environment which can only be obtained
in an extensive open space. Such conditions can usually be provided for

(a) type approval neasurenents of vehicle,
(b) nmeasurenents at the manufacturing stage,
(c) neasurenents at official testing stations.

NOTE: It should be noted that spot checking of vehicles chosen at random can
rarely be made in an ideal acoustical environment. |f neasurenments have
to be carried out on the road in an acoustical environment which does
not fulfil the requirements stated in this International Standard, it
shoul d be recogni zed that the results obtai ned nay devi ate appreciably
fromthe results obtained using the specified conditions.

2. NORMATI VE REFERENCES

The foll owi ng standards contain provisions which, through reference in this
text, constitute provisions of this International Standard. At the tinme of
publication, the edition indicated was valid. Al standards are subject to
revision, and parties to agreenents based on this International Standard are
encouraged to investigate the possibility of applying the nmost recent edition
of the standard indicated below. Menbers of IEC and | SO naintain registers
of currently valid International Standards.

| SO 10844: 1994 Acoustics - Test surface for road vehicle noise nmeasurenents
| EC 60651: 1979 Sound | evel neters

| EC 60942: 1988 Sound calibrators

| SO 1176: Kerb Mass

| SO 1585:1992 Road Vehicles — Engine test code — Net power

3. DEFI NI TI ONS AND SYMBOLS USED

For the purposes of this International Standard, the follow ng definitions
apply:

3. 1. Aut omati ¢ Downshi ft

CGear change to a | ower gear (higher transm ssion ratio) which can be initiated
at the will of the driver.
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NOTE: An autonmatic downshift may be initiated, for exanple, by a change of
pressure on or position of the accelerator control, thereby activating a
speci al program which effects downshifts to gears which are | ower than
those normally used in urban driving.

3. 2. I nternedi ate Result

Val ue calcul ated fromthe test series neasurenents and used to determ ne the
reported val ue.

3. 3. Kerb mass

Conpl ete shipping mass of a vehicle fitted with all equi pment necessary for
normal operation plus the mass of the follow ng el enents:

(a) lubricants, coolant (if needed), washer fluid,

(b) fuel (tank filled to at |east 90% of the capacity specified by the
manuf act urer),

(c) other equipnent if included as basic parts for the vehicle such as:

(d) spare wheel (s), wheel chocks, fire extinguisher(s), spare parts,
and tool -kit.

NOTE: The definition of kerb mass nay vary fromcountry to country, but in
this standard it refers to the definition contained in |SO 1176.

3. 4. Rat ed Engi ne Speed, S

That engi ne speed at which the engi ne develops its rated maxi mum net power
as stated by the manufacturer

3.5. Ref erence Poi nt

[ Dependi ng on the design of the vehicle the followi ng definitions for the
reference point shall be used:

3.5.1. Vehicles Category ML [, N1]

(a) for front engine vehicles the reference point is at the front end

of the vehicle
(b) for md engine vehicles the reference point is the centre of the vehicle
(c) for rear engine vehicles the reference point is at the rear end

of the vehicle]

3.5.2. Vehi cl es Category M2, M3, N2, N3

(a) The reference point is the border of the engine closest to the front of the
vehicl e

3.5.3. Vehi cl es Category L

(a) The reference point is the centre of the vehicle.

3. 6. Synbol s used

Al'l synbols used are listed in paragraph 8 or bel ow

VAN vehicle speed at the approach of line AAin knth,
VBR vehicle speed at the end of the test track in kn?h,
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VYN engi ne rotation speed at the approach of the line AAin mn?
ngg engi ne rotational speed at the end of the test truck in mn?
S rated engine speed in min?! [synonynous with the engine speed at
mexi mum power ],
Pn rated engi ne power (ECE Regul ation No. 85) in kW
m test mass of the vehicle in kg,
Pn/ m power to nass ratio in Wkg,
| ven Il ength of vehicle in m
Luotr €P reported vehicle noise at wide open throttle (WOT),
Lot vehicle noise at wi de open throttle (WOT),
Auo I ef target acceleration rate for the wide open throttle (WOT) test
P./ mes power to nass ratio to be used for cal cul ations,
Aurban urban traffic accel eration
M e kerb mass + 75 kg,
Vpp speed at m crophone position
gear ratio i the first of the two gear ratios for use in the vehicle test,

gear ratio i+1 the second of the two gear ratios with an engi ne speed | ower
than gear ratio i.

4. VEHI CLE CATEGCRI ES

4.1, Category L, motor vehicles with less than four wheels */

L1 and L2: nopeds (see | SO 9645 for further details),

L3: two wheel ed notor vehicles with an engine cylinder capacity > 50 cn?
or mexi num speed > 50 km' h

L4: three wheel ed notor vehicles with an engine cylinder capacity
> 50 cn? or maxi num speed > 50 km' h, the wheel s being attached
asymmetrically along the |ongitudinal vehicle axis,

L5: three wheel ed notor vehicles with an engine cylinder capacity
> 50 cn? or maxi num speed > 50 km' h, having a gross vehicle mass
rating < 1000 kg and wheels attached asymmetrically along the
| ongi tudi nal vehicle axis.

4,2, Category M motor vehicles with at | east four wheels used
for the carriage of passengers

ML: vehicles used for the carriage of passengers and conprising not nore than
eight seats in addition to the driver’s seat,

M2: vehicles used for the carriage of passengers and conprising nore than eight
seats in addition to the driver’s seat, and having a nmaxi num mass not
exceedi ng 5 tonnes,

MB: vehicles used for the carriage of passengers and conprising nore than eight
seats in addition to the driver’s seat, and having a maxi nrum nass exceedi ng
5 tonnes.

*/ Note by the secretariat: The definitions do not reproduce those of annex 7
to the Consolidated Resolution on the Construction of Vehicles (R E. 3)
(docunment TRANS/ WP. 29/ 78/ Rev. 1/ Anend. 2).
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4. 3. Category N, motor vehicles with at | east four wheels used
for the carriage of goods

N1: vehicles used for the carriage of goods and havi ng a maxi mum mass not
exceedi ng 3.5 tonnes,

N2: vehicles used for the carriage of goods and having a maxi mum mass exceedi ng
3.5 tonnes but not exceeding 12 tonnes,

N3: vehicles used for the carriage of goods and having a maxi mum mass exceedi ng

12 tonnes.
5. GENERAL CONSI DERATI ONS
5.1. Driving conditions

This International Standard is based on a test with vehicles in notion.
Measurements shall be related to operating conditions of the vehicle which give
the representative noise | evel under urban acceleration. Therefore, a conbined
test of acceleration and constant speed driving related to a stated vehicle
speed is specified.

5.2. Interpretation of Results

The results obtained by this nethod give an objective neasure of the noise
emtted under the specified conditions of test.

NOTE: It is necessary to consider the fact that the subjective appraisa
of the noise annoyance of different classes of notor vehicles is not
sinmply related to the indications of a sound neasurenment system

6. | NSTRUVENTATI ON
6. 1. Instrunents for acoustical neasurenment
6.1.1. Cener a

The sound | evel neter or the equival ent measuring system including
the wi ndscreen recomended by the manufacturer shall at |east neet
the requirenments of Type 1 instrunents in accordance with | EC 60651

The neasurenments shall be made using the frequency weighting A, and the tine
wei ghting F.

When using a systemthat includes a periodic nonitoring of the A-weighted sound
pressure | evel, a reading should be nade at a tine interval not greater than 30
ns.

6.1.2. Cali bration

At the beginning and at the end of every neasurenent session, the entire

measur enent system shall be checked by means of a sound calibrator that fulfils
the requirements for sound calibrators of at |east precision Class 1 according
to I EC 60942. Wthout any further adjustnent the difference between the

readi ngs of two consecutive checks shall be I ess than or equal to 0,5 dB. If
this value is exceeded, the results of the neasurements obtained after the
previ ous satisfactory check shall be discarded.
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6.1. 3. Conpliance with requirenments

The conpliance of the sound calibration device with the requirenments of |IEC
60942 shall be verified once a year and the conpliance of the instrunentation
systemwith the requirements of |IEC 60651 shall be verified at |east every 2
years, by a l|aboratory which is authorized to performcalibrations traceable to
the appropriate standards.

6. 2. Instrunentation for speed neasurenents

The rotational speed of the engine and the road speed of the vehicle during the
constant speed approach shall be measured with instrunents neeting
specification limts of + 2% or |ess.

6. 3. Met eor ol ogi cal instrunentation

The neteorol ogical instrumentation used to nonitor the environnental conditions
during the test shall include the follow ng:

(a) a tenperature nmeasuring device nmeeting specification limts of £+ 1 °C
or |ess,
(b) a wind speed neasuring device neeting specification limts of £ 1,0 m's,
(c) a barometric pressure nmeasuring device neeting specification lints
of £ 5 hPa
(d) arelative hunmidity nmeasuring device neeting specification limts of £ [5]%

7. ACOUSTI CAL ENVI RONMENT, METEOROLOGH CAL CONDI TI ONS AND BACKGROUND
NO SE

7. 1. Test site

The test site shall be substantially level. The surface of the test track

shall be dry and its texture such that it does not cause excessive tyre noise.
The test track construction and surface shall neet the requirenents
of 1SO 10844.

The test site shall be such that when a small omi-directional noise source

is placed in its surface at the central point (intersection of the nicrophone
line and the centre of the vehicle |lane) see Figure 1, deviations from

hem spherical divergence shall not exceed + 1 dB

This condition is deemed to be satisfied if the follow ng requirements are net:

(a) Wthin a radius of 50 maround the centre of the track the space shal
be free of large reflecting objects such as fences, rocks, bridges
or buil dings.

(b) The test track and the surface of the site shall be dry and free from
absorbing materials such as powdery snow, or |oose debris.

(c) Inthe vicinity of the mcrophone, there shall be no obstacle that could
i nfluence the acoustical field and no person shall remain between the
nm crophone and the noise source. The neter observer shall be positioned
so as not to influence the nmeter reading.

NOTE: It is recomended that the test area be a substantially flat plane,
particularly in the portion of the area between the vehicle path and the
m crophone | ocation (see Figure 1).
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Key Mimimum ared cavered with test road surfacea, ie. tesh area

0 Microphone positions theight 4.2 m}

NOTE Shaded area {“test area”) is the minimum area 1o be covered with a surface complying with 1SO 10844,

Figure 1. Test site dinmensions

7.2. Met eor ol ogi cal conditions

The neteorol ogical instrunmentation should be positioned adjacent to the test
area at a height representative of the site, except as noted bel ow

The neasurenents shall be made when the anbient air tenperature is within
the range from[0] 5 °Cto 40 °C. (according to 92/23/EEC) See Annex A

The tests shall not be carried out if the wind speed, including gusts,
at mcrophone hei ght exceeds 5 m's, during the sound neasurenent interval

A val ue representative of tenperature, wi nd speed and direction, relative
hum dity, and barometric pressure shall be recorded during the sound
nmeasur enent interval

[ Test pad tenperature refer to | SO 13325]

NOTE: When conparing data under different environnental conditions,
the effects of tenperature and other factors should be considered.
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7.3. Background noi se

It is [recomended] that the A-weighted background noise (including any w nd
noi se) be 15 dB bel ow the emni ssions produced by the vehicle under test, but

it shall always be at |least 10 dB below. [Muy need to add an consideration for
conmpensating for the back ground noi se.]

8. TEST PROCEDURE

8.1. M cr ophone positions

The di stance fromthe mcrophone positions on the m crophone |ine PP
perpendi cular to the reference line CC (see Figure 1) on the test track shal
be 7.5 m+ 0.05 m

The m crophone shall be located 1.2 m* 0.02 m above the ground | evel

The reference axis for free field conditions (see | EC 60651) shall be

hori zontal and directed perpendicularly towards the path of the vehicle
line CC. Calibration of the mcrophone has to be done before and after a
test session. Results have to be refused, if the values have a variation of
nore than 0.5 dB(A).

8. 2. Nunmber of neasurenents

Make at | east four neasurenents on each side of the vehicle for each driving
condi tion.

8. 3. Condi ti ons of the vehicle

The vehicle shall be supplied with fuel—spark plugs—a fuel supply system-

etc— as specified by the vehicle manufacturer

Measurements shall be nmade on vehicles at the test mass specified for each
category [table will be added]. Except for the case of non-separabl e vehicles,
measur ement shall be nade without a trailer or sem-trailer

[ The tyres used for the test are selected by the vehicle nanufacturer

They shall correspond to one of the tyre size designated for the vehicle by the
vehi cl e manufacturer. It is recomended that the tyre is commercially
available. The tyres shall be inflated to the pressure recomended

by the manufacturer for the test mass of the vehicle.]

Bef ore the nmeasurenents are started, the vehicle shall be brought to its normal
operating conditions with respect to tenperatures and tuning.

8. 4. Operating conditions

8.4.1. Vehi cl es Category L
8.4.1.1. CGeneral conditions

The vehicle shall approach the line AA with the path of its centreline
following as closely as possible the ine CC (see Figure 1) [The section for
notorcycles is not devel oped to a point where a proposal can be presented here.
It does follow a simlar pattern]
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8.4.2. Vehicles Category ML [, N1]
8.4.2.1. CGeneral conditions

The vehicle shall approach the line AA with the path of its centreline
following as closely as possible the Iine CC (see Figure 1).

Any trailer which is not readily separable fromthe tow ng vehicle shall be
i gnored when consi dering the crossing of the |ine BB

If the vehicle is fitted with nmore than two-wheel drive, test it in the drive
sel ection which is intended for normal road use.

If the vehicle is fitted with an auxiliary manual transm ssion or a multi-gear
axl e, the position used for normal urban driving shall be used.

In all cases, the gear ratios for slow nmovements, parking or braking, shall be
excl uded.

It is necessary to performtwo different tests.

A wi de open throttle acceleration test and a constant speed test.
The conbi nation of both tests simulates urban traffic acceleration given by:

[ @upan = 0.9565 log P,/ me - 0.7218 Equation 8.4.2.-1 ]
8.4.2.2. W de open throttle test

When the front of the vehicle reaches the |line AA" the accelerator control
shall be fully engaged (wi thout operating the automatic downshift to a | ower
range than normally used in urban driving) and held fully engaged until the
rear of the vehicle reaches line BB'. The accelerator control shall then

be rel eased.

[Note: Pre-acceleration may be necessary to avoid the delay accel eration of
some vehicles.]

8.4.2.3. Constant speed test

During the constant speed test the accel erator control shall be held fixed
in such a position as to maintain the constant speed specified in

par agraph 8.4.2.4.1. between AA" and BB

8.4.2.4. Target val ues

8.4.2.4.1. Test speed

The test speed is 50 kmih £ 1km h

8.4.2.4.2. Accel eration Test

During each run of the wide open throttle test the reference accel eration
is given by:

[ Aot ref = 1.607 log P,/ me - 1.5887 Equation 8.4.2.-2 ]

Note: All text and equations following this section elinmnated or noved to a
nore appropriate section
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8424 3 \Wde Open Throttle Test

The test speed nmust be reached when the reference point of the vehicle is at
line PP with the tolerance + 1 m

[Note: The acceleration test requires the vehicle accelerate through the test
course fromline AA" until the rear of the vehicle passes the |ine BB
The vehicle shall approach the start line at a speed such that as the
vehi cl e accelerates the vehicle speed at line PP is equal to the test
speed noted in 8.4.2.4.1.]

The sel ection of gear ratio depends on the reference acceleration required (a
ref) for the full throttle acceleration test. The calculation of the
acceleration for a gear ratio i has to be done in the foll ow ng way:

[ai = ((ves [ 3.6)2 - (van [ 3.6)2) [ 2 * (20 + | yepn) Equation 8.4.2.-3 ]
The followi ng conditions for selection of gear ratios are possible:

(a) if one specific gear ratio gives an acceleration in a tolerance band of 5%
of the reference acceleration ay ref, test with that gear ratio.

(b) If none of the gear ratios give the required accel eration, then choose
a gear ratio i, with an acceleration higher and a gear i+1, with
an acceleration |lower than the reference acceleration. |If the acceleration
value in gear ratio i does not exceed [1l.8m s2], use both gear ratios
for the test. The weighting ratio in relation to the reference
accel eration ay ref IS calcul ated by:

[k gear weighting factor = (awot ref ~ a(i+l)) / (ai - a~(i+1)) Equation 8.4.2.-4 ]

(c) if the acceleration value of gear ratio i exceeds [1.8ms2], it is
recommended to performthe tests by selecting gear ratios i and i+1 with
| ower acceleration than [1.8m s?]. The weighting factor k is al so
cal cul ated according to.

(d) If the vehicle has a transmi ssion in which there is only one selection for
the gear ratio, the full throttle test is carried out in this vehicle gear
sel ection. The achieved acceleration is then used for the cal cul ati on of
the part power factor kp (see) instead of au ref-

(e) For vehicles with variable gears ratios (e.g. automatics, continuously
variable, electric vehicles) it is permtted to establish and use an
el ectronic or mechanic control to prevent downshifts to gears |ower than
those used in normal urban driving as defined by the manufacturer and to
fulfil above defined accel eration requirenents.

[If a vehicle does not have a sel ectable gear range then the vehicle propul sion
system shoul d be adjusted to allow the vehicle to accelerate at the target rate
specified for the vehicle category being tested. |f a precise setting cannot
be obtained the setting closest to the target shall be used. |If the rate is

hi gher than the target other nmeasures nmay be needed to mitigate the influence
of the high accel eration such as tyres.

Vehicles with automatic (or continuously variable) transm ssions in which it is
difficult to control (lock in a specific range) shall be tested in the nornal
gear selected for urban driving. This may include drive with a change to a

| oner range. However the other conditions shall be net.]

8.4.2.5. Const ant Speed Test

Performthe constant speed test with the same gear ratios used according to the
test speed specified under 8.4.2. 4.1
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8.4. 3. Vehicle of category M2, M3, [N2 < 7,5 tonnes], N2 > 7,5 tonnes, N3
8.4.3.1. General conditions

The vehicle shall approach the line AA with the path of its centreline
following as closely as possible the line CC (see figure 1).

The test has to be conducted without a trailer or semtrailer. |If a trailer is
not readily separable fromthe towing vehicle this one has to be ignored when
considering the crossing of Iine BB

If the vehicle incorporates equi pnment such as a concrete m xer, a conpressor
etc, this equipnment shall not be in operation during the test.

8.4.3.2. Loadi ng conditi ons
8.4.3.2.1. For vehicles of categories M and M3

Measurenments shall be nmade at kerb mass plus the driver and neasurenent
equi pnent .

8.4.3.2.2. For vehicles of categories [N2 < 7,5 tonnes],
N2 > 7,5 tonnes and N3

[ The total vehicle test weight should be 50 kg per kW The extra | oadi ng
shoul d be placed above the rear axle. However, the extra |oading should
be limted to 75% of the max. weight allowed for the rear axle.

The total weight for vehicles with nore than two axl es should be the sane
as for a two-axle vehicle. The weight should be placed above the driven rear
axl e(s).]

8.4.3.3. W de open throttle test

When the reference point of the vehicle reaches the line AA" the accel erator
control shall be fully engaged (w thout operating the automatic downshift

to a |l ower range than normally used in urban driving) and held fully engaged
until the reference point is 5 mbehind [ine BB'. The accelerator contro
shall then be rel eased.

8.4.3.4. Target val ues
8.4.3.4.1. Engi ne speed at |ine BB

When the reference point passes line BB, the engine revolution shall be between
85% and 89% of speed S at which the engine develops its rated maxi mum power.

8.4.3.4.2. Gear selection

The gear choice is deternmned by the gear that is the closest to 35 kmh when
the engine revolution is 85% of speed S at which the engine develops its rated
maxi mum power. |f the difference in speed exceeds 5 knmfh, then two gears
shoul d be tested, one above and one bel ow 35 knih
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8.4.3.4.3. Engi ne speed at |ine AA
When the acceleration starts, the engine speed nust be at |least 1000 min?t.
If that condition cannot be fulfilled, then the next higher gear has to be

used.

8.5. Readi ngs to be taken and reported val ues

8.5.1. Cener a

At | east four neasurenents shall be made on each side of the vehicle and gear
rati o respectively.

The maxi mum A- wei ght ed sound pressure |evel indicated during each passage

of the vehicle between the two lines AA and BB (see Figure 1) shall be noted.
If a sound peak obviously out of character with the general sound pressure

| evel is observed, the neasurenment shall be di scarded.

The results shall be considered valid when four consecutive neasurenments
on each side of the vehicle are within 2 dB. If not, additional runs shal
be made until four consecutive neasurements on either side are within 2 dB
of each other.

NOTE: The spread of results between runs may be reduced if there is a 1 mnute
long wait, at idle in neutral, between runs.

Average the results of each side separately. Take as the intermediate result
the hi gher of the two averages.

The final reported value for the vehicle is as indicated bel ow.

8.5.2. Vehi cl es of category L
(Still under devel oprment.)
8.5.3. Vehicl es of category ML [, N1]

The cal cul ated reporting value Ly rep fOr the wide open throttle test then is:
[ Luot rep = Luot i+ * K * (Lwot¢i)y- Lwot (i+1)) Equation 8.5.3.-1 ]

In case of a single gear ratio test the reporting value is directly derived
fromthe test result itself.

The cal cul ated reporting value Lgs ep fOr the constant speed (cruise) test is:
[ I—crs rep = Lcrs rep (i+1) + k * (Lcrs (i) - I—crs (i+l)) Equation 8.5.3.-2 ]

(Note: The abbreviation cst changes to crs, indicating that the vehicleis in a
gear not neutral.)

In case of a single gear ratio test the reporting values are directly derived
fromthe test result itself.

The final result is calculated by conbining Lut rep @nd Lers rep
The equation is:

[ Lurban = Luwot — Kp * (Luot rep — Lers rep) Equation 8.5.3.-3 ]
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The wei ghting factor kp gives the part power factor for urban driving and is
cal cul ated by:

[ ke =1 — (aupan !/ @uwot) Equation 8.5.3.-4 ]
8.5.4. Vehi cl es of category M2, M3, [N1, N2,] N3

When one gear is tested, the final result is the highest value of the two
aver ages.

When two gears are tested, the arithmetic mean of the two averages for each
side of these two conditions shall be calculated. The final result is the
hi ghest val ue of the two cal cul ated aver ages.

8. 6. Measur enment uncertainty

Measurements made in conformity with this international standard result in

I evel s that are influenced by climatic conditions. The climatic conditions,

as there is tenperature, humdity, wi nd speed, air pressure and tenperature

of the asphalt surface, can affect the performance of the vehicle powertrain,
nmodi fy the sound Il evel of the tyres, and disturb the propagation path of the
sound. In addition, the use of the asphalt test surface specified in | SO 10844
has reduced, but not elimnated, the variations traditionally encountered from
different sites. Tests of a vehicle at the sane site, in sinmlar climtic
conditions will result in sound pressure levels that are within + 2 dB(A).
However, testing over the entire range of tenperature and wi nd conditions
allowed in this standard may result in larger variation. This standard

encour ages the acquisition of additional environmental conditions, to develop a
better understanding of these factors on the measurenment, and offers sone
suggestions to reduce the variations. Refer to Annex A

9. TEST REPORT
The test report shall include the follow ng information:

(a) reference to this International Standard;

(b) details of the test site, site orientation and weather conditions including
wi nd speed and air tenperature; wi nd direction, baronetric pressure,
hum dity and track surface tenperature are optional neasurenents but shoul d
al so be recorded if avail abl e;

(c) the type of nmeasuring equipment including the wi ndscreen

(d) the A-weighted sound pressure |evel typical of the background noise;

(e) the identification of the vehicle, its engine, its transm ssion system

i ncludi ng avail able transm ssion ratios, size and type of tyres, tyre

pressure, tyre tread depth, tyre production type, test mass and vehicle

| engt h;

the transm ssion gears or gear ratios used during the test;

the vehicle speed and engi ne speed at the beginning of the period of

acceleration, and the |ocation of the beginning of the accel eration;

(h) the vehicle speed and engi ne speed at |ine PP' and at the end of the
accel erati on;

(i) the auxiliary equipnent of the vehicle, where appropriate, and its
operating conditions;

(j)y all valid A-weighted sound pressure | evel values neasured, |isted according
to the side of the vehicle and the direction of the vehicle novenent on the
test site.

—~
«
~— —
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Annex A
MEASUREMENT UNCERTAI NTY

This International Standard has been nodified, in relation to | SO 362: 1994,

to inprove the repeatability and reproducibility of the neasurenents.

The procedure still does not require a higher |evel of precision for sone test
paranmeters, because there is insufficient data to justify tighter tolerance

or limts on these requirenents.

The use of the asphalt surfacing specified in | SO 10844 has reduced

the variation typical in earlier neasurements. However, |SO and Society

of Autonotive Engi neers (SAE) test progranms (see Annex B) have indicated

that there is still some variation in sound pressure |evel measurenents

of identical vehicles on surfaces neeting the site qualifications. In addition
to the site variation, there are vehicle and neasurenment variations
attributable to climatic conditions. A reduction of the tenperature range

to 10 °C to 30 °C generally produces better agreenment in the results (see

annex B, ref. [4]). Likewise it should be noted that tenperature, humdity

and at nospheric pressure can have a significant influence on engine perfornance
and m crophone response. There is also a |level of uncertainty introduced by
the wi nd disturbance of the propagation path.

More precise calibration, better instrument specifications and test operation
criteria in this revised edition reduces the variations in sound pressure
levels. Also, the variations that will occur may be easier to explain since
this International Standard now requires or recomrends inportant meteorol ogical
paranmeters be recorded. However, there renmmin variations that cannot be
accounted for within the allowed ranges. Tests fromone site to another and
during different, but accepted, climatic conditions will normally vary

around + 1 dB, but in extreme cases variations of £ 2 dB may occur. Test data
of identical products should be evaluated taking into account these factors if
the neasurenments are found to be out of the range that would be anticipated
from previous neasurenents.

[ Some regul atory organi sati ons specify a reduction of the nmeasured |evel

by 1 dB, to account for this type of variation. However, such nodification of
measured | evel s are out of the scope of the |ISO engineering standards. The
vari ations al so support the idea of rounding the nmeasured | evel to the nearest
i nteger in cases where the test paraneters are not closely controlled.

Engi neeri ng conpari sons where mneteorol ogi cal and ot her paranmeters are
restricted or controlled, will reduce this variation to where reporting |levels
to the nearest 0.1 dB may be significant. ]

Annex B (informative)
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[4] Enz, Wand Steven, H Round Robin Test on test tracks as proposed in | SO TC
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Annex C (informative)

TECHNI CAL BACKGROUND | NFORMATI ON
(Still under devel oprment.)
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Annex D (informative)
[ Fl ow Chart of the Procedure]

Reference values
Steps to perform from the statistical
durina the test investigations

Calculate the power to massratio for the

vehicle
] Quotres = 1.607 log P, / myg
Select the reference accel eration rate - 1.5887
awor for the wide open throttle
acceleration test Equation 8.4.2-2

J

Perform the measurement of the noise
level under WOT condition for the
required gear or gears

aear weiahtina factor — (a/vol ref © a(i+1)) / (31 -

x —
2

ot rep = Lwot (+1) * K* (Lwoty Lwot (i+1)

- L

Weighed combination of the results
accordina to the reference acceleration

S/

4 L

Perform the measurement of the noise level
under constant speed condition for the
required gear or gears

dear weiahtina factor — (a/vol ref © a(i+1)) / (31 -

x —
2

ot p = Lersisny + K* (Lersgy™ Lers (+1)

J L

Weighed combination of the results for the
constant speed (cruise{ CRS} ) according
to the reference acceleration

N

kP =1- (aurban / awot)

~

prd

4 L

aupan = 0.9565 log (P,, /
m. ) - 0.7218
Equation 8.4.2-1

Select the target urban acceleration a,pa,

4 L

Calculate the partial power factor

L rban — Lwot — kP * (I—wotrep_ Lcrsrep)

)

\/

o/

Cdculate the noise level representing urban

driving

Reported Urban Sound
Level _dB(A)

Figure 1
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[ Annex E (informative)

| NDOOR TEST OPERATI ON ]
I ndoor Test Operation

If the manufacturer has a capability of doing this type of testing and the
facility shows good correlation with the outdoor testing then the follow ng
i nformati on can help provide an in inprovenent in the correlation of the
various facilities.

1. Concept

The exterior noise test operation described in this standard is designed

to nmeasure the noise radiated fromthe vehicle to the bystander on the street
during an urban driving cycle. One of the principal criteria of the standard
is that it be done in an acoustic free field or nore precisely a heni-anechoic
space. These criteria can be reproduced in a |laboratory by installing
absor bi ng wedges in a | arge dynanoneter room providing the same effective
propagati on mnedi a.

2. Room Requi renent s

The m crophones can be placed at a distance of 7.5 mfromthe center

of the vehicle if the roomis approximtely 14 neters wi de for a single side
facility or 27 mfor a dual sided facility. The determ ning factor in the

wi dth dinmension is the ow frequency cut-off. As a general rule the

m crophones must be % wavel ength fromthe absorptive walls and the absorptive
medi a must be nominally % wavel ength of the | owest frequency of interest.

As an exanple, if the 4 cylinder engi nes being tested have a | ow engi ne speed
of 1000 nmin?! then the | owest frequency is approximtely 34 Hz and the wedge
depth is nomnally 2.6 m The length of the |ongest vehicle of course
deternmines the roomlength. For a typical vehicle of 5mlength the room should
be 36 mlong. The height follows a sinmlar set of requirenments, however, a
nom nal value used is 7.5 mto the wedge face. The size can be adjusted

to meet the specific application for the products being tested.

3. Dynanonet er Requi r enent

There are any nunbers of dynanoneter drive systens available for this use. The
unit must be capable of applying a road load to the drive wheels of the
vehicle, in many cases all four. The unit nust al so be designed to be quiet
enough to be 15 dB below the | owest | evel being nmeasured in the test cell

In general a dynanoneter with an operating |level of near 50 dB(A) will neet
nmost requirenments. |In general the 1/3 octave or other spectrum anal ysis shoul d
be made to ensure the overall usability of the facility for design work. In

addition to the acoustic considerations, the facility should al so be able nove
sufficient air to renove dangerously fatal exhaust funes that are part of the
test during open exhaust devel opment work. The control of the anbient
tenperature is also a consideration. GCenerally an anbient level of 20 + 3°Cis
feasible for nost applications. Finally the dynamonmeter unit nust be able to
follow the rapid transient of the acceleration cycle. The operation of the
vehicle is nost often a conmputerized throttle application but if the air
extraction systemallows for remte extraction of the exhaust a person can
operate the throttle. However human variation increases the variation of the
total neasurenents.
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4, M crophone Pl acenent

Typical facilities currently in use have from 15 to 20 m crophones placed in

a line on each side at a distance 7.5 mfromthe |ongitudinal centerline of the
vehicle. In nost cases the array is evenly spaced along the line, however, in
some instances the m crophones are concentrated at a cl ose spacing of near 1
meter with the array extending from 10 nmeters in front of the vehicle

m crophone to 10 neters behind the rear of the vehicle.

5. Measurenment Capability

The current facilities have denonstrated a good correl ation between road tests
and dynarmoneter tests for the powertrain portion of the vehicle noise.

The problemwith the total vehicle neasurements is related to the dom nance

of the neasurenment by the tyre rolling noise. Wen a production tyre is placed
on the dynanonmeter rolls its contact patch is nodified such that the |evels

i ncrease significantly fromon the flat test road surface. The problem can be
significantly reduced by replacing the production tyre with a slick (tyre

wi t hout any tread) or tyres up to 1.6 nmfor some applications. This
limtation is significant enough to prevent good correlation with current
outdoors-full vehicle neasurenments. There is work being done by sone

organi zations to deternmine alternatives that may reduce this problem

However even with this linmtation the capability to devel op conmponents
and subs-systens is extrenmely valuable. The indoor nmethod elim nates
dependence on weather restrictions especially in areas where rain, snow
and wind conditions result in significant time loss. |In addition it can
be used to verify that a conmponent change, other than tyres will not alter
the type approval sound | evel

Used of the facilities along with an increased study of the tyre/roll interface
will lead to better use of this type of facility. The process nay show the
roomlevels to be a quantifiable difference that can be added to the powertrain
component for the total vehicle |evel

6. Dat a Anal ysi s

The data analysis is the sane as used in any multi-channel measurenment system
In general the data is acquired on a time basis fromeach of the m crophones.
As the vehicle is accelerated followi ng the procedure outlined in the main body
of this standard a position signal is acquired, generally fromthe dynanometer
roll to synchronize the neasurenment channels with vehicle position and the
accel eration, engines speed and vehicle speed. Through the process

of conbining these signhals a sweep is made of the m crophone array to represent
the novenent of the vehicle past a single mcrophone. The digital processing
systens provide a single plot of the overall sound |evel at each position along
the “course”. |In addition the systens generally have the capability to provide
a time-based anal ysis of the individual mcrophones. This enhances the
capability of defining the noise sources such as the Ievel fromthe nicrophone
directly in line with the exhaust outlet or at the centerline of the vehicle
front axle. Most data processing systens offer an array of spectral band,

order tracking and other analysis that provide a detailed map of the vehicle
noi se i nformati on.



