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EXECUTIVE SUMMARY

OBJECTIVE OF THE DBIERABLE

The objective of this study is to develop suitable noise criteria for vehicles to enter a
quiet zone (Q -Zone) in a city. The study is restr icted to passenger cars only.

DESCRIPTION OAFHE WORK PERFORMEDNEE THE BEGINNING & THE PROJECT
The following has been performed within this work package (WP 3.2.2):

I Studies regarding proper test method for type approval of passenger cars in
urban areas with a focus on electric and hybrid cars

1 Sound measurements on new hybrid and electric passenger cars

Collection of noise emission data from normal passenger cars [1]

1 Development of noise classification s covering the whole range in exterior noise
from passenger cars based on the measured and collected noise data

1 Proposal on suitable noise limit for a passenger car to be allowed free access in
Q-zones

]

MAIN RESULTS ACHIEVEBO FAR

Sound measurements during type approvals of passenger cars should be performed
according to the standard ISO 362:2007 (included in noise regulation ECE R51, method

B). This standard gives a more adequate representation of real -world urban traffic noise
compared to the earlier stand  ard 1SO 362:1998 (included in noise regulation ECE R51,
method A).

Five different noise classes (A, B, C, D and E) covering the whole range in exterior noise

from passenger cars according to ISO 362:2007 have been developed. Noise class A is
the quietest ¢ lass, while E is the noisiest class. The proposal is that a passenger car has to
fulfil noise class A, i.e. Lumwan < 64 dBA, in order to be granted free access to a Q -zone.
This is about 8-10 lower noise levels compared to normal passenger cars during normal
urban driving on urban main street s with speed limit 50 km/h . The reduction potential is
higher on streets with lower speed limits (e.g. residential streets), due to the quiet engine

that becomes more and more apparent towards lower speeds. However, studies
mentioned in section 2.2.2 show that people are less annoyed along residential streets

with speed limit 30 km/h compared to main streets with speed limit 50 km/h. Therefore,

the most important thing is to reduce the exterior noise at roads rated a t 50 km/h.

EXPECTED FINAL RESI&.T

Over time, the main goal with the CityHush project is assumed to be fulfilled by
implementing noise specifications for vehicles in Q -zones. However, similar noise
specifications must be developed for other vehicles as well , €.g. light trucks, garbage
trucks, busses and motorcycles (mopeds). Furthermore, other noise reduction
techniques (presented in other Deliverables), such as low noise tyres and low noise road
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surfaces etc. must be developed and implemented in the zone in order to fully achieve

0.5

0.6

0.7

the main goal.

POTENTIAL IMPACT ANDUSE

The proposed testing method (ECE R51, method B) during type approval has been used

by manufactures since 2007 and is therefore already a well -known noise testing
method. However, some sma |l changes in the full acceleration test may be needed
when testing hybrid and electric passenger cars in order to include all relevant noise
sources in an adequate way.

By updating the noise access limits due to the current noise data for quiet electric
vehicles approximately every year or bi ~ -annually, an up -to-date noise limit for access to
Q-zones will always be available for electric or hybrid vehicles. More studies should
therefore be performed in this area on a regularly basis.

PARTNERS INVOLVED ANODHEIR CONTRIBUTION
The partners involved in this study are:
9 Acoustic Control (ACL)
1 Head Acoustic (HAC)
1 Stockholm Environmental Protection Agency (SEP)
1 Traffic & Public Transport Authority (TPTA) in Gothenburg

ACL have been in contact with HAC for technica | discussions and exchange in
measurement data. ACL have also been in contact with SEP regarding access to
suitable electric vehicles for sound measurements and regarding electric vehicles in
Sweden in general. All partners have given valuable input and re marks regarding the
content in this report.

CONCLUSIONS
The following conclusions are given in this study:
1 Type approval according to ECE R51 method B (ISO 362 :2007)

9 Full acceleration test from 30 km/h instead of 50 km/h for electric passenger cars
with weak engines (e.g. PMR < 40). More studies should be made in this area

1 A passenger car that is granted free access in Q -zones has to fulfil
Luwan < 64 dBA (i.e. noise class A). This is about 8-10 lower noise levels compared
to normal passenger cars  during normal urban driving on urban main street s with
speed limit 50 km/h . This noise limit is likely to imply that only pure electric vehicles
are granted free access

I Similar noise limits should be developed for other vehicle categories as well in
orde r to consider all types of vehicles ina Q -zone and to acchieve the needed
noise reduction

Deliverable 32 2_110817.docx
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INTRODUCTION AND OBECTIVE

The main goal with the CityHush project is to present solutions that reduce the overall

traffic noise levels in urban areas by 10 -20 dBA-units. One possible way to achieve this is

to only allowing quite hybrid/ electric vehicles free access to certain quiet zone s (Q-
zones) in the city. The objective of this study is therefore to develop suitable noise
criteria for vehicles to be allowed free access in Q -zones. However, this study is

restricted to passenger cars only.

Deliverable 32 2_110817.docx
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2 TESTING METHODS FORXTERIOR NOISE TYIAPPROVAL

A universal and functional noise specification requires a proper noise testing method
that considers the actual driving condition s and provides the basis to evaluate new
propulsion technologies like hybrid and pure electric vehicles.

2.1 ECEREGULATIONS1, METHODA

The current noise Regulation No 51 (R51) of the Economic Commission for Europe (ECE)
has been in force since 1970 (Directiv. e 70/157/EC) with several amendments since
then. The measurement method is based on ISO 362:1998 and seeks to measure the
highest noise levels produced in urban traffic with a focus on driveline noise, i.e. full

throttle acceleration in urban areas. Therefore, the test method is based on a full
throttle acceleration test starting from 50 km/h or less, depending on the vehicle
category.

Since the technical design of vehicles has changed significantly over the last decade,
the correlation between the test con ditions for type approval and the conditions for
normal urban driving has gradually decreased. New test conditions were therefore
required to be more representative of normal urban driving behaviour in order to affect
noise exposure in urban areas more eff iciently.

2.1.1 Limit values

The regulated limit has been strongly reduced since the start in 1970, see Figure 2.1
below. However, almost no noise level decrease has been seen in real urban traffic.
Note that the limit value for passenger cars is 74 dBA.

Type approval noise limits
95 T . - . -

— Passanger car
Delivery van < 2t

anf- - - Small lomry
—————————— — Heavy lomry

iar |
BTG

5]
o
T

i

Lp at 7.5 m [dB(A)]
=

70 . | , DU 5E5 01101559 L
1970 1975 1980 1985 1990 1995 2000 2005
Yeaar

Figure 2.1 Historical development in EU type approval noise limits based on ECE R51 method A. The figure is taken
from reference [3] page 51.
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The new ECE R51 method, based on ISO 362:2007, was prepared by WG42, a joint

workgroup of | SO TC43/ SC1

ONoi

sed6 and |

SO TC22

WP29 in 2007 to be implemented in Directive 2007/34/EC. Development and evaluation
were notably carried out in 2004 for technical accuracy and practical considerations

by over 180 vehicles inc luded in a first monitoring test program. In 2007/2008 the
European Commission launched a new monitoring procedure for 2 years application in
order to establish new limit values to be applied for the new test method B. During that
time, the noise tests dur ing type approval were measured according to the current
method A as well as the new method B.

The measurement procedure in method B is based on an estimation of partial throttle
operation at 50 km/h for light vehicles (M1, N1 and M2<3.5t) and at 35 km/h
vehicles (M2>3.5t, N2, N3 and M3) which represents normal urban driving behaviour. For
light vehicles, it seeks to approximate real partial throttle operation with a weighted

average of a

wide

-open throttle test (wot) from 50 km/h with a constant

for heavy

speed test at

50 km/h. It ensures a better consideration of all noise sources emitted by road vehicles
in urban traffic than the current method. Therefore, a decrease of limits regarding this

new method will affect noise exposure in urban areas more

efficiently than method A. It

also provides the basis to evaluate new propulsion technologies like hybrid and fuel cell
vehicles in a technological neutral manner.

Proposal for new vehicle categories and new limit values

The European Automobile Manufacture

r so

Associati on

( ACEA)

vehicle subcategories and new limit values in August 2010 [2] based on the new
collected monitoring data from method B. Further information can be found in

reference [2].

Proposal for new subcategori

es and equivalent limit values. The table is taken from reference [2] page 9.

Equivalent limit values in dB(A)

Category Subcategory on Road Off Road "
M1-1 pmr =125 kWi T2 74
M1 M1-2 125 kWit < pmr <= 150 kWit 73 74
M1-3 pmr = 150 kWt 75 75
N1/M2-A1 GVM == 2500 kg 72 74
N1RE2-A N1/M2-A2 GVM = 2500 kg 74 75

i =1

N2IM2-B N2/M2-B1 rated speed = 3000 mlh . 76 77
N2/M2-B2 rated speed <= 3000 min 78 79
N3-1 2 axles, Pn <= 180 kW 79 80
N3-2 2 axles, 180 kKW < Pn <= 250 kW 81 g2
N3 N3-3 2 axles, Pn =250 kW 82 83
N34 = 2 axles 84 85
M3-1 Pn <180 kW 76 7
M3 M3-2 180 kW <= Pn == 250 kW 78 79
M3-3 Pn =250 kW 80 81

" off road as defined in R.E.3 and in addition have a wading depth exceeding 500 mm and a hill
climbing ability exceeding 35°

Deliverable 32 2_110817.docx
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Comments on the new test method B applied on hybrid/electric vehicles

The WG42 committee has had access to extensive in -use data to determine the actual
driving behavior from | ight duty vehicles in urban traffic. To establish the operation
criteria in method B, WG42 used the in  -use vehicle data which showed that the most
traveled speed is 50 km/h in urban areas [5]. Furthermore, a traffic noise study [6]
revealed that 73 % of th e annoyed people lives along main streets with speed limit 50
km/h, while 23 % lives along residential streets with speed limit 30 km/h. The test speed
for light duty vehicles were therefore set at 50 km/h.

The main idea with the wot ~ (wide open throttle)  test from 50 km/h is to simulate a worst -
case -scenario with a focus on driveline noise, while the idea with the constant speed

test at 50 km/h is to focus on tyre/road noise. The weighted average (L urban ) 1S then a
combination of both driveline and tyre/ro ad noise so that all relevant noise sources are
considered. However, this may not be the case for low noise vehicles with a weak
engine, i.e. hybrid or pure electric vehicles.

Measurements reveal that for electric vehicles with a low power -to-mass ratio 1 the main
focus at wot test from 50 km/h is on  tyre/road noise instead of the driveline noise  due to
the qui et driveline . The weighted average (L uman) is then only considering tyre/road
noise. This may be correct for urban traffic conditions at main street s with speed limit 50
km/h and with very few traffic lights. However, it does not give a fair picture of the noise
reduction potential on streets where the acceleration phase normally starts from
speeds below 50 km/h, i.e. main streets with speed limit 50 km/h and with lots of traffic
lights or residential streets with speed limit 30 km/h. A wot test with a start speed below

50 km/h gives more room for the driveline noise. Therefore, we recommend that the wot
test for electric cars are to be performed ata  lower start speed, e.g. 20 km/h.

1 Dimensionless quantity used for calculation of acceleration according to the equation:
PMR = Pn/m x 1000 kg/kW , where Pn is the engine power in kilowatts and m is the test mass in
kilograms.

Deliverable 32 2_110817.docx
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MEASURED AND COLLEMED NOISE DATA FROM RSSENGER CARS

Sound measurements on passenger cars (M1) have been performed according to ECE

R51 method B based on ISO 362 -1:2007. Measurements on one hybrid and four pure
electric cars were performed by ACL in June 2011. Further measurements on hybrid and
electric passenger cars have been performed by HAC in July 2011 focusing on
seperating driveline and tyre/road noise . Detailed results from these measurements are
presented in appe ndix 1 and 2. Noise emitted from 34 normal passenger cars were
collected from measurements performed by the SAE Cooperative Research Program

[1].

The measured and the collected noise data are summarised in Figur 3.1 below. It

presents the constant speedte stat50 km/h (L «s), the wide -open -throttle test from 50
km/h (L wot) and the final result, L umwan , Which is calculated as a weighted average of L wot
and L «s in order to simulate real urban driving conditions and to include all relevant

noise sources.

85
80
75
< 50 ® Lurban
) Lers
T 65 -
3 m Lwot
£ 60 -
i
55 -
<2,("2§ "’OQ °’04 edz} \('})A ecbk \l-ch) c,cz} \\(’,b‘ -c(’é-bd}
A R O SR N N S
®-© @\b\ & 6\? & . & S & ng \2\@
@ & & &
& > Q¥ ]
NG Ry
S

Measured and collected exterior noise data from passenger cars according to ECE R51 method B (ISO 362
1:2007).

The results presented above show that electric and hybrid passenger cars emits about
5-10 dBA lower noise levels compared to normal pas senger cars during normal urban
driving on a urban main street with a speed limit of 50 km/h and with few traffic lights.

A guestion is what L uman levels we would have obtained with 20 km/h as starting speed
instead of the start speed 50 km/h. We have performed a  careful review of th e Luman
level compared to the | evels obtained for constant speed test and wot test fully carried
out according to the standard procedure in 1ISO 362:2007. It is then reveal ed that we
obtain a value of the Luban level that is very close to the pure logarithmic average of

the constant speed test and the wot test.

Deliverable 32 2_110817.docx
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If we use this finding in order to  obtain an Luwan level that corresponds to what would
have been obtained if using 20 km/h as start speed instead of 50 km /h it is revealed
that a 1 dBA unit lower level would be obtained for pure electric cars (like Mitsubishi
iMiev, Citroen C-Zero and Peugeot iOn which all have a PMR= 39). Luman for Toyota Prius
will be 2 dBA -units lower and for FIAT 500 EVadapt the L uban level would be about 3
dBA-units lower since FIAT 500 EVadapt has very low drive line noise contribution due to
the low PMR value thatis only PMR=20.5 compared to PMR=39 e.g. for iMiev

Deliverable 32 2_110817.docx
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4 EXTERIOR NOISE CLABICATION

4.1 NOISE CLASSES FOR PSENGER CARS

Five different noise classes (A, B, C, D and E) covering the whole range in exterior noise

from passenger cars according to ISO 362:2007 have been developed. Noise class A is
the quietest class, while E is the noisiest class. Information about these noise class es are
given in the table below.

Table 4.1 Five different noise classes covering the whole range in exterior noise from passenger cars.

Noise class Noise limit Typical passenger car

ISO 362:2007 | types
(Lurban )

A <64 dBA Pure electric cars

B 64 - 68 dBA | Hybrid cars

C 68 - 72 dBA | Normal passenger cars

D 72 - 76 dBA | Large passenger cars

E >76 dBA Sport cars and pickups

The upper limit of noise class A -D and the measured and collected exterior noise data
(Luwan ) are presented in Figure 4.1 below. Note that noise class C corresponds to the
proposed equivalent limit for M1 -1 shown in Table 2.2 (L uban 72 dBA).

Lurban

LpAmaxF(dBA)
[ N e
WONA~O®

> W 0O|O0

66
64
62
60
58
F S S S P E S ¢ Pl
) N\ ; :
,b‘—)\,\' N ,b(‘)g/ /b*o"’ (Q'b\ ,b(\(' Q(l 06 (9(0’b (',é\ \‘\oﬁ\
I VT E R QX
N & @
o S X Q¥
(\
NG Q
.\9
S
Figure 4.1 Measured and collected exterior noise data (L urban ) from passenger cars including the upper limit of noise
class A-D.

Deliverable 32 2_110817.docx



4.2

4.3

SPC8GA-2009-233655 Page 12 of 40

i
ty l | S ‘ | CITYHUSH 25 August 2011

PROPOSAL ON NOISE LINTS FOR PASSENGER @S TO ENTERQ-ZONES

There exists up to now no definition on what qualities regarding noise that shall be
required from a vehicle in order to be considered a n enough o0qui et & ehi
(presented in Deliverable 3.2.1) and thus free access could be grantedtoa Q -zone.

The proposal is that a passenger car has to fulfil noise class A, i.e. Lurwan < 64 dBA, in order
to be granted free access to a Q -zone, see Table 4.1 and Figure 4.1. This is about 8 -10
lower noise levels compared to normal passenger cars during normal urban driving on

urban main street s with speed limit 50 km/h . The reduction potential is higher on streets
with lower speed limits (e.g. residential streets), due to the quie t engine that becomes
more and more apparent at towards lower speeds. However, studies mentioned in
section 2.2.2 reveal that people are less annoyed along residential streets with speed

limit 30 km/h compared to main streets with speed limit 50 km/h. Ther efore, the most
important thing is to reduce the exterior noise at 50 km/h.

A reduction by 10 dBA at higher speeds (> 50 km/h) will only be achieved if measures

are taken to reduce the tyre/road noise. One way of doing this is to use the 0Goodyear
me t h a dhis method is based on selection of very quiet tread patterns which are

assumed to be run on very smooth road surfaces with max stone size <5 mm. This would

also require a ban for studded tyres in certain areas e.g. in the Nordic countries like

Sweden Norway and Finland.

Note that there are probably only pure electric cars that can be granted free access
with the proposed noise limit.

OTHER TYPES OF VEHIES INQ-ZONES

This study only handles passenger cars in the zone. However, there is a need also for
transportation of goods to shops and grocery stores in the zone, for garbage collection

as well as for public transportation with buses. For this reason, examples of hybrid
electric light truck and garbage trucks (hybrid garbage collecting trucks were rec ently
demonstrated by Volvo Truck in Goteborg) as well as hybrid electric busses must be
studied and documented. In 2008, ACL performed similar studies on hybrid city buses
within another project. These results are  though not presented in this report.
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SOUND MEASUREMENTS ONYBRID AND ELECTRI®EHICLES BYACL, JUNE2011

Test vehicles

Vehicle Gasoline Electric Transmission | Dimensions | Kerb Tyres
: Motor .
Engine weight
1,5L 4Cyl.
Toyota AC-motor, Length: 4450 mm Primacy Pilot
Pri 73 kW (98 hp), Automatic (ECVT) 1400 kg
nus 50 kW, 400 Nm Width: 1725 mm 195/55R16 (87V)
145 Nm
Dunlop Enasave
Mitsubishi Length: 3475 mm 2030
AC-motor, 47 kW gth:
. - Automatic, 1 speed 1120 kg
IMIEV (64 hp), 180 Nm Width: 1475mm Front: 145/65R15
Rear: 175/55R15
Automatic, 1 speed
. with 3 driving _ Continental
Fiat 500 AC-motor, 24 kW Length: 3546 mm _
EVad - _ programs (orginal 1100 kg ContiEcoContact 3
adapt (nominal) - Width: 1627 mm
gearbOX limited to 175/65R14
1,2,3 and reverse)
Dunlop Enasave
Peugeot AC-motor, 47 kW Length: 3475 mm 2030
. - Automatic, 1 speed 1120 kg
iOn (64 hp), 180 Nm Width: 1475 mm Front: 145/65R15
Rear: 175/55R15
Dunlop Enasave
Citroen AC-motor, 47 KW Length: 3475 mm 2030
- Automatic, 1 speed 1120 kg
C-Zero (64 hp), 180 Nm Width: 1475 mm Front: 145/65R15

Rear: 175/55R15

Deliverable 32 2_110817.docx
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Toyota Prius:
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Test Site
Sound measurements were performed on a karting track in Jarfalla, Sweden (Gokartvagen 1, Jarfalla)
with a dense bitumen asphalt layer with maximum stone size 8 mm (ABT 8).

Measurements

Procedure and setup

Themeasurementsereperformed 201-D5-16 and 201106-27 according to ISO 362:2007 but with an
extended measurement program in order to extract the tyre/road noise and the driveline noise from the
measured data. According to ISO 362:2007, two test are to be performed, stamicopeed test (cruise

by) at 50 km/h and one widgpenthrottle test (wot) with the start speed 50 km/h. In the extended
measurement program the constant speed test is performed at speeds 15, 20, 25, 30, 40 and 50 km/h. Tl
wot test is performed withaitt speeds 20, 30 and 50 km/h. Each test is measured 3 times at each speed.
The vehicle speed was recorded with a GPS speed and position logging system (Race Technology).

Dimensions in metres

15

Key
-‘ minimum area covered with test road surface, i.e test area

NOTE Shaded area (“test area”) is the minimum area to be covered with a surface complying with ISO 10844.

microphone positions (height 1,2 m)

Passenger cars contain several sound sources contributing to the total noisleeeér, for urban

driving (low vehicle speeds) the main sound sources are confined to the driveline and the tyre/road
interaction only. We can therefore separate the total noise level into driveline noise and tyre/road noise.
The total noise at higheelocities mainly consists of tyre/road noise. Due to this knowledge and a
constant velocity exponent assumption, we can separate the tyre/road noise from the total level. The
driveline noise is then extracted by subtracting the tyre/road noise fromahedist level

Deliverable 32 2_110817.docx
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The subject of tyre/road noise has been widely studied for many years. It has been shown that the peak
tyre/road noise in dBA of a coasting vehicle measured at 7,5 m is related to the vehicle speed by the
following expressiont.pA = m log(v) + constant where the LpA is the peak hoise, v is the vehicle

speed (km/h) and m is a constant (the slope in a logarithmic diagram). We assume that the driveline
follows the same expression during the constant speed estlriveline noise is then adjied so that the
calculated sum (tyre/road + driveline) coincide with the measured data . The estimated tyre/road noise
during wot test is the tyre/road noise from the constant speed test added with 2tdBlighdy higher

speed when passing the michope and due to a higher torque loatbdhe tyres.

Instrumentation

Instruments and equipment used during the measurements are listed in the table below.

Equipment Brand Type
12-channel signal analysis system Briel & Kjaer Portable PULSE
5 microphones Briel & Kjaer 4189 A21
Microphone wind shields Briel & Kjaer

Sound level calibrator Norsonic

GPS speed and position logging systg Race Technology| DL1
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Results
-0 CONSTANT SPEHDtal noise level (Prius)
& Measured data /
65 Total noise (curve fit)
é 0 Tyre/road noise (estimated)
§’6 Driveline noise (estimated)
[} .
§55 === sum (estimated)
g
250 —
Q
045 -
©
c
3
H40 /
35
30
10 Log speed (km/h) 100

The car was driven &V-mode under 25 km/h. The estimated tyre/road noiselaneline noise are

equaly strongslightly below 15 km/h. The driveline noise is dominating below 15 km/h while the
tyre/road noise is dominating above 15 Kif{pAyreroad= 40.8109(V) T 4.7, LPAgriveine = 15.0 log(v) +

24.9. This means thaheacoustic poweraround 1002000 Hzat higher speeds mainly tyre/road

noise(se diagram below)At lower speeds, a peak around 250 Hz starts to appear which may be due to
the driveline. Note that the peak at 250 Hz and 1000 Hz are equally strongtat @kouh which

strengthen the assumption that the driveline and the tyre/road noise cross each other at about 15 km/h.
Furthermore, the velocity slope at 250 Hz is m a8 m = 41at 10062000 Hz which are similar to the
velocity slope in the total nasanalysis. The velocity slope decreases above 2500 Hz.

CONSTANT SPEH1IDise spectrum (Prius)
70
< _
g 60 ¢—10 km/h
T 50 —@—15 km/h
3 =20 km/h
v 40
= =>¢=25 km/h
g 30 - =30 km/h
T 20 - —8—35 km/h
>
3 10 40 km/h
45 km/h
0
50 km/h
—¢—55 km/h
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WOT T total noise level Prius)
Start speed | Sound Pressure Level
50 km/h 69 dBA 72 dBC
30 km/h 67 dBA 71dBC
20 km/h 66 dBA 71 dBC

80 WOT- total noise level (Prius)

& Measured data

~75 Tyrelroad (estimated during WOT)
é Driveline (estimated during WOT)
=70 === tatedy—— -9
E ‘.-----0""'"'__
365 —— 1
o
7 60
¢
o 55
=]
c
250
N

45

40

10 Log speed at start (km/h) 100
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Note that the tyre/road noise is higher than the drivelaise at wotest 50 km/h, while the driveline

noise is dominating at lower start speeds. The peaks at 125, 250 and 500 Hz are due to the gasoline

engine.
WOT- noise spectrum (Prius)
Z 65
S 60
© 55
>
350
(&)
5 45 )
3 40 I—' o—50 km/h
o 35— —8-30 km/h
2 30 14
=1 | 20 km/h
3 25
20
MOoOONOOOINOO0O0O000O0O00O0000O0O
OOONOONHOOMOOLWOOOIWOOOOO
AATANNNTNOOONOOHOOMOO
HHHNN("OQ‘LD@OOS
1/3 octave band (Hz)
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CONSTANT SPEHDtal noise level (iMiev)

~
o

& Measured data
Total noise (curve fit)

Tyre/road noise (estimated)
Driveline noise (estimated)
=== sum (estimated)

»
ol

2]
o

Ul
(31

A
o

Sound Pressure Level (dBA)

:
\

[o8]
6]
|

30

10 Log speed (km/h) 100

The estimated tyre/road noise and driveline noise are bgtwaéen 105 km/h (pAyenoas= 40.5 log(v)

T 7.8, LpAgiveine= 17.0log(v) + 17.3. Note that the same trend can be seen in the spectrum with the
tyre/road peak at 1000 Hz at high speeds and a driveline peak at 250 Hz at low speeds. The velocity slor
at 250315 Hz is m = 1&nd m = 2 at 1000 Hz which are similar to the velocity slope in the total noise
analysis. The velocity slope decreases above 2500 Hz.

CONSTANT SPEH1Iise spectrum (iMiev)
__70
5
T 60 —o—10 km/h
2 50 —=—15 km/h
= —#—20 km/h
o 40
7 =>=25 km/h
0
30 - —#=30 km/h
(o
T 20 - —0—35 km/h
o] =40 km/h
3 10
w45 km/h
0 50 km/h
=55 km/h
1/3 octave band (Hz)
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WOT 1 total noise level (iMiev)

Start speed | Sound Pressure Level

50 km/h 66 dBA | 66 dBC

30 km/h 65 dBA | 66 dBC

20 km/h 64 dBA 65 dBC

WOT-total noise level (iMiev)
¢ Measured data

~
(631

Tyrefroad-(estimated-during WOT)
Driveline |(estimated during WOT)
=== sum (calculated)

===t
/

~
o

(o2}
ol

Sound Pressure Level (dBA)

60
55 /
50
45
40
10 Log speed at start (km/h) 100

Note that the tyre/road and the driveline noise is almost the same at 50 km/h, while the driveline noise is
dominating at lower start speeds. Note also that there is almost nenfiffdretween dBA and dBC

levels which indicates that theigeno significant low frequency content and that the energy is confined to
the hidher frequency regions. This is shown in the frequency diagram below with a significant peak
around 1000 Hz.

WOT- noise spectrum (iMiev)

D O
o O

o—50 km/h
== 30 km/h
20 km/h

Sound Presuure Level (dBA)
N
(6)}
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<

CONSTANT SPEHDtal noise level (Fiat 500)

~
o

& Measured data
rotal noise (curve fit)

Tyre/road noise (estimated)
Driveline noise (estimate
=== sum (estimated)

»
($1

[e2]
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a
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30

10 Log speed (km/h) 100

The measurements on Fiat 500 EVadapt were performed in tiéngavith a slightly wet road surface.

The tyre/road noise is higher than the driveline noise at every spe@g.{ras= 36.5 log(v) + 3.8

LpAdriveiine = 18.0l0g(v) +19.3. Note that the tyreoad peak at 1000 Hz is dominant at every speed. Note
also that the velocity slope is not decreasing above 2500 Hz which indicate that the road surface was wel
According to measurements by VTI in Sweden [Sandberg 2002], a wet road surface increasss the n

level above 2000 Hz. Therefore, noise above 2000 Hz has been neglected in the total noise analysis with
reduction of about 1 dBA. The velocity slope at-Z® Hz is m = 1&nd m = 3&t 1000 Hz which are

similar to the velocity slope in the analysf total noise

CONSTANT SPEHIDise spectrum (Fiat 500)
__70
5
<) 60 =¢=10 km/h
2 50 ——15 km/h
— —4—20 km/h
Q 40
7 =25 km/h
0
@ 30 - —%=30 km/h
(o
T 20 - —o—35 km/h
o] ===40 km/h
A 10
w45 km/h
0 50 km/h
—4—55 km/h
1/3 octave band (Hz)
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WOT i total noise level Fiat)
Start speed | Sound Pressure Level
50 km/h 69 dBA 70 dBC
30 km/h 64 dBA 65 dBC
20 km/h 61 dBA 63 dBC
50 WOT- total noise level (Fiat)
¢ Measured data
g 75 === Tyrefroad (estimated during WOT)
270 Driveline (estimated during WOT)
o === sum (calculated)
265
[} - -
> 60 A 4
s
o 55
e
c
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n
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40
10 Log speed at start (km/h) 100
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The car was driven in gear nr. 2 (urban driving). Note that the total noise level at is doryntited
tyre/road noisgespecially at start speeds 30 and 50 ke driveline noise igather low due to the

weak engine.

WOT- noise spectrum (Fiat 500)

o~

(62}
g1 O 01 O

N
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N
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w
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w
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Sound Presuure Level (dBA)
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CONSTANT SPEEDtal noise level (EZero)

70
& Measured data

55 Total noise (curve fit)
560 Tyre/road noise (estimated)
E/ Driveline noise (estimated)
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The estimated tyre/road noise and driveline noise are bgtwaéen 105 km/h CpAiyrenoas= 37.1 l0g(V)
T 3.3, LpAgiiveine = 16.0log(v) +19.0). The velocity slope around 20 Hz is m = 1And m = 3@t
800-1250 Hz which are similar to the velocity slope in the total noise analysis.

Sound Pressure Level (dBA)

CONSTANT SPEHIDIse spectrum (Zero)

70
60 =¢=10 km/h
50 =@i=15 km/h
==e=20 km/h
40
== 25 km/h
30 1 =30 km/h
20 - =035 km/h
====40 km/h
10 -
=45 km/h
0 : —
MOoOOMOO0OONOO0O0O000O00O0O0O0O0O0 OO 50 km/h
CEONQEOLAS®IILIO ORS00
HHHNNOOﬁ'mOOOHHHNqu_m@wS ==0=55 km/h
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WOT i total noise level C-Zero)

Start speed | Sound Pressure Level

50 km/h 67 dBA 68dBC
30 km/h 66 dBA 67 dBC
20 km/h 65 dBA 66 dBC
80 WOT- total noise level (€Zero)
& Measured data
<75 Tyrefroad-(estimated-during-WOT)
-g Driveline (estimated during WOT)
g 0 === sum (calculated) .
2 65 == -""T
(O]
5 50 /
g /
o
= 99
c
3
850
45
40
10 Log speed at start (km/h) 100

Note that the driveline noise is dominatingstirtspeed20 and 30 km/hiNote the significant peak
around 1000 Hz.

WOT- noise spectrum (€Zero)

=4—50 km/h
== 30 km/h
20 km/h

Sound Presuure Level (dBA)
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CONSTANT SPEHEDtal noise level (i0On)
70
& Measured data

,.\65 Total noise (curve fit)
560 Tyre/road noise (estimated)
§ Driveline noise (estimated)
3] .
q>)55 4+ == sum (estimated)
—
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/
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10 Log speed (km/h) 100

The estimated tyre/road noise and driveline noise are bgtwaéen 105 km/h(LpAyreroas= 37.1 l0g(V)

T 4,1, LpAgriveine = 17.0log(v) +19.0). The velocity slope around 20 Hz is m = 1And m = 37at
800-1600 Hz which are similar to the velocity slope in the total noise analysis. These results are very
similar to the prewus results for Citroen-Zero.

CONSTANT SPEH1Iise spectrum (i0On)
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=
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WOT i total noise level (On)
Start speed | Sound Pressure Level
50 km/h 67 dBA 68 dBC
30 km/h 66 dBA 67 dBC
20 km/h 66 dBA 66 dBC
o0 WOT- total noise level (iOn)
& Measured data
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< Driveline (estimated during WOT)
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Note that the driveline noise is dominating at all speeds, especially at 20 &ndh. Note the

significant peak around 1000 Hz similar to CitroeZ&o.

WOT- noise spectrum (iOn)

1/3 octave band (Hz)
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Summary, discussion and comparisoiof results

Constant speed test

The total noise levels in the diagram belslow that iMieyiOn and GZeroarethe most silent car

while Prius and Fiat are the noisiest cargedifference between the highest (Fiat) and the lowest (iOn)
total noise is about 6 dBA above 20 km/h.

CONSTANT SPEEDtal noise level (comparison)

== Prius (58.9 dBA @ 35 km/h)
=@=iMiev (55.1 dBA @ 35 km/h)
Fiat (60.4 dBA @ 35 km/h)
=>=i0On (53.9 dBA @ 35 km/h)
=#=C-Zero (54.4 dBA @ 35 km/h)

65

60

55

50

45 /

Sound Pressure Level (dBA)

30

10 Log speed (km/h) 100

The estimated tyre/road noiaee compared in the diagram below. The difference between the highest
(Fiat) andthe lowest (iOn) tyre/road noise is about 6 dBA at all vehicle speeds.

CONSTANT SPEHIixe/road noise (comparison)

~
o

== Prius
== iMiev
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Deliverable 32 2_110817.docx



e L SPC8GA-2009-233655 Page 29 of 40
I y | | S CITYHUSH 25 August 2011

The estimatedriveline noiseare compared in the diagram below. The difference between the highest
(Prius) and the lowest (iMieviZero) driveline noise is about 5 dBA at low speed

- CONSTANT SPEHDIveline noise (comparison)
=¢=Prius

__ 65 —
< =—iMiev
Q0 ==iOn
4 55 —C-Zero
g
>
& 50 AM_
o
o
© 45 -
oy
>
[@]
9 40

35

30

10 Log speed (km/h) 100

Notethat the driveline noise are assumed to be linear in a logaridpaEddiagram which may not be

the case, especially not for cars with several gears in the transmission. However, at low speeds and for
cars with automatic one gear transmission, it shbald relatively good assumption. It should also be
mentioned that a correct estimation of the driveline noise from theighted total noise requires a
relatively low tyre/road noise. This is not fullfilled with Fiat, and should therefore serve onlyeag a

rough estimation.

Wide-openthrottle test (wot)

Measurements show that the total noise during wot test at start speed 50 km/h (according to ISO
362:2007) is mostly tyre/road noise. At lower start speeds, the driveline noise is dominating, especially
20 km/h.

The main idea with the wot test is to simulate a woastescenario with a focus on driveline noise.
However, for electric cars the main focus at start speed 50 km/h is on tyre/road noise due to the quite
driveline. The noise limits given e EU Directiv are based on the wot test with start speed 50 km/h. If
the noise from a normal combustion engine car are compared to an electric car, we are then comparing
engine noise on the normal car with tyre/road noise on the electric car. Thisotlgese a fair picture of

the noise reduction potential of electric cars in urban areas. Therefore, we recommend that the wot test fc
electric cars are to be performed at a lower start speg@0 or 30km/h.

At start speed 20 km/h, Fiat is the makdrg car. The total noise from Fiat is aboe @8BA lower than
theother cars. This is primarily due to lower torque and weaker motor power.
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APPENDIX 2

SOUND MEASUREMENTS ONYBRID AND ELECTRIC VEHICLESY HAC, JUNE2011

The exterior noise of electrieehicles is domirtad by two noise sources, tig/road noise and driveline
noise. The electric engine, the transmission and the power converter contribute to the driveline noise.

The tyre/road noise of electric vehicles is comparabléhe tyre/road noiseof conventional vehicles
powered by internal collmustion engins. The difference isnainlyrelated to the driveline noise. To
explore the pasdy noise of electric vehicles in detalseparation of thecoustical contributions of the
main nose sources is necessafmo achieve this separation HAC carried out several measurements of
electric vehiclesA simulation tool & Traffic Noise SynthesizerNY developedin WP 3.1used the data

of the performed acoustical measurements in ortizestinate the passy noises of the individual
sources of the vehicles.

Test vehicles

Vehicle Electric Engine Transmission Tyres

Dunlop Enasave
Mitsubishi iIMIEV 47 kW Automatic, 1 speed Front: 145/ 65R15
Rear: 175/ 55R15

Fiat 500 Liion
(Prototype
developed by FEV)

30 kW (nominal)
60 kW (peak )

Dunlop Duratech

Automatic, 1 speed 175/ 65R14

Test Site

The measurements were performed on a small side street in the country near Aachen, Geilrhany.
pictures below illustrate the test environment (left) as well as the smoothness of the road surface

(right).
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Measurements

Procedure and setup

The measurements were performed in June, 2011. The measureme seshown in the figure

below.

10 m

3m

P1

Diverse measurementsere performed in order taconsiderall relevant driving situations adequately.
Several pasby noisemeasurements were carried out with respect to constant speed situa{@hs
km/h, 30km/h and 50km/h). Moreover passhy scenarios were measured wel] wherethe vehicle
was acceleratedt point 1 (P1 in the upper figure)he vehicle approaches at constant spé&@ikm/h,
30km/h and 50km/h) and at point P1 (10 m distance to the artificial heagasurement systeijrthe
vehicle accelerates with wide open throti{é/OT) The table below summarizes the considered

situations.

Constant speed situations with Acceleration (WOT) from P1 with start ing speed of
20 km/h 20 km/h

30 km/h 30 km/h

50 km/h 50 km/h

Thetested vehicles werequipped with neaffield microphones at the relevamoisesources. During
the test drives the neafield microphone signals were recorded and the exterior noise was measured
with an artificial head at 3 m distance to the vehicle a thosest poin{see the upper figure)

The following neafield microphone positions were chosen:

1
1
1
1

front left tyre inlet
front left tyre outlet
insidethe engine compartment under the rear trunk

back side of vehicle (behirtde engine compartment)
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In addtion to the recording of the microphone signatke velocity and the position of the vehickere
logged during all measurements.

The following figures display the microphone positions for both test vehicles.

IMIEV

Engine compartment Microphone behind engine Microphone front left tyre inlet
(microphone not visible) compartment
Fiat 500 Liion

Engine compartment Microphone in front of engine Microphone front left tyre inlet
(microphone not visible) compartment
Synthesis

HAC is developing a synthesis tool to auralize exterior noise of vehiclesllaago auralizethe noise of
whole road traffic scenarios. The synthesis of the source signals can be based on different data. In this
work taska time signal based synthesis wasried out. Inthe figure belowthe signal processing flow of

the synthesisvithin the TNSs shown.
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