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1 Introduction and Aim

The former Forschungsinstitut Gerdusche und Erschutterungen (FIGE) carried out statistical
pass-by measurements in real traffic between 1976 and 1993 within the scope of several re-
search projects by order of the German Environmental Agency (UBA) [1], [2], [3], [4]. The re-
sults enabled to derive statistically assured correlations between noise emission and vehicle
speed and to quantify the influence of traffic situation and driving behaviour. Furthermore it
was possible to extract differences in the noise emission of different vehicle types for cars.

In this follow up study should be checked by additional statistical pass-by measurements, if
noise limit reductions for type approval, that came into force in the meantime, led to reduction
measures by the manufacturers, that also reduces the noise emission in real traffic. Further-
more should be investigated, if the still ongoing trends to wider and “faster” tyres (higher
speed index) for cars and higher rated power values for trucks caused higher noise emis-
sions in real traffic.

2 Tasks and Measurement Programme

The data from the above mentioned previous research projects can be separated into the fol-
lowing classes with respect to driving behaviour and traffic situations:
o0 Starting and Acceleration conditions (up to 60 km/h),
o0 Free flowing traffic with
0 speed limit 30 km/h,
0 speed limit 50 km/h,
0 speed limit 70 km/h,
0 speed limit 200 km/h,
0 motorway.

3 measurement sites were established in addition to these traffic situations located in the
northern part of the Eifel in order to investigate the noise emission of motorcycles.

The statistical pass-by measurements were carried out in accordance to ISO 11819-1. The
measurement distance was 7,5 m from the centreline of the driving lane, the height was 1,2
m above the road surface. During the pass-by of a vehicle the vehicle speed was registered
by radar or light barriers in addition to the noise level. The maximum noise level (Lmax) dur-
ing the pass by performs the measurement result. The air temperature was also registered
several times during a measurement period. For motorcycles also the deviation from the cen-
treline of the drive lane was measured, since these vehicles have a higher degree of freedom
than cars or trucks with respect to this parameter.

In order to get information about the technical data of the measured vehicles the license
plate information was recorded and then sent to the Kraftfahrtbundesamt via UBA.

In order to achieve a good comparability with results from previous projects the measure-
ments were carried out at previous sites as much as possible. Some previous sites had to be
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meantime. The measurements were carried out between spring 2001 and autumn 2002.

3 Results

3.1 Overview of the data measured in 2001/2002

3.1.1 Overall statistics

Table 1 shows an overview of the measuring sites and their characteristics. Table 2 contains

the number of measured vehicles per category. In total 29767 vehicles were measured.

posted | average
no traffic condition speed in| car speed | gradient surface
km/h in km/h

1| low speed acceleration 50 36.8 0.0% asphalt concrete 0/11

2| low speed acceleration 50 36.9 0.0% asphalt concrete 0/11

3| low speed acceleration 50 35.2 0.0% asphalt concrete 0/11

4| low speed acceleration 50 38.9 0.0% asphalt concrete 0/11

5 acceleration 50 43 4.0% asphalt concrete 0/11

6 acceleration 130 54.2 1.0% asphalt concrete 0/11

7| residential, 30 km/h 30 37.8 2.0% asphalt concrete 0/11

8 acceleration 50 36.6 2.0% asphalt concrete 0/11

9 acceleration 50 33.8 0.0% asphalt concrete 0/11
10| residential, 30 km/h 30 31.4 4.5% asphalt concrete 0/11
11| residential, 30 km/h 30 36.2 0.0% asphalt concrete 0/11
12| residential, 30 km/h 30 36.7 0.0% asphalt concrete 0/11
13 main street 50 53.5 -1.5% asphalt concrete 0/11
14 main street 70 49.8 0.0% asphalt concrete 0/11
15 main street 50 56.1 5.0% asphalt concrete 0/11
16 rural 70 60 0.0% Gussasphalt 0/11
17 rural 70 68.5 0.0% Gussasphalt 0/11
18 rural 70 66.3 0.0% asphalt concrete 0/11
19 rural 70 70.3 0.0% Gussasphalt 0/11
20 rural 100 93.9 0.0% asphalt concrete 0/11
21 rural 100 72.6 0.0% asphalt concrete 0/11
22 motorway 130 118.6 0.0% stone mastic asphalt 0/11
23 motorway 130 121.1 0.0% drainage asphalt 0/11
24 motorway 130 97.4 0.0%| cement concrete longitudinal brushed
25 motorway 130 101.47 0.0% Gussasphalt 0/11+2/5
26| motorway with gradient 130 110.9 4.2% Gussasphalt 0/11
27| motorway with gradient 130 108.2 3.5% Gussasphalt 0/11
28 motorcycles 100 65 0.0% asphalt concrete 0/11
29 motorcycles 100 75.8 5.0% asphalt concrete 0/11
30 motorcycles 100 79.1 0.0% Gussasphalt 0/11

Table 1: Characteristics of measuring sites
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site | cars |LDV| HDV up to 3 axles | trailer trucks | bus| coach | motorcycles | mopeds| sum
1 351 | 81 269 314 9 3 3 1030
2 763 | 70 90 44 18 1 6 6 998
3 831 | 72 107 11 30 2 15 3 1071
4 687 | 61 83 56 6 1 5 899
5 882 | 60 22 3 20 19 3 1009
6 912 | 73 49 7 1 4 1046
7 992 | 55 22 40 10 4 1123
8 879 | 61 43 5 4 15 4 1011
9 788 | 60 26 5 2 881
10 615 | 39 11 65 15 8 753
11 727 | 41 35 9 2 2 9 6 831
12 843 | 77 28 3 6 7 964
13 824 | 67 45 4 6 2 11 959
14 915 | 46 17 9 35 14 1036
15 882 | 50 28 4 14 1 8 987
16 895 | 44 25 5 6 1 9 1 986
17 867 | 35 14 15 1 6 6 944
18 717 | 64 63 54 1 28 3 930
19 790 | 77 124 48 6 2 17 1064
20 920 | 64 71 32 1 5 1093
21 765 | 71 122 85 2 16 3 1064
22 446 | 73 176 398 1 6 3 1103
23 453 | 65 187 391 1 9 2 1108
24 356 | 53 222 352 5 2 1 991
25 734 | 70 101 179 2 1 7 1094
26 631 | 68 121 267 2 3 2 1094
27 257 | 52 153 585 3 2 1052
28 739 | 55 16 2 4 150 6 972
29 405 4 222 1 632
30 863 | 30 42 16 1 1 86 3 1042

sum | 217291738 2312 2889 264| 44 720 71 29767

Table 2: Number of vehicles per measuring site and category

Table 3 shows the distribution of engine capacity and rated power for cars, Table 4 shows
the number of cars in different subcategories with respect to engine type and engine capac-
ity. The total number of vehicles in

Figure 1 shows the registration year distributions for cars. The majority of vehicles were Reg-
istered between 1985 and 2001. The average registration year is 1995, which mans that the
average age is about 6 years. Due to the trend to Diesel engines the Diesel engine sample is
younger than the petrol engine sample.

Cars registered after 1996 and equipped with a direct injection Diesel engine have a 1 dB
higher limit value than cars with petrol or precombustion Diesel engines. Table 5 shows, that
this “discount” is not justified any longer, because there is no difference in the average type
approval level.

Table 6 shows the distribution of registration year and type approval level for cars. The aver-
age type approval level is 72,6 dB(A). Three different groups can be separated. Cars regis-
tered before 1989, cars registered between 1989 and 1995 and cars registered after 1995.
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The average type approval levels of these groups decrease with increasing registration year
(decreasing age) from 76,2 dB(A) to 72,6 dB(A) (see Table 6). The type approval level distri-

butions of the three groups are shown in Figure 2.

rated power in kW
20[30] 40 [ 50 | 60 | 70 | 80 | 90 | 100 [110]120]130]140]150]160]170]180]190]200]210]220]230]240]250]260]270]280]290]300]310]330|sum
600 [12] 15 57| 5 89
700 | 1] 2 3
800 | 2[139] 7 148
900 111 1 112
1000 356 681] 23] 1 1061
1100 5] 640 10 655
1200 353| 240] 110] 92 795
1300 6| 681] 113] 309] 20 1129
1400 1] 816] 106] 741] 101] 16 1 1782
1500 31| 19] 57] 125] 11 243
1600 1] 187] 419/1004|1213] 535| 62| 4| 1] 2 3428
1700 75| 102] 80| 104] 15| 27| 12| 2| 1 418
1800 81| 21| 296| 899] 207| 803| 39| 49| 8| 23] 4 10 2440
1900 4] 271] 134] 772] 383] 291] 138] 1| 3 1 1998
2000 14| 130 223| 288| 144| 777| 651|314] 59| 5] 6] 7| 2 1 2621
2100 5| 12| 57| 107] 14| 64 259
2200 2| 17| 141] 68| 93] 34| 85 3| 27| 1 1 472
2300 6] 16| 24] 13| 7| 158[111] 9| 14| 38| 15| 1| 5 6 423
2400 12| 71| 8] 21| 39| 48] 52| 55| 69| 7| 3 385
2500 14] 54| 135] 93| 76| 65/182] 39|184] 61| 7| 1 911
2600 41 6| 13 60
2700 11 8 2 32| 36| 15] 3] 5] 2 1 2 117
% [2800 4 1] 8] 20] 17| 6 48]114] 32 1 251
S 12900 16| 3] 31| 50 7| 3| 24| 65 8 4 211
< [3000 19] 6| 14| 24| 23| 42| 29| 24| 45] 23] 8 1 3 261
£'3100 4 5 Al 14
S [3200 1 6 34| 75| 44 1 4 2 167
& [3300 8l 12| 1 1 1] 23
@ 3400 3 1 27 1 9 1 42
‘S| 3500 5| 2] 3] 8 5 1 1 25
& [3600 5 3 7 1 1 1 18
3700 2 5 3 10
3800 1 2] 4 3 1 11
3900 1] 1 2 4
4000 71 7] 7] 7] 3 100 1] 2| 25 2 71
4100 1 2 3
4200 1 3 3 2 5] 10 9 2 35
4300 6] 10 16
4400 21 1 2 24
4600 4 2 1 1 8
4700 4 4
4900 3] 1] 1] 3 3 11
5000 3] 12 9 24
5200 6 6
5300 1 1
5400 5 3 8
5500 1 1 2
5700 1 1
5800 1 3 4
5900 1 1
6000 2] 1 3
6700 1 1
8000 1 1
sum | 15[ 989 3514 1354|3114 3871]1597| 2347| 1255|951 | 274] 498| 353| 152] 182] 113 37| 11| 14| 72| 25| 22| 21| 7| 5| 5] 2| 6] 2| 1] 1 [20810
no information| 919
[ [ total] 21729

Table 3: Car sample, engine capacity, rated power distribution
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subcategory numper of
vehicles
petrol, <= 1400 cm3 5702
petrol, > 1400 cm3 <= 2000 cm? 7827
petrol, > 2000 cm3 2128
Diesel, <= 2000 cm?3 1391
Diesel, > 2000 cm3 751
Diesel DI, <= 2000 cm?3 2002
Diesel DI, > 2000 cm?3 1007
others 2
no information 919
sum 21729

Table 4: Car sample, subcategories (Diesel means precombustion Diesel engines,
Diesel DI means direct injection Diesel engines)

100%
90% +
80% ——all
20% 1 —e—petrol // /
° T —— diesel
& 60% |
c
S T
=) T
g 50% +
£ 1
3 40% + / /
30% +
20% +
10%
O%HIW
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
registration year
Figure 1: car sample, registration year distribution
average
. type
engine yp no of
approval i
type . vehicles
level in
dB(A)
petrol 72.6 8053
Diesel 73.3 737
Diesel, DI 72.6 2850

Table 5: Average type approval level for cars, registered after 1996
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type approval value in dB(A)

reg'j;::“o” noinfo|67(68| 69| 70| 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 |81|82| sum

no info 906 1 1

1950 1 1

1966 1 1

1967 1 1

1969 1 1

1970 2 2

1971 2 2

1972 1 1

1973 2 2

1974 2 2

1975 1 211 4

1976 1 1 1 3

1977 1 1

1978 1 1 1 2121 8

1979 3 1 1 1 11321 13

1980 2 1 314]13]1 14

1981 21 1 1 2 2 17|51 23

1982 4 3 4 4 5 419 |7 40

1983 4 2 2 1 1 1 3 7 91716 43

1984 8 4 3 3 3 19 4 201 919 |11 93

1985 7 2 3 6 3 5 32 | 20 | 34 |14 | 7 |14 147

1986 27 4 1 12 11 15 | 43 | 43 | 47 | 35|16 | 42 296

1987 21 1 7 11 | 31 | 40 | 102 | 67 | 56 | 42|19 ] 40 437

1988 31 12 15 | 24 | 60 | 135 | 69 [ 11245 | 22| 24 549

1989 36 1 10 | 42 | 63 | 60 | 116 | 157 | 156 | 32| 23| 10 1| 707

1990 60 1 9 42 | 89 75 116512191194 1 | 2 857

1991 79 3|1 4| 24 | 54 | 135|125 217 (228|230 1 1100

1992 93 6 1] 24| 52 | 163|191 | 287|201 | 113 3 1134

1993 96 1 4 11 | 73 [ 171|230 | 261|120 54 | 5 1026

1994 125 14| 26 | 120|263 | 349 | 231 | 96 | 36 1260

1995 126 2 | 15| 48 | 105|401 | 356 | 177|107 | 34 | 4 1375

1996 126 6 | 23176 | 230|512 | 448 | 99 | 33 8 1 1662

1997 150 |1 |/5|25|44 182|350 | 544 | 432 | 56 4 1793

1998 132 | 7|15]22 |60 | 198 | 441 | 583 | 456 | 59 1963

1999 149 16| 2| 38|92 | 296 | 453 | 656 | 431 | 86 1 2220

2000 178 |11/14| 29| 73| 322 | 503 | 581 | 359 | 87 2 2159

2001 129 | 3|12 25|68 | 257 | 422 | 331 | 234 | 32 3 1516

2002 38 1|10/ 14| 23| 39 | 80 | 80 | 67 12 1 365

average type
approval
level in dB(A)

sum 2541 [40|48|176|428|1650|3016|4646|3944|2223|1387|1111|210|131|171| 5| 2 21729 73.6

<1989 118 |0/ 0] O |11 | 28 | 49 | 73 | 131 | 338|215 | 285 |163|106|161| 5| 1 | 1684 76.2
198910 1995| 615 | 1| 0| 17| 34 | 152 | 488 |1285|1386|1454|1128| 817 | 46 | 25| 10 | 0| 1 | 7459 74.5

> 1995 902 |39|48|159|383|1470|2479|3287|2427| 431 | 43 9 1] 0] 0]0]0]11678 72.6

Table 6: car sample, registration year and type approval values
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100% — —
90% +
80% +

70% |

60% +

50%

cum frequency

40%

—e—all cars

30% T
T —&—registration year before 1989

20%
T —B—registration year between 1989 and 1995

10% T —o—regqistration year after 1995

0% + P —
65 70 75 80 85
type approval value in dB(A)

Figure 2: car sample, type approval level distributions

Similar distributions as shown before for cars are shown for light duty vehicles in Table 7 to
Table 10 and Figure 3 and Figure 4. Light duty vehicles (LDV) are commercial vehicles with
a gross vehicle mass (GVM) of up to 3500 kg. The age trend is the same as for cars. The
youngest subsample is LDV with Diesel engines and direct injection. These vehicles get a
bonus of 1 dB(A) compared to vehicles with precombustion Diesel engines or petrol engines,
if they are registered after 1996. Table 9 shows the average type approval level for LDV reg-
istered after 1996 for different GVM and engine type classes. For LDV with GVM up to 2000
kg there is no significant difference in the average type approval level between the engine
type classes, for LDV with GVM higher than 2000 kg the vehicles with direct injection Diesel
engines have a significantly higher average type approval level than the other engine type
classes.

Furthermore, since light duty vehicles with GVM up to 2000 kg and light duty vehicles with
GVM > 2000 kg have different limit values (76 dB(A) and 77 dB(A)), the type approval level
distributions are also split into these groups in Table 9, Table 10 and Figure 4. The difference
in type approval levels is 0,5 dB for petrol and Diesel engines and 2,5 dB for direct injection
Diesel engines (see Table 9).
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rated power in kW

cap_kl|noinfo|30] 40| 50| 60| 70| 80 | 90 (100(110(120|130|140|150|sum

no info 87 87
1000 3 1 4

1100 4, 14 1 19

1200 4 4

1300 9 1| 2 12

1400 24 4, 9 37

1500 2| 3 5

1600 32| 24 1] 1 58

1700 43| 12 55

1800 38| 3] 3 5 49

- 1900 33| 168| 18| 23 242
g 2000 10| 21| 22| 3 2 58
f= 2100 2| 2| 28| 4] 41| 5] 26| 1 109
> 2200 13| 9| 3| 4| 3 32
S| 2300 139] 9] 2 2 152
3 2400 36| 129 24| 9| 14 212
g 2500 47/130| 54| 91| 16 338
£ 2700 4 2 100 1 17
g 2800 14| 3| 30| 72| 3 122
2900 19| 36| 88 143

3000 1 1

3100 4 4

3200 1 1

3800 1 1

4000 1 1

4200 1 1

4300 1 1

5700 1 1 3 5

5800 1 1

6200 2 2

sum 87| 7/200|322|513|170|220|198| 34, 3| 12, 3| 1|, 3|1773

Table 7: Light duty vehicle sample, engine capacity, rated power distribution

subcategory numper of
vehicles

petrol, <= 2000 kg GVM 90
Diesel, <= 2000 kg GVM 163
Diesel DI, <= 2000 kg GVM 38
petrol, > 2000 kg GVM 80
Diesel, > 2000 kg GVM 724
Diesel DI, > 2000 kg GVM 677
no info 1
sum 1773

Table 8: Light duty vehicle sample, subcategories (GVM — gross vehicle mass)

11
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—&— petrol
—- Diesel

—&— Diesel DI
—o—all

Mobilitat
100%
90% +
80% +
70% +
& 60%
c
s 1
=] T
g 50% +
£ 1
3 40%
30%
20% +
10% +
0% 1+ =i
1970

1975

1980

registration year

Figure 3: Light duty vehicle sample, registration year distribution

Table 9: Average type approval level for light duty vehicles, registered after 1996

average
gross vehicle engine type no of
mass in kg type approval vehicles
level in
dB(A)
<= 2000 petrol 73.4 45
<= 2000 Diesel 74.1 109
<= 2000 Diesel, DI 73.8 36
> 2000 petrol 73.9 17
> 2000 Diesel 74.7 332
> 2000 Diesel, DI 76.3 575

2000

2005
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type approval value in dB(A)
69|71(72|73| 74 | 75| 76| 77 | 78 |79|/80|81|82|sum

registration| no

year info

no info 51 51
1972 1 1
1973 1 1
1977 3 3
1978 1 1
1979 3 3
1980 5 5 10
1981 6 3 9
1982 3 111/3|1 9
1983 6 1 2|6 15
1984 6 1 2 9
1985 9 1 10
1986 12 1 1 1181 24
1987 6 1 5121 3] 3|73 30
1988 15 4 | 14| 2|42 32
1989 24 1 1| 8 1|5|1 41
1990 19 6 1|13| 5 4| 4 52
1991 14 8 | 8|14 4|1 |3]|6 58
1992 22 4110 6 | 16| 8 1|8 75
1993 25 3/ 31111145 |2]|1 75
1994 33 211121122 |16| 9 |3 109
1995 19 |11 12/ 29| 7 | 17| 16 | 15 1 118
1996 14 21|15/ 38|18 | 12| 16| 25 141
1997 27 3/4|11/61|18|16| 18|30 2 1 191
1998 30 1/6|77 |18 | 43| 11| 54 240
1999 38 2 113| 67 | 17 | 24 | 17 | 49 227
2000 18 4118/ 59| 32|18 | 12| 9 170
2001 7 11411 7 2 1 33
2002 8 11412 7 2 1 35

average type
sum 425| 1| 6 |16/92|393|172(211|157|207|35|53| 4 | 1 |1773|approval level

in dB(A)
all 75.7
registration
year before| 76 |0 0|0 1| O |10| 4 | 8 | 7 |15/32) 3| 1| 157 78.5
1989
registration
year
between |156| 1|1 2|20/ 68|45 |94 | 71| 31|18|21| 0| 0| 528 76.0
1989 and
1995

registration
year after | 142| 0| 5|14/71/325/117|113| 78 (1169 2 | 0| 1| 0 | 1037 75.3

1995
GVM
<= 2000 kg 19 6 3|60/113| 41|24 |14| 3 |82 293 74.4
GVM >
368 1 12|34 288 128|196|149|213|29(56| 4 | 1 |1479 76.0
2000 kg

Table 10: Light duty vehicle sample, registration year and type approval values (GVM —
gross vehicle mass)
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100% ——*—all

90% |- - GVM <= 2000 kg

80% || —+— GVM > 2000 kg

70% ;}—O—registration year before 1989

3 60% ;7+registration year between .
§ T 1989 and 1995 K
§ 50% |——*—registration year after 1995 |
£ T
3 40% T

30% T

20% Tt

10%

0% + * | ; | |
68 82

type approval value in dB(A)

Figure 4: Light duty vehicle sample, type approval level distributions (GVM — gross
vehicle mass)

Table 11 gives an overview of the distribution of engine capacity and rated power for heavy
duty vehicles (HDV) with up to 3 axles. Table 12 shows the same for HDV with more than 3
axles. The age distributes for both groups are shown in Figure 5. Since the information of
type approval level is missing for the major part of the HDV sample, no adequate tables or
figures can be provided.

For motorcycles the information about type approval level was given, the distribution is
shown in Table 13. Three different groups can be seen, motorcycles registered before 1990,
between 1990 and 1996 and after 1996. The average type approval levels decrease with de-
creasing age from 82,8 dB(A) to 79 dB(A).
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rated power in kW

cap_kl| 50| 60| 70/80|90|100| 110|120/ 130| 140| 150| 160| 170| 180| 190| 200| 210| 220| 230| 240| 250| 260| 270| 280| 290| 300| 310| 320| 340| 350| 370| 400| sum
2000 2 2
2100 1 3 4
2300 10/ 2] 1 13
2400| 6| 1] 2 9
2500 4 6[12 22
2700 3 3
2800 2|24 2 28
2900 13| 1|27 1 42
3000 1 1 2
3300 1 4 5
3400 1 1
3800 16] 1 17
3900 28| 4] 9] 59| 11| 4] 5 1 121
4000 9/12|16| 4| 33 74
4100 4 3 7
4200 6] 57]115 112 290
4300 2 1 3
4600 13 3| 93] 6] 27 142
4900 1 1
5300 1 1
5400 1 1 2
5500 1 17 1] 2 2 23
5600 7 3 1 2 13
5700 1 1
5800 2 2 4
5900 58| 69 1| 59 31 3] 12| 2 1 236
6000 2| 122 23] 51 25 19 242
6100 2 7 2 11

- 6200 1 6 2 1] 1] 2 13
£ 6400 79 67 146
< | 6500 1 1
> | 6600 2 4 6
‘s | 6800 4 4
| 6900 1] 21 14 60| 26| 1| 29| 25| 15 192
g 7300 1 1 2
£ 7700 3 3
g 7800 5 1 3 2 11
8400 1] 1 2
8500 1] 1 2] 1 2 7
9000 4 9 4 3 20
9200 1 1
9400 1 1
9500 5 3 6 3 17
9600 38 9 14 61
9800 1 8 9
10000 4 7 10| 4 25
10300 1 1 2
10600 2 2 4
10900 1 20 21
11000 31 11 15| 2| 11 1 71
11300 1) 34| 13] 1 1 50
11600 1 1
11700 1 3 1 5
11900 9 47 1 14| 3 26 13 1 114
12000 6 17 1 21 14| 8 1 68
12100 4 4 1 9
12600 1 2 3
12700 1 1
12800 3 6 4 13
13700 1 1
13800 4 3 7
14500 8 5 1 1 15
14600 1 20| 10 7 1 39
15100 4| 15| 2 21
15900 2 2
17200 2 2
sum 6|47)60]/44|91|359|319| 44(281] 25| 38/151|147|111| 34| 59/128| 9|/103| 15/ 34| 18| 50| 26| 43| 8| 6| 23] 5 2 1| 2|2289

Table 11: Heavy duty vehicles up to 3 axles, distribution of engine capacity and rated

power
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rated power in kW

170] 180] 190 200] 210] 230] 240] 250] 260] 270[ 280] 290] 300] 310 320] 330] 340] 350] 360[ 370] 380] 390[ 400] 410] 420] 430| sum

6400 1 4 5
6900] 3 2[ 1] 1 7
7800 1 4 5
8700 1 1
9000 2 1 3
9500 6 16 1 23
9600 3 4 4 11
9800 1 1
9900 1 1
10000 1 2] 1 10| 12 1 27
10100 2 2
10300 4 22 26
10600 4 31 35
10900 1 1 2

» 11000 1 2| 1] 32 12] 9] 1 58
£ [11100 o[ 15[ 18 42
< [11500 1 1 2
> 11600 5 6 4 15
5 [11700 14 46| 1] 61 7 129
S 11900 2] 9 1 80| 3| 2[335 9[311 6| 5 763
(12000 2] 3 2| 70[ 2[186[229] 30| 2 526
£ [12100 1 1 6 50 1]100 19 178
g 12600 1 27 91 15 1 135
12700 2 2
12800 1 3 41 184 229
13800 1 6 35 19 61
14200 2] 1] 3] 14 4 16 40
14500 3 1 7 11
14600 2| 62[110 93 1 7] 14 13 302
15100 3 1 4
15600 1 16 4 21
15900 79 1] 36 7 123
16100 1 1
16400 1 1
17100 1 1
17200 1 1
18300 2 3 5
19900 1 1
sum | 4] 7| 6] 12| 11] 24] 13] 65| 96[177[299]588] 255/ 238]525] 3|226]127] 22| 21] 2] 66| 1| 1] 7| 4[2800

Table 12: Heavy duty vehicles with more than 3 axles, distribution of engine capacity

and rated power
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30%

20%

10%
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Figure 5: HDV sample, distribution of registration year
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type approval value in dB(A)
reg';;;ar“on no info | 74|76|77|78| 79 | 80 |81|82|83|84 /85|86 sum
1956 1 1
1958 1 1
1960 1 1
1966 1 1
1972 1 1
1975 11 2
1977 1 1 2
1978 1 1 2
1980 21 3
1981 4 1)1 6
1982 3 1/2]1]1 8
1983 1 12 12 7
1984 3 1 2|3 9
1985 1 2 1] 4
1986 2 12 11 16
1987 4 2 3|2 11
1988 1 2|2 5
1989 1 1114 1| 8
1990 1 112 |3]|2 9
1991 4 112 |5|6]3 21
1992 6 2|1 1| 8 |10 4 31
1993 4 1,6 3|3 17
1994 5 2 1119 |11| 1 39
1995 5 112 |10|2]|5 25
1996 9 4110|171 41
1997 4 2128|1317 46
1998 214|16|22]|10 44
1999 5 2[10/ 30| 15 62
2000 3 211|1|5|24] 16 52
2001 3 2110| 30| 14 59
2002 2 1/5|23]|15 46
average type
sum 74 2|6]12/54|160(150|44|46| 6 |14|10| 2 | 580 |approval level
in dB(A)
registration
year before 0/,0/0|0| 1| 4 1018/ 514|102 | 64 82.8
1990
registration
year
between 0[1]|0|10| 17|59 |34(28/1/0|0/| 0 150 80.3
1990 and
1996
registration
year after 2151|12|44|/142/87,0,0,0,0|0| 0| 292 79.0
1996

Table 13: Motorcycle sample, distribution of registration year and type approval values
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3.1.2 Maximum pass by level versus vehicle speed, overview of vehicle cate-
gories

The road surface of the major part of the measurement sites was asphalt concrete 0/11 with
a maximum chipping size of 11 mm. Therefore this surface was treated as reference. Some
others were cement concrete and Gussasphalt and the road surface of one site was an open
graded drainage asphalt 0/11. The results of the sites with cement concrete and Gussasphalt
were “corrected” to asphalt concrete 0/11 in order to get one homogeneous sample for the
reference surface. The correction was made by calculating the deviation of the average
maximum pass by levels (Lmax) for a particular site from the regression curve of all sites with
the reference surface. This deviation was then added to the individual Lmax results. The re-
sults for the drainage asphalt were kept unchanged. The results were then grouped in sites
with free flowing traffic and sites with accelerating vehicles.

All individual Lmax values for cars on the reference surface asphalt concrete 0/11 are shown
in Figure 6 in dependence of the individual vehicle speed separately for free flowing traffic
and accelerating vehicles. Accelerating vehicles between 75 and 95 km/h come from the
lower end of the vehicle speed range on motorway sites with normally free flowing traffic.
This speed cannot be treated as normal cruising speed. The vehicles are most probably ac-
celerating.

95 ] ]
y =12.161Ln(x) + 26.308
R®=0.7082 ° 5 o

90 1

85 |

80 |

y = 13.257Ln(X) + 20.624
R?=0.908

75 1

Lmax in dB(A)

70 |

o cars, free flowing traffic

65 |
T A cars, accelerating vehicles

Logarithmisch (cars, free flowing traffic) L

60
Logarithmisch (cars, accelerating vehicles)
55 41— —t—t —+—t —+—t —t— — ]

0 20 40 60 80 100 120 140 160 180 200

vehicle speed in km/h

Figure 6: Lmax values for cars versus vehicle speed on asphalt concrete 0/11 or stone
mastic asphalt 0/11 for free flowing traffic and accelerating vehicles.
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The results can be approximated by logarithmic functions, which are also shown in Figure 6.
The regression line for accelerating vehicles is higher than for free flowing traffic, the differ-
ences decrease with increasing vehicle speed. The difference is 2,4 dB(A) at 20 km/h, 1
dB(A) at 70 km/h and below 0,5 dB(A) above 115 km/h.

The results for light duty vehicles are shown in Figure 7. Light duty vehicles are commercial
vehicles with gross vehicle mass up to 3500 kg. Also their results can be approximated by
logarithmic functions and the tendencies are the same as for cars. The difference between
the regression curves for accelerating vehicles and free flowing traffic decrease with increas-
ing vehicle speed and is a bit higher than for cars. At 25 km/h the average emission of accel-
erating vehicles is about 4 dB higher than the average emission of free flowing traffic, this dif-
ference is reduced to 2 dB at 55 km/h and 1 dB at 85 km/h.

95 T |
1 y = 9.2317Ln(x) + 40.329
90 R® = 0.537
T ° ° & 3
I [e
T Jse)
85 T &8%0 @OQ)W\%OO o
. W_ﬁq o
1 Sz, ’g”(@ggD
<807 o
a1 y = 11.653Ln(x) + 28.594
o I 2 _
£ 75+ R =0.8303
x
% I
IS I
=70 +
T o LDV, free flowing traffic
65 A LDV, accelerating vehicles ]
° Logarithmisch (LDV, free flowing traffic)
60 -
T Logarithmisch (LDV, accelerating vehicles)
55”1111111111111111111111‘1111!1111!1111!1111
0 20 40 60 80 100 120 140 160 180

vehicle speed in km/h

Figure 7: Lmax values for light duty vehicles versus vehicle speed on asphalt concrete
0/11 or stone mastic asphalt 0/11 for free flowing traffic and accelerating ve-
hicles.

The results for heavy duty vehicles were separated with respect to two parameters, rated
power and number of axles. Heavy duty vehicles are commercial vehicles with gross vehicle
mass above 3500 kg. The current noise regulation has separate limit values for the following
rated power classes: below 75 kW (77 dB(A)), between 75 and 149 kW (78 dB(A)) and 150
kW or more (80 dB(A)). The parameter “number of axles” was added because the influence
of tyre/road noise is different.
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The rated power class below 75 kW will no longer exist in the future because of the still on-
going trend to higher rated power values. In the 2001/2002 measurement campaign only 78
vehicles with rated power below 75 kW were measured.

The results are shown in Figure 8. The results for free flowing traffic can be approximated by
a linear function. For systematic reasons, this approximation was also applied for the results
of accelerating vehicles, but the correlation is extremely poor due to the small speed range
and the high scatter of noise values for a given speed. The differences between the average
results for accelerating vehicles and free flowing traffic at the lower end of the speed range is
the same as for LDV but the decrease with increasing speed is lower than for LDV.

90 ‘
y = 0.1434x + 74.555 9
4 R%=0.0818 N S ol-°
85 + A o © o |eo 2 D
N A AA ° o \6 OI [o2Ne)
A A
A o o
4 A A 9}
80 A A A 5 Ao OO L
1 - o | ° y = 0.1879x + 68.866
< 5 ob ° 0 o R? = 0.7913
o A (o)
° + A o o
£ 75 - » par ¢
% + Q% Ap 0
g5 1 °© o0 o
70 S ) )
1 o HDV, Pn < 75 kW, free flowing traffic
a HDV, Pn < 75 kW, accelerating vehicles
65 1 Linear (HDV, Pn < 75 kW, free flowing traffic)
T Linear (HDV, Pn < 75 kW, accelerating vehicles)
60 ——— 1 ——— ——— ——— ——— ——— ———
0 10 20 30 40 50 60 70 80 90 100

vehicle speed in km/h

Figure 8: Lmax values for heavy duty vehicles with rated power values below 75 kW
versus vehicle speed on asphalt concrete 0/11 or stone mastic asphalt 0/11
for free flowing traffic and accelerating vehicles.

Figure 9 shows similar results for HDV with rated power values of 75 kW or higher but below
150 kW. The trends are the same as for HDV below 75 kW and even the average noise val-
ues are nearly the same.

The rated power class of 150 kW or more was subdivided into two classes, rated power val-
ues of 150 kW or higher but below 250 kW and 250 kW or higher. This separation was made
with respect to the proposal for new power classes that better reflect the existing situation
than the power classes of the current noise regulation. Figure 10 shows the results for HDV
with rated power values of 150 kW or higher but below 250 kW. Figure 11 shows similar re-
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sults for HDV with rated power values of 250 kW or higher. The results for both classes show
the same trends as mentioned before but the noise levels are higher.

The results for the second parameter (number of axles) are shown in Figure 12 (HDV up to 3
axles) and Figure 13 (HDV with more than 3 axles).

95 T ‘
1 ly=0.1701x + 73.472
01— R®*=0.1423
85 +
.80 +
<
s} T
© 1
£ [Ehy 0.2092x + 67.942
g 7 R? = 0.7647
- 70+
65 I o HDV, 75 kW <= Pn < 150 kW, free flowing traffic
A HDV, 75 kW <= Pn < 150 kW, accelerating vehicles
60 1 Linear (HDV, 75 kW <= Pn < 150 kW, free flowing traffic)
T Linear (HDV, 75 kW <= Pn < 150 kW, accelerating vehicles)
55”1111}1111111111111111111111111111111111111111111
0 10 20 30 40 50 60 70 80 90 100

vehicle speed in km/h

Figure 9: Lmax values for heavy duty vehicles with rated power values of 75 kW or
higher but below 150 kW versus vehicle speed on asphalt concrete 0/11 or
stone mastic asphalt 0/11 for free flowing traffic and accelerating vehicles.
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T
1 y=0.1672x + 75.447
il 2 _
T R?=0.1131 o
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il y =0.1937x + 71.153
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Figure 10: Lmax values for heavy duty vehicles with rated power values of 150 kW or
higher but below 250 kW versus vehicle speed on asphalt concrete 0/11 or
stone mastic asphalt 0/11 for free flowing traffic and accelerating vehicles.
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Figure 11: Lmax values for heavy duty vehicles with rated power values of 250 kW or
higher versus vehicle speed on asphalt concrete 0/11 or stone mastic as-

phalt 0/11

for free flowing traffic and accelerating vehicles.
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Figure 12: Lmax values for heavy duty vehicles with up to 3 axles versus vehicle
speed on asphalt concrete 0/11 or stone mastic asphalt 0/11 for free flowing
traffic and accelerating vehicles.
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Figure 13: Lmax values for heavy duty vehicles with more than 3 axles versus vehicle
speed on asphalt concrete 0/11 or stone mastic asphalt 0/11 for free flowing
traffic and accelerating vehicles.
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The 2001/2002 measurement campaign led only to a very small sample of public transport
buses. The results are shown in Figure 14. The major part of the results is concentrated
around 30 km/h. Thus the uncertainty of the speed trend is significantly higher than for the
other commercial vehicles. The average difference between accelerating vehicles and free
flowing traffic around 30 km/h is 2,7 dB(A).

95 T
90 |
T ©
85 | =
T ® 8y ° 5 °
1 o 6AAAO o 5 (o) o
~80 T ©a g © [ o
% + o qA o q
S T o % o4
£75 ¢ 2,28 5=8 4 °
x 1 500 5%
£ T & o &o |o
S0l o0& o0 o publi buses, free flowing traffi
T 000 public transport buses, free flowing traffic
€ [¢]
T © A public transport buses, accelerating vehicles
65 T ® public transport buses, free flowing traffic, average
y=0.1398x + 70.77 A public transport buses, accelerating vehicles, average
60 1 R? = 0.2267 Linear (public transport buses, free flowing traffic)
55—
0 10 20 30 40 50 60 70 80 90 100

vehicle speed in km/h

Figure 14: Lmax values for public transport buses versus vehicle speed on asphalt
concrete 0/11 or stone mastic asphalt 0/11 for free flowing traffic and accel-
erating vehicles.

The results for motorcycles and mopeds are shown in Figure 15. They could not be sepa-
rated into accelerating vehicles and free flowing traffic. The major part is most probably free
flowing traffic since motorcyclists are very sensitive against speed measurements.

The regression curves for the results of the vehicle categories and free flowing traffic are
shown in Figure 16, the corresponding curves for accelerating vehicles in Figure 17. Cars
have the lowest noise emission levels followed by LDV. For free flowing traffic LDV have
about 3 dB higher noise emission values at 20 km/h. The difference decreases with increas-
ing speed and is zero at 130 km/h. Next in the rank order are motorcycles. Between 60 km/h
and 100 km/h their average noise levels are nearly the same as for LDV. But since the re-
gression is linear, their emission levels at lower speeds and higher speeds than the men-
tioned range are higher. At 30 km/h the average emission level for motorcycles is about 6 dB
higher than for cars.
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Figure 15: Lmax values for motorcycles versus vehicle speed.
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Figure 16: Average Lmax values for different vehicle categories and free flowing traffic
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Mopeds have a bit more than 2 dB higher noise emission levels than motorcycles. Their
emission is similar as for buses and small HDV. As already mentioned, the emission levels
for HDV below 75 kW rated power and HDV with rated power values of 75 kW or more but
below 150 kW is almost the same. This is also the case for accelerating vehicles (Figure 17),
so that on can conclude that both classes can be merged. The emission levels of public
transport buses are also nearly the same as for small HDV, although their rated power val-
ues were 150 kW or even higher.

The two highest HDV rated power classes show significantly higher noise emission levels.
The difference between both is below 2 dB, but there are other reasons for the separation,
that will be explained later. The comparison of the noise levels for the highest HDV rated
power class and HDV with more than 3 axles leads to the conclusion that the overall noise
emission is influenced by the tyres, at least for free flowing traffic and even at a vehicle
speed of 50 km/h.

The average Lmax values cannot be used directly for planning and forecasts, where one
needs the contributions to the Leq. These contributions are shown in Figure 18 and Figure

19 on an hourly base for one average vehicle of each category and a reference distance of
25 m. The values are calculated by the following equation:

Lm(th) = Lmax - 10 » log(7) - 23,3 in dB(A)

Where: Lm(1h) hourly contribution to the Leq in 25 m distance,
Lmax average pass by level in 7,5 m distance

Vv vehicle speed
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Figure 17: Average Lmax values for different vehicle categories and accelerating vehi-
cles
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Figure 18: Average hourly contribution of 1 vehicle to the Leq for different vehicle
categories and free flowing traffic
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Figure 19: Average hourly contribution of 1 vehicle to the Leq for different vehicle
categories and acceleration conditions

3.2 Detailed analysis for vehicle categories

The detailed analysis for vehicle categories does not include public transport buses and mo-
peds, because the sample size was too small.

3.2.1 Cars

3.2.1.1 Influence of technical parameters

For a further analysis the car sample was divided into

e vehicles with petrol engines,
o vehicles with precombustion Diesel engines,
6 vehicles with direct injection Diesel engines.

In the following the vehicles with precombustion Diesel engines are called vehicles with Die-
sel engines only. The noise limit for vehicles registered after 1995 is 74 dB(A) for vehicles
with petrol and Diesel engines and 75 dB(A) for vehicles with direct injection Diesel engines.
For these groups the maximum pass by levels (Lmax) were plotted versus rated power,
power to mass ratio and engine capacity, for acceleration phases and free flowing traffic re-
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spectively. The power to mass ratio is the ratio between rated power and kerb mass + 75 kg.
Only vehicles with registration years after 1995 were considered.

The results are shown in Figure 20 to Figure 22 for accelerating vehicles with speeds be-
tween 32,5 km/h and 42,5 km/h and Figure 23 to Figure 25 for vehicles in free flowing traffic
with speeds between 60 km/h and 70 km/h. These speed ranges were chosen because they
contained the highest number of vehicles.

For both situations (accelerations and free flowing traffic) there is a trend of noise level in-
crease with increasing technical parameter, but the noise level variation due to other influ-
ences (like individual traffic situation or individual driving behaviour) is by far dominating. The
engine capacity shows the biggest influence of technical parameters, followed by rated
power.

For acceleration phases vehicles with direct injection Diesel engines have 1 to 2 dB(A)
higher noise levels than vehicles with petrol engines. But the vehicles with Diesel engines
have even higher Lmax levels than the vehicles with direct injection Diesel engines. This re-
sult is astonishing for the first glance, because the 1 dB higher limit value for direct injection
Diesel engines was justified with the argument, that their noise emission is higher than the
noise emission of vehicles with precombustion Diesel engines. The above mentioned results
for accelerating vehicles show that it is the other way round. This contradiction can be ex-
plained by the age distribution of both samples. The vehicle sample with Diesel engines is
much older than the vehicle sample with direct injection Diesel engines and the vehicles with
direct injection Diesel engines of current technology are less noisy than the vehicles with the
first generation of direct injection Diesel engines (see Figure 31).
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A cars, direct injection Diesel engine
=—Linear (cars, petrol engine)
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R%=0.0372 -
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Figure 20: Pass by level of accelerating cars versus rated power
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For free flowing traffic there is no significant difference in the noise emission of the different
engine categories. This can be explained by the fact that tyre/road noise is dominating in this
driving mode.

Figure 26 and Figure 27 show the Lmax levels for the different engine categories versus ve-
hicle speed for acceleration phases and for free flowing traffic. These figures confirm the
above mentioned statements.
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Figure 23: Pass by level of cars in free flowing traffic versus rated power
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Figure 24: Pass by level of cars in free flowing traffic versus power to mass ratio
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Figure 25: Pass by level of cars in free flowing traffic versus engine capacity.
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In an additional step the car sample with Diesel engines was separated into the following

subgroups:
[ ]

cars with precombustion Diesel engines,

e cars with direct injection Diesel engines,

e light duty vehicles with car homologation

The latter were derived from the car sample by separating vehicles with gross vehicle mass
of more than 2500 kg and rated power values of up to 73 kW. This subgroup could also in-
clude off road vehicles but is dominated by light duty vehicles. The Lmax levels versus vehi-

cle speed are shown in Figure 28 for accelerat
traffic. For accelerating vehicles the regression
nificantly higher than the regression curves for

ing vehicles and in Figure 29 for free flowing
curve for LDV with car homologation is sig-
the other subgroups. The average emission

level curve of LDV with car homologation is almost the same as for LDV with gross vehicle
mass above 2000 kg (see Table 16). For free flowing traffic the regression curve for LDV with
car homologation is only slightly higher than the regression curves of the two other sub-

groups.
85 [ [
1 accelerating vehicles
80 j o <& .
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T g 00 A Diesel engine, registration year after 1995
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Figure 28: Pass by levels of accelerating LDV with car homologation with Diesel en-

gines
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Figure 29: Pass by levels of LDV with car homologation in free flowing traffic with Die-
sel engines

Influence of different emission stages

In another step the car sample was separated into different registration year classes. The
borderlines were drawn in relation to limit value changes. As a consequence the following
classes were built:

petrol, registration year before 1982, limit value 82 dB(A),

petrol, registration year between 1982 and 1988, limit
dB(A),

petrol, registration year between 1989 and 1995, limit
dB(A),

petrol, registration year after 1995, limit value 74 dB(A),
Diesel, registration year before 1982, limit value 82 dB(A),

value 80

value 77

Diesel, registration year between 1982 and 1989, limit value 80

dB(A),

Diesel, registration year between 1990 and 1995, limit value 77

dB(A),
Diesel, registration year after 1995, limit value 74 dB(A),

Only a few vehicles were measured with registration years before 1982; so this class is not
considered. The results of the other registration year subgroups are shown in Figure 30 for
accelerating vehicles with petrol engines. The regression curves of these groups follow the
trend of the limit values, at least at the lower end of the engine speed range. At 30 km/h an
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average pass by level reduction of 2 dB(A) can be found for a noise limit reduction of 6
dB(A). This poor effect on the real world noise emissions can partly be explained by com-
pensatory effects of changes in the type approval measurement method and partly by the
fact that the tyre/road noise contribution is not sufficiently considered in the current type ap-
proval method.

The results for today’s vehicles with direct injection Diesel engines are also shown for com-
parison. Their average noise emission at 30 km/h is 2 dB higher than the average noise
emission of today’s cars with petrol engines and thus the same as for cars with petrol en-
gines and registration years between 1982 and 1988. But the difference between the noise
emission of today’s vehicles with petrol and direct injection Diesel engines goes down to zero
with increasing vehicle speed.

Figure 31 shows the results for accelerating vehicles of different registration year classes
and different Diesel engine types. No regression curve is drawn for vehicles with precombus-
tion Diesel engines and registration years after 1995, because this technology vanished in
the meantime from the market and thus the sample is too small. In comparison to vehicles
with precombustion Diesel engines and registration years between 1982 and 1989 the noise
levels of today’s vehicles with direct injection Diesel engines are 2 dB lower at 30 km/h. The
comparison of the regression curves for vehicles with direct injection Diesel engines regis-
tered between 1990 and 1995 and registered after 1995 at 30 km/h show clearly that the
propulsion noise emission for vehicles with engines of this technology was reduced in the
meantime.

Corresponding results for free flowing traffic are shown in Figure 32 and Figure 33. There are
no significant differences between the regression curves of the different registration year
classes for vehicles with petrol engines and there is only a vague tendency of lower noise
emission for vehicles with Diesel engines with decreasing age at low speeds.
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Figure 30: Pass by levels of accelerating cars with petrol engines and different regis-

tration year classes

37



38

’\

TUVNORD

Mobilitéat

Investigations on noise emission of vehicles in road traffic

80
1 accelerating vehicles r
1 0>
75 +
|y =7.4397Ln(x) + 45.028
1 R? = 0.3474
g 70 1 1
Q T y=10.707Ln(x) + 33.897
-+ ¢ O Diesel engine, registration year between 1990 and 1995
s ] R? = 0.4509 Ko esel engine. registration y
é ‘ ‘ @Ioo O Diesel engine, registration year after 1995
S 65 1+ y =10.172Ln(x) + 35.167 % A direct injection Diesel engine, registration year between 1990 and 1995
T R2 =0.4928 ° ¢ direct injection Diesel engine, registration year after 1995
: ‘ ‘ Logarithmisch (Diesel engine, registration year between 1982 and 1989)
y = 11.029Ln(x) + 31.788 o o
-+ 2 === ogarithmisch (Diesel engine, registration year between 1990 and 1995)
60 — R°=0.5116 o ) ) o
1 ‘ ‘ Logarithmisch (Diesel engine, registration year after 1995)
tly= 10 682Ln(x) +32.168 === ogarithmisch (direct injection Diesel engine, registration year between 1990
) : and 1995
T R2 =0.6458 —Logarithnzisch (direct injection Diesel engine, registration year after 1995)
5511111111111111}1111111111111l1111111111
0 10 20 30 40 50 60 70

vehicle speed in km/h

Figure 31: Pass by levels of accelerating cars with Diesel engines and different regis-

tration year classes
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Figure 32: Pass by levels of cars in free flowing traffic with petrol engines and differ-
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Figure 33: Pass by levels of cars in free flowing traffic with Diesel engines and differ-
ent registration year classes

Within the context of the registration year analysis it was also checked whether there is a
correlation between the noise emission in real traffic and the type approval levels of the vehi-
cles. For that reason the average Lmax levels for cars with petrol, precombustion and direct
injection Diesel engines were calculated for accelerating vehicles in the speed range be-
tween 27,5 km/h and 37,5 km/h (around 35 km/h) and for free flowing traffic in the speed
range between 60 km/h and 70 km/h (around 65 km/h) and plotted versus the type approval
levels. The speed ranges were chosen in order to maximise the vehicle number of each ve-
hicle group.

The results for the accelerating vehicles can be seen in Figure 34 and show a clear ten-
dency: The noise levels in real traffic for acceleration phases at low speeds decrease with
decreasing type approval level and the slope is a bit higher for vehicles with Diesel engines
of both combustion types than for vehicles with petrol engines. This can be explained by the
fact, that for a given type approval level the in-use noise levels for Diesel vehicles are about
1,5 to 2 dB higher than the in-use noise levels for vehicles with petrol engines. These higher
levels indicate a higher propulsion noise influence on the in-use noise emission of the Diesel
vehicles compared to the petrol vehicles.

For free flowing traffic at higher speeds (65 km/h) there is no correlation between type ap-
proval levels and in-use noise emission levels for vehicles with Diesel engines of both com-
bustion types and only a vague tendency of decreasing in-use levels with decreasing type
approval levels for vehicles with petrol engines in the type approval level range between 69
dB(A) and 75 dB(A) (Figure 35). In order to be able to show this tendency, the petrol vehicles
are shown twice in the legend of Figure 35.
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3.2.1.2 Vehicle Types

Another analysis step was related to vehicle types. But despite of the huge number of cars
measured, it was difficult to extract vehicle types from the database, because the number of
variants per type has increased meanwhile, so that the registration number of a type could
not be used as separation criterion. As an alternative vehicles equipped with the same en-
gine — with respect to engine capacity and rated power — were defined as vehicle types. For
both driving condition modes (acceleration phases and free flowing traffic) a regression
analysis of Lmax versus vehicle speed was carried out using logarithmic functions (see
Figure 36).

The noise levels calculated from the regression curves for different speeds are shown in
Table 14 for acceleration phases for all types with a sample size of 40 vehicles or more.
These vehicle types dominate the fleet composition on the roads. Table 15 shows the corre-
sponding results for free flowing traffic. The averages for different emission stages (limit
value stages) are added in these tables.

7 types could be extracted for acceleration phases. The difference between the loudest and
the quietest type decreases from 3,2 dB at 20 km/h to 2,2 dB at 50 km/h. A substantial part
of the differences can be explained by the different emission stages. The remaining range
within an emission stage is below 2 dB(A) for speeds below 50 km/h, which means that there
is no significant difference between those vehicle types that dominate the fleet composition in
real traffic.
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Figure 36: Pass by levels of vehicle types (free flowing traffic)
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vehicle speed in km/h
engine .
o number of | Limit value .
capzﬁgy in vehicles in dB(A) vehicle type 20 30 50
973 42 74 type 1, petrol, 40 kW 59.8 65.3 72.3
1595 40 74 type 2, petrol, 74 kW 60.8 66.2 73.1
1299 47 74 type 3, petrol, 44 kW 61.3 66.6 73.3
1896 44 75 type 4, direct injection Diesel, 66 kW 61.5 67.2 74.5
1598 65 77 type 5, petrol, 55 kW 61.7 67.3 74.3
1389 68 77 type 6, petrol, 44 kW 63.0 67.5 73.2
1781 59 77 type 7, petrol, 66 kW 63.0 67.9 74.0
Limit value | number of
in dB(A) types range 3.2 2.6 2.2
min 59.8 65.3 72.3
ave 60.8 66.3 73.3
74175 4 max 61.5 67.2 74.5
range 1.8 1.9 2.2
min 61.7 67.3 73.2
77 3 ave 62.6 67.6 73.9
max 63.0 67.9 74.3
range 1.2 0.5 1.1

Table 14: Results of the regression analysis for vehicle types (accelerating vehicles)

A lot more vehicle types (34) could be extracted for free flowing traffic, including also 2 types
with limit values of 80 dB(A). The difference between the loudest and the quietest type de-
creases from 3,9 dB at 30 km/h to 2,2 dB at 70 and 90 km/h. The differences between the
different emission stages are below 1 dB , but with a tendency to lower in-use levels for lower
limit values. Figure 37 and Figure 38 show that the differences between the vehicle types
can be related to the engine capacity influence. Beside this also for free flowing traffic no
significant difference in the in-use noise emission could be found.

The engine capacity influence needs to be commended further in order to avoid misleading
conclusions. The noise emission for free flowing traffic conditions is tyre/road noise domi-
nated. Higher engine capacity means higher rated power and higher maximum speed values
and as a consequence wider tyres with a higher speed index. So most probably, the engine
capacity is an indirect technical parameter for the noise emission of vehicles in free flowing
traffic.



TUVNORD

Mobilitat
Investigations on noise emission of vehicles in road traffic
vehicle speed in km/h
engl.ne. number of | Limit value .
capsggy in vehicles in dB(A) vehicle type 30 50 70 90
973 90 74 type 1, petrol, 40 kW 63.8 71.0 75.7 79.3
1390 58 74 type 2, petrol, 55 kW 64.8 71.9 76.6 80.1
1595 86 74 type 3, petrol, 74 kW 65.5 72.4 76.9 80.2
1598 52 74 type 4, petrol, 55 kW 65.3 72.3 76.9 80.4
1998 52 74 type 5, petrol, 100 kW 65.4 72.7 77.4 81.0
1896 103 75 type 6, direct injection Diesel, 66 kW 65.7 72.5 77.1 80.4
1896 49 75 type 7, direct injection Diesel, 85 kW 66.1 72.8 77.2 80.5
1043 44 77 type 8, petrol, 33 kW 65.1 71.7 76.1 79.3
1119 40 77 type 9, petrol, 37 kW 65.4 71.9 76.2 79.4
1124 43 77 type 10, petrol, 44 kW 65.1 71.7 76.0 79.3
1195 83 77 type 11, petrol, 33 kW 64.7 715 76.0 79.3
1195 70 77 type 12, petrol, 33 kW 64.6 715 76.1 79.5
1299 87 77 type 13, petrol, 44 kW 65.3 72.2 76.7 80.0
1389 146 77 type 14, petrol, 44 kW 65.1 72.0 76.5 79.9
1390 68 77 type 15, petrol, 44 kW 65.9 72.3 76.6 79.8
1595 44 77 type 16, petrol, 74 kW 65.4 72.4 77.1 80.5
1596 59 77 type 17, petrol, 75 kW 65.6 73.0 77.8 814
1597 46 77 type 18, petrol, 66 kW 66.1 72.7 77.1 80.4
1598 63 77 type 19, petrol, 52 kW 65.3 72.2 76.8 80.2
1598 160 77 type 20, petrol, 55 kW 65.9 72.5 76.9 80.1
1598 82 77 type 21, petrol, 55 kW 65.6 72.5 77.0 80.4
1598 48 77 type 22, petrol, 74 kW 65.4 72.4 77.0 80.4
1781 98 77 type 23, petrol, 55 kW 64.8 72.1 77.0 80.6
1781 132 77 type 24, petrol, 66 kW 65.3 72.5 77.3 80.8
1796 41 77 type 25, petrol, 66 kW 65.7 72.0 76.2 79.3
1799 78 77 type 26, petrol, 90 kW 66.5 73.4 77.9 81.3
1991 78 77 type 27, petrol, 110 kW 66.5 733 77.8 81.1
1998 51 77 type 28, petrol, 85 kW 66.0 72.9 77.4 80.8
1896 50 77 type 29, Diesel, 55 kW 67.4 735 775 80.4
1997 57 77 type 30, Diesel, 55 kW 67.0 73.5 77.8 81.1
1896 49 77 type 31, direct injection Diesel, 66 kW 66.2 73.0 77.5 80.9
1896 43 77 type 32, direct injection Diesel, 66 kW 66.4 72.9 77.2 80.4
1263 45 80 type 33, petrol, 40 kW 64.0 71.4 76.2 79.9
1983 42 80 type 34, Diesel, 53 kW 67.7 73.8 77.8 80.8
L'irnn'(;gal)’e ““t”;'pas; of range 3.9 2.8 2.2 2.2
min 63.8 71.0 75.7 79.3
ave 65.2 72.2 76.8 80.3
74175 ! max 66.1 72.8 77.4 81.0
range 2.3 1.8 1.7 1.7
min 64.6 71.5 76.0 79.3
ave 65.7 725 76.9 80.3
" 25 max 67.4 73.5 77.9 81.4
range 2.8 2.1 2.0 2.2
min 64.0 71.4 76.2 79.9
80 2 ave 65.8 72.6 77.0 80.3
max 67.7 73.8 77.8 80.8
range 3.6 2.4 1.6 0.9

Table 15: Results of the regression analysis for vehicle types (free flowing traffic)
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Figure 37: Average pass by levels of car types with 74/75 dB(A) limit value versus en-
gine capacity.
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Figure 38: Average pass by levels of car types with 77 dB(A) limit value versus engine
capacity.
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3.2.2 Light duty vehicles

Since light duty vehicles with gross vehicle mass up to 2000 kg and above 2000 kg have dif-
ferent noise limits (76/77 dB(A)), the first analysis step was made with respect to these
classes and to different engine types. Only 19% of the whole light duty vehicle sample be-
longs to the gross vehicle mass (GVM) class of up to 2000 kg. In this class 28,5% of the ve-
hicles were equipped with a petrol engine, 58,2% with a precombustion Diesel engine and
13,3% with a direct injection Diesel engine. The percentage of petrol engine vehicles in the
GVM class above 2000 kg is only 4,7%, so that this subclass was excluded from the further
analysis. The rest is equipped with Diesel engines, half of it with direct injection Diesel en-
gines.

Figure 39 shows the Lmax levels of the above described LDV subclasses versus vehicle
speed for vehicles registered after 1995 and free flowing traffic. For this driving condition
mode as well as for acceleration phases a regression analysis of Lmax versus vehicle speed
was carried out using logarithmic functions. The noise levels calculated from the regression
curves for different speeds are shown in Table 16 for acceleration phases. Table 17 shows
the corresponding results for free flowing traffic.

For acceleration phases the sample of vehicles with petrol engines was too small, so that no
results are shown in Table 16 for this subgroup.

90
T | | s 2
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1 | | A s —
g5 LIy = 11.723Ln(x) + 28.097 [ Ada 2
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Figure 39: Pass by levels of light duty vehicles with different engine types and differ-
ent gross vehicle mass classes
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As for cars one can expect that LDV with precombustion Diesel engines will vanish from the
fleet, so the classes with direct injection Diesel engines are most important. The difference in
the average Lmax levels for acceleration phases between LDV with direct injection Diesel
engines and GVM up to 2000 kg and GVM above 2000 kg varies between 1,4 and 2,2 dB(A),
decreasing with increasing vehicle speed. The differences can be explained by differences in
the engine capacity. In the GVM class above 2000 kg there is no difference between vehicles
with precombustion and direct injection Diesel engines, in the GVM class up to 2000 kg the
vehicles with precombustion Diesel engines are quieter than those with direct injection Diesel
engines. But this result should not be overestimated because the sample sizes are substan-
tially lower than for the GVM class above 2000 kg and no difference was found for free flow-
ing traffic.

For free flowing traffic there is also no difference between the Diesel engine type classes
with precombustion and with direct injection in both GVM classes, but the differences be-
tween both classes are 1,3 to 1,5 dB(A), which once again can be explained by differences in
engine capacity. LDV with GVM up to 2000 kg and petrol engines are about 1 dB(A) quieter
than those with Diesel engines.

average vehicle speed in km/h
engine
subcategory capacity in 20 30 50
cms3
LDV, Diesel, GVM <= 2000 kg 1846 63.8 68.5 74.4
LDV, direct injection Diesel, GVM <= 2000 kg 1880 66.3 70.1 74.9
LDV, Diesel, GVM > 2000 kg 2253 67.7 71.6 76.6
LDV, direct injection Diesel, GVM > 2000 kg 2539 68.5 71.9 76.2

Table 16: average Lmax levels for different LDV subcategories, accelerating vehicles

average vehicle speed in km/h
engine
subcategory capacity in 50 70 90
cm3
LDV, petrol, GVM <= 2000 kg 1304 72.0 75.9 78.7
LDV, Diesel, GVM <= 2000 kg 1783 72.8 76.9 79.9
LDV, direct injection Diesel, GVM <= 2000 kg 1899 72.5 76.5 79.6
LDV, Diesel, GVM > 2000 kg 2226 74.0 77.9 80.9
LDV, direct injection Diesel, GVM > 2000 kg 2492 74.3 78.3 81.2

Table 17: average Lmax levels for different LDV subcategories, free flowing traffic

Since this GVM class has the highest sample number a further analysis related to registra-
tion year classes was based on this subclass. The results are shown in Figure 40 for accel-
erating vehicles. There is a tendency of lower pass by levels with decreasing vehicle age
over the whole speed range. But the difference between vehicles with registration years be-
tween 1990 and 1995 and vehicles with registration years after 1995 is only about 1 dB(A).
Compared to vehicles registered before 1990 the differences seem to be higher, but this
sample is too small to draw reliable conclusions.
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3.2.3 Heavy duty vehicles

With respect to the noise limits heavy duty vehicles (HDV) are separated into the following
three rated power (Pn) classes:

o Pn<75kW,
6 75 kW <=Pn <150 kW,
o Pn>=150 kW

Consequently the first analysis was executed in accordance with these classes but sepa-
rately for HDV with up to 3 axles and HDV with more than 3 axles.

As can be seen in Table 18 there are only a few vehicles in the 2001 sample with rated
power values below 75 kW. A further analysis of the registration year showed that this power
class will vanish in the future, since only 2 vehicles are in the database, that were registered
after 1996. The major part of the sample with up to 3 axles has rated power values between
100 and 125 kW and 150 and 200 kW. 43% of this sample belongs already to the highest
rated power class of the current type approval noise regulation.

Concerning HDV with more than 3 axles the rated power structure is as shown in Table 19.
Nearly 90% of the sample has rated power values between 250 and 350 kW.

HDV <= 3 axles number of vehicles | percentage | percentage
Pn <75 kW 83 5.5% 5.5%
75 kW <= Pn < 100 kW 145 9.6%
100 kW <= Pn < 125 kW 442 29.3% 51.6%
125 kKW <= Pn < 150 kW 191 12.7%
150 kW <= Pn < 200 kW 323 21.4%
200 kW <= Pn < 250 kW 187 12.4% 42.9%
250 kW <= Pn < 300 kW 106 7.0% '
Pn >= 300 kW 30 2.0%
sum 1507 100.0% 100.0%

Table 18: Rated power structure of the HDV sample with up to 3 axles

HDV > 3 axles number of vehicles | percentage
150 kW <= Pn < 200 kW 15 1.0%
200 kW <= Pn < 250 kW 33 2.2%
250 kW <= Pn < 300 kW 688 45.0%
300 kW <= Pn < 350 kW 675 44.2%
Pn >= 350 kW 117 7.7%
sum 1528 100.0%

Table 19: Rated power structure of the HDV sample with more than 3 axles
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3.2.3.1 Results for vehicles registered after 1995 (current emission stage)

In a first step it should be checked whether there is a correlation between the in-use noise
emission levels and the technical parameters rated power and engine capacity. Both techni-
cal parameters were classified and the averages of the Lmax levels were calculated for ac-
celerating vehicles in the speed range between 20 km/h and 40 km/h for each power and ca-
pacity class. Since the tyre/road noise contribution is depending on the number of axles this
analysis step was carried out separately for vehicles with up to 3 and more than 3 axles.

The results for the rated power classes are shown in Figure 42 for rated power and in Figure
43 for engine capacity. Only classes with at least 10 vehicles were considered. For HDV with
up to 3 axles the in-use noise levels clearly increase with increasing rated power or increas-
ing engine capacity respectively. But astonishingly for HDV with more than 3 axles the in-use
noise emission levels decrease slightly with increasing power or engine capacity. The rated
power ranges of both axle classes are clearly separated. There is no power class above 250
kW with 10 vehicles for HDV up to 3 axles and no power class below 250 kW for HDV with
more than 3 axles.

For engine capacity there is a small region between 11000 and 12000 cm3, where both axle
classes overlap. In this region no significant difference between the 2 axle classes can be
seen, so that one can conclude that acceleration phases in this speed range are not much in-
fluenced by tyre/road noise.
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Figure 42: Average pass by levels of accelerating HDV versus rated power for the two
axle number classes (registration year > 1995)
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Figure 43: Average pass by levels of accelerating HDV versus engine capacity for the
two axle number classes (registration year > 1995)

In order not to mix up the possible rated power effects by age effects and in order to get a
better insight into the power effect the further analysis was restricted to vehicles registered
after 1995 and the following rated power classification for both axle number classes was
used:

o Pn<=100 kw,

o 100 kW < Pn <= 150 kW,
6 150 kW < Pn <= 250 kW,
o Pn>250kW

The borderlines at 150 kW and 250 kW are defined slightly different than for the analysis for
categories, but this had no consequence for the results and conclusions. These classes are
proposed to be used for an amendment of the EU and ECE noise regulations for heavy duty
vehicles. Figure 44 shows the individual Lmax levels of each power class versus vehicle
speed for accelerating vehicles. For HDV with more than 3 axles only the highest power
class was considered, because there are only a few vehicles with power values below 250
kW in the database.

Since the speed range is small, the noise level variances at given speeds are high and the
speed influence on the results is of minor importance, the noise level distribution curves were
calculated for each power and axle class in order to get a clearer picture. The resulting distri-
butions are shown in Figure 45. The distributions for HDV up to 3 axles are clearly separated
with respect to the power classes and for noise levels up to 82 dB(A). Above that level the
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distributions of the power classes above 100 kW coincide. This coincidence is most probably
caused by vehicles with abnormal noise emissions due to maintenance problems.
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Figure 44: Pass by levels of accelerating HDV versus vehicle speed for different sub-
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The noise level distributions for the 2 HDV axle classes with rated power values above 250
kW are close together up to 81 dB(A), but diverge increasingly with increasing noise level,
which could be explained by the differences in vehicle load.

The average noise levels for the different HDV subclasses are summarised in Table 20. It is
interesting but not surprising, that the average speed values decrease with increasing power
class. The lowest value was found for the HDV class with more than 3 axles. In order to
compensate the speed influence, speed corrected levels for 30 km/h were calculated and in-
cluded in the table using 2 dB level increase per 10 km/h speed increase. The differences of
these corrected Lmax levels compared to the lowest power class are also shown in Table 20.
For 3 axle vehicles the difference from one power class to the other is 1,7 to 2 dB(A), result-
ing in a 5,4 dB(A) difference between the highest and the lowest power class. The difference
between the 2 axle classes for HDV in the highest power class is below 1 dB(A).

A higher difference was found for both classes for free flowing traffic conditions (see Figure
46, Table 21 and Table 22. Figure 46 shows the individual Lmax levels versus vehicle speed
wit regression curves, Table 21 shows the average Lmax levels together with speed cor-
rected levels for 75 km/h using the same speed correction as for accelerating vehicles. Table
22 contains the speed corrected levels of both driving conditions for comparison reasons.

For 3 axle vehicles the difference from one power class to the other is 0,7 to 1,1 dB(A), re-
sulting in a 3,9 dB(A) difference between the highest and the lowest power class. These dif-
ferences are lower than the differences for accelerating vehicles, which leads to the conclu-
sion that the in-use noise levels at 75 km/h are already influenced by tyre/road noise. The dif-
ference between the 2 axle classes for HDV in the highest power class at 75 km/h free flow-
ing traffic is 1,1 dB(A), which is also an indication for the tyre/road noise influence.

speed
number of | 2Verage | average correct.ed Delta L in
HDV subcategory vehicles speed in | Lmax in Lmax in dB(A)
km/h dB(A) |dB(A)for 30

km/h
HDV up to 3 axles, Pn < 100 kW 13 31.1 76.0 75.8 0.0
HDV up to 3 axles, 100 kW <= Pn < 150 kW 128 30.6 77.9 77.8 2.0
HDV up to 3 axles, 150 kW <= Pn < 250 kW 99 28.9 79.2 79.5 3.7
HDV up to 3 axles, Pn >= 250 kW 30 28.4 80.9 81.2 5.4
HDV more than 3 axles, Pn >= 250 kW 235 26.9 81.2 81.8 6.0

Table 20: Average Lmax levels of accelerating HDV for different subcategories (regis-
tration year > 1995)
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Figure 46: Pass by levels of HDV in free flowing traffic for different subcategories

(Registration year > 1995)

speed
number of averag.e Lmax in correct-ed Delta L in
HDV subcategory vehicles speed in dB(A) Lmax in dB(A)

km/h dB(A) for

75 km/h
HDV up to 3 axles, Pn < 100 kW 33 65.4 80.0 81.9 0.0
HDV up to 3 axles, 100 kW <= Pn < 150 kW 197 71.3 82.5 83.2 1.1
HDV up to 3 axles, 150 kW <= Pn < 250 kW 130 75.4 85.2 85.1 3.2
HDV up to 3 axles, Pn >= 250 kW 52 72.9 84.9 85.3 3.9
HDV more than 3 axles, Pn >= 250 kW 575 81.0 87.8 86.6 5.0

Table 21: Average Lmax levels of HDV in free flowing traffic for different subcatego-
ries (registration year > 1995)

Lm"’?" at 30 km/h . Lmax at 75 km/h .
HDV subcategor in dB(A), Delta L in in dB(A), free Delta L in
gory accelerating dB(A) . L e dB(A)
- flowing traffic
vehicles

HDV up to 3 axles, Pn < 100 kw 75.8 0.0 81.9 0.0
HDV up to 3 axles, 100 kW <= Pn < 150 kW 77.8 2.0 83.2 1.1
HDV up to 3 axles, 150 kW <= Pn < 250 kW 79.5 3.7 85.1 3.2
HDV up to 3 axles, Pn >= 250 kW 81.2 5.4 85.3 3.9
HDV more than 3 axles, Pn >= 250 kW 81.8 6.0 86.6 5.0

Table 22: Average Lmax levels of HDV accelerating and in free flowing traffic for dif-
ferent subcategories (registration year > 1995)
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3.2.3.2 Results for different emission stages

In addition an analysis was carried out in each of the new proposed rated power and axle
classes for vehicles with registration years before 1990, between 1990 and 1995 and after
1995. These time periods are related to different limit value periods. The results for accelera-
tion conditions are shown in Figure 47 to Figure 49 and summarised in Table 23. The delta L
values are related to consecutive registration year classes. For the highest power class no
vehicles were found in the database with registration years before 1990. The speed correc-
tions in Table 23 were made in the same way as described in the previous chapter.

For the power classes below 250 kW and HDV with 3 axles a comparison can be made be-
tween today'’s vehicles and vehicles registered before 1990, whose type approval noise limits
differ by 8 dB(A). The average pass by levels for accelerations between 20 and 40 km/h for
today’s vehicles are 3,3 to 4,2 dB(A) lower than for vehicles registered before 1990. The dif-
ferences decrease with increasing power class. That means that the noise reduction in real
traffic for these vehicles is higher than for cars or LDV and that the type approval noise limit
reduction was more effective. This is not the case for HDV with rated power values above
250 kW. For these vehicles the last limit reduction step was 4 dB(A), resulting in a reduction
of the in-use emissions for accelerations at low speeds of only 0,9 to 1,4 dB(A).
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Figure 47: Pass by level distributions of HDV up to 3 axles, 100 kW <= rated power <
150 kW for different registration year periods
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Figure 48: Pass by level distributions of HDV up to 3 axles, 150 kW <= rated power <
250 kW for different registration year periods
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Figure 49: Pass by level distributions of HDV with rated power >= 250 kW for different

registration year periods
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average | average | . orage | average speed Noise
registration | number of | rated engine g_ g corrected DeltaLin| . ~.~.
HDV subcategory ) . .. |speedin|Lmaxin . limitin
year vehicles | power in | capacity in km/h dB(A) Lmax in dB(A) dB(A) dB(A)
kW cm?3 for 30 km/h
before 1990 17 67.7 3877 30.2 80.3 80.3 86
HDV up to 3 axles, Pn| between 1990
<100 KW and 1995 47 83.4 4678 31.3 78.9 78.7 -1.6 83
after 1995 14 82.4 3588 31.1 76.3 76.1 -2.6 78
before 1990 19 115.6 6027 29.2 81.2 81.4 86
HDV up to 3 axles,
100 KW <= Pn < 150 | PeMWeen 19901 5 115.4 5772 303 | 801 80.1 -1.3 83
KW and 1995
after 1995 128 112.6 4490 30.6 77.9 77.8 -2.3 78
before 1990 13 182.5 11033 27.5 82.3 82.8 88
HDV up to 3 axles,
150 KW <= Pn < 250 | PeWeen 1990 g 188.6 9450 29.0 81.3 815 1.3 84
KW and 1995
after 1995 99 191.6 7554 28.9 79.2 79.5 -2.1 80
before 1990 88
HDV up to 3 axles, Pn| between 1990
>= 250 KW and 1995 12 273.4 13512 29.2 81.9 82.1 84
after 1995 30 297.3 12676 28.4 80.9 81.2 -0.9 80
before 1990 88
HDV more than 3 | between 1990
axles, Pn >= 250 KW and 1995 65 287.6 12962 26.2 82.4 83.2 84
after 1995 232 308.2 12440 27.0 81.2 81.8 -1.4 80

Table 23: Average Lmax levels of accelerating HDV different subcategories and regis-
tration year periods

Corresponding results as discussed before are shown in Figure 50 and Table 24 for free
flowing traffic. The figure just gives an example for HDV up to 3 axles and rated power val-
ues between 150 and 250 kW. The averaged and speed corrected levels for 70 km/h are
shown in the table. The speed corrections were made in the same way as described before
(2 dB per 10 km/h). For the 3 power classes

As for acceleration phases the power classes below 250 kW and HDV with 3 axles contain
also results for vehicles registered before 1990. The in-use noise level reduction between to-
day’s vehicles and those before 1990 are less than half of the reduction achieved for accel-
eration phases. This significant deterioration of the effectiveness of the limit reduction is most
probably caused by the increased influence of the tyre/road noise for these driving condi-
tions. For vehicles with rated power values above 250 kW the difference to today’s vehicles
and the emission stage before is in the same order as for accelerating vehicles, which means
it is rather low.
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Figure 50: Pass by levels of HDV up to 3 axles, 150 kW <= rated power < 250 kW for
different registration year periods

average | average | ... | . erage speed
registration | number of | rated engine d 9 corrected Delta L in | Noise limit
HDV subcategory . . .. |speedin|Lmaxin . .
year vehicles | power in | capacity in km/h dB(A) Lmax in dB(A) | dB(A) in dB(A)
kw cm3 for 70 km/h
before 1990 32 69.8 4142 57.9 80.4 82.8 86
between
HDVupto 3axles, Pn| oo nd 59 82.2 4576 68.7 82.7 83.0 0.1 83
< 100 kW
1995
after 1995 33 84.0 3019 65.4 80.0 80.9 -2.0 78
before 1990 36 109.2 6262 62.3 81.5 83.0 86
between
HDV up to 3 axles, 100
KW <= Pn < 150 KW 1919;)Qaénd 100 114.1 5663 70.1 83.1 83.1 0.0 83
after 1995 197 114.3 4595 71.3 82.5 82.2 -0.8 78
before 1990 23 175.8 11082 70.0 85.4 85.4 88
between
HDV up to 3 axles, 150
KW <= Pn < 250 kW 1Qfggaénd 95 186.2 9715 68.4 84.8 85.1 -0.3 84
after 1995 130 187.3 7770 75.4 85.2 84.1 -1.0 80
before 1990 88
between
HDV “Fl“’ 3 axles, Pn 1990 and 19 266.7 12418 65.8 84.1 85.0 84
>= 250 kW 1995
after 1995 52 281.2 11832 72.9 84.9 84.3 -0.7 80
before 1990 88
between
HDVmore than3 1) 54 ang 100 288.2 13273 766 | 884 87.1 84
axles, Pn >= 250 kW 1995
after 1995 575 304.1 12352 81.0 87.8 85.6 -1.5 80

Table 24: Average Lmax levels of HDV in free flowing traffic for different subcatego-
ries and registration year periods

57



58

———

w
TUVNORD

Mobilitat L . . . . )
Investigations on noise emission of vehicles in road traffic

3.2.3.3 Vehicle Types

Concerning vehicle types the same approach was used as for cars and LDV. That means
within an axle class a type is defined by the same engine capacity and rated power. For ac-
celerating vehicles the Lmax levels as well as the speed levels between 20 and 40 km/h
were averaged and speed corrected levels for 30 km/h were calculated. The results are
shown in Table 25 and Table 26 for types with at least 10 vehicles. The difference between
the loudest and the quietest type is 4,4 dB(A) for HDV up to 3 axles and 1,8 dB(A) for HDV
with more than 3 axles. The 4,4 dB(A) difference can be explained by differences in rated
power or engine capacity (see Figure 51 and Figure 52). The unexplained rest of variance is
about 2 dB(A). This rest cannot be reduced for in-use noise measurements and such small
vehicle samples.

up to 3 axles,
. . average
vehicle rated engine . average speed
number of . .. | number of | vehicle .
axles type | power in | capacity in vehicles | sped in Lmax in corrected
number kW cms3 Em/h dB(A) | Lmax in dB(A)
for 30 km/h
1 100 3908 14 315 76.9 76.6
2 100 4249 12 34.3 77.6 76.8
3 105 5861 13 315 77.7 77.4
up 10 3 4 112 4249 25 31.3 78.5 78.2
P 5 114 4580 14 30.5 77.9 77.8
6 170 6374 19 30.2 79.8 79.7
7 205 6374 24 28.8 78.9 79.2
8 230 11946 10 27.6 80.5 80.9

Table 25: Average Lmax levels of accelerating HDV with up to 3 axles for different
vehicle types, registration year > 1995

more than 3
. . average
vehicle rated engine . average | axles, speed
number of . ... | number of | vehicle .
axles type | power in | capacity in vehicles | sped in Lmax in corrected
number kw cms3 Em/h dB(A) | Lmax in dB(A)
for 30 km/h
1 290 11946 26 28.7 81.0 81.3
2 294 11967 30 26.4 81.3 82.0
3 301 11967 40 26.2 81.0 81.8
more than 3 4 309 11705 13 26.5 81.1 81.8
5 315 11946 20 26.1 79.8 80.6
6 338 12816 12 27.8 81.7 82.1
7 350 15928 12 27.2 80.5 81.1
8 390 15928 10 26.2 79.6 80.3

Table 26: Average Lmax levels of accelerating HDV with more than 3 axles for differ-
ent vehicle types, registration year > 1995
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Figure 51: Average Lmax levels of accelerating HDV with up to 3 axles for different
vehicle types versus rated power values, registration year > 1995
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Figure 52: Average Lmax levels of accelerating HDV with up to 3 axles for different

vehicle types versus engine capacity values, registration year > 1995
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Corresponding results for free flowing traffic are shown in Table 27 and Table 28. The influ-
ences of rated power and engine capacity are shown in Figure 53 and Figure 54. The differ-
ence between the loudest and the quietest type is 3,5 dB(A) for HDV up to 3 axles and 2,3
dB(A) for HDV with more than 3 axles and can also partly be explained by rated power or
engine capacity differences.

The conclusion is the same as for cars and LDV: There are no type specific differences in the
in-use noise emission.

. . average up to 3 axles,
vehicle | rated engine : average
number of tvpe ower in | capacity in number of | vehicle Lmax in speed corrected
axles yp P pacity vehicles | spedin Lmax in dB(A)
number kw cms3 dB(A)
km/h for 70 km/h
1 90 2874 10 64.8 79.8 80.8
2 100 3908 13 63.7 80.2 81.5
3 100 4249 11 78.4 83.8 82.2
4 105 5861 12 69.3 82.3 82.4
5 112 4249 31 73.6 82.8 82.1
up to 3 6 114 4580 31 69.0 81.6 81.8
7 125 4249 18 73.3 83.7 83.1
8 125 4249 14 69.6 82.8 82.9
9 162 6871 14 79.1 85.4 83.6
10 170 6374 23 70.2 84.0 84.0
11 205 6374 13 79.0 85.4 83.6
12 230 11946 11 75.6 85.5 84.4

Table 27: Average Lmax levels of HDV with up to 3 axles in free flowing traffic for dif-
ferent vehicle types, registration year > 1995

more than 3
. . average
vehicle | rated engine . average | axles, speed
number of . .. | number of | vehicle i
axles type | power in | capacity in vehicles | soed in Lmax in | corrected Lmax
number kw cm? P dB(A) in dB(A) for 80
km/h

km/h

1 260 11946 23 78.6 87.3 87.6

2 279 12130 12 80.8 86.2 86.1

3 280 14618 30 76.9 87.7 88.3

4 290 11946 99 80.6 87.3 87.2

5 294 11967 29 83.9 87.8 87.1

6 294 11705 15 82.8 88.4 87.8

more than 3 7 301 11967 42 77.1 87.0 87.6
8 309 12130 16 83.5 88.6 88.0

9 309 11705 10 84.9 88.8 87.9

10 315 11946 80 80.3 87.6 87.6

11 315 12580 27 86.6 89.1 87.8

12 316 10308 13 81.6 87.5 87.2

13 338 12816 38 80.3 87.8 87.7

14 350 15928 15 81.5 88.5 88.2

Table 28: Average Lmax levels of HDV with more than 3 axles in free flowing traffic
for different vehicle types, registration year > 1995
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Figure 53: Average Lmax levels of HDV with up to 3 axles in free flowing traffic for dif-
ferent vehicle types versus rated power values, registration year > 1995
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Figure 54: Average Lmax levels of HDV with more than 3 axles in free flowing traffic
for different vehicle types versus engine capacity values, registration year
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3.2.3.4 In-use noise levels on motorways with and without gradients

In order to get in-use noise level results for HDV on motorways with gradients two measure-
ment sites were established on motorways with uphill gradients of about 4%. The results are
compared in Figure 55 and Figure 56 with the results of 3 other, flat motorway sites for the
two HDV axle classes as individual Lmax levels versus vehicle speed. As one could expect
the results on the uphill sites show a lower slope for the speed dependency than the flat
sites. That means that the differences increase with decreasing speed. The difference was
about 3 dB(A) at 50 km/h for the HDV sample with up to 3 axles and below 3 dB(A) for HDV
with more than 3 axles. The reason is that the vehicles going uphill try to run with the highest
possible speed and thus use more power and produce more noise than in flat condition. But
differently to former measurement campaigns a substantially part of the vehicle sample
nowadays has enough power to run uphill gradients of 4% with maximum vehicle speed.

95 ‘ |
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Figure 55: Comparison of Lmax levels of HDV up to 3 axles on motorway sites with

and without gradients
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motorway, registration year after 1995 ‘
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Figure 56: Comparison of Lmax levels of HDV more than 3 axles on motorway sites

with and without gradients

3.2.4 Motorcycles

The motorcycle sample, for which technical data were available, contained 392 vehicles. An
analysis was carried out with respect to rated power, engine capacity and registration year.
With respect to rated power the following classes were defined:

1.

2.

3.

4.

Pn <= 25 kW,
25 kW < Pn <= 50 kW,
50 kW <Pn <= 75 kW,

Pn > 75 kW

Figure 57 shows the results for four different rated power classes. The differences in the re-
gression curves are not significant. The high variances of the individual results are partly
caused by different driving behaviour and partly by the use of noise increasing exhaust
and/or intake silencers.
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Figure 57: Pass by levels of motorcycles for different rated power classes

Concerning engine capacity the following classes were defined:
1. <=125cms,
2. 125 cms3 < eng cap < 400 cm3,
3. 400 cm? <=eng cap < 750 cm3,
4. 750 cm3 <= eng cap < 1000 cm3,
5. >=1000 cm?

Although we are aware that motorcycles up to 175 cm3 and motorcycles above 175 cm? have
different limit values, this border was ignored in the analysis, because only 7 vehicles with
engine capacity up to 175 cm3 were measured.

Figure 58 shows the results for these five different engine capacity classes. The regression
curves for the engine capacity classes 1, 3, 4 and 5 have nearly the same slope, those for 3
and 4 are identical. Class 1 vehicles have slightly higher levels class 5 vehicles have slightly
lower levels than the classes 3 and 4. The differences between the regression curves are not
higher than 2 dB(A) for these classes. The class 2 vehicles show a different speed depend-
ency but the sample is so small that the difference cannot be considered as reliable.
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Figure 58: Pass by levels of motorcycles for different engine capacity classes

Concerning the registration year the following three different classes were analysed:

o <1990,
o 1990 to 1995,
o >1995

Figure 59 shows the results. Although the uncertainty range due to the low sample numbers
does not allow interpreting the differences in the regression curves as significant, at least a
trend to lower pass by levels for the today’s vehicles could be stated for vehicle speeds be-
low 60 km/h.

A vehicle type analysis could not be carried out because of the small sample size.
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Figure 59: Pass by levels of motorcycles for different registration year periods

3.3 Noise reduction effect of drainage asphalt compared to stone mastic as-
phalt

There is one measurement site that was excluded from the analysis so far, a motorway site
with a drainage asphalt surface (max. chipping size 11 mm, DA 0/11). The reduction effect of
this surface shall be demonstrated by comparing the results for cars, HDV with up to 3 axles
and HDV with more than 3 axles on this site with another motorway site with a stone mastic
asphalt surface (max. chipping size 11 mm, SMA 0/11). The average speeds were nearly the
same for each vehicle category on both sites.

The results for cars are shown in Figure 60. The regression curve for DA 0/11 is about 8,5
dB(A) lower than the regression curve for SMA 0/11. The results for HDV with up to 3 axles
and more than 3 axles are shown in Figure 61. The regression curves for DA 0/11 is about
6,5 dB(A) lower than the regression curves for SMA 0/11 for both axle classes.

Comparisons of average 3" octave band spectra for cars at 125 km/h and HDV at 85 km/h
are shown in Figure 62 to Figure 64. The spectra are based on an average of between 34
and 107 vehicles, depending on the vehicle category and the surface. The reduction effect
starts for cars at 800 Hz, for HDV at 630 Hz. The higher reduction achieved for cars is due to
the fact that the peak at 1000 Hz on SMA 0/11 is more pronounced for cars than for HDV
and that this peak is cut off completely by the DA 0/11 surface.
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For cars the variation of results at the same speed is nearly the same on both surfaces. For
HDV the variation on DA 0/11 is significantly higher than for SMA 0/11. The reason for this
becomes clear when one studies the whole bandwidth of the spectra for single vehicles on
each surface and each vehicle category. The corresponding results are shown in Figure 65
to Figure 73. For cars the reduction effect works over the whole variation range, for HDV this
is not the case. The most probable explanation is that the reduction works mainly for rolling
noise and rarely for propulsion noise and that for some HDV in the sample propulsion noise
was dominating even at 85 km/h.
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Figure 60: Pass by levels of cars on motorway sites with drainage asphalt and stone
mastic asphalt surface (both with 11 mm max. chipping size, registration

year after 1995)
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Figure 61: Pass by levels of HDV on motorway sites with drainage asphalt and stone
mastic asphalt surface (both with 11 mm max. chipping size, registration
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and stone mastic asphalt surface (both with 11 mm max. chipping size)
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Figure 68: Frequency spectra of HDV with up to 3 axles on a motorway site with stone
mastic asphalt surface (11 mm max. chipping size)
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Figure 70: Lower and upper envelopes of the frequency spectra of HDV with up to 3
axles on motorway sites with stone mastic asphalt and drainage asphalt
surface (both 11 mm max. chipping size)
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Figure 72: Frequency spectra of HDV with more than 3 axles on a motorway site with
drainage asphalt surface (11 mm max. chipping size)
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Figure 73: Lower and upper envelopes of the frequency spectra of HDV with more
than 3 axles on motorway sites with stone mastic asphalt and drainage as-
phalt surface (both 11 mm max. chipping size)

3.4 Comparison with the results of previous investigations

In order to compare the results of this investigations with the results of previous investiga-
tions the data of the previous investigations were corrected for road surface influences in the
same way as described in chapter 3.1.2. Four previous investigations were considered for
the comparison of vehicles in free flowing traffic, from 1978 [1], 1983 [2], 1986 [3] and 1992
[4]. For accelerating vehicles the 1986 period was disregarded because it contained no spe-
cial measurement sites for this driving condition.

Figure 74 shows the pass by levels for accelerating cars from the 1978, 1983, 1992 and
2001 investigation periods. At low speeds (20 to 40 km/h) a clear trend to lower emission
values for higher reference years can be seen. The average Lmax levels for 1992 are signifi-
cantly lower than the corresponding levels for 1978 and 1983 and the levels for 2001 are
even lower than those for 1992. At high speeds (above 60 km/h) the regression curves coin-
cide more or less or seem to show a contrary tendency. But this must not be overestimated
because of the low number of vehicles, especially above 70 km/h. What can also be seen is
the fact that the scattering of the results is highest for 1978 and lowest for 2001.

Figure 75 shows corresponding results for free flowing traffic. Here no significant differences
between the regression curves for different investigation periods can be found. But as for ac-
celerating vehicles the scattering of the results decreases with increasing reference year.
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The logarithmic trend lines shown in Figure 75 and Figure 76 are determined by the (core)
speed ranges with the highest vehicle numbers, which is 30 to 45 km/h for accelerating vehi-
cles and 40 to 80 km/h for free flowing traffic. In speed regions outside the core regions the
regression curves are of higher uncertainty. In order to reduce this influence average Lmax
levels were calculated for speed classes of 5 km/h bandwidth that contain at least 30 vehi-
cles. The results are shown in Figure 76 and confirm the statements made before.
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Figure 76: Average pass by levels of cars for different driving conditions and investi-
gation periods

Since the sample number for other categories than cars are significantly lower another ap-
proach was chosen for further comparisons. The average Lmax levels and the 95-percentiles
of the Lmax levels were calculated within the speed range of 20 to 40 km/h for accelerating
vehicles and 45 to 55 km/h (cars and LDV) or 40 to 60 km/h (HDV) for each investigation pe-
riod. Averages were calculated for sample sizes of at least 10 vehicles, L_95 levels for at
least 60 vehicles, so that this level is exceeded by at least 3 vehicles.

The results of accelerating cars are shown in Figure 77 for different engine types. Vehicles
with petrol engines from 1992 had about 2 dB(A) lower average Lmax levels (-1,9 dB(A) for
the average and -2,3 dB(A) for the L_95) than vehicles from 1978 or 1983. Because no sig-
nificant difference could be found between the 1978 and 1983 periods the mentioned differ-
ences are related to the averages of 1978 and 1983. The reduction for the 2001 period com-
pared to 1978/1983 is 3,7 dB(A) for the average and 5 dB(A) for the L_95.
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For cars with precombustion engines the reductions are about 3 dB(A) for the 2001 period,
but this result is not meaningful any more because this engine type will vanished from the
fleet in the near future. For cars with direct injection Diesel engines no such trends can be
shown because they did not exist in the samples before 1992 and there are even too few in
the 1992 sample. For the 2001 period the L_95 level for cars with direct injection Diesel en-
gines is less than 1 dB(A) higher than the L_95 for cars with petrol engines. The difference
for the average is about 1 dB(A).
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Figure 77: Average and peak values of pass by levels for accelerating cars from dif-
ferent investigation periods

Figure 78 shows corresponding results for light duty vehicles separated into GVM up to 2000
kg and GVM above 2000 kg. For LDV with GVM up to 2000 kg no L_95 level could be calcu-
lated because of the small sample sizes. The average level for 2001 is 3,5 dB(A) lower than
the average levels for 1978/1983. For LDV with GVM above 2000 kg the improvement is a bit
lower. Average and peak level for 2001 are a bit more than 2 dB(A) lower than for
1978/1983.

Figure 79 shows the results for heavy duty vehicles with rated power values up to 100 kW
and between 101 and 150 kW. For the latter peak values are missing in the 1992 period. The
reduction between 1978/1983 and 2001 is about 2,5 dB(A) for HDV up to 100 kW and 5,5
dB(A) (average) to 6,5 dB(A) (L_95) for HDV with rated power between 101 and 150 kW.
Since the reduction for HDV up to 100 kW is only half of the reduction for HDV with rated
power between 101 and 150 kW, the difference between both groups decreased with in-
creasing reference year. For the investigation periods 1978/1983 the difference is about 3,5
dB(A), for 2001 there is no significant difference any more.
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Figure 78: Average and peak values of pass by levels for accelerating light duty vehi-
cles from different investigation periods
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hicles from different investigation periods
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Figure 80 shows the results for the two highest HDV rated power classes. The reduction of
the Lmax levels of HDV with power values between 151 and 250 kW between 1978/1983
and 2001 is 7,5 dB(A) for the average and 6,4 dB(A) for L_95. This is the highest reduction of
all HDV classes.

HDV with rated power values above 250 kW did not exist in the investigation periods of 1978
and 1983 and even the sample of 1992 is not big enough to calculate the L_95 level. The
averages from 1992 and 2001 follow the same trend as for the power class below.

The results for cars in free flowing traffic with vehicle speeds around 50 km/h are shown in
Figure 81. For free flowing traffic also the investigation period from 1986 could be included.
With respect to cars with direct injection Diesel engines the same problem occurs than for
accelerating vehicles. No vehicles for the periods before 1992 and not enough for 1992 to
calculate L_95. Between 1978 and 2001 Cars with petrol engines and precombustion Diesel
engines show the same trends: A reduction of L_95 of about 2 dB(A) but no significant
changes for the average levels.

Figure 82 shows the results for LDV with GVM above 2000 kg and HDV with rated power up
to 100 kW. LDV with GVM up to 2000 kg could not be considered because of the low number
of vehicles. No significant reduction is found between the periods 1978 and 2001 for LDV.
The reduction for HDV up to 100 kW is 2,4 dB(A) for the average and 5 dB(A) for L_95. The
latter is even higher than for accelerating vehicles, but based on a small number of vehicles
so that no general conclusions could be drawn..
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Figure 80: Average and peak values of pass by levels for accelerating heavy duty ve-
hicles from different investigation periods
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Figure 81: Average and peak values of pass by levels for cars in free flowing traffic
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Figure 83: Average and peak values of pass by levels for heavy duty vehicles in free
flowing traffic from different investigation periods

In Figure 83 the results for HDV with rated power between 101 and 150 kW, between 151
and 250 kW and above 250 kW are plotted. For the latter class only the time periods 1992
and 2001 could be considered. The average levels as well as the peak levels (L_95) of the 2
other classes show a common trend: no significant changes between 1978 and 1986, but
significant reductions for 1992 and 2001. The differences between 1986 and 2001 are in the
order of 3,5 to 5 dB(A). The same trend occurs for HDV with rated power above 250 kW. The
reduction between the periods 2001 and 1992 is 2 dB(A) for the average and 3 dB(A) for
L 95.

Finally corresponding results for free flowing traffic were calculated for rural driving between
70 and 90 km/h. For HDV besides rural sites also measurement sites on motorways were in-
cluded in order to increase the sample sizes. The investigation periods 1986, 1992 and 2001
could be considered for this analysis.

The results for cars are shown in Figure 84, for LDV and HDV in Figure 85. For cars no sig-
nificant differences between the periods could be found, one could only state a tendency for
slightly higher levels with increasing reference year, especially for cars with precombustion
Diesel engines. For LDV and HDV up to 250 kW there is a trend to lower levels with increas-
ing reference year. The reduction from 1986 to 2001 ranges from 1 to 2,5 dB(A). For HDV
above 250 kW results are only available from 1992 and 2001, but there are nearly no differ-
ences between both samples.
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Figure 84: Average and peak values of pass by levels for cars in free flowing traffic
from different investigation periods
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Figure 86: Average and peak values of pass by levels for motorcycles between 40 and
60 km/h from different investigation periods

Also for motorcycles a trend towards lower noise emission levels over time was found (see
Figure 86, about 2,5 dB(A) for the average and 5 dB(A) for L_95). But since the results are
highly influenced by vehicles with illegal silencers and since no information about the per-
centages of these vehicles in the sample is available, a general interpretation is difficult. The
higher reduction for the L_95 compared to the reduction for the average could for example
be explained by a lower percentage of manipulated vehicles in 2001 than for the previous pe-
riods. But there is no possibility to verify this.

4 Consequences for further noise reduction measures
4.1 Priorities for further noise reduction measures

The results of this investigation confirm the conclusions already drawn in [5] with respect to
priorities for further reduction measures.

The rank order for urban streets is:
1. Tyrelroad noise reduction measures for cars and light duty vehicles,
2. Propulsion noise reduction measures for light and heavy duty vehicles.

For rural roads and motorway operation a 3" topic has to be added:
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3. Tyre/road noise reduction measures for heavy duty vehicles.

Since the reduction potential for the tyres seems to be limited (see [5]), road surface related
measures have to be worked out with high priority. The drainage asphalt shows the possible
reduction potential although it is a solution with limited application possibilities. On a long
term scale dense surfaces with a comparable reduction potential need to be developed.

4.2 Vehicle noise emission and type approval measurement method
4.2.1 Cars and light duty vehicles

The implementation of propulsion noise reduction measures requires further lowering of the
limit values within the type approval procedure and an improved efficiency with respect to in-
use noise emissions. For possible propulsion noise reduction measures see [5]. With respect
to the type approval measurement method the following conclusions can be drawn:

The results of this project showed that the noise emission of cars with Diesel engines during
acceleration phases at low speeds is 1 to 2 dB(A) higher than the noise emission for cars
with petrol engines. This difference is partly caused by differences in average engine capac-
ity between both groups, because it was also found that the in-use noise emission for accel-
erating cars at low speeds increase with increasing engine capacity. The remaining part is
engine type related. But the noise emission of cars with today’s direct injection Diesel en-
gines in acceleration phases is lower than the corresponding noise emission of cars with
precombustion Diesel engines, which do no longer exist on the market. Taking into account
that there is no difference in the average type approval levels any more between cars with di-
rect injection Diesel engines and cars with petrol engines, the 1 dB(A) “discount” for cars
with direct injection Diesel engines is no longer justified.

The results of this project showed that there is a correlation between the noise emission in
real traffic and the type approval levels of the vehicles. The results for the accelerating vehi-
cles show a clear tendency: The noise levels in real traffic for acceleration phases at low
speeds decrease with decreasing type approval level. For free flowing traffic at higher
speeds (65 km/h) no correlation between type approval levels and in-use noise emission lev-
els was found.

But an in-use noise level reduction of 2 dB(A) (for acceleration phases) is related to a type
approval noise limit reduction of 6 dB(A). This poor effect on the real world noise emissions
can partly be explained by compensatory effects of changes in the type approval measure-
ment method and partly by the fact that the tyre/road noise contribution is not appropriate
considered in the current type approval method.

The propulsion noise contribution is too high compared to in-use emissions, even for accel-
eration phases. A further limit value reduction would lead to measures that are too much fo-
cussed on the propulsion noise contribution and thus would be only effective for acceleration
phases at low speeds (below 30 km/h). This was already proven in [5]. Furthermore there are
other good reasons for an improvement of the current type approval noise emission meas-
urement method.

The method is sensitive for cycle bypass measures since no acceleration is required for the
wide open throttle test. This is for example the reason that vehicles with automatic transmis-
sion often get a better test result than comparable vehicles with manual transmission. An-
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other example is the borderline between high performance cars and others (> 140 kW rated
power and > 75 kW/t max. power to max. vehicle mass ratio). This borderline needs to be
updated because of the still ongoing trend to higher rated power values for cars. A power to
mass ratio of 100 kW/t related to gross vehicle mass or 120 kW/t related to kerb mass
plus drivers mass would be appropriate for the today’s car fleet.

A more balanced method with a higher tyre/road noise contribution would be more in line
with in-use conditions and would require also noise reduction measures for tyres and thus in-
crease the effectiveness with respect to in-use emissions. But the effectiveness for the in-
use emissions will still be limited, if the reduction measures are only applied to OEM
tyres and do not include aftermarket tyres.

With respect to light duty vehicles significant differences were found in the in-use noise
emission of accelerating vehicles for LDV with gross vehicle mass up to 2000 kg and GVM
above 2000 kg. The noise emission of the first mentioned subclass is nearly the same as for
cars of the same engine type, the noise emission of the second class is significantly higher (2
to 3 dB(A). Consequently one can conclude that LDV with GVM above 2000 kg form an own
vehicle class with respect to limit values. Interestingly no difference was found in the noise
emission of LDV with GVM above 2000 kg and corresponding vehicles with car homologa-
tion. That means that the manufacturers obviously do not use less effective noise reduction
measures for these vehicles, if they are type approved as LDV'’s and thus do not ladle out the
margin given by the higher limit value of LDV with GVM above 2000 kg compared to the car
limit value.

The existing type approval measurement method was more effective for HDV than for cars,
because propulsion noise is still dominating in urban streets.

The in-use noise emissions of heavy duty vehicles showed an influence of engine capacity or
rated power respectively, especially for accelerating vehicles. Heavy duty vehicles are com-
mercial vehicles with GVM above 3500 kg. The influences of both parameters are more or
less equivalent. The noise emission increases with increasing power or engine capacity. So,
the principle of different limit values for different rated power classes in the existing
noise regulations is justified. But due to the trend to higher rated power values the ex-
isting classification needs to be updated. For example the power class below 75 kW will
vanish from the market in future. Based on the analyses carried out during this project the
following classification is proposed for amendments of the EU and ECE noise regulations:

1. Pn<=100 kW,

2. 100 kW < Pn <= 150 kW,

3. 150 kW < Pn <= 250 kW,

4. Pn> 250 kW
The results for today’s HDV (registered after 1995) showed that the differences in the noise
emission of accelerating vehicles between the classes 1 and 2 on one hand and 3 and 4 on
the other hand are small, the 4 class approach is proposed in order to allow different reduc-
tion steps for limit values in the future and thus improve the effectiveness of the type ap-

proval noise emission limitation. This classification can bed applied for buses as well as for
trucks.
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The results showed further that the reduction of noise limits in the past had the highest effect
on the reduction of the in-use noise emissions compared to other vehicle categories. But the
in-use noise reduction for accelerating vehicles is only about half of the noise limit reduction.
This is due to the fact that the noise emission during the type approval test is related to rated
engine speed, while the in-use noise emissions are related to the speed range between
idling speed and a percentage of rated speed varying from 60% to 85% depending on the
vehicle size and rated power.

A corresponding amendment of the ECE R 51, considering the above mentioned recommen-
dations for cars, LDV and HDV, is already on the way. Its introduction can be expected for
2008. But as already said, this regulation covers only OEM tyres. Significant improvements
of the effectiveness of limit reductions with respect to in-use noise emissions require
stricter noise limits for the tyre/road noise regulation (ECE R 117). The limit values for
both regulations need to be coordinated in that way that the requirements for the tyres
are equivalent in both regulations.

The today’s situation is characterised by the fact that the currently discussed limit values for
Regulation 51 would require quieter tyres than Regulation 117.

5 Summary and conclusions
5.1 General

The former Forschungsinstitut Gerausche und Erschitterungen (FIGE) carried out statistical
pass-by measurements in real traffic between 1976 and 1993 within the scope of several re-
search projects by order of the German Environmental Agency (UBA) [1], [2], [3], [4]. The re-
sults enabled to derive statistically assured correlations between noise emission and vehicle
speed and to quantify the influence of traffic situation and driving behaviour. Furthermore it
was possible to extract differences in the noise emission of different vehicle types for cars.

In this follow up study should be checked by additional statistical pass-by measurements, if
noise limit reductions for type approval, that came into force in the meantime, led to reduction
measures by the manufacturers, that also reduced the noise emission in real traffic. Further-
more should be investigated, if the still ongoing trends to wider and faster tyres (higher speed
index) for cars and higher rated power values for trucks caused higher noise emissions in
real traffic.

The data from the above mentioned previous research projects can be separated into sites
with accelerating vehicles (mainly in the speed range between 20 and 40 km/h) and sites
with free flowing traffic (urban, rural and motorway with different speed limits). In addition 1
site was established on a motorway with drainage asphalt surface, 2 sites on motorways with
4 % uphill gradient (for heavy duty vehicles) and 3 sites located in the northern part of the
Eifel in order to investigate the noise emission of motorcycles.

The statistical pass-by measurements were carried out in accordance to 1ISO 11819-1. The
measurement distance was 7,5 m from the centreline of the driving lane, the height was 1,2
m above the road surface. During the pass-by of a vehicle the vehicle speed was registered
by radar or light barriers in addition to the noise level. The maximum noise level (Lmax) dur-
ing the pass by together with the vehicle speed perform the measurement result. In order to
get information about the technical data of the measured vehicles the license plate informa-
tion was recorded and then sent to the Kraftfahrtbundesamt via UBA.
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In order to achieve a good comparability with results from previous projects the measure-
ments were carried out at previous sites as much as possible. Some previous sites had to be
excluded because the road design had been changed by construction measures in the
meantime. The measurements were carried out between spring 2001 and autumn 2002. In
total 29767 vehicles were measured. The majority of vehicles were registered between 1985
and 2001. The average registration year for cars is 1995, which mans that the average age is
about 6 years. Cars registered after 1996 and equipped with a direct injection Diesel engine
have a 1 dB higher limit value than cars with petrol or precombustion Diesel engines. This
“discount” is not justified any longer, because no difference was found in the average type
approval level of both groups.

5.2 Maximum pass by level versus vehicle speed, overview of vehicle catego-
ries

The road surface of the major part of the measurement sites was asphalt concrete 0/11 with
a maximum chipping size of 11 mm. Therefore this surface was treated as reference. Some
others were cement concrete and Gussasphalt and the road surface of one site was an open
graded drainage asphalt 0/11. The results of the sites with cement concrete and Gussasphalt
were “corrected” to the reference surface in order to get one homogeneous sample for the
reference surface. The results for the drainage asphalt were kept unchanged. The results
were then grouped in sites with free flowing traffic and sites with accelerating vehicles.

In a first step a regression analysis was carried out for the relationship between maximum
noise level and vehicle speed separately for accelerating vehicles and free flowing traffic and
for different vehicle categories. The following vehicle categories were considered: cars, light
duty vehicles (LDV), heavy duty vehicles (HDV) in 4 different rated power classes and 2
number of axle classes, buses, motorcycles and mopeds.

Light duty vehicles are commercial vehicles with gross vehicle mass up to 3500 kg. Heavy
duty vehicles (HDV) are commercial vehicles with gross vehicle mass above 3500 kg. The
current noise regulation has separate limit values for the following rated power classes: be-
low 75 kW (77 dB(A)), between 75 and 149 kW (78 dB(A)) and 150 kW or more (80 dB(A)).
The parameter “number of axles” was added because the influence of tyre/road noise is dif-
ferent. The rated power class below 75 kW will no longer exist in the future because of the
still ongoing trend to higher rated power values. In the 2001/2002 measurement campaign
only 78 vehicles with rated power below 75 kW were measured. The rated power class of
150 kW or more was subdivided into two classes, rated power values of 150 kW or higher
but below 250 kW and 250 kW or higher. This separation was made with respect to the pro-
posal for new power classes that better reflect the existing situation than the power classes
of the current noise regulation.

The results for cars and light duty vehicles could be approximated by logarithmic functions,
the results for other categories by linear functions. Concerning the difference between accel-
erating vehicles and free flowing traffic at the same speed the following can be stated:

The regression lines for accelerating vehicles are higher than for free flowing traffic, the dif-
ferences decrease with increasing vehicle speed.

The results for motorcycles and mopeds could not be separated into accelerating vehicles
and free flowing traffic. The major part is most probably free flowing traffic since motorcyclists
are very sensitive against speed measurements.
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The differences in the regression curves between the different categories can be summa-
rised as follows: Cars have the lowest noise emission levels followed by LDV. For free flow-
ing traffic LDV have about 3 dB higher noise emission values at 20 km/h. The difference de-
creases with increasing speed and is zero at 130 km/h. Next in the rank order are motorcy-
cles. Between 60 km/h and 100 km/h their average noise levels are nearly the same as for
LDV. But since the regression is linear, their emission levels at lower speeds and higher
speeds than the mentioned range are higher. At 30 km/h the average emission level for mo-
torcycles is about 6 dB higher than for cars.

Mopeds have a bit more than 2 dB higher noise emission levels than motorcycles. Their
emission is similar as for buses and small HDV. As already mentioned, the emission levels
for HDV below 75 kW rated power and HDV with rated power values of 75 kW or more but
below 150 kW is almost the same. This is also the case for accelerating vehicles, so that on
can conclude that both classes can be merged. The emission levels of public transport buses
are also nearly the same as for small HDV, although their rated power values were 150 kW
or even higher.

The two highest HDV rated power classes show significantly higher noise emission levels.
The difference between both is below 2 dB. The comparison of the noise levels for the high-
est HDV rated power class and HDV with more than 3 axles leads to the conclusion that the
overall noise emission is influenced by the tyres, at least for free flowing traffic and even at a
vehicle speed of 50 km/h.

5.3 Detailed analysis for vehicle categories

The detailed analysis for vehicle categories did not include public transport buses and mo-
peds, because the sample size was too small.

5.3.1 Cars
Combustion type

For a further analysis the car sample was divided into vehicles with petrol engines, vehicles
with precombustion Diesel engines, vehicles with direct injection Diesel engines.

The noise limit for vehicles registered after 1995 is 74 dB(A) for vehicles with petrol and Die-
sel engines and 75 dB(A) for vehicles with direct injection Diesel engines. For these groups
the maximum pass by levels (Lmax) were plotted versus rated power, power to mass ratio
and engine capacity, for acceleration phases and free flowing traffic respectively. The power
to mass ratio is the ratio between rated power and kerb mass + 75 kg. Only vehicles with
registration years after 1995 were considered for this analysis.

For both situations (accelerations and free flowing traffic) there is a trend of noise level in-
crease with increasing technical parameter, but the noise level variation due to other influ-
ences (like individual traffic situation or individual driving behaviour) is by far dominating. The
engine capacity shows the biggest influence of technical parameters, followed by rated
power.
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For acceleration phases vehicles with direct injection Diesel engines have 1 to 2 dB(A)
higher noise levels than vehicles with petrol engines. But the vehicles with precombustion
Diesel engines have even higher Lmax levels than the vehicles with direct injection Diesel
engines. This result is astonishing for the first glance, because the 1 dB higher limit value for
direct injection Diesel engines was justified with the argument, that their noise emission is
higher than the noise emission of vehicles with precombustion Diesel engines.

For free flowing traffic significant difference in the noise emission of the different engine
categories was found. This can be explained by the fact that tyre/road noise is dominating in
this driving mode.

In an additional step the car sample with Diesel engines was separated into the following
subgroups: cars with precombustion Diesel engines, cars with direct injection Diesel engines,
light duty vehicles with car homologation.

The latter were derived from the car sample by separating vehicles with gross vehicle mass
of more than 2500 kg and rated power values of up to 73 kW. This subgroup could also in-
clude off road vehicles but is dominated by light duty vehicles. For accelerating vehicles the
regression curve for LDV with car homologation is significantly higher than the regression
curves for the other subgroups. The average emission level curve of LDV with car homologa-
tion is almost the same as for LDV with gross vehicle mass above 2000 kg. For free flowing
traffic the regression curve for LDV with car homologation is only slightly higher than the re-
gression curves of the two other subgroups.

Emission stages

In another step the car sample was separated into different registration year classes. The
borderlines were drawn in relation to limit value changes. The regression curves of these
groups follow the trend of the limit values, at least at the lower end of the vehicle speed
range. At 30 km/h an average pass by level reduction of 2 dB(A) was found for a noise limit
reduction of 6 dB(A). This poor effect on the real world noise emissions can partly be ex-
plained by compensatory effects of changes in the type approval measurement method and
partly by the fact that the tyre/road noise contribution is not sufficiently considered in the cur-
rent type approval method.

The average noise emission (for accelerating vehicles) of today’s vehicles with direct injec-
tion Diesel engines at 30 km/h is 2 dB higher than the average noise emission of today’s cars
with petrol engines and thus the same as for cars with petrol engines and registration years
between 1982 and 1988 but are 2 dB lower than the average noise emission of vehicles with
precombustion Diesel engines and registration years between 1982 and 1989. The differ-
ence between the noise emission of today’s vehicles with petrol and direct injection Diesel
engines goes down to zero with increasing vehicle speed.

The comparison of the regression curves for vehicles with direct injection Diesel engines reg-
istered between 1990 and 1995 and registered after 1995 at 30 km/h show clearly that the
propulsion noise emission for vehicles with engines of this technology was reduced in the
meantime. At 30 km/h an average pass by level reduction of 2 dB(A) can be found for a
noise limit reduction of 6 dB(A).

Corresponding results for free flowing traffic showed no significant differences between the
regression curves of the different registration year classes for vehicles with petrol engines
and there was only a vague tendency of lower noise emission for vehicles with Diesel en-
gines with decreasing age at low speeds.
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Correlation between in-use noise emissions and type approval levels

Within the context of the registration year analysis it was also checked whether there is a
correlation between the noise emission in real traffic and the type approval levels of the vehi-
cles. For that reason the average Lmax levels for cars with petrol, precombustion and direct
injection Diesel engines were calculated for accelerating vehicles in the speed range be-
tween 27,5 km/h and 37,5 km/h (around 35 km/h) and for free flowing traffic in the speed
range between 60 km/h and 70 km/h (around 65 km/h) and plotted versus the type approval
levels. The speed ranges were chosen in order to maximise the vehicle number of each ve-
hicle group.

The results for the accelerating vehicles show a clear tendency: The noise levels in real traf-
fic for acceleration phases at low speeds decrease with decreasing type approval level. For
free flowing traffic at higher speeds (65 km/h) there is no correlation between type approval
levels and in-use noise emission levels.

Vehicle types

Another analysis step was related to vehicle types and resulted in the fact that substantially
parts of the differences could be explained by the different emission stages or the engine ca-
pacity influence. That means those vehicle types that dominate the fleet composition in real
traffic do not differ significantly in their noise emission.

5.3.2 Light duty vehicles

Since light duty vehicles with gross vehicle mass up to 2000 kg and above 2000 kg have dif-
ferent noise limits (76/77 dB(A)), the first analysis step was made with respect to these
classes and to different engine types. Only 19% of the whole light duty vehicle sample be-
longs to the gross vehicle mass (GVM) class of up to 2000 kg. In this class 28,5% of the ve-
hicles were equipped with a petrol engine, 58,2% with a precombustion Diesel engine and
13,3% with a direct injection Diesel engine. The percentage of petrol engine vehicles in the
GVM class above 2000 kg is only 4,7%, so that this subclass was excluded from the further
analysis. The rest is equipped with Diesel engines, half of it with direct injection Diesel en-
gines.

As for cars one can expect that LDV with precombustion Diesel engines will vanish from the
fleet, so the classes with direct injection Diesel engines are most important. The difference in
the average Lmax levels for acceleration phases between LDV with direct injection Diesel
engines and GVM up to 2000 kg and GVM above 2000 kg varies between 1,4 and 2,2 dB(A),
decreasing with increasing vehicle speed. The differences can be explained by differences in
the engine capacity. In the GVM class above 2000 kg there is no difference between vehicles
with precombustion and direct injection Diesel engines.

For free flowing traffic there is no difference between the Diesel engine type classes with
precombustion and with direct injection in both GVM classes, but the differences between
both classes are 1,3 to 1,5 dB(A), which once again can be explained by differences in en-
gine capacity. LDV with GVM up to 2000 kg and petrol engines are about 1 dB(A) quieter
than those with Diesel engines.

Emission stages
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Since this GVM class has the highest sample number a further analysis related to registra-
tion year classes was based on this subclass. There is a tendency of lower pass by levels
with decreasing vehicle age over the whole speed range. But the difference between vehi-
cles with registration years between 1990 and 1995 and vehicles with registration years after
1995 is only about 1 dB(A). Compared to vehicles registered before 1990 the differences
seem to be higher, but this sample is too small to draw reliable conclusions.

5.3.3 Heavy duty vehicles

With respect to the noise limits heavy duty vehicles (HDV) are separated into the following
three rated power (Pn) classes: Pn < 75 kW, 75 kW <= Pn < 150 kW, Pn >= 150 kW. Conse-
quently the first analysis was executed in accordance with these classes but separately for
HDV with up to 3 axles and HDV with more than 3 axles.

There were only a few vehicles in the 2001 sample with rated power values below 75 kW. A
further analysis of the registration year showed that this power class will vanish in the future.
The major part of the sample with up to 3 axles has rated power values between 100 and
125 kW and 150 and 200 kW. 43% of this sample belongs already to the highest rated power
class of the current type approval noise regulation. Nearly 90% of the sample of HDV with
more than 3 axles has rated power values between 250 and 350 kW.

Influence of rated power and engine capacity

In a first step should be checked whether there is a correlation between the in-use noise
emission levels and the technical parameters rated power and engine capacity. This step
was related to vehicles registered after 1995. Both technical parameters were classified and
the averages of the Lmax levels were calculated for accelerating vehicles in the speed range
between 20 km/h and 40 km/h for each power and capacity class. Since the tyre/road noise
contribution is depending on the number of axles this analysis step was carried out sepa-
rately for vehicles with up to 3 and more than 3 axles. Only classes with at least 10 vehicles
were considered. For HDV with up to 3 axles the in-use noise levels clearly increase with in-
creasing rated power or increasing engine capacity respectively. But astonishingly for HDV
with more than 3 axles the in-use noise emission levels decrease slightly with increasing
power or engine capacity. The rated power ranges of both axle classes are clearly sepa-
rated. There is no power class above 250 kW for HDV up to 3 axles and no power class be-
low 250 kW for HDV with more than 3 axles.

For engine capacity there is a small region between 11000 and 12000 cm3, where both axle
classes overlap. In this region no significant difference between the 2 axle classes can be
seen, so that one can conclude that acceleration phases in this speed range are not much in-
fluenced by tyre/road noise.

In order not to mix up the possible rated power effects by age effects and in order to get a
better insight into the power effect the further analysis was restricted to vehicles registered
after 1995 and the following rated power classification for both axle number classes was
used: Pn <= 100 kW, 100 kW < Pn <= 150 kW, 150 kW < Pn <= 250 kW, Pn > 250 kW

The borderlines at 150 kW and 250 kW are defined slightly different from those used for the
analysis for categories and from the classes defined in the current EU directive or ECE regu-
lation, but this had no consequence for the results and conclusions. These classes are pro-
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posed to be used for an amendment of the EU and ECE noise regulations for heavy duty ve-
hicles.

Average noise levels for the different HDV subclasses were calculated for a reference speed
of 30 km/h. For 3 axle vehicles in acceleration phases the difference from one power class to
the other is 1,7 to 2 dB(A), resulting in a 5,4 dB(A) difference between the highest and the
lowest power class. The difference between the 2 axle classes for HDV in the highest power
class is below 1 dB(A).

For 3 axle vehicles in free flowing traffic the difference from one power class to the other is
0,7 to 1,1 dB(A), resulting in a 3,9 dB(A) difference between the highest and the lowest
power class. These differences are lower than the differences for accelerating vehicles,
which leads to the conclusion that the in-use noise levels at 75 km/h are already influenced
by tyre/road noise. The difference between the 2 axle classes for HDV in the highest power
class at 75 km/h free flowing traffic is 1,1 dB(A), which is also an indication for the tyre/road
noise influence.

Emission stages

In addition an analysis was carried out in each of the new proposed rated power and axle
classes for vehicles with registration years before 1990, between 1990 and 1995 and after
1995. These time periods are related to different limit value periods. For the highest power
class no vehicles were found in the database with registration years before 1990.

For the power classes below 250 kW and HDV with 3 axles a comparison can be made be-
tween today'’s vehicles and vehicles registered before 1990, whose type approval noise limits
differ by 8 dB(A). The average pass by levels for accelerations between 20 and 40 km/h for
today’s vehicles are 3,3 to 4,2 dB(A) lower than for vehicles registered before 1990. The dif-
ferences decrease with increasing power class. That means that the noise reduction in real
traffic for these vehicles is higher than for cars or LDV and that the type approval noise limit
reduction was more effective. This is not the case for HDV with rated power values above
250 kW. For these vehicles the last limit reduction step was 4 dB(A), resulting in a reduction
of the in-use emissions for accelerations at low speeds of only 0,9 to 1,4 dB(A).

As for acceleration phases the power classes below 250 kW and HDV with 3 axles contain
also results for vehicles registered before 1990 for free flowing traffic. The in-use noise level
reduction between today’s vehicles and those before 1990 are less than half of the reduction
achieved for acceleration phases. This significant deterioration of the effectiveness of the
limit reduction is most probably caused by the increased influence of the tyre/road noise for
these driving conditions.

Vehicle types

Concerning vehicle types the same approach was used as for cars and LDV. The analysis
led to similar results: A substantially part of the differences in the noise emission between the
types can be explained by differences in rated power or engine capacity. The unexplained
rest of variance is about 2 dB(A). This rest cannot be reduced for in-use noise measure-
ments and such small vehicle samples. The conclusion is the same as for cars and LDV:
There are no type specific differences in the in-use noise emission.

In order to get in-use noise level results for HDV on motorways with gradients two measure-
ment sites were established on motorways with uphill gradients of about 4%. The results
were compared with the results of 3 other, flat motorway sites for the two HDV axle classes
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as individual Lmax levels versus vehicle speed. As one could expect the results on the uphill
sites show a lower slope for the speed dependency than the flat sites. That means that the
differences increase with decreasing speed. The difference was about 3 dB(A) at 50 km/h for
the HDV sample with up to 3 axles and below 3 dB(A) for HDV with more than 3 axles. The
reason is that the vehicles going uphill try to run with the highest possible speed and thus
use more power and produce more noise than in flat condition. But differently to former
measurement campaigns a substantially part of the vehicle sample nowadays has enough
power to run uphill gradients of 4% with maximum vehicle speed.

5.3.4 Motorcycles

The motorcycle sample, for which technical data were available, contained 392 vehicles. An
analysis was carried out with respect to rated power, engine capacity and registration year.
With respect to rated power the following classes were defined: Pn <= 25 kW, 25 kW < Pn <=
50 kW, 50 kW <Pn <= 75 kW, Pn > 75 kW

The differences in the regression curves are not significant. The high variances of the indi-
vidual results are partly caused by different driving behaviour and partly by the use of noise
increasing exhaust and/or intake silencers.

Concerning engine capacity the following classes were defined: <= 125 cm?, 125 cm3 < eng
cap < 400 cm3, 400 cm? <= eng cap < 750 cms3, 750 cm?3 <= eng cap < 1000 cms3, >= 1000
cm3. Although we are aware that motorcycles up to 175 cm3 and motorcycles above 175 cm3
have different limit values, this border was ignored in the analysis, because only 7 vehicles
with engine capacity up to 175 cm3 were measured.

The regression curves for the engine capacity classes 1, 3, 4 and 5 have nearly the same
slope, those for 3 and 4 are identical. Class 1 vehicles have slightly higher levels class 5 ve-
hicles have slightly lower levels than the classes 3 and 4. The differences between the re-
gression curves are not higher than 2 dB(A) for these classes. The class 2 vehicles showed
a different speed dependency but the sample was so small that the difference cannot be
considered as reliable.

Concerning the registration year the following three different classes were analysed: < 1990,
1990 to 1995, > 1995. Although the uncertainty range due to the low sample numbers does
not allow to interpret the differences in the regression curves as significant, at least a trend to
lower pass by levels for the today’s vehicles could be stated for vehicle speeds below 60
km/h.

5.4 Noise reduction effect of drainage asphalt compared to stone mastic as-
phalt

There is one measurement site that was excluded from the analysis so far, a motorway site
with a drainage asphalt surface (max. chipping size 11 mm, DA 0/11). The reduction effect of
this surface was demonstrated by comparing the results for cars, HDV with up to 3 axles and
HDV with more than 3 axles on this site with another motorway site with a stone mastic as-
phalt surface (max. chipping size 11 mm, SMA 0/11). The average speeds were nearly the
same for each vehicle category on both sites.
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For cars the regression curve for DA 0/11 is about 8,5 dB(A) lower than the regression curve
for SMA 0/11. For HDV with up to 3 axles and more than 3 axles the regression curves for
DA 0/11 is about 6,5 dB(A) lower than the regression curves for SMA 0/11 for both axle
classes.

5.5 Comparison with the results of previous investigations

In order to compare the results of this investigations with the results of previous investiga-
tions the data of the previous investigations were corrected for road surface influences in the
same way as described in chapter 3.1.2. Four previous investigations were considered for
the comparison of vehicles in free flowing traffic, from 1978 [1], 1983 [2], 1986 [3] and 1992
[4]. For accelerating vehicles the 1986 period was disregarded because it contained no spe-
cial measurement sites for this driving condition.

At low speeds and for accelerating cars (20 to 40 km/h) a clear trend to lower emission val-
ues for higher reference years was found. The average Lmax levels for 1992 are significantly
lower than the corresponding levels for 1978 and 1983 and the levels for 2001 are even
lower than those for 1992. At high speeds (above 60 km/h) the regression curves coincide.
What can also be seen is the fact that the scattering of the results is highest for 1978 and
lowest for 2001.

For free flowing traffic no significant differences between the regression curves for different
investigation periods were found. But as for accelerating vehicles the scattering of the results
decreases with increasing reference year.

Since the sample number for other categories than cars are significantly lower another ap-
proach was chosen for further comparisons. The average Lmax levels and the 95-percentiles
of the Lmax levels were calculated within the speed range of 20 to 40 km/h for accelerating
vehicles and 45 to 55 km/h (cars and LDV) or 40 to 60 km/h (HDV) for each investigation pe-
riod. Averages were calculated for sample sizes of at least 10 vehicles, L_95 levels for at
least 60 vehicles, so that this level is exceeded by at least 3 vehicles.

Cars with petrol engines from 1992 had about 2 dB(A) lower Lmax levels (-1,9 dB(A) for the
average and -2,3 dB(A) for the L_95) than vehicles from 1978 or 1983. Because no signifi-
cant difference could be found between the 1978 and 1983 periods the mentioned differ-
ences are related to the averages of 1978 and 1983. The reduction for the 2001 period com-
pared to 1978/1983 is 3,7 dB(A) for the average and 5 dB(A) for the L_95.

For cars with precombustion engines the reductions are about 3 dB(A) for the 2001 period,
but this result is not meaningful any more because this engine type will vanished from the
fleet in the near future. For cars with direct injection Diesel engines no such trends can be
shown because they did not exist in the samples before 1992 and there are even too few in
the 1992 sample. For the 2001 period the L_95 level for cars with direct injection Diesel en-
gines is less than 1 dB(A) higher than the L_95 for cars with petrol engines. The difference
for the average is about 1 dB(A).

For LDV with GVM up to 2000 kg no L_95 level could be calculated because of the small
sample sizes. The average level for 2001 is 3,5 dB(A) lower than the average levels for
1978/1983. For LDV with GVM above 2000 kg the improvement is a bit lower. Average and
peak level for 2001 are a bit more than 2 dB(A) lower than for 1978/1983.
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The reduction between 1978/1983 and 2001 is about 2,5 dB(A) for HDV up to 100 kW and
5,5 dB(A) (average) to 6,5 dB(A) (L_95) for HDV with rated power between 101 and 150 kW.
Since the reduction for HDV up to 100 kW is only half of the reduction for HDV with rated
power between 101 and 150 kW, the difference between both groups decreased with in-
creasing reference year. For the investigation periods 1978/1983 the difference is about 3,5
dB(A), for 2001 there is no significant difference any more.

The reduction of the Lmax levels of HDV with power values between 151 and 250 kW be-
tween 1978/1983 and 2001 is 7,5 dB(A) for the average and 6,4 dB(A) for L_95. This is the
highest reduction of all HDV classes. HDV with rated power values above 250 kW did not ex-
ist in the investigation periods of 1978 and 1983 and even the sample of 1992 is not big
enough to calculate the L_95 level. The averages from 1992 and 2001 follow the same trend
as for the power class below.

For free flowing traffic also the investigation period from 1986 could be included. With re-
spect to cars with direct injection Diesel engines the same problem occurs than for accelerat-
ing vehicles. No vehicles for the periods before 1992 and not enough for 1992 to calculate
L_95. Between 1978 and 2001 Cars with petrol engines and precombustion Diesel engines
show the same trends: A reduction of L_95 of about 2 dB(A) but no significant changes for
the average levels.

No significant reduction was found for LDV in free flowing traffic between the periods 1978
and 2001. The reduction for HDV up to 100 kW is 2,4 dB(A) for the average and 5 dB(A) for
L_95. The latter is even higher than for accelerating vehicles, but based on a small number
of vehicles so that no general conclusions could be drawn..

In Figure 83 the results for and are plotted. For HDV above 250 kW only the time periods
1992 and 2001 could be considered. The average levels as well as the peak levels (L_95) of
HDV with rated power between 101 and 150 kW and HDV between 151 and 250 kW show a
common trend: no significant changes between 1978 and 1986, but significant reductions for
1992 and 2001. The differences between 1986 and 2001 are in the order of 3,5 to 5 dB(A).
The same trend occurs for HDV with rated power above 250 kW. The reduction between the
periods 2001 and 1992 is 2 dB(A) for the average and 3 dB(A) for L_95.

Finally corresponding results for free flowing traffic were calculated for rural driving between
70 and 90 km/h. For HDV besides rural sites also measurement sites on motorways were in-
cluded in order to increase the sample sizes. The investigation periods 1986, 1992 and 2001
could be considered for this analysis.

For cars no significant differences between the periods could be found, one could only state
a tendency for slightly higher levels with increasing reference year, especially for cars with
precombustion Diesel engines. For LDV and HDV up to 250 kW there is a trend to lower lev-
els with increasing reference year. The reduction from 1986 to 2001 ranges from 1 to 2,5
dB(A). For HDV above 250 kW results are only available from 1992 and 2001, but there are
nearly no differences between both samples.

Also for motorcycles a trend towards lower noise emission levels over time was found (about
2,5 dB(A) for the average and 5 dB(A) for L_95). But since the results are highly influenced
by vehicles with illegal silencers and since no information about the percentages of these ve-
hicles in the sample is available, a general interpretation is difficult. The higher reduction for
the L_95 compared to the reduction for the average could for example be explained by a
lower percentage of manipulated vehicles in 2001 than for the previous periods. But there is
no possibility to verify this.
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5.6 Conclusions

The main aim of this investigation was to get an answer to the question, if noise limit reduc-
tions for type approval, that came into force in the meantime, led to reduction measures by
the manufacturers, that also reduces the noise emission in real traffic. The analysis of the re-
sults showed clearly that there was an effect on the in-use propulsion noise emission of the
vehicles but no effect on the tyre/road noise emission. Since tyre/road noise is more impor-
tant for cars than for heavy duty vehicles, the reduction effect is higher for HDV than for cars.

More specific: Since tyre/road noise is dominating for cars in free flowing traffic, the reduction
of the propulsion noise emission gave no benefit for this driving condition class. And even for
acceleration phases at low speeds the reduction of the overall noise emission was found to
be substantially lower than the reduction of the noise limits, which is partly caused by the
tyre/road noise influence and partly by changes in the measurement method. On the other
hand can be stated that the still ongoing trends to wider and faster tyres for cars did not lead
to a significant increase of the overall noise emission for free flowing traffic. Since this trend
would have led to an increase in the tyre/road noise emission without any reduction meas-
ures (and the results for cars in free flowing traffic support this hypothesis, one can state that
the tyre manufacturers were able to apply noise reduction measures but only to that extend
that these measures compensated the increase being expected.

The results showed also that the noise emission of cars with Diesel engines during accelera-
tion phases at low speeds is 1 to 2 dB(A) higher than the noise emission for cars with petrol
engines. This difference is partly caused by differences in average engine capacity between
both groups, because it was also found that the in-use noise emission for accelerating cars
at low speeds increase with increasing engine capacity. The remaining part is engine type re-
lated. But the noise emission of cars with today’s direct injection Diesel engines in accelera-
tion phases is lower than the corresponding noise emission of cars with precombustion Die-
sel engines, which do no longer exist on the market. Taking into account that there is no dif-
ference in the average type approval levels any more between cars with direct injection Die-
sel engines and cars with petrol engines, the 1 dB(A) “discount” for cars with direct injection
Diesel engines is no longer justified.

With respect to light duty vehicles significant differences were found in the in-use noise
emission of accelerating vehicles for LDV with gross vehicle mass up to 2000 kg and GVM
above 2000 kg. The noise emission of the first mentioned subclass is nearly the same as for
cars of the same engine type, the noise emission of the second class is significantly higher (2
to 3 dB(A). Consequently one can conclude that LDV with GVM above 2000 kg form an own
vehicle class with respect to limit values. Interestingly no difference was found in the noise
emission of LDV with GVM above 2000 kg and corresponding vehicles with car homologa-
tion. That means that the manufacturers obviously do not use less effective noise reduction
measures for these vehicles, if they are type approved as LDV'’s and thus do not ladle out the
margin given by the higher limit value of LDV with GVM above 2000 kg compared to the car
limit value.

The in-use noise emissions of heavy duty vehicles showed an influence of engine capacity or
rated power respectively, especially for accelerating vehicles. Heavy duty vehicles are com-
mercial vehicles with GVM above 3500 kg. The influences of both parameters are more or
less equivalent. The noise emission increases with increasing power or engine capacity. So,
the principle of different limit values for different rated power classes in the existing noise
regulations is justified. But due to the trend to higher rated power values the existing classifi-
cation needs to be updated. For example the power class below 75 kW will vanish from the
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market in future. Based on the analyses carried out during this project the following classifi-
cation is proposed for amendments of the EU and ECE noise regulations:

Pn <= 100 kW,

100 kW < Pn <= 150 kW,

150 kW < Pn <= 250 kW,

Pn > 250 kW

© N o O

The results for today’s HDV (registered after 1995) showed that the differences in the noise
emission of accelerating vehicles between the classes 1 and 2 on one hand and 3 and 4 on
the other hand are small, the 4 class approach is proposed in order to allow different reduc-
tion steps for limit values in the future and thus improve the effectiveness of the type ap-
proval noise emission limitation. This classification can bed applied for buses as well as for
trucks.

The results showed further that the reduction of noise limits in the past had the highest effect
on the reduction of the in-use noise emissions compared to other vehicle categories. But the
in-use noise reduction for accelerating vehicles is only about half of the noise limit reduction.
This is due to the fact that the noise emission during the type approval test is related to rated
engine speed, while the in-use noise emissions are related to the speed range between
idling speed and a percentage of rated speed varying from 60% to 85% depending on the
vehicle size and rated power.

The results for HDV showed also that the influence of tyre/road noise on the overall noise
emission of accelerating vehicles is of no importance until now, but that this influence is sig-
nificant for the overall noise emission of free flowing traffic above 50 km/h.

For motorcycles no substantial conclusions can be drawn because of the small sample size
and the lack of information about possible noise increasing modifications.

With respect to the type approval measurement method the following conclusions can
be drawn:

For cars a in-use noise level reduction of 2 dB(A) for accelerating vehicles was found related
to a type approval noise limit reduction of 6 dB(A). This poor effect on the real world noise
emissions can partly be explained by compensatory effects of changes in the type approval
measurement method and partly by the fact that the tyre/road noise contribution is not ap-
propriate considered in the current type approval method.

The propulsion noise contribution is too high compared to in-use emissions, even for accel-
eration phases. A further limit value reduction would lead to measures that are too much fo-
cussed on the propulsion noise contribution and thus would be only effective for acceleration
phases at low speeds (below 30 km/h). This was already proven in [5]. Furthermore there are
other good reasons for an improvement of the current type approval noise measurement
method.

The method is sensitive for cycle bypass measures since no acceleration is required for the
wide open throttle test. This is for example the reason that vehicles with automatic transmis-
sion often get a better test result than comparable vehicles with manual transmission. The
borderline between high performance cars and others (> 140 kW rated power and > 75 kWit
max. power to max. vehicle mass ratio) needs to be updated because of the still ongoing
trend to higher rated power values for cars.
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A more balanced method with a higher tyre/road noise contribution would be more in line
with in-use conditions and would require also noise reduction measures for tyres and thus in-
crease the effectiveness with respect to in-use emissions. But the effectiveness for the in-use
emissions will still be limited, if the reduction measures are only applied to OEM tyres and do
not include aftermarket tyres.

The existing method for HDV should be modified in that way that it takes into account the
most frequently used engine speeds rather than rated speed.

A corresponding amendment of the ECE R 51, considering the above mentioned recommen-
dations for cars, LDV and HDV, is already on the way. Its introduction can be expected for
2008. But as already said, this regulation covers only OEM tyres. Significant improvements
of the effectiveness of limit reductions with respect to in-use noise emissions require stricter
noise limits for the tyre/road noise regulation (ECE R 117). The limit values for both regula-
tions need to be coordinated in that way that the requirements for the tyres are equivalent in
both regulations.

The today’s situation is characterised by the fact that the currently discussed limit values for
Regulation 51 would require quieter tyres than Regulation 117.
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