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A Study on the Evaluation Method of Sound Power for a Travelling Vehicle
Using CPX and Pass—-by Measurements
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ABSTRACT
This paper presents a novel method to determine sound power level(PWL) emitted by a travelling vehicle for road
traffic noise simulation. The PWL is evaluated by the equivalent sound pressure level(SPL) measured by close
proximity method and the sound power correction factor derived from the maximum SPL measured by pass—by
method and the propagation attenuation of vehicle noise during the pass—by measurement. Using the method, we
derive the empirical formula for PWL estimation in 1/1-octave and overall frequency bands for 8 vehicles(automobile,
SUV, small truck, large bus, trailer, 3 dump trucks) tested at two road surfaces(dense graded asphalt, 30mm
transverse tinning concrete) of Korean highway test road. The suggested approach, if securing sufficient data to
represent the acoustic characteristics of all vehicle types, has a strong merit to be able to evaluate sound power levels

for any combination of vehicle categories and traffic volumes.
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(a) Positions of surface microphones

(b) Attached surface microphone

Fig. 1 Attached positions of surface microphones at
CPX measurement: 15ton dump truck
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Fig. 2 Microphone positions at the
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Fig. 3 Noise prediction model to evaluate propagation
attenuation at the DGA surface road
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Fig. 4 Time history of noise emitted by a large bus at
the DGA surface road: V=100 km/h
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Table 1. Coefficients to calculate A-weighted overall pressure
level of a vehicle derived from the CPX measurement

DGA H30 Concrete
Vehicle
ap bp ap bp
Automobile 394 32.0 31.7 38.7
SUvV 441 29.9 45.0 315
Small truck 25.9 40.6 30.6 39.8
Large bus 47.0 27.8 26.6 40.4
Trailer 64.3 21.1 62.8 22.8
i5ton | empty 48.8 29.3 38.2 35.2
dump
truck | full load 44,6 30.1 43.2 31.6
25ton | empty 28.6 41.1 41.2 35.6
dump =
truck | full load 48.3 30.9 54.9 28.9
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Fig. 5 Regression curve of A-weighted overall sound
pressure level derived from CPX measurement
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Table 2. Mean value of 7 Acq,CPX minus [, Amix, passby
and its standard deviation for each vehicle
Vehicl Mean Standard No. of
e (dB) deviation(dB) | data
Automobile 23.13 0.81 6
Suv 20.64 0.89 12
Small truck 20.22 0.48 10
Large bus 18.37 0.71 12
Trailer 14.84 1.24 18
15ton dump| €MPLY 14.43 0.74 16
truck  ffy)l load 12.71 1.06 16
25ton dump| emoW | 1362 1.08 18
truck fyl] load 15.14 3.66 18
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CPX$} Pass-by A5 23 € Pass-by AIFAIY A€zt
Table 3. Propagation attenuation in dB from the center of test
road lane to the position of reference microphone in

Pass—-by measurement

Freq.(Hz) Length between axles
Below 3m |From 3.0m to 6.5m| Over 6.5m
63 25.61 25.73 25.98
125 25.61 25.74 25,98
250 25.62 25.74 25.99
500 25.63 25.76 26.00
1,000 25.66 25.79 26.04
2,000 25.70 25.83 26.07
4,000 25.78 25.90 26.15
8,000 26.06 26,18 26.43
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Fig. 7 Distribution of PWL correction factor for a
large bus

Table 4. Evaluated mean value and its standard deviation of
PWL correction factor in overall frequency band

Vehicle Mean Standard
(dB) deviation(dB)

Automobile 2.34 0.75
suv 4,97 0.66
Small truck 5.65 0.52
Large bus 7.44 0.72
Trailer 11.19 0.84
15tén dump| €MPLY 11.49 0.85
truck g1 load 13.17 L1l
25ton dump| EMPLY 12.37 1.72
truck  |fy1] load 10.76 2.70
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Table 5. Coefficients to estimate PWL of a travelling vehicle
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(a) Automobile & SUV

SERSLE

Freq. Automobhile Suv
band DGA H30 Concrete DGA H30 Concrele
(Hz) A B A B A B A B
63 -5.4 | 42.7 3.3 38.6 2.5 38.2 | 134 | 33.0
125 6.3 39.4 374 25.4 13.0 36.8 36.1 26.2
250 | 121 | 400 | 32.2 | 321 | 238 | 346 | 38.2 | 289
500 | 44.4 | 25.3 | 489 | 263 | 59.3 | 20.7 | 73.2 | 151
1,000 | 41.1 31.3 26.8 41.7 38.4 33.6 34.7 38.1
2,000 31.0 | 33.8 | 31.3 | 36,7 | 267 | 375 { 25.7 | 40.2
4,000 { 14.4 39.4 14.5 40.6 49.6 22.9 45.9 25.1
8,000 | -23.4 | 53.9 | -24.1 | 546 | 39.0 | 26.1 | 31.8 | 29.7
Overall| 41.7 32.0 34.0 38.7 49.1 20.9 50.0 31.5
(b) Small truck & large bus
Freq. Small truck Large bus
hand DGA H30 Concrete DGA H20 Concrete
(Hz) A B A B A B A B
63 4.4 38.3 11.8 34.5 19.2 33.0 27.0 28.9
125 23.7 33.1 50.1 20.3 18.2 36.5 28.8 31.7
250 20.2 39.6 36.1 32.2 25.9 37.1 30.6 35.8
500 17.9 | 44.2 | 57.2 24.6 51.7 | 26.1 56.0 25.8
1,000 | 243 | 415 | 190 | 46.1 | 52.8 | 26.7 | 17.6 | 47.3
2,000 | 266 | 40.6 | 275 | 424 | 46,6 | 28.2 | 276 | 394
4000] 272 | 37.7 | 31.9 | 360 | 200 | 34.2 | 163 | 422
8,000 | 360 | 203 [ 399 | 277 8.0 40.2 | ~05 | 454
Overall] 31.6 | 40.6 | 36.3 | 39.8 | 544 | 27.8 | 34.0 | 404
(c) Trailer
Freq. band DGA H30 Congrete
(Hz) A B A B
63 35.9 25.7 41.1 23.4
125 67.6 14.8 67.7 15.3
250 78.7 13.2 81.7 12.6
500 48.6 32.3 57.2 28.5
1.000 73.8 19.9 56.5 30.5
2,000 79.9 14.6 74.0 18.2
4,000 47.2 28.5 60.6 21.1
8,000 65.4 13.9 65.3 14.0
Overall 75.5 21.1 74.0 22.8
(d) 15ton dump truck
Freq. Empty Full load
band DGA H30 Concrete DGA H30 Concrete
Ha) | A B A B A B A B
63 18.6 34.7 17.4 36.8 23.9 31.5 33.3 26.5
125 51.5 23.5 53.5 24.4 404 27.6 49.8 23.0
250 | 86.2 | 115 | 58.7 | 284 | 48.8 | 325 | 529 | 30.3
500 22.5 45.9 36.4 38.7 42.7 34.8 45.4 34.0
1,000 69.1 | 210 | 499 | 326 | 560 | 276 | 465 | 33.8
2000} 468 | 323 | 387 | 360 | 526 | 276 | 53.1 | 285
4,000 | 39.6 33.2 32.4 36.1 59.9 20.6 54.9 24.0
8,000 | 46.8 | 26.1 | 272 | 353 | 54.7 | 18.8 | 58.9 | 16.8
Overall| 60.3 29.3 49.7 35.2 57.8 30.1 56.4 31.6

(e) 25ton dump truck

Freq. Empty Full load
band DGA H30 Concrete DGA H30 Concrete
(Hz) A B A B A B A B
63 66.5 11.6 63.3 13.3 81.7 4.6 86.4 1.3
125 | 27.9 | 348 | 428 | 27.7 | 484 ! 235 | 706 | 128
250 74.9 17.7 78.3 16.3 88.6 8.3 86.2 10.0
500 | 162 | 534 | 27.0 | 476 | 38.3 | 409 | 36.9 | 424
1,000 | 51.0 31.4 29.8 44.7 46.3 33.4 39.9 38.7
2,000 | 51.1 30.8 45.8 34.1 48.2 31.3 48.3 31.9
4000 | 474 | 200 | 472 | 296 | 37.1 | 329 | 445 | 297
8,000 [ 33.9 30.0 38.7 27.8 22.4 34.8 46.9 22.1
Overall] 41.0 41.1 53.6 35.6 59.1 30.9 65.7 28.9
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