3545215353 = 5‘@ A 167 A 113, pp. 1124~1131, 2006.

CPX 4 Pass—by A&%

143 BE 4 A

23] %7} wpel B 47
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 papei 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 lsurfaces(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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Table 1 Coefficients to calculate A—weighted overall
pressure level of a vehicle derived from
the CPX measurement

. DGA . H30 Concrete
Vehicle
ap b P ‘a P b P
- Automobile 394 32.0 31.7 38.7
SuvV 441 29.9 45.0 31.5
Small truck 25.9 40.6 30.6 39.8
Large bus 47.0 27.8 26.6 40.4
Trailer 64.3 211 | 628 22.8
15ton | 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

115
110
=
fas}
T 106
|
o
W
Z
o
it
o
>
S e
-9 Automobile -~ SUY
P —&— Small fruck +-|arge bus
—#— Trailer —8— 25t0n dump truck(empty)
—e— 25ton gump truck(full) —#— 15t0n dump truck{empty)
e —5— 15ton dump truck(full)
40 50 50 k] £ 90 100 110 20 136
Vehicle speed (Km/h)
(a) Dense graded asphalt
120
115
<
110
)
z
& 105
100
o
2
<
E
. —4— Automobile ~B-SUY
—&— Small ruck ¥ Large bus
e —s#— Trailer —e— 25ton dump truck(empty)
—&— 25ton dump fruck(full) —— 15tan dump truck(empty)
o —5— 15ton dump truckiull)

0 50 80 70 80 ) 100 110 120 130
Vehicle speed (Km/h)

(b) Concrete(30 mm transverse tinning)

Fig.5 Regression curve of A-—weighted overall
sound pressure level derived from CPX
measurement
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Table 2 Mean value of I ., cpy MINUS L 400 socis
and its standard deviation for each vehicle

Vehidle - P Mean’ - Standard ., | No/ of
’ . @B deviation (dB)| data -
Automobile 23.13 0.81 6
SuUv ©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 | Empty 14.43 0.74 16
- dump L i
truck [Full load 12.71 1.06 16
25ton | Empty 13.52 1.98 18
dump
truck [Full load : 15.14 3.66 - 18
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Table 3 Propagation attenuation in dB from the
center of test road lane to the position  lable5 Coefficients to estimate PWL of a travelling
of reference microphone in pass—by vehicle
measurement (a) Automobile & SUV
Length between axles Automobile SUV
Freq.(Hz) B . . Freq H30 H30
elow 3m |From 3.0m to 6.5m| Over 6.5m  band DGA Concrete DGA Concrete -
63 25.61 25.73 25.98 (Hz) :
125 25.61 25.74 25.98 A B A Bl Al B| A B
250 55 62 5574 25.99 63 |-5.4|42.7| 3.3 {386 25 [38.2]13.4}330
500 95,63 2576 26.00 125 | 6.8 139.413741254)13.0136.8}36.1]26.2
1.000 95.66 25.79 26.04 250 [12.1140.0|32.2|32.1123.8134.6]38.2|28.9
2,000 25.70 95 83 26.07 500 [44.4)25.3]148.9(25.3(59.3/20.7|73.2115.1
2.000 95.78 5590 %615 1,000 1 41.1 | 31.3126.841.738.4{33.6|34.7]38.1
8.000 26.06 26,18 26.43 2,000 {31.933.8|31.3|35.7126.7{37.5] 25.7 | 40.2

PWL correction factor(dB)

x

HOXXX

XX X X

{C,=Mean, G = Standard deviation }

(9.74,3.15)

(8.95.1.57)
x

(8.32,0.95)

(aza 1.65) g X
X
X

:
§

{6.74,0.93)

;-

X

(779,055 ¥

.20, 1.34)
(8.25, ‘.06)(7 d

X
(7.44,0.72)

g §
.k

v
63

T T T
125 250 500

T T
1000 2000

T T T
4000 8000 Overalt

1/1-oct. band center freq.(Hz)

Fig. 7 Distribution of PWL correction factor for a
large bus

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

in

4,000 | 1441394145 |40.6149.6(22.9/459 | 25.1

8,000 |-23.4| 53.9 |-24.1{ 54.6 | 39.0| 26.1 | 31.8 | 2.7

Overallj 41,7 { 32.0 | 34.0 | 38,7 149.1129.9{50.0 | 315

(b) Small truck & large bus

. Small truck Large bus

Freq. H30 - H30

‘ I()?[ngl DGA Concrete BGA Concrete .

. (Hz

, A| Bl A| B| A| B| A| B
63 4.4 138.3(11.813451{19.2133.0{27.01289
125 123.7133.1|50.120.3]18.2[36.5]|28.8|31.7
250 |20.2139.6]36.1|32.2(259|37.1|30.6]35.8
500 |17.9|44.2|57.2124.6|51.726.1|56.0] 25.8

1,000 ) 24.3141.5]19.0|46.1|52.8}26.7]17.6|47.3

2,000 | 26.6 [ 40.6 | 27.5 | 42.4 [ 46.6] 28.2] 27.6 | 39.4

4,000 | 27.2 3771 31.9|36.029.0(34.2|16.3|42.2

8,000 | 36.0129.3139.9127.7| 8.0 [40.2|-0.5 454

Overall} 31.6 | 40.6 | 36.3 | 39.8 | 54.4 | 27.8 | 34.0 | 40.4

Vehicle Mean Standard () Trailer
{(dB) deviation(dB) };r»e?i- DGA H30 Concrete
an
Automobile 2.34 0.75 {Hz) A B A B
SUV 4.97 0.66 63 35.9 25.7 41.1 23.4
Small truck 5.65 0.52 125 67.6 148 67.7 153
Large bus 744 072 250 78.7 13.2 81.7 12.6
Trailor 119 0.64 500 48.6 32.3 57.2 285
1,000 73.8 19.9 56.5 30.5
15¢ton dump| Fmpty 1149 0.85 2,000 79.9 14.6 74.0 18.2
truck . : : - :
ruc Full load 13.17 111 4,000 47.2 28.5 60.6 21.1
25ton dump| Empty 12.37 1.72 8,000 65.4 13.9 65.3 14.0
truck Ryl load 10.76 2.70 Overall] 755 21.1 74.0 22.8
BI2ASANEFZEL=2T/A 16 A A 113, 2006%/1129
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(d) 15ton dump truck 28dERd KHTN-2001¢] #€9 S3kute)gs
| Freq, | LY " L ARAYY fAR ke R ASE A% 2 wu
i r'req. P b - 3 -
Pband | DGA C;:fgte V ) FRe) 0} S dB olule) Aolsh Atk B3, 25%
(2 AT Bl Al Bl Al Bl 4l 5 FZEY 2§ KHIN-20019 @4 S@ahsle
63 [18.634.7]17.4]368[239131.5/333[26.5 HRTiE 90km/h 71F 9 7dB & Ao® JEY
125 |51.5] 235|635 | 24.4[40427.6|49.8]230 th ol AE Ut Aleko] HA L% 95ES EX
250 | 86.2|11.5]58.7 | 28.4 488325529303 8 YTEZo)y] WEe AoT WEs)
Lol es ool sos Tsosleeowralias are B0 ° AN E2¢ 1i-su2 wew 8
. - . . . - : . . 30 i} 1.0, ) Patyi et o3
2,000 | 46.8 | 32.3 | 38.7 | 36.0 | 52.6 | 27.6 | 53.1 | 28.5 S'ME“ AL 250 Hz v AFFE oY
4,000 | 39.633.2]32.4 [ 36.159.9[20654.9 | 24.0 o M= CPX AlFo] A148 4 nlo)|32 X9 A
8,000 | 46.8 | 26.1|27.2]353 [54.7|18.8|58.9] 16.8 222 Q) AFHor ATt Ex gk 18
Overall| 60.3 | 29.3 [ 49.7 35.2]578]30.1] 564316 U}, E2REALY AL A Fus dgd AR
( ) 25ton d K 71qE7t gy EH—ErOH % 2855 7E 1%
, e - £z wEasel AU A4 P50 294 o
Do = mpt F
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‘band | DGA 1| ‘ poa s HO0N
* (Hg) : RN ,C’oncrete& : - | Ce ete o]
i Al Bl -Al Bl AI"BlLA I B 5.4 =
63 |66.5|11.6]633]13.3|81.7| 46 | 864 1.3
125 [27.9]34.8[428[27.7]484[235]70.6] 128 -
250 |74.9]17.7]178.3]16.3[88.6] 8.3 |86.2]10.0 o] AFoM CPX WO g AZd 7t A8k
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2.000 | 51.1]30.8 | 45.8 | 34.1|48.2[31.3]48.3] 319 A% SamigMe AP WHe Yysplch
4,000 | 474 [ 29.0 | 47.2 | 29.6 [37.1|32.9 | 445 | 29.7 Ea AR He el ares .
8,000 | 33.9[30.0]38.7] 278224348469 221 = I S %“ﬂi 8] Z}_O"“ s o
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