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ABSTRACT

Loudness is one of the most important parameters in sound quality. In this study, Zwicker’s loud-

ness (standardized in ISO 532-1) for steering wheel noise of a car is evaluated. In addition, a meas-

urement uncertainty model is proposed and the uncertainty is evaluated because it is recommended to

evaluate the uncertainty in all measurements possible. The main components of the uncertainty are

calibration values of the sound pressure measurement system and measurement repeatability. The re-
sults show that the uncertainty in the loudness is 2.3 %. This is a lower value than the ISO 532-1

recommended value of 5 %.
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Fig. 1 Steering wheel noise measurement picture

Table 1 Measured background noise

Frequency SPL Frequency SPL
(Hz) (dBA) (Hz) (dBA)
25 -79.22 630 21.75
315 -71.67 800 23.27
40 -62.31 1000 21.85
50 -48.65 1250 20.45
63 -36.56 1600 19.84
80 -28.90 2000 18.34
100 -25.08 2500 17.55
125 -18.13 3150 19.35
160 -10.73 4000 18.28
200 0.60 5000 14.67
250 10.22 6300 10.49
315 16.10 8000 9.43
400 18.91 10 000 8.32
500 20.98 12 500 7.00
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Table 2 Measured steering wheel noise

Table 4 Estimated loudness and it’s correction

Frequency SPL Frequency SPL Data st N, N,+0N ON 4
(Hz) (dBA) (Hz) (dBA) (sone) (sone) (sone)
25 -69.62 630 28.29 Lpl 2.449 2.432 -0.017
315 -61.64 800 30.45 Lp2 2.574 2.559 -0.015
40 -43.82 1000 33.43 Lp3 2.484 2.469 -0.015
50 -31.89 1250 28.12 Lp4 2.561 2.544 -0.017
63 -26.15 1600 27.23 Lp5 2.517 2.499 -0.018
80 -15.07 2000 27.14 Lp6 2.505 2.491 -0.014
100 9.60 2500 32.46 Lp7 2.569 2.556 -0.013
125 -13.14 3150 26.62 Lp8 2514 2.501 -0.013
160 -6.01 4000 21.45 Lp9 2.485 2.468 -0.017
200 0.70 5000 19.25 Lpl0 2.534 2,516 -0.018
250 1035 6300 16.45 Average 2,519 2.503 -0.016
315 16.58 8000 18.45
400 19.44 10 000 14.76 ZR0] WAL YXEsH 5= Holt) o= nAT
= = e W melslel 108 57 A 7 H5rie ehem s
o} eh-Eu 2 HAGS AlAESHE Table 49} 7‘@ o]
Table 3 Calibration results of noise measurement system 714 N, & gFEUs kSR grolal sN
- - [0) =
FrequencyColr:/?llonUncertaintyFrequencyColr:/?llonUncertainty FEHE SR T Bl
H2) | ggay | @B H2) | ggay | @B
25 0.1 0.5 630 0.2 0.2 3. BlREHL =X gUt
315 -0.1 0.5 800 0.2 0.2
40 0.1 0.5 1000 0.0 02 3.1 2fR*EHA 81X d
50 0.1 0.5 1250 0.0 0.2 g-oys 2kE a2 (1) 2
63 0.1 0.5 1600 0.0 0.2
80 0.1 05 | 2000 | 0.0 0.2 N=0Nea T 0Neog + Ny [sone] )
100 0.1 0.5 2500 0.0 0.2 Al A AR DA SN, ZAAAHe] 1A
125 0.1 0.3 3150 0.0 0.2 AntzA] AN EE 8 e, aNcod% 1SO 532-19]
e e L 540 v A o s
250 0.2 0.2 6300 0.4 0.3 ing & lﬂi = EL% At oz of7]
315 0.2 0.2 8000 -13 0.5 M= 108] SAgte] 48tk
400 0.2 0.2 10000 | -1.3 0.5
500 0.2 0.2 12500 | -13 0.9 3.2 HHEFEHE @I
ol el 13 e wswe BEe eqepme ) (DERE SpEUs A% A REEddse
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Table 5 Uncertainty budget
Uncertainty Estimation value Standqrd Probability Sensitivity Gl Tz Degree of
uncertainty e . amount
component [sone] [sone] distribution coefficient [sone] freedom
0N, -0.016 0.026 Normal 1 0.026 o
ON, 4 0 0 Rectangular 1 0 o
N, 2.519 0.012 t 1 0.020 9
N 2.503 0.029 266
Confidence level 95 % k 2 UN 0.058
Results expression (2.50 £+ 0.06) [sone] or 2.50 [sone] + 2.3 %
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