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ABSTRACT

Driver's feeling is variously affected by lots of components such as engine, frame, wheels, and

seats during the operation of automobiles. The main objective of this research is to identify the cor-

relation between subjective evaluation and vibration metrics that was set by ISO to investigate devel-

opment of the car vibration quality index using multiple linear regressions(MLR). A previous re-

search related with automotive vibration quality used the method of calculating acceleration values of

the point of a seat, a seat back, foot as RMS for objective evaluation. The automotive comfort is

determined by RMS values. In comparison with the previous research, this study includes not only

the vibration metrics, but also subjective values by jury evaluation. By indentifying the correlation

between subjective evaluation and vibration metrics, the automotive vibration quality index is devel-

oped through MLR. Based on the results of this study, the proposed the automotive vibration quality

index which developed through MLR will be helpful to obtain objective and reliable automotive

comfort values.
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Table 1 Frequency weighting function and axis mul-

tiplying factor
Input Axis Frequency weighting | Axis multiplying
position BS 6841 |ISO 2631-1 factor
X Wy Wy 1.00
Y Wy Wy 1.00
Z Wy Wi 1.00
Seat
R« W, W, 0.63
R, W. W, 0.40
R, We W 0.20
X W, W, 0.80
Seat back| Y Wa Wa 0.50
Z Wy Wy 0.10
X Wy Wi 0.25
Feet Y Wy Wi 0.25
Z Wy Wi 0.40
10"
W,
=
[} 10.1
_Wb:
-=-Wc |
e Wl
—'—WEi
——Wf
[=—Wg|
RS ™ S
Frequency(Hz)
Fig.3 Asymptotic approximations to frequency

weightings for whole body vibration as de-
fined in BS 6841

Table 2 Asymptotic approximations
weightings used in BS 6841

to frequency

Weighting Definition

05 <f <20 W) = 0.4

W, 2.0 < f <50 W) = /5.0

b 5.0 < £<16.0 W() = 1.00
16.0 < f <80.0 W() = 16.0/f

W 05 < f <8.0 W) = 1.0
¢ 8.0 < f <80.0 W(f) = 8.0/f

W 05 <f <20 W) = 1.0
4 2.0 < f <80.0 W(f) = 2.0/f

W 05 <f<I.0 W) = 1.0
e 1.0 < f <80.0 W() = 1.0/f
0.100 < f <0.125 | W(f) = £0.125

Wi 0.125 < f <0.250 W = 1.0
0.250 < f <0.500 | W() = (0.25/f)

1.0 < f <4.0 W) = (/4)

W, 4.0 < £ <8.0 W) = 1.0
8.0 < f <80.0 W(f) = 8.0/f
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Fig. 4 Photo illustration for the sensor location and
driver position for the vibration measurement

Table 3 General Information for specification of 9

test cars
Name Engine type T/M type
Car A 13 Manual
Car B 13 Auto
Car C 13 Auto
Car D 14 Auto
Car E 14 Auto
Car F 14 Auto
Car G 16 Auto
Car H 16 Auto
Car [ 16 Auto
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Table 4 Questionnaire of the subjective rating about
which car is comfortable

Car A Car B
Very uncomfortable @ @
Somewhat uncomfortable ) @
Neither ©) ®
Somewhat comfortable @ @
Very comfortable ® ®

N ON

95% Confidence Interval -

o

=~

L]

Subjective Rating
(%]

s

4 6 8
Number of data (9 test cars)

10

Fig. 5 Distribution of the subjective rating, mean
value, and the confidence interval

Table 5 Mean and variance value of the subjective
rating about idle vibration of the test cars

No. Name Mean Variance
1 Car A 1.333 0.222
2 Car B 1.300 0.207
3 Car C 2.033 0.429
4 Car D 3.633 0.663
5 Car E 2.367 0.448
6 Car F 2.933 0.177
7 Car G 4.567 0.399
8 Car H 3.867 0.882
9 Car | 3.967 0.786
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Table 6 Vibration metrics with high correlation co-

efficient
Vib_factor Vib_factor
Peak-to-peak Seat z Back z Foot_z
VDV Foot_z
1C(1st order) Foot x
0
| ----- Peak to Peak
-0.1| —=—RMS
—+—RMQ
0.2 —=VDV
-=~CRV
= 0.3} —1c

i { X Y Z} X Y rd X ¥ z
Seat { Back } { Foot ]’
Measurement Position

Fig. 6 Correlation between vibration metrics and sub-
jective rating for vibration quality analysis
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Fig.7 The position to check exciting modified vi-
bration signal
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Fig. 8 Comparison between (a) the spectrum of the

reference signal and (b) that of modified sig-
nal for the excitation

Tha :omalatlon of the 1C factor

Correlation

X x
{ Back
Fig. 9 Correlation between subJectlve rating and lc
factor in excitation test for vibration metric
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Table 7 Index equation and each MR coefficient

y =a+bx +bx +bx +bx
i 11 2 2 3030 4 4

a by by b3 ba
6.157 -73.070 -14.842 -15.738 -84.176

R? = 0,96062

© Data Points
4.5+ — Best Linear Fit

Index Qulput
3%
o

Subject

Fig. 10 Correlation between vibration index output
and subjective rating for the production of
vibration index
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Subject

Fig. 11 Correlation between index output and sub-
jective rating for the validation of vibration
index
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Fig. 12 Flow diagram for the objective evaluation of
vibration quality. It has been developed by
MIRA based on BS6841 Ride Model
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