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Evaluation of Ride Comfort on the Basis of Subjective Judgement
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Abstract

The evaluation of ride comfort during vehicle running
has depended on subjective judgement by passengers for
many years. Results of this evaluation are often affected
by theindividual situation of every evaluator. Itis,
therefore, necessary to evaluate with objective
judgement according to the physical values. There have
been many attempts on quantitative investigations for
the subjective evaluation, which is not achieved because
of the weighting difference of individual feelings.

In this study, dividing the running statusinto the

stationary and trangent states, quantitative evaluation
equations are offered by both the principle and the
multiple regression analysis with the measured physical
values. Ride comfort isdivided into flat and busy ride
in the stationary state, and trangent ride comfort is stated
as harshness. These evaluation equations are verified by
comparing measured data and offered subjective
judgement. The result of these quantitative approaches
isinduced to clarify the design objective for suspension
characteristics.
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Table 1 Test road.

booboo®roobooooooo Testroad | Speed(km/h) | Ride comfort
Hobbobooobooooonod A | Uneven asphait 60 | Busyandflatride
0o0D0000D00000DoOn® B | Wavy asphalt 0 Fet ride
‘“Doooooooooooooooon C Rugged concrete 60 Busy ride
000000000000000000 D Toint 0 Harshness
00000000 O00O0o0obooOoOooon
00000000 O0o0ooooooooon
goodoooooooooooooon

Frequency 1 4 8 12 16
oo 1 1 1 ] | Hz
O00o0oooooooooooooon r_(RoadA)—-I {(Road D)
Do0o00o0obOOo0oOoobooOoOooon
go0000oooooooooooooo Ride comfort ga[s[dBe Busy ride Harshness
0000000000 00000000 {(Road B) (Road C )
O000000000000o0ooon ( Stationary vibration ) ( Transient vib. )

6 m/sec’
Ogo0o0oooooooooooooono 2 misec? 3 misec? -‘\
000000000000000000 Acceleration :@7 L) |
00000000 0o00o0oooOoooon revel ¥
o

000000000000000000 Tiae )
goodoooooooooooooon
O0ooooooooooo Fig. 1  Ridecomfort.
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Testing condition
Transient vibration
Vehicle 53,;'%;:;’6”
Jug;gg;gm 21 persons ( female : 5)
Speed 40, 80 km/h
Plate height H=6,11, 15 mm

Plate

Fig. 2  Transient vibration testing.
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(5 point judgement )

Very good Good Same Bad Very bad
| | | |
1 2 3 4 5
Reference
( standard car )

Fig. 3  Subjective judgement(1).

(5 point judgement )

Never _ _ Vey
mind Merely Mind Fairly annoyance

1 2 3 4 5
Reference Reference
40km/h 40km/h
6mm height 15mm height

Fig. 4  Subjective judgement(2).
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3 Pitch rate, roll rate

4 Seat ver. acceleration

5 Seat fore-aft acceleration

6 Seat back ver. acceleration

7 Seat back fore-aft acceleration
8 Noise; 3000 400Hz

Subjective judgement

Regression
coefficient up

q

log,;{ acceleration )

Subjective judgement

{ Fechner's law )

Fig. 5 Measuring points.
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Fig. 6 Evaluated quantities.
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Seat ver, acceleration

Seat ver. acceleration

Fig. 7 Logarithmic transformation.

( Testing road is C )
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Damping ratio = log ]0(%)

Roll rate

Fig. 8 Definition of damping ratio.
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Table 2 Principal component analysis.

Subjective Measuring -
judgement data Subjective Factor loading
Judgement | o 2nd 3rd
Subjective data
— e Road A 0.851 0.470 0.083
Principal Subjective | Floor ver.
component judgement | acceleration Road B -0.479 0.845 0.165
analysis Seatver.| | 404 os Road C 0950 | -0040 | —0.239
acceler- L) ot
¢ k atoin Road D 0.819 —-0.437 0.359
—
; S Eigenvaue| 3.297 1337 | -0.068
Multiple
regression Accumulated 65.9% 92.7% 97.2%
analysis Y=ax+ap,++5b )
v S
[ chek ]
. . 3 (DHard suspension
Fig. 9 Analytical process. @ Active control
z 4 (@Standard suspension
gT 4 (&)Soft suspension
&
=
y=
23
Total subjective 2
judgement Hr )
p=0945 g 2
Road C
busy ride Road A harshness
He busy and flat ride flat ride Hd 1
Ha Hb 1 2 3 4 5
p=0738 p=-0.029 Real subjective judge;[ngm
Fig. 10 Correlation coefficient. Fig. 11 Comparisons of evaluation.
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Table 3 Principal component analysis.

Fy- s Principal Factor loading
component variable 1st ond 3rd
s 4 00 2o 4
= B 1. Floor ver. G 0.989 -0.012 0.046
83 28 °r ? 2. Floor fore-aft G 0987 | 0031 | 0038
5] T N
.§° 2 E%ﬂ 2= O 3. Pitch rate 0.738 -0.607 -0.253
I A Ty 4SevenG 0.951 0.007 0.027
123 4°5 T2 3 45 5 sqforedtG 0799 | 0557 | —0043
Predicted subjective Predicted subjective
judgement Ja judgement Jb 6. Seat back ver. G 0.951 0.032 -0.035
(2) In the case of road A (b) Inthe case of road B 7, Segt back fore-aft G 0.942 0.155 -0.230
8. Noize: 3000 400Hz 0.875 -0.228 0.415
Fig. 12 Comparisons of predicted judgement. Eigen value 6.597 0.757 0.297
Accumulated (%) 82.5 91.9 95.6
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Fig. 13 Comparisons of predicted judgements.
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Fig. 15 Acceleration lissgjousfigures (80 9Hz B.PF.).
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Seat ver. acc. Group of panel

regression coefficient  [Symbola)Sex | (b)Weight  J(c)Age
1.0 Male ~60kg 20's
. Femail | 60~70kg | 30's
A T0kg ~ 40 s
\ @ |Toul Total Total
LN
é Secatback fore-aft acc.

Comparative

\ Femald
(a) Sex and all

(b) Weight

TO regression coefficient

(c) Age

Fig. 16 Distribution of regression coefficient.
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