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A b s trac t : In  o d e r  to  g e n e ra te  v a r io u s  s h o c k  s ig n a ls  in  a  f ie ld  s tu d y ,  a  p a s s e n g e r  c a r  w a s  d r iv e n  a t  s e v e ra l  sp e e d s  o v e r  
ro a d  p ro f i le s  th a t  in c lu d e d  a  n u m b e r  o f  h a lf  s in e  s h a p e d  b u m p s  o f  v a r io u s  h e ig h ts . A  tr ia x ia l  S A E  p a d  s e n so r  w a s  
m o u n te d  o n  th e  f ro n t  p a s s e n g e r  s e a t  to  m e a su re  th e  a c c e le ra t io n  s ig n a ls  w h ic h  m ig h t p ro d u c e  s u b je c t iv e  d is c o m fo r t .  
T h e  m e a su re d  a c c e le ra t io n s  w e re  c o r re la te d  w ith  th e  su b je c tiv e  a s s e s sm e n ts  o f  1 4  su b je c ts .  T h e  m a g n itu d e  o f  
su b je c tiv e  d is c o m fo r t  w a s  fo u n d  to  b e  p ro p o r tio n a l to  th e  V D V  a n d  a ls o  th e  p e a k  to  p e a k  o f  th e  f re q u e n c y  w e ig h te d  
a c c e le ra tio n  s ig n a l.  

K e y  w o rd s : S h o c k  s ig n a l( ) ,  H u m a n  v ib ra tio n ( ) , S u b je c t iv e  a s s e s sm e n t( ) ,  B u m p ( ) ,  
O b je c t iv e  a s s e s sm e n t( ) ,  F re q u e n c y  w e ig h tin g  fu n c tio n ( )



1 3 2 , 2 0 0 53 0

( f lo o r ) ( fe e t) , ( s e a t)

(b u tto c k s ) , (b a c k re s t) (b a c k )  

(s o u n d ) (e a rs ) . 

,  

.  

1 4

. 

IS O  2 6 3 1

(fre q u e n c y  w e ig h tin g  fu n c tio n )

V D V (v ib ra tio n  d o s e  v a lu e ) P e a k  to  

p e a k

.  

2 . 

2 .1  

F ig . 1

(h a lf - s in e  sh a p e )

. 

1 5 0 0  c c ( fro n t a x le ) (re a r  

a x le ) (w h e e lb a se ) 2 .5  m

, 

3 6  p s i 3 2  p s i . 

F ig .  

2 3 S A E  p a d  

.  

F ig . 3

(b a c k re s t)

( re fe re n c e  b u m p )

. ( fe e t)

(s p o n g e )

, 

(h e a d -

p h o n e )

(e y e  b a n d a g e ) .

Fig.  1  Asphalt road for bump shock test

Fig.  2  Triaxial SAE pad sensor secured on the seat

Fig.  3  Subject's posture for assessing subjective evaluation
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Fig.  4  Half sine shaped bump

Fig.  5  Layout of test and reference bumps fixed on the road

Fig.  6  Subjective scale of discomfort to reference bumps
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Fig.  7  Typical shock signal on the seat of a vehicle passing a 
bump

Fig.  8  Frequency weighting functions for seated whole-body 
in ISO2631 (Wd: fore-aft and lateral, Wk: vertical)

Fig. 9 Procedure and method of shock signal analysis for 
objective assessment
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Table 1 Objective and subjective assessment values on 
reference bumps

R a tin g
R e f e r e n c e
b u m p

O b je c t iv e  ( r .s .s )

S u b je c t iv eP -P
(m /s 2 )

r .m .s
( m /s 2 )

V D V
( m /s 1 .7 5 )

A (1  ×  4  c m ) 1 .9 0 0 .3 6 2 0 .4 5 8 2

B (2  ×  8  c m ) 3 .5 9 0 .6 2 9 0 .9 1 7 -

C (4  ×  1 6  c m ) 9 .2 3 1 .6 4 9 2 .4 6 3 9



1 3 2 , 2 0 0 53 4

T a b le  2 . 

( sp e e d o m e te r) . 

(T w )

. T a b le  2 (a c tu a l sp e e d )  

9 5  %  

.  

7 8

T a b le  3 . T a b le  3

1 4

, 

1 4 9 5 %  

. T a b le  3

F ig . 1 0

, 

,  

.  

( s in g le  sh o c k )

, 

1 2 )

.  

,  

.

3

,  P e a k  to  p e a k (C R V P - P )

2 (O R V r .s .s)

1 4 T a b le  4

Table 2 Actual bump-passing speeds of test vehicle

T e s t s p e e d
( s p e e d  m e te r)

[k m / h r]
2 0 2 5 3 0 3 5 4 0 4 5 5 0

A c tu a l  s p e e d
( w h e e lb a s e ÷ T W )

[k m / h r]

1 7 .4
( ±  0 .9 )

2 0 .5
( ±  0 .8 )

2 6 .0
( ±  0 .8 )

3 1 .9
( ±  1 .2 )

3 5 .1
( ±  1 .3 )

3 9 .4
( ±  1 .3 )

4 4 .9
( ±  1 .2 )

Table  3  Subjective assessment values on test bumps

Fig. 10 Plots of subjective assessment values

Table 4 Objective assessment values (ORVr.s.s[CRVP-P]) 
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Fig. 12 Linear equation correlated between subjective and 
objective assessments (ORVr.s.s[CRVP-P])

Table 5 Parameters of linear fitting with various objective 
assessment methods

O b je c tiv e  
a s s e s s m e n t

m e th o d s

O R V M ax r.s .s V D V

C R V P -P r.m .s V D V P - P r.m .s V D V V D V

L i n e a r
f i tti n g

p aram e te rs

A 0 .9 2 6 6 .7 8 5 3 .5 0 0 0 .9 2 0 6 .8 2 2 3 .5 0 8 3 .5 1 2

B -0 .1 1 2 - 0 .6 8 4 0 .1 0 9 - 0 .1 8 0 - 0 .8 9 5 - 0 .0 1 2 - 0 .0 8 8

R 2 0 .9 6 4 0 .8 8 7 0 .9 6 3 0 .9 6 4 0 .8 7 8 0 .9 6 2 0 .9 6 3
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