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Abstract : In thefield of 'Human Vibration', it has been interested subjects to make equal sensation curves related to
translational and rotational direction of whole-body, hand-transmitted and head-transmitted vibration, etc. When we
consider the vibration of a vehicle, the main factor is vertical whole-body vibration. Until now, most of equal sensation
curves used to derive frequency weighting function had been made using Western people. However, because of the
inherent differences (for example, characteristic and shape of body parts, muscular and cellular tissue) between the
Western people and the Oriental people, equal sensation curves based on Oriental people might be required. Also, the
weight differences between the samples which consist of average-weighted and over-weighted group might cause the
difference of equal sensation curves. So, in this study, 20 male Korean people were used to find equal sensation curves
subject to vertical whole-body vibration on seated posture. Among 20 males, an over weighted group consisted of 10
male persons and an average weighted group was the others. Integrating and analyzing the data of two groups, some of
non-parametric tests such as 'The Wilcoxon Signed Rank Test' and 'The Mann Whitney U test' were used.

Key words : Vertical whole-body vibration(=2] 441 x1-§), Equal sensation curves('s-7+7t =11), Korean people
(3=1<1), Non-parametric statistics(H] 25~ & 71), Psychophysical law(7 4] = 2] 3} 5 )
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Table 1 Characteristics of 20 Korean subjects

Seated height | Seated weight Age

(cm) (kg) (yr)
Mean 95.14 68.51 29.70
SD. 1.08 31 0.85

Table 2 Characteristics of 10 average weighted group

Seated height | Seated weight Age

(cm) (kg) (v
Mean 95.42 60.54 27.40
SD. 114 2.96 0.80

Table 3 Characteristics of 10 over weighted group

Seated height | Seated weight Age

(cm) (k) )
Mean 94.86 76.48 32.00
SD. 1.02 3.26 0.89
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Fig. 5 Accderation signals of 20 subjects

Table 4 Mean and standard deviation of acceleration signals

Required Acquired S.D.
(m/ish) (m/sd) (m/ish)
0.35 0.335 0.015
0.50 0.490 0.012
0.71 0.694 0.010
1.00 0.996 0.011
1.41 1.397 0.013
2.00 2.002 0.015
2.80 2.802 0.022
4.00 3.992 0.040
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Analysis of Equal Sensation Curves for the Korean People about Vertical Whole-Body Vibration

ﬂﬂﬂ@ﬂ%ﬂﬂ%%?ﬂ%ﬂn N ﬂﬁuﬂﬂ%mﬂy%ﬂrﬂ@?m&ﬁﬂﬂﬂm*
FEpms PN &E 2 po2 N Ppfies=2e, CETUF y®IT T H T
s o o — c o) o 3 b —~ —
o
S i I = e TP %mﬂ@ﬂ%X%ﬂo_a%zfugiawo_au
FELCTRI gme 8T =Fg @ o5 igz CIRoemusilhed
NEHFTNET RS by B PTxlapgprEaXETT D@ gD
Mu:;ﬁwmmﬂ_u@&wurﬂﬁ ° w;_x.d@%@%%#%%mJW%%M
<. N X — = o) =% — ~ = U

SPEEREEEESITT ) om BRI, prwEePH S 0 5L
WBEEZ]4R0W>6Urﬂ_ﬂﬂr umm o_EAT_zuAIngomw_saMﬂzfo_,oﬁWLz\T
P m oz Mg T ars s dw £ TapPpZg® PRI LT T
ot — % P K= & /.\L|11ZT1 | e T - L= -~ o0 I
LT 5% T W W M D _sasﬁwg_._twmxi%7zoEoeﬂﬂ -
FEr g i3 ofgiid~ 5 w3 sl 2w N PR
ﬂ@o_ao,ﬂﬂwoﬂem4%mﬂ%ﬂw £ ﬂuinTﬁU%,W%Wﬁaﬂldb%ﬁ%@?ﬂo%.
N pHegPPEN TP ot SaPdT 3z BT a s gy oD
%ﬂ%ﬁﬂjﬂwLWmQ%@Hﬁo wa__ahﬁﬂomn,q_uﬁ%%%ﬂﬂ%ﬂwﬂﬂrﬂﬁm\woﬁ
o B o WP Q = ¥ o B o E_ T % £ w =~ ™o d SR = N
= _ — n o N = Vﬁoqlﬂ NS y X
ﬁ.id.A%erum_.rﬁﬁ%_u:ﬂw#o mwu__ﬂﬂ_.mﬂw,wﬂ.owrmmeutw_u%%ﬂﬁ_nHiW_x,%
RRm B el agTE e SRR T §EN Gp el R W w o
VRTgHE Nl zagndesg " Tohrssg BT PRV @ gy R o
YT AW NE PP T F kR E BRT G ook M
K ETWESAFEERTRTRT TN B g TP NRHTTRNRD ST PN
T oo m KRR Oy RO
) o B N R T A S

> N

B s W E g o T g
B 3 mIF X oMo 2y P
= D PR oy wmwn o ®

3 = ol X

=) el
g £ N s TN o) A
® g T Mo = T o
5§ fr TP wzwmiw

Ty AT T T T T T T X mﬂ o ¥ D N OF Mu‘_] N o
. P S PSS ZARE LIkeX
I S I S - 2 25 S xgk MwT o
[ I 1:r.mw _._r.S 125&7 ‘_.%lo\w”]ﬂ
i T e e e St g 5 Nagx ﬂ.%,m.,mmrau
S O (N N m m E.._ = TR Lf Mﬂﬂﬂllly _
L | | [} S A ~ o NN
T R R " E g S0 ¢X - Mo 2 @ Ko
R P v % % u;]ﬂﬂ ._.n_luuﬂ]Poq
| | | ,,w,\\\ ﬂrﬂLl o T X
- - —of ot = b = ,fu_ormbtﬂ_plw EWL N Ne
o | | = 3 FT R o o ¢ ®

1 | | | K w w ftﬂﬂl]OFH OE,LIHL‘M#
2 e ¥ 8 2 ° o °® © ~ N_ g BN
[s/wluoneisjeooy =) [, s/w]uoleIs|eo0y S w ufﬂ ‘O|A oﬂo 1ﬂr|L ,UI HL Eﬁc u-m NS
A 2 Siuluol £ QK F BT WSO

el

71 A4 200

=3} 1SO 2631-1 Wi

3.4 1SO 2631-1 Wi 2te| H[w

Fig. 9°

7}

T
2 Hzoll A
Transactions of the Korean Society of Automotive Engineers, Vol. 18, No. 1, 2010 109

= =t

i

k<)
L

i

hul

Atk o]

] 2HzA A= |
o]

832 o)

=}
-

=Rt 34
=3

13

kel

3

(e}

'o,]
skrje} 2ol mFT} et} A5 glefol A o

3

X



-

-

o] o}

p

5 Hz S} o] v

L

p

| #70] Ut

23} 3.15~50 Hz

1

k]
pil

Holom, ‘The Wilcoxon Signed Rank

Test' & 5

M

s

el

S/W]uoiess|eooy

Aol

i

<
el

ol

i

4 Hze}t

pu

Z=E HeH, ‘The Wilcoxon Signed Rank Test'

£ 33 A3} 2~50 Hz

10°

10’
Frequency[Hz]

)

L 7o s Sy e Qo) 12 Al 63 Hzol 4

&

—_

Fig. 8 Equal sensation curves of al the subjects

Ho] ojLje}

o] VhEfLp

1

e
Ho

23}

1
.

DR

A

shtel o

Whitney U test’

7} dle

f] ‘ The Mann-

I

571 91

S

A%

Hi=

]

el

2)
)
N

n

NI

iy

Pl
B

-

9/]

o
(=]

10°

Frequency[Hz]
Fig. 9 Equa sensation curves of 200 point and 1SO 2631-1

10’

10°

10"

o

ol
mE

Am

7
AA R A5 A A A

Aoz oFojgons A9

]

]

M5 10016789)2] X

17} 4 o] 5~8 HzY

I 21(log) A= YERSIT) 1

EEENEE

L

.

Wi
o Al K

=
=

Hr

References
. Effects of Posture, Vibration Level

and Frequency,” Aviation, Space and Environ-

Academic Press, 1990.
2) M. J. Griffin, “Vertical Vibration of Seated

1) M. J. Griffin, Handbook of Human Vibration,
Subject

)

o} o ool 4] 1SO 2631-1 Wi}

7152 (power) ©] 95%°]

KN
—

20

B

ol

oo

mental Medicine, Vol.46, No.3, pp.269-276,

1975.

2010

5,

110 sizxisat2sts|=27 w18A X1



3)

4)

5)

6)

7)

8)

9

10)

11)

22 A FEE FA TS0l

K. C. Parson and M. J. Griffin, “The Effect of
Rotational Vibration in Roll and Pitch Axes on
the Discomfort of Seated Subjects,” Ergo-
nomics, Vol.21, No.8 , pp.615-625, 1978.

N. J. Mansfield and S. Maeda, “ Comparison of
the Apparent Masses and Cross-axis Apparent
Masses of Seated Humans Exposed to Single-
and Dual-axis Whole-body Vibration,” Journal
of Sound and Vibration, Vol.298, No.3, pp.
841-853, 2006.

N. J. Mansfield and S. Maeda, “The Apparent
Mass of the Seated Human Exposed to Single-
axis and Multi-axis Whole-body Vibration,”
Journal of Biomechanics, Vol.40, No.11,
pp.2543-2551, 2007.

M. L. L. Mclleaith and G. S. Paddan, “Ass-
essment of Whole-body Vibraion Exposure In
Carrier Full-Tracked Articulated Vehicles,”
42nd UK Conf. Human Response to Vibration,
2007.

M. J. Griffin, E. M. Whitham and K. C. Parson,
“Vibration and Comfort |. Translational Seat
Vibration,” Ergonomics, Vol.25, No.7, pp.
603-630, 1982.

M. J. Griffin, E. M. Whitham and K. C. Parson,
“Vibration and Comfort Il. Rotational Seat
Vibration,” Ergonomics, Vol.25, No.7, pp.
631-644, 1982.

M. J. Griffin, E. M. Whitham and K. C. Parson,
“Vibration and comfort Ill. Translational vib-
ration of seat and back,” Ergonomics, Vol.25,
No.8, pp.705-719, 1982.

M. J. Griffin, E. M. Whitham and K. C. Parson,
“Vibration and Comfort 1V. Application of
Experimental Results,” Ergonomics, Vol.25,
No.8, pp.721-739, 1982.

M. Morioka and M. J. Griffin, “Magnitude-

o

o

12)

13)

14)

15)

16)

17)

18)

19)

dependence of Equivalent Comfort Contours
for Fore-and-aft, Lateral and Vertical Whole-
body Vibration,” Journal of Sound and Vib-
ration, Vol.298, No.3, pp.755-772, 2006.

N. A. Abdul Jdil and M. J. Griffin, “Fore-
and-aft Transmissibility of Backrests: Effect of
Backrest Inclination, Seat-pan Inclination, and
M easurement Location,” Journal of Sound and
Vibration, Vol.299, No.1-2, pp.99-108, 2007.
N. A. Abdul Jdil and M. J. Griffin, “Fore-
and-aft Transmissibility of Backrests: Variation
with Height above the Seat Surface and
Non-linearity,” Journal of Sound and Vibration,
Vol.299, No.1-2, pp.109-122, 2007.

Y.S. Lee H. K. Lim, C.J. Kim, N. S. Lee and
S. J. Park, “Biodynamic Characteristics of
Korean Male in Twenties-Mass, Center of Mass
and Moment of Inertia Characteristics of Body
Segments,” Transaction of the KSME, Vol.18,
No.7, pp.1952-1966, 1994,

H. K. Jang and S. |. Hong, “A Study on the
Evaluation of Sensation Magnitude of Vertical
Vibration of a Steering Wheel,” Transactions of
KSAE, Vol.15, No.6, pp.108-113, 2007.
International Organization for Standardization,
SO 2631-1, Mechanical Vibration and Shock
Evaluation of Human Exposure to Whole-Body
Vibration - Part:1 General Requirements, 1997.
British Standards Institution, BS 6841, Mea-
surement and Evaluation of Human Exposure
to Whole-Body Mechanical Vibration and
Repeated Shock, 1987.

S. Siegel and N. J. Castellan, Non-parametric
Statistics for the Behavioural Sciences, McGraw
Hill, New Y ork, 1988.

S. S. Stevens, Handbook of Experimental Psy-
chophysics, Willey, New Y ork, 1951.

Transactions of the Korean Society of Automotive Engineers, Vol. 18, No. 1, 2010 111



