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Survey on the vibration transfer characteristics of the human body
vibration models.

Chun-Kyu Woo,* Wan-Sup Cheung,** Soo-Hyun Kim,* Yoon-Keun Kwak*

ABSTRACT

This paper addresses a systematic way of understanding the transfer characteristics of whole-body vibration

due to the external excitation. Amirouche’s and Tamaoki’s models are considered, whose analysis shows a
new result that resonant frequencies related to the head vibration are well coincided with those of the body.
This point reveals that the improvement of the ride quality of passenger cars can be achieved by isolating
only external vibration components transfered to the body. Finally, this paper points out the limitation of
previous whole-body vibration models, which gives the motivations of setting up more ‘practical and
generalized” whole-body vibration models of interest in this study.
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Table 1 Specification of the estimated parameters.

MmsZs + C4(25

Symbol| Value |Symbol| Value |Symbol] Value
ml [570Kg| kI J120000N/m cl |1500Ns/m
m2 117.36Kg| k2 ]105000N/ml c2 |1600Ns/m
m3 ]2.69Kg| k3 |105000N/m{ ¢3 [1800Ns/m
m4 ]11.76Kg| k4 |50000N/m| c4 [i100Ns/m
mS5 [14.10Kgl k5 |10000N/m| c5 |I100Ns/m
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Fig. 1 Amirouche’s human body vibration model
configuration.

=z, o 2R FAFANMY Atstd HHE xy
7} 2% 2ol AxFd o] dntste & xy2t
2ol olgl ¢ P42 L W& E Tamaoki 71 3
grde] &5 L oo} Zrt
(1, +ml§)éy —calz, -2, —aéy)+c2a(ih ~7 +aéy)
-k,ot(zh -2 —aGy) + kza(zh —-z, +ob,
—ml %,
(I +ml? )éx +2c,0%0, +2k,a’0, =ml ¥,
mZ, +¢ (zh -2y —aéy)+cz(ih Z, +aéy)
+c3(zh g, -0 )+cy(z, -2, +of, )
(Zh —Z —a‘ey) (
+k3( =2 — 00, )+ k; (zh—zh+a9 )=0

(M+m)x, +c, (%, -

zb+a6 )

a)+k (x, ~u)=ml8,
MB, +0,(2, ~i)+c, (7~ +08, ) +0,(2,~2,~0B) )
vo (2,2, 0B, ez~ 2, +ad,)
+K,(z, ~w)+k (2,2, +a ) +y (7,2, ~08)
+k (z.,—zh+aex)+k (2, -2, ~8)=0
(M+m)y, +c, (yb )+k( ):mléx

9] o] Tamaoki 57} AFE A uj/fHFES £ 29
ehy ol

Table 2 Specification of the estimated parameters.

Symbol Value Symbol Value
k; 80000 N/m C; 1450 Ns/m
k, 10800 N/m m 5 Kg
ks 8500 N/m M 50 Kg
k, 5000 N/m 1y 80 m
ky 3900 N/m 1y 7.0 m
Kk, 88000 N/m 1, 11.0 m
cy 10 Ns/m 1y 6.0 m
Cy 290 Ns/m | 55 m
C3 80 Ns/m a 40 m
Cy 440 Ns/m b 40 m
Cy 180 Ns/m p 1000 Kg/m’
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Fig. 2 Tamaoki’s human body vibration model
configuration.

3. 94 A% A 549 AT £

2% 3& Amirouche 57t BE A 1) Yol
e, 7hsst o), ol st v, Agolst sl ael
4 A% AYEASE wolx itk oA AA 4
pol TAFA4G AF o589 HAL RES
ﬁ‘r‘a X33 2o
Table 3 Comparison of the resonance frequencies(Hz)
of Amirouche’s model.

Input | Lower hip| Chest—
-~ -- Chest | Shoulder
Output |f,(Hz)|gain|{f,(Hz)|gain

Shoulder | Lower hip
-- Head -- Head
f.(Hz)|gain|f,(Hz)|gain

Head 7 [1.3] 9 [1s5] 16 |12] 7 |18
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Table 4 Comparison of the resonance frequencies(Hz)
of Tamaoki’s model. (-- : uncoupled term)

Input { Excitation Torso -- Excitation
--  |table -- Torso Head table -- Head
Output | f(Hz) | gain |f(Hz)| gain | f(Hz) | gain
x----x | 1.5 | 2.7 4 1.6 1.5 1.7
X----y -- - - -~ - -
X----2 -- -- 45 | 0.1 4.5 0.1
X---6y -- -- -- -- - -
X---0y -- -- 4.5 20 4.5 0.1
y=---X -- -- -- - -- --
y-—-y | 1.5 | 2.7 4 2.2 1.5 3
y----2Z -~ - -- -~ - --
y---6, -- - 4 30 | 1.54 |2.4,56
y---0y -- -- - - - --
Z----X - -- 45 1 02 4.5 0.3
Z----y -- -- -- -- -- -
Z----Z 6 1.8 12 1.5 6 2.3
Z—-0, -- - -- - - -
z---0, -- 4.51213.2,29] 45 5.2
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Fig.7 Vibration transfer map of Tamaoki’s model.
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