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Vibration of Car Seat and Mannequin System II

Seong Keol Kim, Joon Hyun Kim and Kihong Park

Forced Vibration Analysis(7} Al 21 5 3l141), Frequency Response Function (%5 -$&3%
%), Transfer Function(d g &<~), Resonance Frequency(F % 5 3}57), Torsional
Damping(H| E9 #4))

Abstract

A simplified modeling approach of forced vibration for occupied car seats was demonstrated by using a
mathematical model presented in previous paper. Nonlinear and linear equations of motions were rederived
for forced vibration, and the transfer function was used to calculate the frequency response function. The
experimental apparatus were set up and hydraulic shaker was used to obtain the system responses. Through
the tests, mannequin’s head had a lot of problems, and the responses with a head and without a head were
measured. To explore the effects of linear dampings and friction moments at the joints, linear analyses were
performed. New sets of linear spring and damping coefficients, and torsional dampings at the joints were
calculated through parameter study to match up with experimental results. Good agreement between
experimental and simulation frequency response estimates were obtained both in terms of locations of
resonances and system deflection shapes at resonance, indicating that this is a feasible method of modeling
seated occupants.
B =RdAE ol =FdA AAE £8H 2
29 depre g o] gt AA IEe& A 2dE A
FHBT AR YR AEH AER olRol2l A

U

1. M 2

AER} AESG G&52 A2"e] & Nishiyama? SV FIAS FH FrE TV AN, 49 BAE
of Agdold Bde =d stetuleis gt g A R UA @ Axge) T Sy $2d 9
Ao e RS ATsr) 98 Algsigon, md & viAE 22 senegd, 438 34 2 4 2AE
AeolHE AE ZMo Axan gt Aoy ma  oAe wEY #HHd sgse o wHE Fo] 539

€ Zotry) 98 A FFE ol 8F AP A48 &

3 e e geAd d 7 A4S Muskian 7
Nash®¥o] o8l A=A, A%} 2xe aelm
24z o2 o AKE AT ALY & A
ast 71 22 AP FoAe) SF A4L Poe T
Blo] ojs), Thd A7l FAol W e $@
A4 Wang 59 oja) £RHYG. A2ole AE o)
A vhi g AHgste] Al AE SRS dSaE
707} gws) A9ED Yo,

LR
" zagsta AsEe AR
*%k%k

sadsta Fohe A5AFG4E

W) sz 49 A3 2F/ A see

A7 g SHrh

2. ZHZEE A /e ASAAE

¥ otlE AlA"el #EH -

Nzdel A A5 A F PHHL o A &

& BAe @ oA £,
Adstel Axgel BAY
w& e5 WRAL ST =9, vhigel 2

-398-



T38t7] Y48 Fig. 13
7HEE RS sdg

599 AMEoM g Fup % %
o

go] ME #H Yo 3

1¢ . | . 1¢
T==>mzl+=) 1,02 +=% mx?
1.
+—J‘®_f+lm_,_‘xz+lm_‘irxz,
2 ()

Zk5’+;k 8L 2k 8] 42k O,

i=t

I - 1 . 1 -
D:E;cﬁf +5c45}c +5655;’

e AE 8 ohil R A

A=Az 74
|9, Zte 5ol i %31 HEE: & B8 2UE
o Ad 8 W9, ¢ ¥F RQEY Hul £7 ¥4,
0, 5o 2o & ¥4, @2, —"’r«l q4d 7 ¥ e, o
Ao Ad Z+ ¥4 0, FF 2 4 ¥y 0, 5
dolo] A z+ W9, Folo) Ad 7 WY, ;, AE
Ao 24 1% 99 HEE Fo] AMHUT

(x.%) 1
JA UNCS :

0o

(4.2,) ; @ /
4 1,
) /. ©. it
f ) j (X‘ Z\)
! @, © ICD (X‘ ‘ )
[w
sl 2 ple l I A b B

Fig. 1 Schematic of 7 DOF model of the car seat and
mannequin system
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Fig. 2 Experimental set-up of the Herrick car-seat and
mannequin system
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Fig. 3 Estimated frequency responses magnitude of the seated
mannequin with and without head attached (a) rail to
bottom, (b) rail to back, and (c) rail to knee frequency
response functions. Solid line: with head, dashed line:
without head
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Fig. 4 Deflection shapes at (a) 8.0 Hz "bounce mode” and (b)
6.5 Hz "pitch mode" for the mannequin with head
attached
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Fig. 5 Deflection shapes at (a) 7.5 Hz "bounce mode" and (b}
5.5 Hz "pitch mode" for the mannequin without head
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Table 1 Spring stiffness and damping coefficient values
determined experimentally. ¢5 was chosen to be 80 ¢,
based on the ratios used by Nishiyama

Spring Stiffness Damping Coefficient
(N/m) (Ns/m)

ky 23,059 a 70.48

ks 0 [ 0.00

ks 16,239 c3 151.38

ks 64,648 [N 157.16

ks 15,279 cs 5,638.40

ks 7,194
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Fig. 6 Frequency response function magnitude relating vertical
displacement (4) of hip joint to base acceleration as a
function of changing damping value (a) (), (b) (c3), (¢)
(c4) and (d) (cs)
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Fig. 7 Frequency responses relating vertical displacement (&) of
hip joint to base acceleration in linear analysis by changing
friction moments at the joints (a) T, varies and T3 = 80.87
Ns/rad., (b) T3 varies and 7, = 0.1x7, = 20.22 Ns/rad,
(c) T; varies and T, = 202.18 Ns/rad., and (d) T3 varies and
T, = 20.0xT7, =4,043.54 Ns/rad
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Table 2: Natural frequencies in Hertz as a function of changing
k, position. Baseline value of k; = 12 x k; =12 x 23,059
N/m.

Iy= In=
Mode o 647m 0077 m

Iy = Im = In =

0.107m 0.137m 0.167m

2.12 2.12 2.10 2.07 2.03
4.61 4.56 4.51 4.46 4.41
5.45 574 5.96 6.10 6.17

14.12 13.45 12.85 12.38 12.04
11.22 11.19 11.16 11.12 11.06
16.19 17.04 17.91 18.69 19.35
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Table 3: New stiffness and damping values using new &,
position (I, = 0.167 m)

Spring Values . -

. Damping Values  Friction  Values

stiffness N/(m coefficient Ns/m moment  Ns/rad.

or rad.)

k=

L3xk 345885 ¢ =

k, = 1.0x¢, 20,48

276,708.0 :

12xk, ¢ 0.00 7=
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’ ’ 0.6xT,
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Fig. 8 Frequency responses relating vertical displacement (&) of
hip joint to base acceleration Dark solid line : experimental
results, light solid line : linear model frequency response
function, cross line : estimated from simulation using full
nonlinear dynamic analysis
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