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Free Vibration of Mannequins and Car Seat System

Seongkeol Kim, Jachyung Lee, Sin-Yohng Lee, Kihong Park, Patricia Davies, and Anil K. Bajaj

ABSTRACT

A simplified modeling approach for occupied car seats was demonstrated to be feasible. The model, consisting of

interconnected masses, springs and dampers, was initially broken down into subsystems and experiments conducted to

determine approximate values for model parameters. A short study of the effect of changing model parameters on

natural frequencies, mode shapes and resonance locations in frequency response functions was given, highlighting the

influence of particular model parameters on features in the mannequin's vibration response. Good agreement between

experimental and simulation frequency response estimates was obtained. Future work should include optimization of

parameter estimates, the inclusion of viscoelastic and nonlinear elements in addition to the linear springs and dampers,

and finally extensions to a 3D model.
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Figure 1: Schematic of 7 DOF model of the car seat
and mannequin system.
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Table 1: Spring stiffness and damping coefficient
values determined experimentally. c; was chosen to be
80 ¢, based on the ratios used by Nishiyama.

Spring Stiffness Damping Coefficient

(N/m) (Ns/m)
k, 23,059 c 7048
k 0 c 0.00
ky 16,239 c3 151.38
ky 64,648 C4 157.16
ks 15,279 Cs 5,638.40
k 7,194
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Table 2: Stiffness, damping and location parameters as
a function of A.

k; k, C3 Cy
AM  Nim)  (Wm)  (Nym)  (Ns/m)
0 16239 64548 15138  157.16
005 30722 50065 21642  92.11
0.1 61532 19254 28523 2331

Table 3: Natural frequencies in Hertz as a function of
A (m).

Mode 1 2 3 4 5 6
A=0.00 0.00 192 446 597 891 1544
A=005 000 197 446 596 893 1544
A=0.10 000 192 446 597 891 1544

Mode 2:12 =192 Hz

Mode1:f1=0Hz

B

Mode 3:f3=4.46 Hz

SN ~

Mode 5: {5 =891 Hz

e

Figure 2: Mode shapes of the mannequin motion for
A =0.10 m. The first mode shape is a rigid body
motion.
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Mode 6:16=1544 Hz
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Table 4: Natural frequencies in Hertz as a function of
changing k,.(k, = 23,059 N/m)

Mode k=0 flo=k, k=5xk k=12xk

] 0 -

2 192 188 1.89 1.89
3 446 452 437 4.39
4 697 630 523 5.39
s - 3.44 9.48 13.06
6 891 89l 8.81 8.89
7 1544 1548 15.74 16.95

w— Original shape — Original shape
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Figure 3: The effect on the 2, 3%, 4® and 5" mode
shapes of changing the stiffness of spring 2 (k,).
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Table 6: Natural frequencies in Hertz as a function of
changing k, and k,. Baseline values: k; = 61,532.0 N/m
and k, = 19,254 N/m.

0.1x 05x 1x 2x 4 x
Mode k) (hok)  (kok)  (kuk)  (kuk)
2 0.60 1.34 1.89 2.64 3.64
3 4.39 4.40 4.39 4.40 4.42
4 1.78 391 5.39 7.03 10.83
5 12.87 12.95 13.06 13.38 14.54
6 8.58 8.70 8.89 947 8.10
7 16.92 16.93 16.95 17.00 17.20
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