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Forced Vibration of Car Seat and Mannequin System

Seong Keol Kim*

ABSTRACT

A simplified modeling approach of forced vibration for occupied car seats was demonstrated by using a

mathematical model presented in ‘Free Vibration of Car seat and Mannequin System’. 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.

Key Words : Forced Vibration Analysis(74l %1% 3l4l), Frequency Response Function (735
Transfer Function( 2 %), Resonance Frequency(3
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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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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 ¢ 70.48
k, 0 I 0.00
ks 16,239 ¢ 151.38
kq 64,648 ¢y 157.16
ks 15,279 Cs 5,638.40
k, 7,194
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i=1,3,4,5} on the frequency response functions,
generated from the linearized model relating (a)
horizontal displacement (&), (b) vertical displacement
(&), (c) angular displacements of hip joint(®,) and (d)
angular displacements of knee joint(®,) to base
acceleration
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x T, J=2,3} on the frequency response functions,
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4,043.54 Ns/rad

|77=1(0.1,0.25,0.5,0.75,1.0,2.0,5.0,10.0.20.0)x T, ,i = 2,3
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Table 2 New stiffness and damping values
Values

Spring N/(m or Damping Values Friction Values
stiffness rad.) coefficient Ns/m moment Ns/rad.
k=

2.65xk, 61,106.4

k, = ,

12xk 2767080 ¢ =025xc, 1762

= ¢, 000 =

2705><k 126,140.6 ¢ =21xc, 598.98 20x7, 4,043.55
) i ¢ =21xc. 4895 T/ = 121.31
K= 394707 | _ 0. '

2.05xk, AT =20xe, 14096 15xT,

ks 15,279.0

k=

30xk, 21,584.8
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Fig. 10 The undamped natural frequencies and
corresponding mode shapes for four of the
modes derived from the model with
parameters as shown in Table 2
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Fig. 12 Operating deflection shapes at resonance (a) 5.5
Hz, and (b) 7.5 Hz. Model parameters shown in
Table 2
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