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Development of Human Body Vibration Model Including Wobbling Mass

Ag e, wad’ "
Youngeun Kim, Kwanghyun Baek, Junhee Choi
ABSTRACT

Simple spring-damper-mass models have been widely used to investigate whole-body vertical biodynamic
response characteristics of the seated vehicle driver. Most previous models have not considered the effect of
wobbling masses; i.¢. heart, lungs, liver, intestine, etc. In this study, 4-DOF seated driver model including one
non-rigid mass representing wobbling visceral mass, 5-DOF mode! including intestine, and 10-DOF model
including five lumbar vertebral masses were proposed. The model parameters were identified by a combi-
natorial optimization technique, simulated annealing method. The objective function was chosen as the sum of
error between model response of seat-to-head transmissibility and driving point mechanical impedance and
those of experimental data for subjects seated erect without backrest support. The model response showed a
good agreement with the experimental response characteristics. Using a 10-DOF model, calculated resonance
frequency of lumbar spine at 4Hz was matched well with experimental results of Panjabi ef al.
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Fig. 1 4-DOF linear lumped parameter model for assess-
ing human exposure to whole body vibration
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Fig. 3 10-DOF linear lumped parameter model(five lum-
bar spine models was shown in the box)
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3.3 Simulated annealing method
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Table 1 Calculated parameter values
L Mass(kg) Stiffness(kN/m) Damping coeff.(Ns/m)
Model 1. |Model 2.| Model 3. Model 1. | Model 2. | Model 3. Model 1. | Model 2. |Model 3.
M1 4 3.6 5.50 K1 52 50 81 Ci 180 228 500
M2 28 8.2 5.05 K2 579 545 223 C2 61390 62200 809
| M3 8 13.0 24.95 K3 861 850 228 C3 35980 35300 1088
M4 14 11.0 9.84 K4 115 414 10 C4 3880 10 50
MS5 18.2 0.17 K3 52 10 Cs 2100 219
M6 0.19 K6 34 1306 Cé6 1010 3644
M7 0.21 K7 2387 C7 3386
M8 0.23 K8 2574 (] 3020
M9 0.25 K9 2938 Cc9 3076
Mi10 10.00 K10 2151 Cl10 3067
K11 2935 Cil 3057
L KO 64 62 48 Co 2410 2410 2012
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Fig. 6 Seat-to-head transmissibility characteristics
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