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Computer Simulation of Dynamic Response of Vehicles on Rough Ground

C.H. Cho, K.W. Lee, J.K. Park, B.K. Cho, S.J. Song and K.J. Han
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Abstract

It would be very useful if the dynamic response of a vehicle over rough ground could be

predicted at the early design stage. This became more promising with the recent progress in

computer hardware and software technologies. In this study, a model of a passenger car has been

developed for the analysis of its dynamic response. This model can be easily used for the other

passenger cars with little modification. The passenger car was modeled to be composed of lumped

masses, rigid bodies, and the suspension systems with nonlinear properties. Even though a
commercial dynamic simulatiuon program, ADAMS, was used in this study, the developed model
is valid for any other simulation program. Finally, the validity of the developed model and the

analysis result was verified by an experiment.
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g_.. ground comrection ﬁ revolute joint
=X= wiversal Jjoint
VWM spring element
~—{(F=——— daper element

Fig. 1(a) Notation used

—¢= translational joint
_R—cylindrical joint

——C—=sgpherical joint

* Dashed boxes represent tire assembly and road
contact (joint R is located at the axle and C,, T,,
T; are located at the contact point between the tire
and the road)

* % K is equivalent spring to stabilizer(torsion bar)

Fig. 1(b) Suspension modeling
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Front shock absorber | 980kgf-sec/m in rebounce
540kgf-sec/m in compression

Rear shock absorber | 1610kgf-sec/m in rebounce
785kgf-sec/m in compression

Tire 166770kgf/m in vertical
direction
Okgf/m above free length

Test car

1 ]
Accelerometer ]
|
|

Moment of inertia in | 1350kg-m? in pitch

|
Adapter
[
DC amplifier
I

Data recorder ‘

[
Plotter |

sprung 250kg-m? in roll

1200kg-m? in yaw

Sprung mass 960kgf

Moment of inertia in | 1.66kg-m? in pitch

rear axle 14.6kg-m? in roll

14.6kg-m? in yaw

Rear axle mass 91.5kgf

__W_T_ﬁ_ﬁ___ﬁ

Total mass 1120kgf Fig. 4 Experimental setup for measuring acceleration
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- Accelerometer : Akashi, SERVO, AC-
CELEROMETER V401B
. Akashi, ADAPTER V401

- Adapter : SAN-EI, DC AMPLIFIER
TYPE 6L5
- Amplifier - Kyowa, DATA

RECORDER RTP-501AL
- Data recorder

- Digital memoryscope : Iwatsu, DMS-6340
DIGITAL MEMOR-
YSCOPE

- Plotter : Watanabe, X-Y

RECORDER WX4401

- Cassette tape - Kyowa, AC-C-90
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A=1.00 meter

B=0.04 meter

First half equation: Y =~0.64% X°+0.48% X"

Second half equation: Y =0.64% (X —1)°+0.48% (X
_1)2

Fig. 7 Road condition
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SIMULATION

EXPERIMENT

2 sec

=10+

1 Front wheel on the bump
I Rear wheel on the bump

Fig. 8 Simulation and experiment results at 20km/h
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Fig. 9  Simulation and experiment results at 30km/h
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Fig. 10 Impact test result for natural frequency
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