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A Development of the Modular Experimental Vehicle
with Variable Suspension Systems
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ABSTRACT

It is difficult for most of passenger cars to attach various types of suspensions. The modular ex-
perimental vehicle, which is designed to exchange suspension systems, has been developed to evalu-
ate the effect of design changes of a suspension upon ride and handling characteristics of a vehicle,
In order to enable the assemblage between modules, the experimental vehicle design is based on a
space frame construction through finite element analysis. Moreover, module frames and brackets
are designed using three-dimensional solid modeler to check the interference between each part of
a vehicle. Steady-state and transient road tests were performed. Multibody dynamic model and sim-
plified linear vehicle model are made to compare with the tests. The results of simulations and tests
show the performance and validity of this experimental vehicle.
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Fig.1 Finite Element Models of the Experi-
mental Vehicle
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Table 1 Modes and Freguencies of Models
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mode Model 1[(Model 2{Model 3
1st torsion 30.7 31.6 33.5
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2nd lateral bending | 49.5 48.7 49.1
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Fig.3 Perspective View of the Experimenta
Vehicle

Table 2 Specification of the Modular Experimental Vehicle

without extension module with extension module
without with without with
added mass | added mass | added mass | added mass
crub sprung weight [ke] 896 1072.4 972.9 1149.3
wheelbase [m] 2.700 2.700 3.000 3.000
distance from front axle to CG [m] 0.8007 1.2094 0.9434 1.3029
distance from rear axle to CG [m] 1.8993 1.4906 2.0566 1.6971
CG height from ground [m] 0.5658 0.6178 0.5536 0.6040
roll moment of inertia [kg-m?] 245 296 270 322
pitch moment of inertia [kg-m?] 1273 2198 1522 2357
yaw moment of inertia [kg-m?] 1365 2311 1632 2487
roll-yaw product of inertia [kg-m?] -68 -184 -52.6 -167
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Table 3 Nomenclatures for Parameters used in 3DOF Linear Model

sysmbol definition unit value
a distance from front axle to CG m 1.1719
b distance from rear axle to CG m 1.8281
h height of CG from roll axis m 0.2831
M vehicle total mass kg 1521.7
M, vehicle sprung mass kg 1348.7
L. yaw moment of inertia of vehicle kg-m? 2639
T.. roll moment of inertia of sprung mass . kg-m? 291
1. roll-yaw product of inertia of sprung mass kg-m? -111
u forward speed m/s 22.222
C: front cornering stiffness N/rad 70300
C, rear cornering stiffness N/rad 58404
k, roll stiffness constant N-m/rad 69944
C, roll damping constant N-m/(rad/s) 3512
g gravitational acceleration constant m/s* 9.81
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