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Analysis and optimization of the effect of front subframe on the

handling stability of the whole vehicle

GAO Jin, LIU Wei
(Faculty of Transportation Engineering, Kunming University of Science and Technology,

Kunming 650500, P. R. China)

Abstract: Vehicle handling stability is an important part of the vehicle performance. In the vehicle suspension and
subframe system, subframe is often studied as a rigid connection, however, the front subframe undergoes elastic
deformation in actual driving process. Therefore, this paper flexibly treats the front subframe of a certain vehicle
and establishes a rigid-flexible coupled vehicle model to study the handling stability of the whole vehicle. The
lateral dynamics of the whole vehicle is analyzed, the three-degree-of-freedom vehicle kinematics equations are
derived, and the vehicle kinematics simulation is conducted for comparative analysis to study the influence of the
front subframe flexibility on the KC characteristics of the suspension system and the transient handling stability of
the whole vehicle. The NSGA-II algorithm is applied to optimize the bushing stiffness at the front subframe joint,

which improves the transient handling stability of the whole vehicle. The optimization results show that at 0.5 Hz,
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the yaw rate gain relative to the steering wheel angle is reduced by 8%, the body roll angle relative to the lateral
acceleration gain is reduced by 1.1%, and the lateral acceleration delay time relative to the steering wheel angle is
reduced by 10.5%.

Keywords: front subframe; rigid-flexible coupling; finite element analysis; transient handling stability; multi-

objective optimization
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Fig.1 The first 4 orders of the subframe mode shapes
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Fig.3 3-degree-of-freedom vehicle model considering lateral sway motion
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Fig. 5 Variation curve of camber angle with wheel hop
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Table 2 Steering wheel sine sweep input performance evaluation metrics
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Table 3 Comparison of evaluation indicators and design variables before and after optimization

febr 528 P Ak i A AL /%
H /(s 0.50 0.46 8.0
HJ(g™) 4.46 4.41 1.1
H/s 0.19 0.17 10.5
T 1.00 1.55 55.0
T 1.00 1.98 98.0
T! 1.00 1.92 92.0
R? 1.00 1.99 99.0

R} 1.00 1.94 94.0
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