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Abstract: Structure optimization techniques under static load conditions have been widely used in 
automotive industry for lightweight and performance improvement of modern cars. However, these static 
load conditions could not represent all the severe situations of automobile parts which subjected to complex 
loads varying with time, especially for lower control arm of front suspension. In this study, dynamic 
optimization of lower control arm was performed by combing traditional static load optimization 
techniques and multi-body dynamics by Equivalent Static Load (ESL). And the best draw-bead distribution 
of the stamped lower control arm was attained. Comparing the MBD analysis results of the new design 
derived from dynamic optimization and original structure, results show that the strength and stiffness was 
increased significantly while the mass was almost unchanged. 
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INTRODUCTION 

 
The lower control arm was a key part of front 

suspension which controls the wheel trace and transmits 
load exerting on the wheel by the road to other parts of 
the car. When the car was running on the road, the 
lower control arm was subjected to complex loads 
alternating with time. Thus, the mechanical 
performances, usually relating to strength and stiffness 
were critical to the safety and reliability of the car. 
Recently, many analysis and optimization methods and 
tools for structure design based on CAE have been 
introduced into automobile industry. Most of them were 
based on static load conditions, which were derived 
from multi-body dynamic analysis or experimental tests 
(Pan, 2007; Fu, 2009; Wang, 2009; Lu, 2011). 

However, accurately obtaining the static load 
conditions exist two key issues: 

 
• A large number of analyses on load history should 

be done, which requires engineers’ experience  
• Constraints at different time were different due to 

the different motion state of the parts 
 

This made engineers spending lots of time in 
analyzing and extracting the correct load and boundary 
conditions and finally increased the developing cycle of 
automobile products. In this study, optimization of 

draw-bead distribution of lower control arm under 
dynamic load conditions was applied by combining the 
traditional optimization techniques and flexible multi-
body dynamic analysis by equivalent static load method 
(Kang et al., 2001; Park and Kang, 2003; Choi, 2002; 
Choi and Park, 2002). Thus the time spent in the 
traditional process of structure optimization design for 
determining boundaries conditions could be reduced. 

In this study, dynamic optimization of lower 
control arm of front double wishbone suspension was 
performed by combining the FMBD analysis and 
widely used structure optimization techniques through 
ESL method. After analysis of the new design after 
optimization, results revealed that the strength and 
stiffness of lower control arm were improved 
significantly, while the mass was almost unchanged. 
Moreover, the new design obtained from the results of 
dynamic optimization based on ESL method can satisfy 
the actual requirements of manufacturing process. In 
addition, structure dynamic optimization based on ESL 
method can avoid the dependency on personal 
experience, improve the accuracy of the optimal results, 
meanwhile decrease the time in product design. 

 
EQUIVALENT STATIC LOAD METHOD 

 
Equivalent static load: According to the basic 
mechanic knowledge, the motion equations of the 
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structure under dynamic loads without taking friction 
into account can be expressed as: 
 

M(b) (t)+K(b)y(t) = F(t)                                    (1) 
 
where, M(b) was the mass matrix, K(b) the stiffness 
matrix, y(t) the displacement vector, F(t) the external 
force vector. The Eq. (1) could be transformed into: 
 

K(b)y(t) = F(t) – M(b) (t)                                   (2) 
 
which means that at moment t, the displacement of the 
structure y = y(t) could be regarded as combination 
result of the external andinertia forces. Assuming that 
there was a static load applied on the structure, which 
could generate the same displacements as y(t) in Eq. 
(2), the static load was named as the equivalent static 
load of dynamic load at that moment. Then Eq. (2) 
became: 
 

Feq = K(b) y(t) = F(t) –M(b) (t)                         (3) 
                                  
Optimization model:  Dividing the time history of the 
dynamic load into q constants, the equivalent static load 
Fu

eq can be obtained from Eq. (3) at any instant ui (i = 1, 
2, ..., q). So the optimization in continuous time domain 
could turn into solving optimization problems at a 
series of moments (Choi, 2002; Choi and Park, 2002): 
 

min φ (b) 
s.t. K(b) yu = Fu

eq             u = 1, 2, ..., q 
gju (b, yu, , ) ≤ 0        
j = 1, 2, ..., m; u = 1, 2, ..., q                                 (4) 
 
From equations above, it was obvious that the 

structural dynamic optimization based on equivalent 
static load method was basically the same with the 
traditional way. The only difference was that equivalent 
static load Feq was introduced into the constraints 
instead of dynamic load. The process can be expressed 
as follows: 
 
Start by setting p = 0, bp = b0; 

Substitute bp into Eq. (1) for transient analysis and 
calculate the equivalent static load: 

quybKF up
u

eq ,...,2,1)( ==                (5) 

 
If p > 0 and 
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u
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u
eq pFpF

1
)1()(                (6) 

the optimization was completed. if not, turn to step. Fu
eq 

in Eq. (6) was the equivalent static load of the p-th 
iteration at moment u. 
Solve the structural static optimization problem : 
 

)(min 1+pbϕ                (7a) 

 
quFzbKts u

equP ,...,2,1,)(.. 1 ==+            (7b) 

 
qumjzbg upju ,...,2,1;,...,2,1,0),( 1 ==≤+

   (7c) 
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set p = p+1，turn to②. 
 

The objective function in Eq. (7) can be expressed 
as: 
 

dtttytybhTbc
T

)),(),(,(),(
0 00 &∫+=ϕ                 (8a) 

 
and the constraint conditions were: 
 

    (8b) 
 

            (8c) 
 

In which c0 was the mass of the structure, the 
integral term was the response of displacement and 
strain. It can be seen that the constraint Eq. (8b) was not 
time-varied and the constraints, which could be 
displacement and stress, may change from Eq. (8c). 

 
FMBD ANALYSIS OF SUSPENSION 

 
The front double-wishbone suspension studied in 

this study comprises: upper control arm, lower control 
arm, knuckle, shock absorbers, coil springs and tie rod 
et al. Taking the lower-arm as the objective of 
optimization, other parts were simplified to rigid bodies 
for they only guides the movement direction and 
transmits loads. Lower control arm was set up as a 
flexible body using finite element model according to 
its actual geometry. For further simplification of the 
FMBD  model  of  front  suspension,  the bushings were 
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(a) Stress distribution on washboard road 
 

 
 

(b) Force on the lower-arm applied by car body 
 

 
 

(c) Stress distribution while corning 
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(d) Forces on the lower-arm applied by car body 
 

 
(e) Stress distribution while steering on twisting road 

 

 
 

(f) Forces on the lower-arm applied by car body 
 
Fig. 2: Stress distribution of the lower-arm and force-time history under different road conditions 
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Fig. 3: The iterative course of the optimal objective function 
 

 
 
Fig. 4: Draw-bead distribution of lower-arm 
 

 
 
 Original                                                     optimization 

 

Fig. 5: Stress distribution of lower-arm before and after optimization 
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ESL method. After analysis of the new design after 
optimization, results revealed that: 

 
• The strength and stiffness of lower control arm 

were improved significantly, while the mass was 
almost unchanged. 

• The new design obtained from the results of 
dynamic optimization based on ESL method can 
satisfy the actual requirements of manufacturing 
process. 

• Structure dynamic optimization based on ESL 
method can avoid the dependency on personal 
experience, improve the accuracy of the optimal 
results, meanwhile decrease the time in product 
design. 
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