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Topology Optimization for a Knuckle Using Design Space Adjustment and
Refinement

In Gwun Jang, Yong Gyun Yu and Byung Man Kwak
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Abstract

Design space optimization using design space adjustment and refinement is used to optimize a knuckle in
the suspension system of an automobile. This approach is a new efficient method for large-scale topology
optimization by virtue of two reasons. First, design space adjustment including design space expansion and
reduction is suitable for large-scale problems. Second, the design space refinement can be done globally or
locally where and when necessary and thus is very effective in obtaining a target resolution with much less
number of elements. Compliance minimization for a knuckle is considered with a realistic working condition
to show the effectiveness and superiority of the new approach.
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Fig. 1 Abrief procedure of design space adjustment
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Fig.3 Aknuckle in a vehicle suspension.
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Table 1 Multiple load cases loaded in a knuckle®

The part of a knuckle loaded
Load case ;jﬁfﬁe’r LCA | Tierod
N) N) ™)
Loadcase1 |Fx| -3626 5488 | -117.6
(Lateral kertb | F, | -133182 | 637.0 | 2156
strike) F,| -2744 | -11074.0 | -1097.6
Loadcasey |Fx| 8134 | -59584 | -686
(Pothole | F, | -12632.2 | -1871.8 | -156.8
brake) F,| -40768 | 37044 | 666.4
Loadcase3 | Fx| -3038 3626 | -2812.6
(Ultimate | F, | -8888.6 | -17052 | 2646.0
verical) e 1™ 58126 | -686 | 2646

(a) Passive zone

(b) Non penetrating zone

Fig. 4 Non-penetrating and passive zones for actual
working conditions.
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N=0
(outside)

N=3
(inside)

N=1
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N : Number of interssctions

Fig. 5 Checking whether a point is located inside or
outside the domain

4
(a) A CAD model (b) A fixed grid model
Fig. 6 Transforming a CAD model to a fixed grid
model
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Fig. 7 Boundary conditions of the FE model.
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Design space
adjustment : |
Refinement level : |
Number of elements :
8,338

Design space
adjustment : 2
Refinement level : 1
Number of elements :

29,852

Design space
adjustment : 3
Refinement level : 1
Number of elements :
33,404

Design space
adjustment : 4
Refinement level : 2
Number of elements :

152,024

Design space
adjustment : 5
Refinement level : 2
Number of elements :
173,249
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Post processing
Refinement level : 2
Number of elements :
134,431

Fig. 8 The history of design space development of the
knuckle

Fig. 9 The optimized knuckle from different views
(graphically truncated at p=0.30)
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