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Multi-objective topology optimization for vehicle steering knuckle based on

the compromise programming method
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Abstract: Steering knuckle has a direct influence on the vehicle’s operating stability and driving safety. In
order to meet the requirements of lightweight of steering knuckle and automobile dynamics simultaneously,
interpolation model of SIMP (solid isotropic material with punishment) density function and weighted
compromise optimization method are applied to define synthesis objective function and carry out multi-
objective topology optimization of a solar car’s steering knuckle. The purpose of the optimization is to make
the first order vibration frequency and the stiffness of the static working condition reach the comprehensive
optimum value. After optimization, the first order vibration frequency of the steering knuckle is increased
by 76.87%, the stiffness under the static working condition is increased by 90.25% , the mass is reduced by
44.47% , and the effect of lightweight is remarkable.
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Fig.1 The original steering knuckle on a racing car Fig.2 Initial knuckle model before optimization
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Table 1 Loading conditions under static working conditions

M,/(N+mm ) F,/N F,/N F./N
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Fig.4 Pressure distribution on the contact surface between the hub and the knuckle
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Fig.5 Material distribution of the optimized topology structure
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Fig.6 Variation curve of the integrative objective function value
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Fig.7 Variation curve of the first-order frequency objective function value
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Fig.8 Variation curve of the compliance objective function value
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Fig.9 Geometrical model after being smoothed
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Table 2 Comparison of parameters between the original non-optimized knuckle

and the knuckle after being smoothed

1 5 Fiig kg ES 3 — B 4%/ Hz
Je i B o) 1.862 182.851 1 046.255
DA I e 1) 5 1.034 17.837 1 850.476
etk e/ % —44.47 —90.25 +76.87
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