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Topology Optimization of Thermal Actuated Compliant Mechanisms
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A compliant mechanism is a mechanism that produces its motion by the flexibility of some or all of its members
when input force or thermal load is applied. Whereas the topology optimizations based on homogenization and SIMP
parameterization have been successfully applied for compliant mechanism design, ESO approach has been hardly
considered yet for the optimization of these types of systems. In this paper, traditional ESO method is adopted to
achieve the optimum design of a compliant mechanism for thermal load, since AESO method cannot consider the
effect of both heat conduction and convection. Sensitivity number, a criterion for element removal in traditional ESO,
was newly defined for input thermal loading. The procedure has been tested in numerical applications and compared
with the results obtained by other methods to validate these approaches.
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Fig. 1 Thermal compliant mechanism construction of
spring model™
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Fig. 2 Design domain with thenmal loading and bound-
ary conditions

Table 1 Thermal actuator material properties

Young’s modulus 1.1GPa

Poisson’s ratio 0.45
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(a) Steady state problem (b) Time-transient pmblem(”

Fig. 3 Optimal configuration

Table 2 Performance result of thermal actuator

Heat conductivity 0.22W/(m- C)

Initial model Optimum model

Film coefficient 2WAm - C)

Displacement | 0.056897mum 0.16888mm

Thermal expansion coefficient| 8.0e-S(mm/mm)/(m - C)

Force 4472.5N 5511.44N
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Fig. 4 Design domain of a snap-fit mechanism

() Steady state problem (b) Time-transient pmblem(g)

Fig. 5 Optimal configuration

Fig. 6 Temperature distribution of optimal solution
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(a) Tnitial model

(b) Optimal model

Fig. 7 Deformation comparison

Table 3 Performance result of thermal actuator 2

Initial model Optimum model

Displacement 0.07mm 0.2517mm

6094N 5067.07N

Force
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(a) Force amplification (b) Motion amplification

Fig. 9 Optimal configuration
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(a) Force amplification (b) Motion amplification

Fig. 10 Temperature distribution of optimal solution
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(b) Force amplification (c) Motion amplification

Fig. 11 Deformation and x-displacement distribution
comparison

Table 4 Performance result of thermal actuator 3

Displacement Force
Initial model 0.93762mm 316.56kN
ti del
Optimum mode 1.6494mm | 335.72kN
(Force amplification)
t del
Optimun rode] 23174mm | 20731KN
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