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Abstract

Though the standard element density-based topology optimization method has been applied for the optimal

design of multiphysics systems, some theoretical

problems, such as material interpolation, undershoot

temperature prediction, and unstable elements, still remain to be overcome. The objective of this investigation

is to present a new topology optimization formulation based on the element connectivity parameterization
(ECP) in order to avoid the numerical problems in multiphysics system design and improve optimization

results. To show the validity of the proposed approach, the designs of an optimal thermal dissipation and an

electro-thermal-compliant actuator were considered.
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Fig. 1 Loading and boundary conditions for topology

synthesis of an electro-thermal-compliant actuator.
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Fig. 2 Comparison between the density methods and

ECP method.
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Fig.3 Zero-length link connecting node p and node g.
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Fig. 4 Representation method (a) structural elements, (b)
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Fig.5 A result with the element connectivity
parameterization method for snap-through

(Wop=12,549]) (a) mass constraint ratio=10%, domain
discretized by 120 x40, (b) skeleton image, (c) raster
image, (d) deformed shape.
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—— Density Method
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Fig. 6 A result with the density based method (a)
densitydistribution, (b) temperature  distribution.
(Thermal conductivity=1, surface convection

coefficient=0.002, Uniform heat input=0.5 at nodes,
Bulk temperature T =0, the mass constraint=40% of
design domain, and 40 X 40 finite element discretization)
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Fig.7 A result by the element connectivity

parameterization method (a) skeleton image, (b) raster

image, (c) temperature.
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Fig. 8 Problem definition for the electro-thermal-
compliant MEMS device (ks =100N/m, Mass constraint
= 30%, thickness=15 m, Young’s Modulus = 200 GPa,
Poisson ratio = 0.31, the electric conductivity=
6.4x 10°K(Qm)”, the thermal conductivity=90.7
W/(Km), the convection coefficient=18.7 X 10°W/(m’K),
Thermal Expansion Coefficient=15x 10°K™, Applied
voltage = 0.3 Volt)
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Fig.9 A result with the element connectivity
parameterization (a) skeleton image representation, (b)

raster image representation.
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