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ABSTRACT 

Compliant mechanisms can transfer or transform motion, force or energy by deflection 
of flexible members. Compliant mechanisms need fewer parts, less assemble time and 
simple manufacturing processes. They have less wear, high precision and reliability. 
Compliant mechanisms can be designed on the traditional rigid-body kinematics [1] or 
on the topology optimization method of continuum structures [2]. 

This paper investigates the design method of compliant mechanisms by topology 
optimization method of continuum structures. The truss-like anisotropic continuum is 
adopted as material model [3]. The elastic matrix can be expressed by, 
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where E is elastic modulus; Se the set of nodes belong element e; Nj the shape function 
value at node j; T the frame rotation matrix; bjt  and bjϕ  (b=1,2; j=1,2,...,J) the densities 
and orientations of truss-like material at nodes, which are taken as design variables; J 
the number of nodes; RG the shear ratio, which will decrease to zeros in the iteration 
process. The displacement uout at a given node along a given direction is taken as the 
objective function. The optimization problem is expressed by, 
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where the V is the volume of the structure, V0 prescribed volume. The stress and strain 
fields are analyzed by finite element method. The material distribution is optimized by 
the method of moving asymptotes. From this process the truss-like continuum is 
established. Truss-like continuum can be approached by discrete truss easily since the 
material model is designed according to truss-like continuum. To simulate truss-like 
continuum by isotropic material, the tiny gaps are introduced into continuum along 
weaken material directions. 
Since material is distributed continuously and intermediate densities are not suppressed 
in the process of topology optimization, the numerical instabilities, such as 



 

checkerboards, mesh-dependence and local minima, commonly occurring in 
applications of other topology optimization method are avoided completely. Several 
examples are presented, which are compared with the existed results. Fig 1 shows a 
displacement converter. The rectangular is design domain. For the symmetry only a half 

is analyzed. The optimum truss-like continuum is drawn inside the rectangular, which 
can be converted to discrete truss or isotropic continuum. 
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Fig 1 A displacement converter design 


