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Compliant Topology Optimization Design of Minimally Invasive
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Abstract. The traditional minimally invasive surgical grasper is a rigid component with a joint, and its
structure is complex as well as the nomrlinear clamping force, easily leading to over-pressure injury.
Based on the assembly-free compliant continuum topology design, the overall bending of the flexible
components was taken as the objective function, and the maintained effective clamping stiffness as an
additional constraint to establish a double-duty optimization model. The model was iterated based on the
variable density interpolation model and optimization criteria method, a more ideal surgical clamp
flexible topology was obtained. Then the finite element analysis was made to analyze the optimized
structure. The results show that the maximal displacement and the clamping stiffness of the clamp head
meet the requirements of the grasper and have a force-displacement linear response. This study simplifies
the structure of the grasper which is beneficial to improve the operation feeling and clamping effect, and
provide ideas for expanding the application of compliant mechanism in the clinical practice of minimally
invasive surgery.
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Fig. 3 Structure of compliant gripper head
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Fig. 4 Topology optimization model of surgical gripper

Fy , (D,
3 o

Find: x = {Il 2 X2 9"'9-Te}T € Qie=1,+-,N
Minimize: u,, — u,

N
Subject to; V = ELU{» <V

e=1
u, << 0.3
O<~Tmin <xe <xmax<1 (3)

s U Uy m.n H

" o
g \"

(b)

Fig. 5 Topological optimization results of surgical grasper
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