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Optimal Design of Topology and Section Size of Truss Structures

ZHOU Qicai, WU Qinglong, XIONG Xiaolei, WANG Lu
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: To achieve the topology and section size optimization of the truss structures without
being restricted by the traditional ground structure method, a new optimization method
combining continuum with discrete bars is proposed. Starting from continuum and using SKO
topology optimization method, an optimal topological layout is obtained. Then based on the FEM
8-neighbourhood elements and binary image thinning method, a skeleton extraction algorithm is
put forward to remove the redundant element of the optimal topology and get its central force
flow skeleton. Through principal stress calculation of the elements, the key points of the
skeleton are found precisely, and the initial truss structure is obtained by connecting these key
points. For the optimization of bar section size, a mathematical model is established using section
sizes as the design variables, truss volume as the constraint condition and truss flexibility as the
objective function. And based on this model the optimization criteria are derived according to the
Lagrange multiplier method and Kuhn-Tucker condition. Finally this truss design method is
illustrated and verified by two examples. Results show that the optimal structures achieve
excellent layout, appropriate bar section sizes and uniform stress distribution.
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