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A New Method for Path-engulfment Topology Optimization

LIN Jiahui LI Zhuangzhuang LI Xuelin LI Jun”
School of Mechanical Engineering,Nanjing University of Science and Technology,Nanjing,210094

Abstract: To address the difficulty in establishing and solving mathematical models in optimiza-
tion processes of complex engineering structures, a topology optimization method was established
combining load transfer path theory and engulfment algorithm. Using load-transfer path theory to
solve the major and minor transfer paths of the structures, an engulfment algorithm was proposed to
optimally allocate materials according to the principle of allocating more materials to the regions with
relatively high-stress and fewer materials to the regions with relatively low-stress in the structures.
Taking cantilever beam and thin plate structure as examples, the path-engulfment method herein was
compared to variable-density method with simulations and experiments. Results show that the method
herein improves the stiffness and strength of the structures, and reduces the mass of the structures,
which proves the accuracy and effectiveness of the method in structure optimization. The method does
not need to establish or solve complex mathematical models, and takes into account smooth boundary
processing, the optimized structure may be directly used for manufacturing, which is especially suit-
able for engineering applications.

Key words: topology optimization; path-engulfment method; load-transfer path theory; engulf-
ment algorithm; variable-density method
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Fig.1 Mathematical models of the major load-transfer
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Fig.2 Flowchart for solving load-transfer path
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Fig.4 Implementation process of aggregation principle 2
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Fig.5 Implementation process of engulfment principle 1
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through-hole cantilever beam
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Tab.2 Simulation results for through-hole cantilever beam
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Fig.13 The load-transfer path and initial structure

of through-hole cantilever beam
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Fig.17 Constraints of cantilever beam simulation
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Tab.3 Simulation results of cantilever beam under

symmetrical load

Tk AR/ mm? N 71/ MPa {7 % /mm
A BE 28 580.5 133 0.16
BRAZ-TWETTIL | 25 657.9 107.5 0.14
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Fig.19 Simulation results of path-engulfment method
for cantilever beam under symmetric load
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Fig.20 Variation curve of sensitivity function value
(cantilever beam under symmetric load)
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Fig.21 Constraint conditions for simulation of
thin plate
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Fig.22 Simulation results of variable-density
method for thin plate
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Fig.23 Simulation results of variable-density method for

(b) i # 45

thin plate with boundary smoothing

x4 HEHEER

Tab.4 Simulation results for thin plate

J5 i B/ mm? N 11/ MPa f#% /mm
AR Bk 37 713.6 206 0.092
i e RN 36 606.6 183.8 0.091
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Fig.24 The load-transfer path and initial structure of
thin plate
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Fig.27 Tensile experiments on specimens with

two methods
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