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Abstract

Recently, multi-material structural topology optimization is more critical because it provides reasonable solution to weight reduction
challenges and can as well provide effective conceptual design. For conventional multi-material topology optimization (MMTO), the number
of design variable increases when the number of candidate materials increases, and accordingly, a significant increase in computational time
occurs. Therefore, MMTO with a single design variable, such as the phase section method (PSM) was proposed . This research is focused on
improving the PSM, considering three major limitations: the composition ratio does not represent the area or volume ratio, design variables are
not sufficiently concentrated to target values, and certain materials are created less than they are required. To address such limitations, the
redefined composition ratio and adjusted parameters for better convergence are proposed. The validation of proposed modifications is verified
via two- and three-dimensional numerical examples.
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Fig. 1 Two types of design variable definition of MMTO for
three-phase materials
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Table 1 2D result summary of the original PSM

Result
Stop iteration 512
Objective value 1.015x10”
Volume V., =03 0.276
G 0.647
.. . Ceg, =02 0.200
Composition ratio
Gy, =02 0.200
Sum 1.047

Table 2 2D result summary of the improved PSM

Result
Stop iteration 620
Objective value 1.138x10°
Volume V.. =03 0.300
G 0.612
.. . Ceg, =02 0.200
Composition ratio
Creq, =02 0.198
Sum 1.010

Table 3 Comparison of 2D original and improved PSM results

Actual Material 1 Sum of

Case . . Mean error .
area ratio in g variance
Original 15.52% 71.22% 4.10% 1.09x107
Improved 19.76% 96.61% 0.76% 5.13x10*
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