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Modal Analysis and Structure Design of Plastic Hand-Wheel
Based on OptiStruct Solve

KE Xianglin,ZHENG Ji,ZHU Shuwei, WEI Yanhui, HE Mingjin
(Jack Sewing Machine Co. ,Ltd. ,Taizhou,Zhejiang 318010, China)

Abstract ; This paper analyzed and studied the problem that the noise of the plastic hand-wheel is generally higher than
aluminum hand-wheel in the application of one kind sewing machine in plastic hand-wheel. Through the finite element
modeling and modal analysis of the plastic hand-wheel, the natural frequencies and its corresponding modal shapes of the
plastic hand-wheel structure were analyzed, then the dynamic response characteristics of the structure were analyzed.
Using the OptiStruct solver, the structure of the plastic hand-wheel was optimized with the topology optimization method
based on the increase of natural frequencies, and the redesign of plastic wheel structure was completed by combining the
actual working conditions of the hand wheel and the related fan blade design theory. The relevant noise tests of the new
designed hand-wheel were carried out and the noise was significantly reduced, which showed the modal analysis and
structural topology optimization could effectively improve the dynamic response characteristics of the plastic hand-wheel
and reduce the working noise.

Keywords : sewing machine hand-wheel ; FEA ( Finite Element Analysis) ; modal analysis; topology optimization ; noise
reduction ; SolidWorks
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Geometric model of plastic hand-wheel
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Figure 1
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Figure 2 Finite element model of plastic hand-wheel
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Table 1

Material properties of components of

plastic hand-wheel

PR BPEEC/GPa JARAH HEx10%/(kg - m ™)
ABS 2.00 0.394 1.02

YLI13 69.00 0.330 2.70
45# 209.00 0.269 7.89
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Table 2 Natural frequencies and mode

shapes of plastic hand-wheel
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Figure 3 Model shape
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Figure 4  Contour map of topological

optimization result
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Figure 5 Structure of designed hand-wheel
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Table 3  Natural frequencies and mode

shapes of designed hand-wheel
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Figure 6 Redesign model shape
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