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Lightweight of Movable Parts for Energy Reduction of 5-axis Machining Center
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Mass reduction of the machine tool movable parts is a tool for achieving lower energy demands
of the machine tool operation. The realization of lightweight design in machine tool can be
achieved by structural lightweight design and material lightweight design. In this study, topology
optimization strategy was applied to design optimized structures of movable parts of 5 axis
machining center. The weight of ram which has most significant influence on the stiffness of
whole machine tool was reduced without stiffness deterioration. The redesigned optimized ram
has 24.2% less weight while maintaining the same displacement caused by cutting force.
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carbon-fiber composite)s= ©]-83to] °F 30~60%2]
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Fig. 2 FEM Model of 5 axis machining

Table 1 Mesh result and Weight for each part

Components | Element Node Weight (Kg)
Bed 64,874 128,040 2,450
Column R 21,545 42,402 847
Column L 21,954 42,965 842
Crossrail 29,574 57,491 1,100
Z-Saddle 17,893 34,316 617
RAM 5,892 11,558 357
AC-Saddle 8,652 16,868 359
Support 2,349 4,721 61
Motor Case 2,876 5,972 157
C-Axis Table | 11,910 23,375 248
Table 8,016 15,729 108
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Fig. 3 X displacement distribution of 5 axis machining

Table 2 X direction deformation of 5 axis machining

Component’s boundary Displacement | Contribution
(um) rates (%)

A Bed bottom 0.0 6.1

B | Column bottom 2.9 39.9

Crossrail

C upper/bottom 21.9 12.9

D RAM middle 28.2 35.7

E RAM bottom 44.9 6.3

F | Tool Center Point 47.9 -
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Fig. 5 FEM result of Z-Saddle + RAM
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Fig. 6 Result of Topology Optimization
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Fig. 7 Shape designs of Modified RAM
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Fig. 8 Definition of Modified RAM’s thickness
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