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{ Abstract Jv

This paper presents structural design optimization of a micro milling machine for minimum weight and compliance
using a genetic algorithm with dynamic penalty function. The optimization procedure consists of two design stages,
which are the static and dynamic design optimization stages. The design problem, in this study, is to find out thickness
of structural members which minimize the weight, the static compliance and the dynamic compliance of the micro
milling machine under several constraints such as dimensional constraints, maximum compliance limit, and safety factor
criterion. Optimization results showed a great reduction in the static and dynamic compliances at the spindle nose

of the micro milling machine in spite of a little decrease in the machine weight.
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Fig. 2 FEM model of micro milling machine
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Fig. 1 3-axis micro milling machine Fig. 3 Design variables of micro milling machine
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Fig. 4 Flowchart of the static and dynamic optimization method
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Table 1 Parameters for the genetic algorithm

Population| No. of Crossover Mutation
size  |generation | Probability | Operator probability

150 100 0.8 0.01 %
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Table 2 Dimensional constraints(Unit : mm)
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Table 3 Comparison of design variables before and
after optimization

Design Value(mm)
variable | before optimization | after optimization
g 50 55
z, 190 156
2, 90 64
z, 142 98
z, 70 62
g 80 54
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Table 4 Comparison of deflection
Maximum Deflection Maximum
deflection | (at spindle nose) stress
[um] [um] [N/m']
Before 1) o3 2914 0.44
optimization
After 2415 2414 0.37
optimization

Table 5 Comparison of natural frequencies

Natural frequency [Hz]
Mode —— —
before optimization after optimization
1 60.3 71.4
2 1779 189.7
3 321.0 365.0
4 501.0 466.9
5 8522 8715

Table 6 Comparison of weights and compliances

Compliance [1m
Weight [kg] niliance LAY
Static Dynamic
Before 2527 0.00058 | 00141
optimization
After. 22.99 0.00048 | 00113
optimization
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