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ABSTRACT

In this study, a multi-step optimization technique combined with a simple genetic algorithm is introduced in
order to minimize the static compliance, the dynamic compliance, and the weight of a high speed machining center
simultaneously. Dimensional thicknesses of the eight structural members on the static force loop are adopted as
design variables. The first optimization step is a static design optimization, in which the static compliance and the
weight are minimized under some dimensional and safety constraints. The second step is a dynamic design
optimization, where the dynamic compliance and the weight are minimized under the same constraints. After
optimization, the weight of the moving body only was reduced to 57.75% and the weight of the whole machining
center was reduced to 46.2% of the initial design respectively. Both static and dynamic compliances of the
optimum design are also in the feasible range even though they were slightly increased than before.
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Fig. 1 Design variables of the machining center.

2.2 HEHA HESCHA

AHEA AANGANE AA F2EY T,
A3 oA $%, £ 28l0 F7d AAAEY A
Ao AEdo|dA, f£E FAlO HxHgh B 4
TFol = ol 37kA) o] BAggl FtFEANE Fat
o @4 ERgFE HEAYLRH ST o] ¢
4 B, HHHA EAR LB

Minimize f = W{j{l +%'§3‘+%f(1)

Subject to : 5,000kg < f; < 10,000kg

800ke < f; < 1,100ke

0.0lm/N < f3 < 0.1m/N
safety factor = 3,
and dimensional constraints.
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Fig. 2 Flow chart of the optimization program
using a simple genetic algorithm.
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Table 1 Parameters for the genetic algorithm

El;ign Popqlation Generation Chromosome Cmssqv_cr Mutation
ste|'> s;zem - - | length probability | probability
stat

< 308 | 8% | 0.5%

dyna-mic 50 60
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Table 2 Comparison of ophmum desxgn para.meters
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Table 3 Comparison of static analysis results

- -
——_ max. disp. /max. stress| safety
. T fmm] [MPa] factor
5.967

" before optimize 0.660 796 ]
after | static | 0700 | 124 | 3831 |
optimize [dynamic| 0880 | 143 | 3322 |
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Table 4 Comparison of the computed weights

7_\:—)\L total weight{kg] | moving bodym

before optimizat'n| 11,021(100%) | 1,652(100%)
after | static | 5700(51.72%) | 1,018(61.62%) |

optimize @nmmc 5,092(46.20%) | 954(57.75%)
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Table 5 Comparison of the computed compliances
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0.0260(0.0120} 0.0175 | 0016 l
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Fig. 3 Comparison of the compliance functions
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