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A Study on the Topology Optimization of the Fixed Address Type ATC
Frame Using a Real Number Coding Genetic Algorithm

Young Jin Her,

Sang Heon Lim  and Choon Man Lee*

ABSTRACT

Recently, many studies have been undergoing to reduce working time in field of machine tool. There are two
ways of reducing working time; to reduce actual working time by heighten spindle speed and to reduce stand-by
time by shortening tool exchange time. Auto tool changer belongs to latter case. Fixed address type auto tool
changer can store more number of tools in small space than magazine transfer type and can shorten tool
exchange time.
This study focuses on the topology optimization to reduce the weight of the fixed address type ATC. The
optimization program using a real number coding genetic algorithm is developed and is applied to the 10-bar
truss optimization problem to verify the developed program. And, it is shown that the developed program gives
better results than other methods. Finally, The developed program applied to optimize the fixed address type
ATC.

Key Words : Auto Tool Changer (#5372 37}X]), Fixed Address Type ATC (ZAHA 4] A5 T T3
A)), Topology Optimization (EZZX #HA3l), Genetic Algorithm (FHdAYLILE]F), Real
Number Cording (é"?‘i%‘)
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Fig. 1 3-D model of fixed address type ATC
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Fig. 3 Flow chart of the optimization process
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Table 1 Size optimization results of 10-bar truss

Times 1 2 3 4 5
) 5304.804]5298.017]5303.23215300.423 | 5301.872
Object
389 107 964 867 148
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Table 2 Comparison of optimum values for 10-bar

truss
Design Present Belegundu
Variables | paper | CONMN | OPTDYN [ LINRM
x1 28.200708| 25.2824 | 25.7740 | 21.5700
x2 0.631358 | 1.89736 0.1000 10.9800
x3 11.655979| 24.8677 | 25.1138 | 22.0800
x4 20.252411| 15.8272 | 19.3880 | 14.9500
X5 0.030009 | 0.1000 0.1000 0.1000
x6 0.076752 | 1.7464 0.1000 10.9800
x7 8.857244 | 16.7571 15.3591 18.9100
x8 29.134779] 19.7282 | 20.3224 | 18.4200
x9 22.4840991 20.9786 | 20.7437 | 18.4000
x10 0.561281 | 2.5100 1.14018 13.5100
object |5298.0171]5563.3200}5471.2480 | 6428.8900
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Fig. 5 Generation history by the size optimization Fig. 7 Generation history by the topology
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topology optimization
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Fig. 8 FEM model & design variable of the fixed
address type ATC

Table 3 Material properties of FEM model

Steel Young's modulus[GPa] 140
Poisson's ratio 0.3

(5541) Density[Nsec/mm'] 7.8e-9
Aluminum Young's modulus.[GPa] 70
Poisson's ratio 0.33

(AL6063) Density[Nsec/mm’] 7.7¢-9

Table 4 Cross-sectional properties of FEM model

i Arca 4 4
Cross-section 2. |z [mm]{lyy [mm’]

[mm’]
3950 | 3020000 | 3020000
1568 328000 [ 1250000

b
— 1200 | 25600 | 562500
75
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Fig. 9 Optimized shape of ATC by the topology
optimization (Case 1)
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Table 5 Result by the optimized model (Case 1)

Initial model | Optimized model
Weight (ke] 1380.216339 1007.262891
Max. displ. [mm] 0.045896 0.077213
Max. stress [MPa] 2.723081 5.106961
1* Natural freq. [Hz] 6.055862 6.067881
Qo«-mw»&)mn»‘;{- '§e>¢~sy~;£>mwz}¥-w
Fig. 10  Generation history by the topology

optimization (ATC -Case 1)
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Fig. 11 Change of configuration during the evolution
process (Case 1)
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Table 6 Result by the optimized model (Case 2)

Initial model | Optimized model
Weight [ke] 1380.216339 965.377944
Max. displ. [on] 0.045896 0.141775
Max. stress [MPa] 2.723081 8.72453
1" Natural freq. [Hz] |  6.055862 6.060813

12 Optimized shape of ATC by the topology

Fig.
optimization (Case 2)
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Fig. 13 Generation history by the topology

optimization (ATC - Case 2)
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process (Case 1)
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