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Approximate Multi-Objective Optimization of Robot Casting Considering
Deflection and Weight

Ha-Young Choi’, Jongsoo Lee ", Juno Park*

Abstract

Nowadays, rapidly changing and unstable global economic environments request a lot of roles to engineers. In this situation,
product should be designed to make more profit by cost down and to satisfy distinguished performance comparing to other
competitive ones. In this research, the optimization design of the industrial robot casting will be done. The weight and
deflection have to be reduced as objective functions and stress has to be constrained under some constant value. To reduce
time cost, CCD (Central Composite Design) will be used to make experimental design. And RSM (Response Surface
Methodology) will be taken to make regression model for objective functions and constraint function. Finally, optimization
will be done with Genetic Algorithm. In this problem, the objective functions are multiple, so NSGA-II which is brilliant
and efficient for such a problem will be used. For the solution quality check, the diversity between Pareto solutions will
be also checked.

Key Words : RSM(Response Surface Methodology, HH-8-3£'HH), Parameter efect(I}2}u| €] £-4), Approximation model(ZAMLE),
NSGA-II(Non-dominated Sorting Genetic Algorithm, TF2-4] §-41%172]=), CCD(Central Composite Design, 413+
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o —

1. M2 G P& TS 58 Fago] APt o] A LFS
34 QRS WE, P47], A4 LF 7oSe B s

2 AT el 23 R Qe ARG Aol 34 Hol ek B A4S TR ARUAN B BATHE
g Yol Az welo] AgEE Aue] dkolch LCD  mefaka GAWY, A4 AAo] qlold 27 ol4pel B2
(Liquid Crystal Display) ¢ % 280 Aaj4el oV wiEAAok sh= 497} o] ZAfRIeh A% AR AAF A5
o] Fig. 19]4] HolZil Gleh. 2RO ol B4, T3k 1 P4 Wyl ok ul§ Agko] BRSIT LCD £ ol it
ES % B FEE THE] k. # ATON MEHT o Axe] AHGE] T Fx YL g BEAL )

s qAdsta AT sty
Z41120-749 ALEWEA AYET AXR 50
v dAdEta AT gty

++ dAgE R 71 A F ek

X Corresponding Author E-mail: junopark@yonsei.ac.kr

954



BH A AR EA| AR S

=o'

|X] Vol.21 No.6 2012. 12.

Fig. 1 LCD glass transfer robot

7Feak 7k flof skl Eagt §-23h A7 (deflection) 52] 7+&E
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Fig. 2 Industrial robot casting model

Fig. 3 Mesh structure of robot casting
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Minimize F

weight
Minimize Fdeflection
Subuject to Gy, (2, p) < 50MPa i=1,2,..,7
180 < x; < 200, 180 < x, < 220
15<2;<25 156<x,<25
80 <2;<110, 15<2x23=<25
80 < z,=< 110

B9 AN BATSRA H25A A ohv] ¢
SOMPao|shi A E|ojof dh g 2718 2tk
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Table 1 Level of each design parameter 65 1
Lev. x1 x2 x3 x4 x5 x6 x7 50 4
1 180 | 180 | 15 | 15 | 80 | 15 | 80 E / / / / ~ \\
2 | 200 | 200 | 20 | 20 | 100 [ 20 | 100 3 s
3 -l 20 25 | 25 | 110 | 25 | 110 g
50
Table 2 L18 orthogonal array i
run| x1 | x2 | x3 | x4 |x5]|x6|x7 \;E/rfllril]lt ?It;:]s De[ﬂn:rc; ]10n " * (a) stjnsitivity l'::“'eighi . * .
Pl ]| 14196 | 828 | 353 b
2011 |2]2]2|2]|2]5033]6339| 336 1
3011 [3]3[3]3/|3]|5762]6178] 323 g \ \ S,
4121 1]2]2]3|479|7670| 384 S s |
sl1l2]2]2|3[3]1]569 | 608 | 258 %
612331 ]1]|2]6303]4861 | 258 ' |
70031 2]1]3]|3]5474]6062]| 3.13 "
811323 [2]1]1]6368]|47.78| 224 e
ol 13|31 |3]2]2]5931]6792] 249 (b) Sensitivity for Stress
0211 3[3|2]1]5705]4893| 229
21211325117 643| 277 ’
120213 2]2|1]3)|5585275| 26l :S \ \ \ — ~\ /‘
3221 2]3|1]2]518 |522 | 253 E
2223 1]2]3]|6367]4516] 226 s
15020231 ]2]3|1]6154]5693]| 191 ‘
623132326427 ]4305]| 211 s
170203213 1]3]5368]5915]| 230 o ow W w s
18123321 ]2]1]7080 |4504 | 163 ( Sensifity for Deflecton
Fig. 4 ANOM of design parameters
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o] Ao A 2f= 28 @0l wjx o] AL 2k =
ZA 0] o]t} Table 32 FATAA WL
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st

CCDE 8] e 57, 2, Ao PeiF Ho|EE ol
sfo] WHg RS AAsle] e Aile e 2

Fyign = —0.3113—0.0004, +0.0054z, —0.2276a,

—0.12012, +0.0003zx,x, +0.0075zz,
+0.00752425 —0.0150x 52,

(R-Sq = 100.0% R-Sq(adj) = 100.0%)

Table 3 CCD & results

Design Variables [mm] Weight Stress Deflection
x1 x2 x3 x4 [kef] [MPa] [mm]
180 | 180 | 15 15 41.51 78.33 391
200 | 180 | 15 15 44.72 65.37 3.01
180 | 220 | 15 15 48.16 71.77 3.10
200 | 220 | 15 15 51.59 58.80 241
180 | 180 | 25 15 50.49 72.62 3.15
200 | 180 | 25 15 53.70 60.39 243
180 | 220 | 25 15 60.13 61.86 2.41
200 | 220 | 25 15 63.56 55.36 1.88
180 | 180 | 15 | 25 51.57 63.64 331
200 | 180 | 15 25 56.28 54.57 2.51
180 | 220 | 15 25 58.21 49.76 2.70
200 | 220 | 15 25 63.14 53.03 2.07
180 | 180 | 25 25 59.04 50.93 2.84
200 | 180 | 25 25 63.76 44.66 2.15
180 | 220 | 25 25 68.69 40.57 2.21
200 | 220 | 25 | 25 73.62 36.58 1.70
170 | 200 | 20 | 20 52.69 58.10 3.28
210 | 200 | 20 | 20 60.83 42.56 1.93
190 | 160 | 20 | 20 48.51 67.19 3.26
190 | 240 | 20 | 20 65.02 46.48 2.01
190 | 200 | 10 | 20 47.03 68.70 3.25
190 | 200 | 30 | 20 66.49 43.91 2.11
190 | 200 | 20 10 46.70 89.59 2.87
190 | 200 | 20 | 30 66.82 42.62 222
190 | 200 | 20 | 20 56.76 52.73 248

F,

def < ction

= 44.7634 —0.2164x, +0.1061x, —0.3234x,
—0.22372,+0.0003z 2, +0.0020z,
+0.00062 2, +0.0002x 2, +0.0007z 24
+0.0003z 2, +0.0004z,2, +0.0022x 47,

(R-Sq = 99.9% R-Sq(adj) = 99.8%)

G,

stress

= 519.937—0.1575z; —2.3177x, — 1.1708z,
—12.1839z, — 0.0060x,z, +0.0026z57,
+0.0357z 5305 +0.13372 42, +0.00642, 7,
+0.0034z,x5 +0.0358z,x, —0.0036 2,74
—0.0031zyz, —0.0606x 37,

(R-Sq = 97.1% R-Sq(adj) = 94.5%)
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Fig. 5 Accuracy of RSM about weight, deflection, and stress
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Table 4 New check point for RSM accuracy 23 i
Design Variables 22
x1 x2 x3 x4 E 51
182 212 2 17 £
185 205 18 23 3
5 1
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Fig. 8 Pareto solutions of NSGA-II
Table 5 Mean and variance of the diversity
Generation Mean Variance
50 0.69684 0.00171
100 0.61552 0.00289
150 0.57095 0.00067
300 0.52786 0.00059
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Fig. 9 Pareto Solution of NSGA-II

Table 6 Comparison of some case NSGA-II and CAE

NSGA-II CAE
Weight Deflection Weight Deflection
[kef] [mm] [kgf] [mm]
73.62 1.72 73.62 1.70
2 62.07 1.94 62.22 1.94
56.61 2.36 56.65 2.36
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