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ABSTRACT

Simple genetic algorithm(SGA) has been used to optimize a lot of structural optimization problems
because it can optimize non-linear problems and obtain the global solution. But, because of large
evolving populations during many generations, it takes a long time to calculate fitness. Therefore this
paper applied micro-genetic algorithm( ¢z -GA) to structural optimization and compared results of x-GA
with results of SGA. Additionally, the paper applied ¢-GA to gate optimization problem for injection
molds by using simulation program CAPA.
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Table 1 Comparison between SGA and u-GA

simple genetic algorithm (SGA) micro genetic algorithm( 2 -GA)

population size dependent upon string length 3~7

) roulette wheel selection, expected-value selection, .
selection . . o elitist, tournament
ranking selection, elitist, tournament

crossover rate 06 ~ 08 1.0
mutation 001 ~ 005 0.0
convergence global convergence local convergence
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Fig. 2 Three-bar truss

Fig. 1 Flow chart of u#-GA
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3. 1 3-8} EB2{A(three bar truss)

& AelA AFE viol22 FAgneEY BB4E #F8] Askd Fig 2% 2& Fd9 8% pS
T 3-ut Egj29] HHMA EAo] MLk o] EAME EXEAFE gt F A dFse
okt ANA 3 FAo X, 5HEE ol B 74 H2sE Hddsgn, UdA
e 3ol FoA = A4 M (node)ol A =22 W (vertical deflection)& HAz et BAld gstd A=A
F5tAr). ol & 43 AL o ohg Ak

oL Ay nZ

=

Minimize F1(X)= weight = WM X)
/9 (X) = vertical deflection of loaded joint = §{X)
subject to 61 (X)— c™<0
65(X)— o™ <0
03(X)— AR x < x,;<x {w i=1223

c¥=2, o¢¥=-15 x!=0.1 (i=1,2), x =50 (i=1,2), P=2, E=1 Q)

A7 13 foe ZZe FHs BAl9 BASSE Yehdth a8lm, o= i HA Rajo] waE=
$20l3, o™E A 3% A S, sP: Ay e 4F $HolTh  x,9) FAA} FeH=
x P9 x V2 g9

-227-



3. 2 10~} E2|2(ten bar truss)
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Minimize AX)= weight =p ,21 l; Ay

subject to G,= 0;< b; (7=1,2,---,10)
Al<A <A (i=1,2,---,10)
cl<og <ot (i=1,2,---,10)
x < x;<x (¥ (i=1,2,-,10)

where c=¢; E; (7=1,2,---,10)
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Fig.

3 Ten-bar truss

Table 2 Design parameters in ten bar truss

HojutAl HECEA

1 ol

29 Y42 Fyg.

Density

0.1 I/in®

25 ksi (for all members except member 9.)

Allowable stress

75 ksi {for member 9.)

Length of member 360 inches
Load 100 kips
Bounds of variables 0.10 < x <1000 (G = 1, -, 10)
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Table 3 Optimization results for three—bar truss (weight)

#-GA SGA(EVOLVE) exact
case 1 case 2 case 3 case 1 case 2 case 3
Optimal area X1 0.778 0.780 0.824 0.79 0.789 0.789 0.78706
(in) X2 0.440 0433 0.317 0.384 0407 0.409 0.40735
Optimal weight 2.64 264 2.65 264 264 2.64 26335
Number of function
evaluation to convergence 325 95 240 753 760 574
Table 4 Optimization results for three-bar truss (vertical deflection)
u-GA SGA xact
case 1 case 2 case 3 case 1 case 2 case 3 exa
Optimal area X1 50 5.0 50 50 50 50 50
(in% X2 5.0 50 50 5.0 5.0 5.0 5.0
Optimal weight 1.66 1.66 1.66 1.66 1.66 1.66 1.6569
Number of function
evaluation to convergence 70 230 410 459 293 379
Table 5 Optimization results for ten-bar truss
£-GA SGA exact
case 1 case 2 case 3 case 1 case 2 case 3
X1 786 815 78 8.15 7.30 7.81 790
X2 0.41 0.18 0.19 0.10 0.83 0.45 0.10
X3 8.38 7.99 8.15 8.20 8.77 837 810
X4 506 383 3.89 397 321 416 390
Optimal area X5 0.12 0.96 0.15 1.10 0.75 055 0.10
(in®) X6 041 0.25 0.25 0.10 0.82 030 0.10
X7 6.14 567 587 584 6.74 6.30 5.80
X8 5.23 6.29 552 5.68 5.06 5.26 551
X9 383 38 506 507 2.89 3.8 368
X10 0.50 0.25 0.25 0.40 1.16 042 0.14
Optimal weight 1599 1587 1588 1593 1590 1585 1499
Number of function
evaluation to convergence 57540 54230 26335 78834 69497 73533
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Fig. 4 Three bar truss for f; (1-GA)
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Fig. 6 Three bar truss for f5 (u-GA)
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Fig. 5 Three bar truss for f, {SGA)
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Fig. 7 Three bar truss for f5 (SGA)
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Fig. 8 Ten bar truss (x-GA)

Fig. 9 Ten bar truss (SGA)
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olde rlolaz A4 dmde X ohE $E&22H 749 AJEE VX A@E vlAl 2 E(dash-board)
o AolE 9x H2E FAS AT FA FF4 B AEdeld 223 ‘CAPA'E o443 A3
M3} vpola2 fAYREES 283 Fig. 107 7‘—8— B4 E5td Fa A FPAt® A3 2A)
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Extemnal Application
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Fig. 10 Gate optimization by #-GA

Fig. 11 Design space in gate optimization

Table 6 Design space in gate optimization

Coordinate Gi Ge Gs G Gs Gs Gr

X upper -670 -670 -510 -115 160 580 -115

low -650 ~-430 -235 105 675 690 115

- upper -140 -10 250 110 5 -200 -340

low -130 160 260 195 190 -190 ~-210

7 upper -280 -200 -150 -260 -220 -300 -10
low -120 -125 -140 -200 -140 -125 0
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Fig. 12 Pressure distribution(initial runner system) Fig. 13 Pressure distribution{optimized runner systemn)
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