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Abstract

The paper describes the development and application of advanced evolutionary computing techniques
referred to as micro genetic algorithms ( #GA) in the context of engineering design optimization. The basic
concept behind ¢G4 draws from the use of small size of population irrespective of the bit string length in
the representation of design variable. Such strategies also demonstrate the faster convergence capability and
more savings in computational resource requirements than simple genetic algorithms (SGA). The paper first
explores ten-bar truss design problems to see the optimization performance between uxGA4 and SGA.
Subsequently, ©GA is applied to a realistic engineering design problem in the injection molding process

optimization.
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Table 1 Comparison of SGA and 2 GA

Simple genetic algorithm (SGA) Micro-genetic algorithm ( 4 GA4)
Population size dependent upon string length 3~7
Selection roulette wheel selection, expected-value selection, elitist, tournament
ranking selection, elitist, tournament, etc.
Crossover 0.6~0.8 1.0
Mutation 0.01 ~0.05 0.0
Convergence global convergence local convergence
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Table 2 Design parameters in ten bar truss
Density 0.1 Ib/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; <10.00 (i=1,2,...,10)
Table 3 Optimization results for three bar truss (weight)
HGA SGA Reference
Case | Case 2 Case 3 Casc | Casc 2 Case 3 value
Ontimal arca X 0.778 0.780 0824 | 079 | 078 | 0789 | 0.78706
P X, 0.440 0.433 0.317 0.384 0407 | 0.409 0.40735
Optimal weight 2.64 2.64 2.65 2.64 2.64 2.64 2.6335
Number of function 325 95 240 753 760 574
evaluations to convergence
Table 4 Optimization results for three bar truss (vertical deflection)
HGA SGA Reference
Case | Case 2 Case 3 Case 1 Case 2 Case 3 value
Optimal arca X4 5.0 5.0 5.0 5.0 5.0 5.0 5.0
P X 5.0 50 5.0 5.0 50 50 5.0
Optimal deflection 1.66 1.66 1.66 1.66 1.66 1.66 1.6569
Number of function 70 185 210 459 23| 3w
cvaluations to convergence
o714 piz Eds FAje] dXko|l, o3 2 Table 4 oA HHE EHE o 4o et
Bajo) Fgshz 2d@e Jehdch aelm, p iz 7S SRR 5 kR BE dmene 83
7 Ba)e) 54 SHoZ ALEAS Ui o & AnE c%%'o_‘ o & oy 29, H
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Aol gHol #1843 wg A =), "gg AHER DS g velaz fd dadse
Fehe) W HApenalty) e 7hahE AleF zag m o AHE ZA6 HEIAS A WS A HP=
AU oF B4 AN Shasm Aass P AL ) FAEALE 2 A0 2
e AdE =oHES gk B AT @ az,ﬂﬁ%jwi%¢ﬂ-249ﬂuw+iﬁ@
e Eelae) ¥4 Fig 37 21, 2712AN 4= gtel W3E B9 F & Fig. 4 9 Fig. 5 281,

SE2A S Table2ol e vhsl 2T

33 AAATe S
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Table S Optimization results for ten bar truss

1 GA SGA Reference
Case 1 Case 2 Case 3 Case 1 Case 2 Case 3 value
X 7.86 8.15 7.85 8.15 7.30 7.81 7.90
X, 0.41 0.18 0.19 0.10 0.83 0.45 0.10
X; 8.38 7.99 8.15 8.20 8.77 8.37 8.10
X4 5.05 3.83 3.89 3.97 3.27 4.16 3.90
Optimal arca Xs 0.12 0.96 0.15 1.10 0.75 0.55 0.10
P Xe 0.41 0.25 0.25 0.10 0.82 0.30 0.10
X5 6.41 5.67 5.87 5.84 6.74 6.30 5.80
X5 5.23 6.29 5.52 5.68 5.06 5.26 5.51
Xs 3.83 3.85 5.05 5.07 2.89 3.86 3.68
X0 0.50 0.25 0.25 0.40 1.16 0.42 0.14
Optimal weight 1599 1587 1588 1593 1590 1585 1499
Number of function 57540 54230 25335 | 78894 | 69497 73533
evaluations to convergence
B, S
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Fig. 4 Three bar truss for f =W(x) (uG4) Fig. 5 Three bar truss for /=W (x) (SGA)
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Fig. 6 Three bar truss for / =5(x) (uGA)
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Fig. 11 Design space in the gate optimization

Table 6 Design space in the gate optimization

G | G G, Gs Gs Ge G
. Upper -670 -670 -510 -115 160 580 - -115
Low 650 -430 235 105 675 690 115
Upper -140 -10 250 110 N -200 -340
y Low -130 160 260 195 190 190 | 210
) Upper 280 -200 -150 260 -220 -300 -10
Low 2120 -125 -140 200 -140 -125 0
Fig. 12 Pressure distribution(initial runner system) Fig. 13 Pressure-distribution(optimized runner system 1}

Fig. 14 Pressure distribution(optimized runner system 2) Fig. 15 Pressure-distribution(optimized runner system 3)
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Table 7 Coordinates of optimized runner system

Coordinate of gate Maximum
Gate1 | Gate2 | Gate3 | Gate4 | Gate 5 | Gate 6 | Gate 7 | Pressure [Mpa]
Initial runner X -669 -631 -363 0 627 617 0
system Y -139 70 262 171 70 -202 -273 242.69
4 4 -275 -136 -147 -258 -136 -333 -4
Ovtimize X -669 -524 -325 -116 664 645 0
phm Y -127 55 262 137 134 -99 -336 188.27
runner system |
Z -258 -137 -148 -220 -171 -230 -7
Ovtimized X -698 -570 -440 -119 181 672 -110
P Y 96 104 258 150 164 -170 -293 185.8
runner system 2
V4 -242 -156 -147 -214 -223 -299 -5
Optimized X -655 -631 -363 -146 181 672 -102
runngr system 3 Y -108 85 262 183 164 -170 -223 184.13
4 Z -231 --143 -147 -208 -223 -299 -1

43 =X3s Z3t sy

vlo] 32 FALAAES AEAHE HUAAH
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