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Development of an Optimization Algorithm Using
Orthogonal Arrays in Discrete Design Space

Jeong Wook Yi, Joon Seong Park, Kwon Hee‘Leé and Gyung Jin Park

Discrete Design Space(°] I Al F7H), Orthogonal Arrays(3 2} E 1), Des1gn of

Experiments( & | 2] ¥), Structural Optimization(7 &34 ’Q Al

Abstract

1he structural optimization have been carried out in the contlnuous des1gn space or in the discrete design

space Methods for discrete variables such as genetic algonthms are extremely expensive in computatxonal

cost. In this research, an iterative optimization algorithm using or’thogonal arrays is developed for des1gn in

discrete space. An orthogonal array is selected on a discrete des ign space and levels are selected from -

candidate values. Matrix experiments with the orthogonal array are conducted New results of ‘matrix ‘
experiments are obtained with penalty functions for constraints. A new des1gn is determined from analysis of
means(ANOM). An orthogonal array is defined around the new values and matrix experiments are conducted.
The final optimum design is found from iterative process. The' suggested algorithm has been appiiéd to
various problems such as truss and frame type structures. The results are compared with those from a genetlc

: algorlthm and discussed.
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Table 1 An example of orthogonal array, Le(3%)

Column number and factor assigned
Expt. 1 2 3 4 Results ()
No

A B C D
1 1 i 1 1 M
2 1 2 2 2 2
3 1 3 3 3 3
4 2 1 2 3 4
5 2. 2 3 1 s
6 2 3 1 2 i3
7 3 1 3 2 7
8 3 2 1 3 T8
9 3 3 2 1 o

Table 2 Average 77 by design variable levels in

experiments
Design Levels
- Variables 1 ' 2 3
A g = ™ +773: +13 M= N4 +1735 +175 g = 77 +7;! +17
B m51=m+7’; +17 ”‘52:”2 +7735 7 mm:?h +7735 +7g
c mm:?h‘*"?;‘*"h m“:ﬂz +7;-1 7 mc3=”3 +7135 1
D mm=7ll+77;+77y mm=TIz +7{';'*'717 mm=773+fg4+773
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. Design variables & Optimum or
| Candidate values next initial
Ar> Ap> Az> Ay> Asg ‘design values
B1>Bz>Bs> B> Bs As, By, Cy4

Ci> Co> Ca> Cy> o
Levels in the first iteration
S LS Lo T}y

Desfgn vatiables
A
Ap
As B
3 Ay Bs

Level

1

Fig. 1 An example of slet of lel values-
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\- Select design variable candidates for ‘

Optimum design

¥
L Select a standard orthogonal arrays |

le
*
Starting n th iteration
Select level values among candidates

Level2 = the initial design value
Levelt, 3 = neighboring candidate
values of Levei2

¥

L Conduct the matrix experiment

¥

Evaluate the new response R,
¥ T
Analyze for response R,
: Analysis of means (ANOM)
)

{ Select the optimum level of the J

new

n=n+1
initial design =
optimum level

design variables

¥
Compare the aptimum level and rows of
orthogonal arrays

Termination criteria No—
satisfactory?

Yes

Stop

Fig. 2 The flow of an iterative optimization
algorithm using orthogonal arrays

g 39 R %FJrZ* F 39 Aol o] FojAA|
FAY d&Hoz AR=aE AT A AR
o] X7} QlE A2E WUt YAYEE TR
FAEE SR T, F 27 F ok syE=
A7 ZROE oA 3 DAE HEot F
gxdel w5d W 74X 7 GAAR S AAL W
Bale HAghg AEdoh o) AL Fig 2

S Zo] EAER Yehd & ok
4. ofd Hg & &

ANE RS GRS A 99 o
291 3714 dAlel Aeagten, $ALTeED
Az} v Eqich °1wH 2HYY F7lE 50, &
&L 06, BAEHOIEL 0.01 & AMESISE, ¥
2270& #9 Aol 01%101%1%1 o

Al 7t
200184 | FEIHES 3ch :

41 1088 E3A

Fig. 3 3 #o] 10 ¥4 Ef& T2E9 ©dy
S ZAAsE EAY. EAAE BAATE)
68.9GPa, Eo}H|(v) 033, YE(p) 2770 kg/m’ &
AR T, A BAse ogT g
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to minimize mass

44300 ¥
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Fig. 3 Ten bar truss

Table 3 Results of example 1

D.V( (x10°m?) Ly, iteration A‘fge;‘ggfm
Ay 542 542
A, 97 97
A; 542 97
Ay 323 542
As 465 465
Ag 97 6
Ay 400 97
Ag 400 465
Ay 465 465
Ajp 97 6
Mass (kg) 996.84 - 93146
No. of fn.
evaluations 332 2369
subject to
-172.4MPa < o; < 172.4MPa &)

candidate values

A; (x10° m?) € {6, 97, 194, 323, 400, 465,
542, 645,729, 813} (i=1,2,---,10)

initial values : [A},A,, ..., Ag]" =[729, 729, 729, 465
465, 465, 465, 465, 465, 465] T (x10° m?)

A71N o, 7 BA FEHE $HL oy

o} Ly(3R) ¥E AAERE Muste] €A
e AN HERFE dAEe HE A

AL EYE FHLst] 1 ZFAE Table 3
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42 27t 6 ZH Y
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289 AL ALY T3 09 FAR 410
tg, ti1, ti, be, s, b1, s, b, g 22 B FO19 FA
E2 25 dA(linking)3td 12 /2 AASHAT.

EAXE @A AF(E) 206GPa, EotFH|(v) 0.33,
A5(p) 7850 kg/m’ E AHE3IGTH EA1S] A48
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Table 4 Results of example 2

D.V. (mm) L, iteration A?:;sgfm
T 17 14
t; 34 34
ts 18 18
tg 26. 18
th 10 10
ti3 26 18
' tig 22 14
i tig 26 18
' o 42 38
3 26 14
tag 18 18
tog 38 26
" Mass (kg) 27875.66 23027.50
i No.of in. i
' _evaluations 252 7034

& gt g

find design variables

o t1, 13, 6, T8, 11, 113, L6, tiss tar, B3, tae, tog
to minimize mass
subject to

X —displacements  —0.0025m <u; <0.0025m . (6)

—0.0025m <v; £0.0025m
-25MPaso;<25MPa

f23Hz

Y %displacements
Stress

Ist natural frequency
candidate values
t;(mm) e {10, 14, 18, 22, 26, 30, 34,

" 38,42, 46, 50}
(i=1,3,6,8,11,13,16,18,21,23,26,28) (j=1,2,---,30)
initial values : [t} t3, t4, ts, ti1, ti3, ties tis, 21, to3, to6s
trs]7=[18, 46, 26, 18, 18, 26, 26,22, 42, 18,26,26] "

AAMS 427} 12 Ao, & F
Ly3%) EF AuIEES A9y
AgANAYL. $AGuSNE HL3

oM e #AH3 dadE AR 1625,

roof frame

T <sect10n view>
Fig. 5 Space frames of an electrical vehlcle
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find design variables t, b, t, g, ts, 16
to minimize mass

subject to ‘ o

Lst natural frequency S z29Hz )

candidate values ‘ o
ty (mm) e {4.2,4.5,4.7,5.0,5.2, 5.5,

5.7,6.0,6.2,6.5,6.7,7.0}

t1, to, ta, ta, ts, ts (mm) € {3.2,3.5,3.7,4.0,

42,45,4,7,5.0,5.2,5.5,5.7,6.0}

initial values : [t;, b, t;, ts, ts, ts]'=[6.7, 5.7, 5.7, 5.7,

7.5t B C
o S
AARET 7HE = Qe FRIAES 492 12
el olgre s ARHAT. HAMSEY F7b 6

O|BE L,,(2'x3) BF AWULYRE A& b
A B8 AE A%
ERE 53 AFE Table 6 3 Zrh. @u,a_ ]
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Table 5 Fixed design variabies

Design : Design
variables . (mm) variables (mm)
B 58.671 B, 49.373
H; . 88.981 Hy 31.867
B, 54,109 : Bs 49.140
H, 30.698 Hs 50.000
By 27.080 - B 43.727
H; 31.290 Hq 50.000
Table 6 Results of example 3
Design . . Genetic
variables(mm) Lys iteration Algorithm
t 5.0 52
t2 42 3.7
ts ‘3.2 4.7
ts 3.7 32
ts 4.0 3.5
ts 4.5 52
Mass (kg) 17178 © 17168
No. of fn.
evaluations 418 2901
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