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Abstract

The structural optimization is carried out in the continuous design space or discrete design space. Methods
for discrete variables such as genetic algorithms are extremely expensive in computational cost. In this
research, an iterative optimization algorithm using orthogonal arrays is developed for design in discrete space.
An orthogonal array is selected on a discrete design 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 design 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 applied to various problems such as
truss and frame type structures. The results are compared with those from a genetic algorithm and discussed.
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means: ANOM)E E3 A8 F3tu FHHH
o] 2 o] Axel vluwsty thAl HAHHE e
o HAFEYE VER N2 FEUS AR
stod PEAYH FIEAY AL ukEdd
(iteration) 3t =& &}ict Agw dueEFL H4
3 HAGs,E ©9sted ATzl e A
Qi 448 ¢ JEF F3th

A ueFs HES] st 10 74 E
2] 2 (ten bar truss), 2 T+ 6 5 X Y (two bay six story
frames), A71AHER} e Gtve] HAEA Sa
g&5g Hesdy AnE Y EH vt
Foh? FALu S-S S HAH AZEH
2l iSIGHT ver 5.0¥9] dmal&g o] &313lch

i

2. =mejd

x| MU EE 0|3 A Y

K

AnwdEe AFAYHY LA AR
Bt dRAAYe 2gad asALol 1z}t
o mEALEL FEA &n 7 AAY 2F T
A QRRt ddsie] AP AAlEe WRiolth®
ARAAY FolM F 7HA] AAES FAA AT
at7] Yste] oy 7ix] Hele] FHAH] ALEH
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1
My = 3(771 +1,+1,) (2)

oy AAFFEe] ATE AN FIFOENE I
AAEES 97 Ao AR AoHEE FF
A oA AR &ZFE 2 () F QEFH
(my-m) 22 Aohch aEjn SAA 3
HHFEL Table 2 9 2ol Zh A ££EH H

Table 1 An example of orthogonal array, Lo(3%)

Column number and factor
Expt. assigned Results
No 1 2 3 4 m
A B C D
1 i i i 1 m
2 1 2 2 2 2
3 1 3 3 3 s
4 2 1 2 3 T4
5 2 2 3 1 s
6 2 3 1 2 N6
7 3 1 3 2 7
8 3 2 1 3 ng
9 3 3 2 1 Mg

Table 2 Average 7} by design variable levels in experiments

Design Levels
Variables 1 2 3
+1, +
A - _tmt _Natns + s mA3:777+778 + 17
3 3 3
+17, + +15+ + 1 +
B my = Th+Ta+ 1 My, = M t7s + 1 Mg = M1+
3 3 3
+ +174 + +75 +
C mey = ™ 7 + I8 Moy = M2 ¥14 1o Mgy = M +1s 1y
3 3 3
+1s + + 16 + +74 +
D mp, = m 7735 9 mpy = 2 7736 7 My = 3 7734 s
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Design variables & Optimum or
next initial
design values

A}s B27 C4

Candidate values
A>Ar>Ay>A> A
B,>B;>B;>Bs>Bs

C>C,>C3>Cs>C

Levels in the first iteration

Design variables
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1/* - Start )
S~

Select design variable candidates for
Optimum design

)

Select a standard orthogonal arrays

Select levsl values among candidates

tevel2 = the initial design value
Level!, 3 = neighboring candidate

Starting n th iteration “
|
]

|
values of Level2 \
)
Conduct the matrix experiment
- -
Evaluate the new response R, 7 i

—

n=n+1 ‘

mmal desian =
Y
Analyze for response R,

optimum level
L : Analysis of means (ANOM) o
Select the optimum Tevel of the j ‘
i
|
|
|
|

]

ign variabl
desig iables

I Compare the cptxmum level and rows ot
! orthoqonal arrays

_—
" Termination criteria —-.__
\\7 saus!aclory" —

Yes

/*——'——-—\
§ Stop )

Fig. 2 The flow of an iterative optimization
algorithm using orthogonal arrays
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Fig. 3 Ten bar truss

Table 3 Results of example 1

L,; iteration A(lzeo‘:g;fm

A; (x10°m?) 542 542
Az (x10°m?) 97 97
Az (x10°m?) 542 97
Ay (x10°m?) 323 542
As (x10°m?) 465 465
Ag (x10°m?) 97 6
A; (x10°m) 400 97
Ag (x10°m?) 400 465
Ay (x 10'5m2) 465 465
Agp (x10°m?) 97 6

Mass (kg) 996.84 931.46

No. of fn.
evaluations 332 5369

Azne} njaatgict, o £
e 06, SAWOEE 001 & AMEEAL
8xAL §9 sio] o]FAAA gy Mgt
2001 8d Y FEIEE AT
41 105X E¥A

Fig. 3 3 o] 10 34 Exix FxE9 ¥H A
<& AAste Aoy ENAe @HAFE
68.9GPa, Eol5H|(v) 0.33, WX (p) 2770 kgm’ &
Ao, B AAge g gk

find design variables A;

to minimize mass

subject to

-1724MPa < o,

candidate values

A (x10° m?) e {6, 97, 194, 323, 400, 465,

542, 645,729, 813} (i=1,2,---,10)
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42 27t63 =g

Fig. 4 ¢ #o] #¥stFo] #Este 2 2 6 &
=z FEEY HHs FAoltt. dANTEE
T-229 FAQ A FE W FAE 4, 4,4,
ts, ti, 113, tie tigs To1, b3, tagy trg &2 T2 sp0]o] RA)
58 2% AA(linking)3te] 12 M2 AAE
EAAE @AAS(E) 206GPa, TokEHl(v) 033,
YE(p) 7850 kg/m® & AHE3IATE A9 A2 g
= ot 2o

find design variables

ti, 13, te, ta, t1, tis, Lis, Tiss t215 103, tog, T8

to minimize mass

subject to

X —displacements  —0.0025m <u; <0.0025m (6)
-0.0025m <v; £0.0025m

~25MPa<o; < 2.5MPa
f=23Hz

Y —displacements

Stress

st natural frequency

candidate values

t (mm) € {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=12,---,30)

AAMe] 7} 12 Jjola, FF F5 3 02R
L,3%) 5 AuwdEs A3ty dagF
AgAZY. FAduFaAE HEIHe 1

2 1} = Table 4 & o}
F dugFe) AAE 8] B A
HEALE S dmE|EY FeAA

ot o

4 ot b

Atk ole fAYMAZES B HFAN

Table 4 Results of example 2

L., iteration A?geonrftt:lcm
t; (mm) 14 14
ty (mm) 34 34
ts (mm) 18 18
ts (mm) 26 18
t;1 (mm) 10 10
t3 (mm) 26 18
ty6 (mm) 22 14
t)s (mm) 26 18
2 (mm) 42 38
t23 (mm) 26 14
t;6 (mm) 18 18
t2g (mm) 38 26
Mass (kg) 27875.66 23027.50
No. of fn.
evaluations 252 1034

8 2 < af(global minimum)& FaEA|RF A na| @
g wrEAS3 dueEY A Ae @A
23 ZHE(local minimum) Fed o FE
Hogrt
43 HIIXEA Zafg

Fig. 5 ¢} Zol #A71xgate] 2uolx Y
A1 A neAEFE 8@ HHAAA EAolth
MAMSEZE LZ2E BA AMGE F3 W9
ZAE ), G bt 02 672 AAEI
Wz g B, ¢ H; & Table 5 9F Zo] 1A
o EAXE @437 (E) 206GPa, FoHERI(v)
0.33, WE(p) 7850 kg/m’ & A&t EA49
A2ge g 2o

to wo fd of

find design variables t;, t,, t3, ty, ts, tg
to minimize mass
subject to

Ist natural frequency f229Hz N
candidate values

t;(mm) € {4.2,4.5,4.7,5.0,5.2,5.5,

5.7,6.0,6.2,6.5,6.7,7.0}
ty, 13, ta, ts, ts (mm) € {3.2,3.5,3.7, 4.0,
4.2,45,4.7,5.0,52,5.5,5.7,6.0}

AAESEI 7 ¢ e FREUES JYUR2 12
e ojatgror AMAIATH MAWMF] FI} 6
O)EE L,y2'x3) BEFE HAawIdRE ArEsto] vt
e 3 siE AUk

HAg 48 A%} Table 6 & 72t AAE B
Hogrell A U2 10 ¥-A Bz EAlsh vpizbA
2 HAHAALE FALueFd fAE ARE
APA T Auujd EE WHEANS S dndF T
FAA At ARG T E ve) €53 AU
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Fig. 5 Electrical vehicle frames

Table 5 Fixed design variables

Design Design

variables (mm) variables (mm)
B, 58.671 B, 49.373
H, 88.981 H, 31.867
B, 54.109 Bs 49.140
H, 30.698 Hs 50.000
B; 27.080 Bs 43.727
H, 31.290 Hg 50.000

Table 6 Results of example 3
Lys iteration A?geol;?t‘:ncm
t; (mm) 5.0 5.2
t; (mm) 42 37
t; (mm) 32 4.7
t (mm) 3.7 3.2
ts (mm) 4.0 3.5
tg (mm) 45 52
Mass (kg) 171.78 171,68
No. of fn.
evaluations 418 2901
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