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Abstract

In structural design, the design variables are frequently selected from certain discrete values. Various
optimization algorithms have been developed for discrete design. It is well known that many function
evaluations are needed in such optimization. Recently, sequential algorithm with orthogonal arrays (SOA),
which is a search algorithm for a local minimum in a discrete space, has been developed. It considerably
reduces the number of function evaluations. However, it only finds a local minimum and the final solution
depends on the initial values of the design variables. A new algorithm is proposed to adopt a genetic
algorithm (GA) in SOA. The GA can find a solution in a global sense. The solution from the GA is used as
the initial design of SOA. A sequential usage of the GA and SOA is carried out in an iterative manner until
the convergence criteria are satisfied. The performance of the algorithm is evaluated by various examples.
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Table 2 One-way table for L, (3*) orthogonal array

B >B,>By>B,>B;

C>C>C>Ci>C;  [level

D, >D,>Dy>Dy>Ds

Design Levels
Levels in the first iteration variables| 1 2 3
Design variables Mttt Ma*7s +1g M tng+my
A(b mg = my, = Moo=l 08779
AlB]c D @ | ma 3 “ 3 - 3
1 As B; Cs Dy B(bz) mp, = m .t Mgy = Ny +1s +175 Mgy = 3+ +1
2 A By G D, 3 3 3
3 Ay B, Cs D; Cbs) | me, = Uil +T]36 +73 Mgy = M +77; +179 Mes = B +r]35 +11;
Current design variables : 45,B,,Cy, D, 5 +1774 +10
+175 + +776 + Mpy = ———————
D(bq) mp, = ™ 7735 9 mp, = mn 7736 i D3 3

Fig.2 An example of the selection of level values

Unconstrained problem

Expt. Design variables Result
No. Ma T8l cloD (n)
1 1 1 1 1 ™

2 1 2

2 2 2

Constrained problem

. Obj.

Expt. | Obj. Fune. | Cons. Func. N;w ’
() ( ) unc.

No. oty Meons (Mnew)
1 + Tobjt Meonst Mnewt

2 Tobj2 Neons2 Mnewz

. Eq.(2)
Tobjg Meconss Mnews
Tobjo Teonsd MTnews
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Fig. 3 An example of the characteristic function calculation
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Start J

Define the problem
(design variables, objective function,
constraints, and candidate values,
strategy parameters, population size,
the maximum number of generation)

I Produce an initial population i
[P

*

l Calculate the fitness function J
v
Reproduce the population l

Genetic operators
l Crossover J

{ Mutation ]

Satisfy the termination
Cﬁteri

[ End ]

Fig. 4 Flow of the simple genetic algorithm
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Fig. 5 Flow of sequential algorithm with orthogona
arrays and genetic algorithm
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Levels in the first iteration
Design variables
1
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1 31 a3
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3 -2 Q -2 0 i
Matrix experiment
Expt. Design variables Result(7)
No- "5 1 b | by | b4
1 3 -1 -3 -1 19192
2 -3 -2 -4 -2 41661
3 -3 0 -2 0 9605
4 -4 -1 -4 0 52080.1
5 -4 -2 -2 -1 34934.1
6 -4 0 -3 -2 36691.4
7 -2 -1 -2 -2 6008.1
8 -2 -2 -3 0 110754
9 -2 0 -4 -1 27734.1
Fig. 6 The matrix experiment using
Ly (3*) orthogonal array
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Table 3 One-way table for mathematical problem

Design Levels

variables 1 2 3
A(b) my,=234860 g ,,=412352 =14939.2
B(b,) mg, = 25760.1 52 = 292235 mg,=24676.8
C(bs) me = 223196 cp = 404917 m,=16849.1
D(bs) mp, = 272867 py = 281202 3= 24253.5

Table 4 Results of the mathematical problem

Method | NO- of function ptimum variables Function
evaluation by b, bs by value
SOA 30 -1 1] -1 1 8
Random 720 1 1 -1 1 8
SOAGA 670 1 1 1 1 0
500000 SO —
450000 | —4% 00 (—%
400000 ” 700 "‘P‘“—
350000 E
£ aooooo 1 £ oo |
5 oo T £ oo [ Ly
2 200000 =
= {50000 I % a0
100000 / \V\ = 20 .
herd 4 MY o VAT S fareat
1.3 5 7 9 11 t3151718 1.3 8§ 7 9 11131513719
L Nueber of herations Number of iverations
Fig. 7 History of the function value for a mathematical
example
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Table 5 Design variables and their values of the initial
level (x10”° m?) for ten bar truss
Levels Design variables
A; Az Az Ay As As Az As Ay Ap
1 [ 729 729 729 465 465 465 465 465 465 465

2 | 645 645 813 400 400 400 400 400 400 400
3 [ 813 813 645 542 542 542 542 542 542 542

Table 6 Assignment of design variables in L,, 3"

Expt Column number and design variable assigned
No.l1[2]3 4[5 678 [9]teJufiz]i3
Ay | A; ignord| As | A4 [ignored| As jignored| A6 | 47 | As | Ao | Ao

L[] jrprp (e prfrpr]nfl
2 |11yt l2fy 222 |2|2)12]2]2

a7 f3lala a2 a2 l1f3]1]3]2

42 107X E2{x

Fig. 83 #o) 2749 o] 1074 EdL 7=
Boll 28 wf 7+ BAS] DHA 4, 4 4, 4, 45,
As Ay, Ag Ag A;pS BASIE EAolt). EMHAE
B A 5(E) 68.9GPa, BE(p) 2770 kg/m’, Eo}&
H(v) 033 AHE-EIATh BAl AAgE 4 (7)

% 2
Find 4; @
to minimize  mass (kg)
subjectto  —172.4MPa <o, <172.4MPa

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

SOAGAE A 93 2E dhioliA Table 59Jr QOI
SU% 27 AA%ES &g AW
7} 107hela, F= T% 391 A
L;(3%) EF ZAuudR
o] AAWMSE WX 3T

SOAGAY] 7} ‘ﬂ‘H%l-*roﬂ g 2733 A=
Fig. 99 Zth SOAGAE % 1039 FAF3t o]F
< 539 Mg ¢+ H ﬁak% T5+9 1, MIGA
off uldte] AL 347t 453 AHJoh mg
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Aelsle) Table 634 2
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Fig. 9 History of the function value for ten bar truss

Table 7 Results of ten bar truss with SOA, ASA, MIGA

and SOAGA
Nitro| M | ol Optimum design variables (<10 1) F:i

&8 |Evaluation| 4; | 47 | A5 | s [ 45 | A5 | A7 | Ay | 45 | Ano
soA (8790 351 |sa2}194|s542(323| 97 | 97 {400]400]323| 97 [geasivie
ASA 11087.5 327 |465|323]729 97 | 323]400|465]400] 97 | 465 |sasiic
MIGA |931.5| 5369 |542| 97 | 97 |542|465]600] 97 | 465|465 | 600|Eastie
S0AGA| 781.7| 2889 |542) 6 |542(323] 6 | 6 |400|400/400] 6 |gasiie

< A" F Ut Z GagFol 2o
Table 79} 2},

43 25 81 EdA

Fig. 105} Z& 2584 Egjx F2Ed dstd
Table 8¢ 27FX] stF o] tisld o] g
TEEAL WA AFLE 43 dE B
o 9HAe T ZE B dste @A
“(E) 68.9GPa, BXE(p) 2770kg/m’, Eob&ul(v)
0.330|th EAo] AN = A ()7 Zot

Find b, ®)
to minimize mass (kg)
subject to -275.8MPa < 5, <275.8MPa

(j = 1r2,' t ’25)

1375

Table 8 Nodal load components for transmission tower

Load case_ Node X Y z
1 1 4448.22 44482.22 -22241.11
0 44482.22 -22241.11
3 2224.11 0 0
6 2224.11 0 0
2 5 0 88964.43 222411
6 0 88964.43 -2224.11

Table 9 Design variables and their values of the
initial level (m?) for twenty five bar truss

Design variables
b b; bs by bs bg by
1 0.044 0.044 0.044 0.024 0.024 0024 0.044
2 0.024 0.024 0.024 0.0094 0.0094 0.0094 0.024
3 0.064 0064 0.064 0.044 0044 0.044 0.064

Levels

Table 10 Assignment of design variables in L;4(2! 3%)

Expt. Column number and design variable assigned
No. L1 2 3 4 5 6 7 8
ignored b b, b3 by bs bs by
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2

802 1313 2]}l
Table 11 Results of twenty five bar truss with SOA,

ASA, MIGA and SOAGA
No. of Optimum design variables -
Method I:]i(ags)s Function _ (x10*m?) I;fii;

levaluation| b, | b, | bs | by | bs | bs | by
SOA | 4243 162 |4401240(240] 94 | 74 | 34 440 ffeasible
ASA (5450 262 |640(440) 94 | 54 (240| 74 440 feasible
MIGA | 4570 | 2660 [440(440(240| 94|54 | 6 !440 feasible
SOAGA] 4058 1152 |440(240(240| 54 | 74 | 34 | 440 ffeasible

i
o \;
B s ol

1.3 5 7 9 11 13 t5 17 19 1.3 5 7 91113151718
number of iteration number of iteration

90000\

:
i

60000 ]\
40000
30000 | S Saaat g

10000 N

nitiad value (ig)

tocal minimum (kg)

. 88

Fig. 11 History of the function value for twenty five bar
truss

candidate values

b,(x10*m%) e {0.74, 0.94, 2.4, 4.4, 6.4, 8.4, 14,

34, 54,74, 94, 240, 440, 640} (i=1.2,---,7)
AAMSE 7t RAd vddoR dINe x
gatd AHAWSF dzS AHEEAT. b=4,,
by=Ay=A5=As~As, by=A=A7=As~As, bi=A1=A n=A=
A, bs=Ai=A =414, be=A15=A15=Ax=Axn 31
br=A»=A;=A=Ass ©]1T}. SOAGAE AT Z=E
g Eol thalA Table 99 Zo] FUF %7
AARSE AR BARSFY $71 77)0]
12, £ FE 3d AL FAsel L) B
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