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Abstract

Structural optimization has been carried out in continuous design space or in discrete design space.
Generally, available designs are discrete in design practice. However, the methods for discrete variables are
extremely expensive in computational cost. An iterative optimization algorithm is proposed for design in a
discrete space, which is called a sequential algorithm using orthogonal arrays (SOA). We demonstrate
verifying the fact that a local optimum solution can be obtained from the process with this algorithm. The
local optimum solution is defined in a discrete design space. Then the search space, which is a set of
candidate values of each design variables formed by the neighborhood of a current design point, is defined.
It is verified that a local optimum solution can be found by sequentially moving the search space. The SOA
algorithm has been applied to problems such as truss type structures. Then it is confirmed that a local
solution can be obtained by using the SOA algorithm
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Fig. 1 Discrete design space with two design variables

Fig. 2 Global and local solutions in discrete design space
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| Select cendidetes of each factor |

i

I Select a standard arthogond &ray, 1= 1 q

—

Sterting the n’th iteretion
Select level values anmng canddales
Level 2= the initial velue
Level 1 3= neichbarhood of Level 2

|

l Canduct the makrix experiment —l

L |
Table 1 Orthogonal arrays, Lo(3%)

Expt. Column number

No. A B C D
1 1—2 1—2 1—2 1—2
2 1-2 2—1 2—1 2—1
3 1—2 3 3 3
4 2—1 1-2 2—1 3
5 2—1 2—1 3 1—2
6 21 3 1-2 2-1
7 3 1-2 3 2—1
8 3 251 12 3
9 3 3 21 1-2

l Calculate meon velues for responses gaw o ‘] n=g+1

* initial level =
optimum factor

| Eveluete the new response’ = v_l

r Select the optimum levels ‘

{

l End I

Fig. 4 Flow of discrete design for constrained problems
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Table 2 Results of example 1 with SOA

Design variables | Initial values | Optimum levels
b, 0.0 0.0
b, 0.0 1.0
b; 0.0 2.0
b, 0.0 -1.0
Value of obj. fn. 0.0 -44.0
No. of Iteration . 4
No. of fn. 41
evaluations

Table 3 Full factorial experiments at (0.0 1.0 2.0 —1.0)

No. Design variables Obj. ::ew
b, b, b; b, €sp-

1 00 [ 1.0 | 20 | -1.0 | -44.0 -44.0
2 0010520 -10]-4225]-42.25
3 05] 10| 20 |-1.0]-4125 ]| -41.25
80 | 00| 15| 25]|-1.5]-535 | 1496
81 054§ 15125 |-1.5]|-5575 | 184.17

4. oH HEg % 1F

a1 %3t ofH

obale] 43t AL BRRTG ABzAol H]
MY FrolAT ZxAE F& TPHA @1 9
. 2A9 AAHE 4 @9t 2ok

Find b,

b’ +b, +2b +b, @
—5b, —5b,—21b, +7b,

to minimize

subject to
Bl +b +b7+b+b b +b b -8<0
bl +2b +b’+2b}~b b, -10<0
2b7 +b, +b’ +2b-b,-b,-3<0

candidate values

b, €{-5.0,-4.5,-4.0,...,4.0,4.5,5.0} (i=1,2,3,4)

Zb AAWMSEI 1A F dE FHPELS Yo
20719} olibgtoz MAsT. HANF 27
& b=(0.0, 00,00, 0.0)°1 3 o] wWe F5zL 0
ojtt.

AAMSE F71 4ol £ FE 3 HE
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sk w3y gndss A8 HHHE 5
)3t A3} Table 29} Zo] 43)e] MEINA §F 8
Z22 (Dol wekx AA™RSE b = (0.0, 1.0, 2.0, -1.0)

a7 2

0.254m

Lt

8<% go}, @\.(i_gé 90 x

P2=89 kN P1=84.5 kN
Fig. 5 Three bar truss
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o} Zth

Find A;
to minimize mass (&)
subject to -103.4 MPa < o, <1379 MPa

candidate values
A; (x10'5 m?) €{10, 13, 15, 18, 21, 23, 26, 28,
31, 34, 36, 39, 41, 44, 46, 49, 52, 54, 57, 59}

(i=1,2,3)
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Table 4 Results of example 2 with SOA

vl:rei;)glgs Initial N Full 2" Full
=1 O'szl SOA Fac. SOA Fac.
A 57 46 46 46 46
A; 57 46 44 44 44
A; 57 49 49 49 49
Mass (kg) 1.54 | 1.269 { 1.255 { 1.255 | 1.255
No. 91‘ 5 . 1
Iteration
No.offa. | 50 | 27 | 10 | 27
evals.

Table 5 Full factorial experiments at (46 46 49)

Design variabl
csen v?r lgb ©s Mass { New
No. (x10”m (ke) | Res
A] Ag Aj g esp-
] 46 | 44 | 49 | 1255 | 125
2 46 | 46 | 49 | 1269 | 1269
3 a4 | 49 | 49 | 1270 | 1270
2% | 44 | 46 | 46 | 1219 | 68419
27 | 44 | 44 | 46 | 1205 | 80939

Qo ol A9 ?:H'"ﬂ AZ2go] EAE}Y)
dEolt. 2} &Y duege] o His)
E BUENA Az A Hade v}
04 Hlx A FHL ol Holxm gld ohfoz A
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€ 4N d3E 510]" ek AHs At A
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etgateta AYzhgio
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44800 N
Fig. 6 Ten bar truss

44800 N

Table 6 Results of example 3 with SOA

Design » | Rl | 2@ | Ful
o "]‘:)??;f% Initial | 554 | Fac. | SOA | Fac
4, 720 | 542 | 542 | 542 | 542
As 729 194 | 97 6 6
4, 729 | sa2 | sa2 | sa2 | s42
A, 465 323 | 323 | 323 | 323
As 465 97 6 6 6
Ay 465 97 6 6 6
A, 465 400 | 400 | 400 | 400
Ay 465 400 | 400 | 400 | 400
A, 465 | 323 | 400 | 400 | 400
A 465 97 6 6 6
Mass (kg) | 155124 | 870.03 | 804.42 | 781.69 | 781.60
No. of
[teration 6 ’ z
No. of fn. 1 168 | 59049 | 56 | 59049
evals.

43 105X EA

Fig. 65 o] 2709 aFo] 1084 Eglx 7=
ol 4% o 2t R aHE 4, 4, 4; 4, A4,
Ao, As, Az, Ay, Ama ARG = EAolth BAAE
B A T(E) 68.9 GPa, D E(p) 2770 kg/m* S A}-&-3}
Aok FAo ANFE 4 (6)3 #).

Find A,‘
to minimize mass
subject to -172.4MPa < o, <172.4MPa (6)

candidate values
A (x10° m%) € {6, 97, 194, 323, 400, 465, 542,
645,729, 813} (i=12,---,10)
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