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Abstract

It is important to determine supporting locations for structural stability when a structure is loaded with
non-uniform load or supporting locations as well as the number of the supporting structures are restricted by
the problem of space. Moreover, the supporting location optimization of complex structure in real world is
frequently faced with discontinuous design space. Therefore, the traditional optimization methods based on
derivative are not suitable Whereas, Genetic Algorithm (GA) based on stochastic search technique is a very
robust and general method. The KSTAR in-vessel control coil installed in vacuum vessel is loaded with non-
uniform electro-magnetic load and supporting locations are restricted by the problem of space. This paper
shows the supporting location optimization for structural stability of the in-vessel control coil. Optimization
has been performed by means of a developed program. It consists of a Finite Element Analysis interfaced with
a Genetic Algorithm. In addition, this paper presents an algorithm to find an optimum solution in
discontinuous space using continuous design variables.
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Fig. 1 Discontinuous design space
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Table 1 Material and element

Item Material Element
Coil case Inconel 625 Shell 63
Clamp Inconel 625 Beam 4
Conductor & insulations | Equivalent material Solid 45
Vertical support Inconel 625 Beam 4
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Fig. 8 FE model and boundary condition
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Fig. 9 Flow chart of combining FEM with GA
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Table 2 Comparison of optimum results

Morris® D:Leglf;gd Deviation (%)
A, (in?) 14.230 14.244 0.09
A:x(in?) 4926 4944 0.36
A5 (ind) 0.100 0.102 2.00
Volume (in%) 251916 252322 0.16
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Fig. 11 Result of test problem
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Azgdel dFugoz 0-360°72 HHo 9
g g8 "ok ©, 343 3de)] M2 2
getr] A AaYER AgF2EY 2 2F
E3e] FE A AA gop ol wetA
Fig. 12 ¢ Zo] EdE 4 Jov, Aojzde &
gt AAVEFozRE BAde HuygAE
Hxst &7 gt AR HAHZ ZA= 4
)% Zol H4s & F du)

ALY ENME dutH oz AYgzAd &
A vAt 2002 WHsto HHI}E Y3t
o, F2 WA HH(penalizing strategy) & A& ok
oL AMAWSrt FAUY Fd9L 4 #
H3g 2Aste] HEEg doj=dA sio o
Ao dE == £3ln ZHEA e A& 9

¢



FHLgnygEE o4 WY BT

ol @oh A%E e A ()T 2ol Hgdh

Minimize F(X)= Stress of Top IVCC
Subject to 2

g,(X)=120<X,,X,, -, Xy <
2.(X)=275¢X,,X,, -, X, £57.5
£,(X)=67.5<X,,X,,, Xy <

2,(X)=107.5<X,,X,, -, X, <130.0
g,(X)=140.0<X,,X,, -+, X, <152.5
2.(X)=162.5<X,,X,, -, X, <173.0
g,(X)=197.5<X,,X,,-+, X, <210.0

2.(X)=2200<X,,X,, X, <232.5
g,(X)=242.5<X,,X,, -, X, <263.0
g,(X)=2820<X,,X,,-, X, <291.8
2, (X)=3018<X,,X,, -, X, £327.3
2,.(X)=3373<X,,X,,, X, £353.0

0<X,,X,, X, <360

A7IM FX) € BATSF, P(X) = BHEF o]
B AFME 93 Y H T P(external linear
penalty function)¥Z AM&-3¢ o9, Z+zte] AAW
7} ALdzAE guistw 233 Fw E RO
B dFdAE S ASxPd FUEd E4
& F3siginh

FR)=FX) + Y B.(X) ®

P,(X)= w,[max(0, g, (X)) @
if X is acceptable

& ( ) {g (X), else ©)

43 QlelZxHEs Ld1els

g o —Ert Yo AIUEEL 90° 7t
AT ZE 3] A"
e ‘ZIZHLZ o] AXH 4 Y= %
Hdog AAWEI B =F o] Fzhd wAH
Foermde QFZ Adld AHHEF o
(erron)E EAANA HFH &g ¥ + ¢ Ak
olgjgt ZAE A7 H3ld, fEdassy o
/\] Z%;g—_l_;:_7}. w)oi;(]‘—- ol_,],] E’.Z—lg}-’*a =] z‘;:],
oz HHE £330 FAHE AL AHFn
e gd9dg dszgos gAsl o}ggu}, o]

-

2 722 AU AXs A7 1563

ior i=1 : popsize
fori=1:N
if Xi=in discontinuous area
P(X)=P(X)+wigi(X)
else
end
end
F(X)=artificial objective function(No FEA)
ifP(X)>0
else
fori=1:N
if Xi=in allowable area to support
gi(x)=0
else (interfered area)
P(X)=P(X)+wigi(X)
end
end
F(X) = from FEA
end
fX)=F(X)}+P(X)
end

Fig. 13 Artificial-objective function algorithm

Table 3 Genetic operator type and value

Operator Type Value
Reproduction Gradient-like selection 1.7
Crossover Modified simple crossover 90 %
Mutation Dynamic mutation 10 %
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Table 4 Supporting locations of equal interval design
and optimization

N | Design type Supporting locations
Equal interval 45.0, 135.0,225.0, 315.0
¢ Optimization 14.8, 140.2, 249.3, 307.0
Equal interval 35.0,107.0, 169.0, 251.0,323.0
’ Optimization 16.1,123.2, 206.0, 261.6, 306.2
Equal interval 20.0, 80.0, 140.0, 200.0, 260.0, 320.0
6 Optimization | 438, 142.5,222.2, 260.7, 312.6, 348.1
Equal interval 15.0,66.0, 117.0, 169.0, 220.0, 262.0, 323.0
7 Optimization | 13.8. 74.1, 147.7, 230.4, 260.5, 303.9, 348.5
Equal interval 225,675, 1125, 157.5, 202.5, 247.5, 292.5, 3375
5 Optimization 40.8, 122.8, 146.4, 232.2, 252.3, 262.1, 303.9, 348.5

Table 5 Maximum stress results and decreasing rate
according to design method

Number of Design method Decreasing rate
Supports (N) Equal interval Optimization (%)
(MPa) (MPa)
4 7232 4804 33.6
5 617.1 4588 25.7
6 538.0 319.6 40.6
7 501.2 275.0 45.1
8 489.1 271.7 444
-
T 70 —e— Equal interval
g —=— Optimization
= .
PO
Z —
E 500 - -— -— .
w
§ 400
k73
= ._
= e T -
200 Aoy T r T T
4 s 6 7 8

Number of supports

Fig. 16 Comparison of maximum stress results between
two design methods
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