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Abstract
The purpose of this paper is to propose a methodology of
interfacing between C language program and finite element
program ANSYS. Recently, there are many advanced commercial
finite element program, such as ANSYS program, that is efficient
for calculation of complicated engineering  problems.
Nevertheless, such commercial finite elements programs still not
have some special functions for calculation, for example, topology
multi-objective optimization. On the other hand, C language
program is efficient for creation of complicated program.
Moreover, it is high-speed in computation. Therefore, making the
communication between these efficient programs will assist in
engineering design being convenient and efficient. The
developed interface program in this research was applied for a
topology design problem of a cantilever beam. The objective
functions in this optimization problem are to minimize both weight
and compliance. The results showed that the proposed
methodology is capable of interfacing between topology multi-
objective optimization (C program) and commercial finite element
program (ANSYS program) in design of engineering problems
successfully and efficiently.
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3. Simulation method
3.1 Multi-objective optimization method using GA

Iﬂﬂﬁﬁiiﬁ%ﬂ’ﬁ multi-objective optimization %zlﬂuﬂitﬁ“?iﬁ
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3%myeadn  (Classical method) waeAsmslumsuntymile
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il non-differentiable  #3alunsdiuilymidanulidaiiios
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athalsiany multi-objective optimization using genetic algorithm
(GA) mansnuiilymwiasnalaa

gmsuunenwitleidanls multi-objective optimization using
genetic algorithms lagAT the Elitist Non-Dominated Sorting
Genetic Algorithm #w3a NSGA-I [7] %Gﬁﬂﬁ/wﬁﬂﬂﬂ K. Deb
dasnniluwismsiimanmsvas GA anld uazsnansolidaay
284 Pareto-optimal solution Aiilan®mzNIz186M "lahm:mjuﬁu
3.2 Finite element method

Tsunsu W ludodiwnddidanldluonwisosud delusunsy
ANSYS LﬁmmnLﬂuIﬂiLLnsuﬁﬁauiwaﬁwr_ju wzaa lsunsu
ANSYS Lasaziimunaasdiiasfiiionin APDL Program @s1da
Tomalwmansadeudrdadnluzrslumsdumldlasmsdum
Aldannunenuitldnasasldniulysunsu ANSYS 1aitu 8.1

4. Case study

Tdsunsu interface Aldwanndulumdsed lahlunaass
I%ﬁ'uﬁ’saﬂ'm‘]’uadﬁtgmﬂ’li topology multi-objective optimization
143 88NUUL short cantilever fildaTsuaueIdannane
v 1.6:1 %ﬂﬂtymﬁtﬂuﬂtymﬁﬁmu“l%’lumsmmaaummgﬂﬁaa

2831U5un3N single objective topology optimization AilEA%atN

0.16 m N
A
Design Domain 01m
A4
L v
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nene dnsuamegtymilenesasdiiwane wlu plane

stress Aaunw1 0.01 m "i'a@!m‘ﬁﬁ’m’lmﬁm young modulus

E = 210 GPa, Poisson ratio V = 0.3 Juwagas2 load Uaz

boundary condition adugadluzufi 2 uazldainsluenlnlud

wawudlasld  4-node plane stress quadrilateral elements

Aa Y ' a & Qo

NUPWIAANUNINVBILGERZLARLUUA 5 mm  1uswIw 640
a &

LARLUUA

4.1 Multi-objective optimization function

Minimize F,(x) = compliance * maximum displacement

Minimize F,(x) = weight Lﬁmmnlﬁmm%mLtuumaﬁa@;ﬁ
AMurmadn  aaniuihninIsRa T lulsines  wieasuiuves
fluudvasingun
Warntuwinguszasdnsasnzgndninlaslusunsulnludied
& . . = A A P Y
wud  lag design variable x ﬂ:LLammmmmavlmLuamq
Tuwlawn dsugadluaunisn 1

1 if material exist
X = (1)
0 if material doesn't exist

4.2 GA parameters

unarwitlédwinm Nseadl  lasldwniieefeneg

aduaasluansnan 2

A A & 1 Al L .
5199 2 W Amasang g Aldluns optimization

Parameters

Values

Encoding mechanism

Binary parameter (0,1)

Population size 100
Generation numbers 50
Crossover probability 0.8
Mutation probability 0.001

5.0E-5 % : . ,
‘" - st .
B 1 generation
€ 45E5 = o L g
Z b Direction of #
& 4.0E-5 | 'i : M- ° generation ",
. - ° i el
§ \' £ [F h oy increase T,
8 35BS ¢ g }/: % x teo
& - ot W
3 b T,
S 30ES5 | o R
g ose5| Lt ";; : ;*"f'; A
x 7 [ generation % AT Y E
‘§B *-!& AT e . '. oy %
2.0E-5 |- ARREARCE T
hk“hmm
1.5E-5 ! ! |
150 250 350 450 550

Number of elements

Eﬂﬁ 3 LLamNamiﬁﬂuﬁmﬂjadnﬂ generation
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5. HANTIATWIDE LATILATIZR
HANIAWITLYBINN generation uaadliAsU 3 daugUn 4
URAINRVBY Pareto optimal solutions U834 generation Egﬂﬁ’m

a LAY e L. A o ]
uazzUi 5(a-n) u,amgﬂﬁaw"lmmﬂms optimize NELAUIE §

lu Pareto optimal solutions Imﬂg@ﬁﬂwtﬁ Mo ‘ﬁLLa@N‘LuEﬂﬁ 5
(Mo = 0.35) 225 elements (Mo = 0.39) 250 elements

Uy = 0.000032 Uy = 0.000027

foFadinueidsunasuaidiney dadsuiasuad Design domain

1.0E-4 '
“P"‘.
= 90ES5 | =
~ B.OE5 -
z
S 7.0E5 | .
g 6.0E5 | N O
2 50E5 | "——g
€ 40E5 - . .}]
=1 . ~, A
E 3.0E-5 - Sy “] (Mo = 0.43) 274 elements (Mo = 0.46)297 elements
g D T it K '\..‘l ;z"“-“
2.0E-5 - - "w'-'..é.:'."....."{u Uy = 0.000025 m Uy = 0.000022 m
1OE_5 L L L L L L | (5|) (5])

100 150 200 250 300 350 400 450

Number of elements

E‘]J“?l 4 [WaUB Pareto optimal solutions Ua4d generation ’r,gﬂﬁm

Y
Y

(Mo = 0.51) 326 elements (Mo = 0.55) 351 elements
Uy = 0.00002 m Uy = 0.000019 m
(8k) (81)
(Mo = 0.16) 99 elements (Mo = 0.19) 121 elements
Uy = 0.000385 m Uy = 0.000224 m
(5a) (5b)

(Mo = 0.58) 374 elements (Mo = 0.63) 406 elements
Uy = 0.000018 m Uy = 0.000017 m
(5m) (5n)
(Mo = 0.21) 131 elements (Mo = 0.25)159 elements
Uy = 0.000102 m Uy = 0.0000602 m g‘ﬂﬁ 5(a-n) Eﬂi"ldﬁvlﬁﬁﬂﬂﬂ’li optimize figuntiaange lu Pareto
(5¢) (5d) optimal solutions

Mo = 70/160 (0.44)
o0 =0.28% elements o=0. elements
M 0.28%) 182 el M 0.32) 204 el

Uy = 0.000047 m Uy = .000036 m
(5e) (5f)

3N 6 Eﬂiwaﬁvl,@ﬁ"mﬂmi optimize NaaEIUVIIININ 44%

(Mo = 0.44) 3NNLaN&1T81984 [8]
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