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WITCHAKORN WONGCHANASIT : APPLICATION OF
OPTIMIZATION TECHNIQUE FOR CONDENSING UNIT SUPPORTING
LEG DESIGN OF SPLIT TYPE AIR CONDITIONER. THESIS ADVISOR :

TEETUT DOLWICHAIL Ph.D., 158 PP.

GENETIC ALGORITHMS/SHAPE OPTIMIZATION/SUPPORTING LEG

Thailand air climate are hot and humid, so that the weather is hot more than
cold. It effect to more use the air conditioner. The installation of split type air
conditioner in general, its condensing unit is installed at the external part of building
that’s good for heat rejected and view point. The condensing unit in the case of
installation over the ground, it must be used the supporting leg to support its weight.
Generally, the beam cross-sectional area shape have been various such as C-section, T-
section and so on. The cross-sectional area shape and the hole on the beam are effect to
strength. Therefore the researcher want to know the optimal shape that describe two
objective points. The first is minimization of build up materials and the second, its can
be supported with minimum deflection while the constraint condition is stress does not
exceed the strength of materials. So that, the work objective is finding the optimal shape
of split type air conditioner supporting leg. Now a day, Finite element method (FEM)
is applied in various of engineering problem and it also use genetic algorithms (GA) to
combine with in optimization problem. This work is bi-objective optimization that use
non-dominated sorting genetic algorithms II (NSGAII) for evaluate the optimal
solution. The work considerate 4 cases study which consist of the shape without hole,
1 hole, 2 holes and 3 holes case study. Each cases are defined by different design

variables. The optimal results are collected in the optimal set of Pareto frontier. The



results are shown the different percentage of minimum and maximum volume of the
supporting leg as follow ; the first case is 50%, the second case is 51%, the third case is
49% and the last case is 53%. The 3 holes case is selected to build up for install the
strain gauge which its measure strain deformation to verify to the optimal shape that

has percentage error of the strain in same of load direction is not over 6%.
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W(X, Y, Z) = 8y + Bpmep X+ 8oy Y + s + By ZX oo 85 2" (2.13)
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u(x)=a, +a,x (2.14)
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u(x,y)=a,+ax+ay (2.15)
V(X,y)=2a;+aX+asy (2.16)
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u(x,y,z)=a,+a,x+a,y+a,z (2.17)
V(X,y,2)=a;+aX+a,y +ayZ (2.18)
W(X,Y,Z)=a5+a,X+a,y+a,z (2.19)
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u(x,y,z)=a,+a,x+a,y+a,z (2.20)
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u(x,y)=a,+a,x+ay+a,x>+axy+ay’ 2.21)

V(X,Y)=a; +8X+8,y +8,X* +a,Xy +a,y’ (2.22)
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3U7 2.21 loamuAFFoU A MIHAGUATNIA (1A% WNFIIQYN0Y, 2548)
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u(x,y)=a, +a,x+a,y+a,xy (2.23)
V(X,y)=a5+a5X+a,y+axy (2.24)

mianafonnoauolioamon xy 11109910 mow xy 1zv1l¥mInszia
Tuau x 3o y Ianadauilsmumady

o ] a o = a o 9 o w 9 J o

S VOANUATHAIUTIFUFOUMAIADITITOUNUAIGHINFUND
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jRMMV:O (2.27)
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K11r1 + K12r2 tot Klnrn = R1
r =R,

2n'n

K, + K, +..+K

(2.30)
Kyl + KL+ +K, =R,
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Ao A TugaaUDIde (Young’s Modulus)
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U

[

(2.40) Tl &aums I w0 ammud dail
[K]{o}=1{F} (2.41)

A A a 7 o 1
V3] [K] D LUATNVUBDIAITULUUNLLNI

{F} ﬁf] ﬂ1§'$ﬂ‘izﬁ1§ﬂ!ﬁ@%umﬂuiﬂﬁ’uﬁﬁWﬁu@iﬁjﬁHﬁU@‘U
Tagi [K]=[B]'[C][B]tA (2.42)

A A a -4 %% o 1 = =
o [B] o !M@]iﬂ‘ﬂfuﬁ’f@ﬂﬂ’ﬂll’ﬁh‘l/\lu‘ﬁi%‘ﬁ’JNﬂ?1hlﬂiﬂ@!£ﬁ$ﬂ1§tﬁﬁl§ﬂ
A a 4 = [ Y4 1 9 ~
[C] AD LUATNFUUIA 3x3 BILTAAIANNTUNUDITEHINANUAULAZANUATYA

Asunsal Plane stress “HdSEJ Plane strain §148191

t A9 ANUHUIVDIUHUTZ U
(B0 B 0B O
Tagh [B]:ﬂ o\ e 4 K (2.43)
Cl bl CZ b2 C3 b3

nnmed {5} Tuaums .41 Usznevdwdimaidezd u uaz v ga

ADNATIN AIFUNITN (2.44)
{5} = [ulvl u,v, U3V3] (2.44)

v J a J 1 a 2

wasnnaums W ludledwudvewaaziodmud lagnaiisunda 39
o 1 dy @ A Y a kS =< s A A
Waumsmiatinnny e liimaszuuaunssn niudalszgndtou lvveuan

9

o o [ % (Y] 1 1 ) 9
e Iidm iy adduszuuaumssiudaing 1 newinisudssuuaunssiy
d’ ' =
erimmsidegy u wag v

A 1 ~ ' 9 = ~

Wens ANl U 1Ay v veanng 9adoundd 39MIANIAIEA

' Y Y =X Y 1
4oY ¢, g, LA I~ Iﬂﬂlﬂfﬁllﬂ”lﬁ (2.37) uag (2.40) LA IANUIAUYDY 0., 0, Uay Ty
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TaalFaunis (2.34), (2.35) uag (2.36) N30 (2.38) a2 (2.39) A115UNTA Plane stress 13 ©

. o o R Y v 3 ¥ Y o dy
Plane strain 97419 %Qﬂ’smmuﬂﬂEJET”I?J”ISﬂi]ﬂL‘]JHﬁiJﬂﬁﬁW]"lﬂ AU

&

X

¢, 1=[C][B]{d} (2.45)
Yy

=S =S
2.6 NN NULa8ing
a v Y . . . .
luadterzidenldnguin21u@en1e Maximum Distortion Energy 130 Von Mises
. . al a Y A ' = = . =
Yield Condition NHHHUITWITNTUIANNIAUINDY uANe9anad N Total Elastic Energy %4
T g 1 v { o a { a2 . . .
pyaily 2 @9 Ae @i liinanisn/asunast/5uias (Dilatational Elastic Energy) tae
[ ~ o Y a a Y = . . . ddy 9 [
darunilviimanisiaglanauAuRou (Distortion Elastic Energy) Nyt lendnnis
a a a A o o g’;
superposition THNITNITUIANNAY NNITHUBANUAN IATUANVAUNSINIANLIULAL

o a\ [ Jd o 1%
Mruali TeIml AFTINUIMNA , 2554)

_0170, %05

o (2.46)
av 3
& A ) =
o O A9 AUIAURNAY
A Y a
o2 Ao anuaulunanwnu x
A Y a
o, Ao anuAu lunANILAY y
A 9 a
(o Ao ANnuAulunamwny z
a 9 [ J
Wﬁ]15iLl1?’13111Lﬂuﬁﬂﬂ1u§ﬂuﬂﬂnﬂm’ﬂﬁ
oo 0 0 o, 0 O 0, — 0, 0 0
0 o0, 0|=/0 o, 0 |+ 0 o, —0,, 0 (2.47)
0 0 o 0 0 o, 0 0 O,— 0,

aumsf (2.47) aansouaaslansgli 2.26
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)= Ty

T
T =T,y

() Triaxial stresses (h) Hydrostatic component (¢) Distortional component

gﬂﬁ 2.26 State of stress (Richard G. Budynas , 2011)

M3W91517 Strain Energy Per Unit Volume 11a/@4a331/7 2.27

Work
|

F s (g)

gﬂﬁ 2.27 MINITU Strain Energy Per Unit Volume

WennsazU 2.27 ag ldaail
u:des:jo—dgziga (2.48)
2

a a & H
W15 Strain Energy Per Unit Volume UDIUDALNUA nIoaunIsN (2.47) MBUUITN

Tae7s Superposition awld

1
u= 5[510'1 +6,0,+£,04] (2.49)
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u A9 Strain Energy Per Unit Volume
A ~ a

& flo ANNAEA TUNANINY x
A ~ a

&, flo ANNAIoA TuNANINY y
A ~ a

&y flo ANNIATEA TUAANINNY 2

NNNHVDIFN (Hooke’s Law)

6, ==[o,-v(0,+0.)]
g, = %[o-y -v(o, +ax)} (2.50)
6, ==[0,-v(0,+0,)]

A s Y
eilszgnanguesgn 1z 14

N PN R (2.51)
u=_cloi+o+os - v(0,0,+0,0,+0,0,) .

A A . A ~ A 9
IBWIITU Hydrostatic stress component HIBANNITN (2.47) (NBUNAD ala

307

u, =—2(1-2v) (2.52)
2E

u, o Hydrostatic stress component

UNUAIINANMT (2.46) 22 1d

1-2
u, = 2EV (0'12 +07 +0; +20,0,+20,0,+ 2(7301) (2.53)

A a . . A A = Y
IBWIITMU Distortion energy HIDANUNIIN (2.47) meuauae Ia
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U. =u-— (2.54)
‘ ' 3E 2
I . .
u, f® Distortion energy
MINMINATOUMINATDY Tension N19AAIIN 10 0, =S, , 0, =0, =0 AU
1+v
Uy ==——S5. (2.55)
3E

S, A9 Yield Strength

o & £ = A

JUU %uﬂuﬁlzﬂﬂﬂﬂﬂﬁﬂmﬂ

2 2 2
1+v (01—02) +(02—0'3) +(0'3—0'1) >1+vSZ (2.56)
3E 2 - 3E ! '
) ) » 2
(0'1—0'2) +(O'2 —63) +(63—O'1 S s 2.57)
2 y
= . A
¥4 Von Mises Stress f19
) A 52
o,—o,) +\o,—0,) +lo,—0o
_[@mo) om0+ a) s
2

o & 2 = A

JUU %uam%m@@mmm@

c'> Sy (2.59)
o' 1 Von Mises Stress
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Ed ' 1
wuluanueenuuudeseontunliai Von Mises Stress #109181 Yield Strength 1o

Y
ﬂmﬂumsmmawmm

=
2.7 INAIANNNATA
o ~ . I Jd o ~ . @ (%
(NIIANINIAIBA (Strain gauge) 1111UQUNI0IIANNATEA (Strain) TAsoIABHANNS
asundasanudumu ldidmganssuvesiaaiiedaqiinmnlasunlasyuia Taw

drlsznouveunaiannuATeALaAIRIgUN 2.28

r—s:;’f:"' |— End loop
f 1

B
il ]r‘— “1?‘1‘ ;r:::: Matrix

lengih length
3 Solder
A labe

- Overall
Assembled gage L pattern 4"

width

Thin paper /

Wire grid —,

Thin paper

f— Matrix width—s{

A ' v = J o A L4
g'ﬂ‘ﬂ 2.28 U152 NOUVBIUNVIAANNLATUA (57. 9. 9. Q3. NUADT 6]5”|uﬂi$ﬂ”lﬁu, 2555)

2.7.1 MSIMAMANNAY
1 Yy = d' U 1 % = 2‘, 9 =
N1SNIAINNNAUINANVIATIANDIUAIIINAVIAANUIATIANY VLADIY
a I a g’/ [ = é Y (2
Aamuilullawmsaadunaiannueaion F9am13011 149NN 098N (Hooke’s law) A9

aunig

Ee

test

Olest = (2.60)

A A Y Any o
$V13) O lest R ﬂ'J13JLﬂ°L!1/]llﬂﬁnﬂﬂﬁﬂnnminﬂﬂﬁﬂﬂﬁﬂ‘ﬂ

£ A9 ANUATEANIANMINATDL

test
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a v d' d' Y
2.8 JHIVENNYIUD
aov 9 1 ~ 9 9 ?x‘a ad o a
ueNNNUITEAMUMIMIFY Iz an Tassad ez lsuaouITA LI
@ o v o Yy o Y ad o a @ o @
Wugnssulumsdnnauda ddlaimnihvuasudiduiadaiugnssulszgnasiuny
a A Aan A [ 9 o (% 9 A 9y o ] Av A
mANAYI3Toug uazdeamisalemuiaunulaseadeoug 14 ausy iuitenziaus
Y
ao 11/l
Sujin Bureerat and Jumlong Limtragool (2006) Taeueauidemednisinene lad
Tasearsne (Structural Topology) ﬁmmzauﬁqﬂ 4 Ta39a314 Ao Cantilever plate, Michell-type
9
plate, 2D bridge 11a Plate with the hole Taa 19T unouITN 151U U3ITMUING (Evolutionary
Algorithm, EA) 4 3% A © Genetic Algorithm, GA , Stud-Genetic Algorithm, Stud-GA ,
Population-Based Incremental Learning, PBIL (t1¢ Simulated Annealing, SA FNUMANA 1-0
) I o I
Binary Variables Avuau DSVI uag Approximate Density Distribution, ADD Avuaiilu
DSV2 iffimuie Ao auruinluveslaseaiteiosnga nazleanun1s Checkerboard
o 1 I = = o = o
Tasead1e st aily 4 nsal asdlay 4 MSAIUIY ATAUTN AB NITAIUINDY
Tn39a$19 Cantilever plate #11291%A1TARY GA 1ag PBIL Tagld DSVI Aulugaaoinig
GA uaz PBIL Taold DSV2 Aunmaaaudio Stud-GA taz SA Taeld DSVI nazfuimya
Ay v N o E o oA v oA A
NTA20 Stud-GA uaz SA lasld DSV2 nsaloau1uuinsAuIausuAeIN Nl aou
{ ° < o w
Tasea1en 198100 u Michell-type plate, 2D bridge 1182 Plate with the hole ATNE1AY Ha
° Y I 1 ax B )] o Y 1 and v a
vinmsmuanaasiEuIs SA Taeld DSV2 wzgrintmimaney laannasous sndunsal
Aas 9 1 9 o Y J o = S
u3n#as SA Tagld DSVI szguinvidminen laani tazmsmmaouvesiyrimeone Tagiuu
9 . <3 @ @ 2 1 Y I @ o v .
115 1% Mutation 1 1AM ANILANIINIG 1Y Crossover 11 UAI1aN 1A8 GA LAN15AA Population
A o o Ya Y o d‘ddy
wazmuseumMsmIai1iig GA lamaeunavu
Tadeusz Burczynski and Grzegorz Kokot (2003) lAld 1o 1u3demennun1swizlsi
voelaseadrannaimuizauga 3 DU Ao Cantilever Beam, Support 1A% Rectangular
Y v
Plate Tag 199 UaaUITAI5LUVITRUING (Evolutionary Algorithm, EA) Ai® YHABUITIFS
o [ Y 4 a 4
WUTNTTY (Genetic Algorithm, GA) 7 AWAVITUINIUATT DA UA (Boundary Element Method,
o . d v .
BEM) NM3f112%4904 Cantilever Beam HW9n 511111118 Ao Complementary energy Hoofiga
A v o A S 9 9 I A o o =
deou'lvifedy fe Ysuasveslnseadreezdeadluldawnmvua mssuinves Support i
7w a X Ay 9 4 P o o A o A v
Wenduthnne Ao WuNdeaiosiga @ou luiita fe svezmIinsziaiionInmIzisides
(=Y { o ) J v
Tnunmvue taznsmUINVD Rectangular Plate NeanFuivune Ae Complementary

Yy A A | a Yy 9 A o .
energy ‘L!’E)EI“V]@:W] N’e‘]u"l"uma‘u o ‘]JiiJ'lQ‘l'i"ll’E)\?Iﬂi\?ﬁﬁ'Nﬁ@\iﬂ\?ﬂ NITATUINVDY Cantilever
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Beam (Ho11msiinaee3191u Insea319929 13 Complementary energy anauaziaouin'la
[ 1] ' Y

manzaunnsain imiugeadnalulnssade uasiwausenlumsmuisezsinyumuiu

o I a o (% o
A15AIUIUVDY Support 1Y Rectangular Plate 11y 1 Tufianiufernununisfiininves

. A 4 A ' ' Y o y & 4
Cantilever Beam A0 110Ny 399319 U Iaseai1992 7119 WuNtae Complementary energy

Yo ~ ' AdAy 1 A ' 9
anad uag lamasuiinzaunnlunsaln limugesinelulnseadie
Faez Ahmed, Bishakh Bhattacharya and Kalyanmoy Deb (2012) lamuenuitened
= d‘ d‘ 9 Z’, an Aa o
N1 1MoND 1ad (Topology) MvinizduNga lagldiuadulITnIsHuuITMUING
Y

(Evolutionary Algorithm, EA) A9 TUADUITITFIN UTNTTU (Genetic Algorithm, GA) 39UNY

a . . ' 2R <3| S = A =
MANA Constructive Solid Geometry, CSG laguuansaians 1l 2 n5al n5AUUTNADNISANYI
AU Cantilever system Un152459n32711/a10A11 NI NE09ADNITANYINY Supported system 1)

o 3‘, q 9 Jd v A 1 A [l . Y
MIzuTINszInaenIu Nedensal llsnduthvuiens A1nuBagu (Compliance) oY
ngauazReu lvilufolsmasdes liimuiesas 50 9n1SuasGudu gIse 1l TUsunsy
o ) ~ 13 4

MATLAB ttag ABAQUS lumsdiuia Tagmsmuiaay lanan liiluldauiceuly A &
YSuasinudesar 50 1nUsuiasisuan {39014 1935 Constructive Geometry Topology

.. . < ' .
Optimization Method, CG-TOM Hauaad1¥ifiui1mene ladueq Cantilever system A g

= I A v o
Supported system JaNuvz autazdlv ldamton lviiay
Eisuke Kita and Hisashi Tanie (1997) 1adnauea1uidonernunisnigylsied
= Y R gao o ' ) A . A
MUzaNNgavodlasIaig F94I988nA108191ATI0319AIUBY (Cantilever Beam) NNA15E
)
15INTZIAADANIINGIIVBIATY 1A8RI901a0N IFTUADUITIFINUENTTY (Genetic
A o a 4 1 o a
Algorithm, GA) HAZITUIIUATT A UA (Boundary Element Method, BEM) SN UINAUA
3 =X Yo Y Yo o a X dyg A °

Free-form Deformation , FFD &3i39¢ lanvuanenguivue Ae iuivdesiige nagiviua
A v o A Y . Y 1 a Y A k4
[ouluiiady A ANUIALEIFA (Maximum Stress) 9zA09 i uaNuaun Inseadeauso

Y Qlaculrlﬂ}o

Y
5018 (Allowable Stress) waz himanisaanuvesgilsraniaadu fIselasiinisimun Ga

U

] Y
C%

X A ~ o ax L g Yo & A ax P
YupunelTeuMeunuITNUSIU 4 Tuaou Tagduaounsnl§I5HUg U A 15ATA 10103
9 ] ] Y Y

11U 1 9@ (one-point Crossover) YuADUNTDIRDNTUT U AoUTUADUMIAMUINVDITUADY

& Y Y o =1 1 Aax 19 9o ) A 1 3’/ ~

130 9 lauu Tdumaouan11Isusnua 193114 IUToUNITAIUIA BEM NNIANI1 YUADUN
A o Aax P A YA A A ax P .

a1 av MIIsAsed Tanasuuuduu lHnuay Ao A5AT0a 10190311 2 99 (two-point

Crossover) 1t81¢ Uniform Crossover Ta® 2% Uniform Crossover ﬁuuﬂffu Ao UNANI UV

A, 4 2/} o . . {

A5nsedlonoiuUY 1 99 1AL 2 9 TUABUFAN19ADN1311 Directed Mutation 4N UN
Y Y 1 ] Y ] [

Mutation UUUIRLDIN 3 VUADULTN WUNTUADUN 4 11150 1T A1 UNANITUADUN 1 9

& ax L ] 3
L‘IJM’J‘EW‘L@TL!’E)EJN%@L%H
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Wei Lu and Pentti Makeldinen (2007) 1@ ud ueaiuidonoanunisnigysiei
v Y
IMUIZANNFAVOI Hat-Shaped Cold-Formed 1A8UUADUITIHFINUFNTIN (Genetic Algorithm,
GA) 594N U Augment Lagrange multiplier method , ALM lagi9152182ud500n000 Ao 62
uilshfvuaruIe ALY LAz yNUINIIAAYI19UDI Hat-Shaped Cold-Formed Hagiinse
o Jd v 3 @
154521805 aeAnNe1d TaelWlenduhvuiede 11rinvee Hat-Shaped Cold-
Formed toonga Warsanidou luifanuNe199991nu1@ 5314 Eurocode 3 Part 1.3 Taouasgiu
o 1 a [ Y < _ A A o =\ 1
aanangineInumsesnuuy Inseas 1amanves Teug 151l Fulou luifmusszilidesngu
A ! A . . ' A <
o ﬂqu‘lﬁ)u]l"ll;iﬂ‘i/liﬂ (Geometrical constraints) l,l,aZﬂQMN’éJu"l"Uﬂ’NiJLL"UQLLiQ (Strength
X = A 1a 4 a 4 . . . =
constraints) I@]EJL‘]E"EIUW]EJU 2 NI D uuu”lmmiwmmmmﬂw Fabrication constraint 1138
Y
13NIZMHUARA penalty factor 1110 10, 50 1Az 100 AIABUIZAUFIUIUFIWTNIINUUGIT
Mz ey Wonswz 1aa1nnun iz ey Ao 862.9 mm UANTAN 2 3LAKUA
1 T W I 1
A3 AB 1000 mm AN penalty factor {10V 50 11w inequality constraint 11 penalty factor

Y I . . A - o 1 oA 9 1
A 100 131 equality constraint Tagn3aihi 2 1 MaeuszgEgmnmuIzaug 1NN diusn

) 9 o { . . o
ua ldeaounidlu 1 Fabrication constraint

28 agy
1 A 9 1 1 g’; ax A @ I g’/ a o ~
NITVINLVANA AN ﬂulﬂﬂa'l’llﬂ YU "’U‘H@l@“Ll’J‘ﬁI,GINW‘L!Eﬂiih!ﬂuﬂlu%@u’n@lu1ﬂﬁ‘ﬂ
I d'alw ~ a 9 ~ = av 1 = o 1 ~
Lﬂumgﬂﬂqummzuﬂmiwuwﬂmqﬂ S'Jllﬂ\ﬂl!\ﬂi!]ﬁ]ﬂ@"lﬂ"‘]Lﬂilflﬂ‘]Jﬂ”li‘VHqu“lJiN“V]M?J”lzﬁiJ
a Y A 1 1 1 9}2’; a a o I b ax
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[ a 4 ) = Aa v gd =1 a 1 ) g’/ a A o
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y <Y A ° ] ' A A P, a A A
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51011 3.2 dnBALMILNIZINUUNTONIYARDYAS DU

U

a o & Y o 1 Y o ] JY
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ANGLE PIPE LS SHAPE LZ SHAPE
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3.3 gUsranihdaveaTaseas19ia 11 (Federico M. Nadela and Jose Erie C. Lope, 2009)
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Tag (Federico M. Nadela and Jose Ernie C. Lope, 2009) Taveruenuldemernunis
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3.1.1 WanFudhwing
msfinsannsesnuniessa lodudmumasunamnianenavesnsens
ganesdouiiu sz l¥nsndnnsmuisuu@ersumssuiuvesnu Feauiamanad
annsaldmssnaglsnimmnzauvesnuiy sxdsznen lUgre aannduda (Bending

stress) LAY TL8 Tnaa? (Deflection) U¥99A1U (Ali Khazaee and Hossein Miar Naimi, 2011) 14

= Y o

o Jd o < . . . . g
mvuanenguthvunedlunuuaeutmuie (Bi objective function) Ain NuNMThAALAzTZoz
ns Insvesmuiiosiiga Worsatou lvidy Ae Anuduaauua1uluinunanainaw
< o a J = o A o Y o
udseiag Wnsandaulseenuun Ao aadsidmuavinavesnihdauiuesniugl
Y ' )

A7 TuazlinszusanssMuuAIUNUIAWLAZIUIY1HINAA tazdon 1FTuaeuITIF
wugnssunldnisaaassuunlugnaseud1jufNaos (non-Dominated Sorting Genetic
. = 0 9.9 ¥ ) g ° = o
Algorithm I1, NSGA 11) wamsany il laveunihwus Tanilugadiasuiitnunzausiuiu

= ° g ¥ 2 yag 1 X A 9 oo 2 o9 '
3 9@ FawavINgAm U@ WAt UUUIda I NIuAnhda i Idszezns Tng
9 [ 9 =< Aa o dy o o Y A
uazANUIAUAALUAUTDeAY FanudTeilaunsaiimsmruaiansudhvunonazSou T
v o av 9 s Y o J A g JY Y
WaAvveInuITed aulszgnan UMz auueInsenIganosasou 1
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A PRNSOL Command

File

HODE W EFTORf EPTOY EFTOZ EFTORY EFTOYE EPTORZ
401 - 05 0.187726-06 0.51123E-06-0.64207E-05 0. 14696E-05 0.20421E-06
492 -0.38729E-05 0.53775E-07 0.10962E-05-0.80154E-05 0.23841E-05 0.17325E-05
403 -0.14801E-04 0.77968E-06 0. 26211E-05-0. 10878E-04-0, 2725 7E-06-0. 10250E-05
494 0. 15989E-04 0.44387E-05 0.39801E-05-0.91318E-05 0.66333E-06 0.15128E-05
495 0.21216E-05-0.14473E-05-0. 12741E-05-0.64505E-05 0. 17A05E-05-0.85722E-06
496 -0.17228E-05 0.15278E-06 0. 30492E-06-0.74720E-05 0.29122E-05 0.40778E-05
497 -0.11425E-04 0.12329E-05 0. 26937E-05-0.82187E-05 0.33772E-06-0. 23036E-06
498 0.76150E-07-0.19181E-06 0.22127E-08-0.45197E-06-0. 15663E-06-0. 39526E-07
499 0. 25901E-06-0.65075E-06 0. 10076E-06-0.65417E-05 0.38150E-06 0.47360E-06
500 -0.76334E-05 0.64907E-06 0. 16150E-05-0. 69329E-05-0, 27880E-07-0,88120E-06
501 -0.22950E-05 0.11289E-06 0.62581E-06-0.56603E-05-0.96950E-07-0.16241E-05
502 -0.93369E-06 0.25038E-07 0. 21341E-06-0.33102E-05 0.10942E-06 0.86662E-07
503 -0.50567E-06-0.48384E-06 0. 33326E-06-0.50083E-05 0.56498E-06-0.31320E-06
504 D 63111E 05-0.15830E-05-0. 19319E-05-0. 47796E-05 0.14323E-05-0,99921E-05
[1. 38325E-06-0. 69472E-06-0.61949E-05-0. 69786E-06 0.11119E-05
Uﬁ D 13260 13192E-05-0. 10347E-05-0.51070E-05-0.15707E-05 0.61834E-05
0. 68538E-06-0. 74459E-06-0. 74911E-05 0.14991E-05-0.10202E-05
508 -0 89466E 05 0.22659E-05 0.20876E-05-0.53724E-05 0.21472E-05-0.15633E-06
509 0.17493E-05-0.98743E-06-0. S079E-06-0. 61640605 0, 13492E-05-0, 26580E-06
510 -0.65321E-05 0.11319E-05 0.17876E-05-0.64893E-05 0.29098E-05 0.29394E-05
511 0.45940E-05-0.15632E-05-0. 13506E-05-0.41621E-05 0. 11655E-05-0. 24501E-05
512 -0.34085E-05 0.84015E-07 0.10957E-05-0.45777E-05 0.19107E-05 0.14335E-05

513 -0,11802E-05-0,31264E-06 0. 32308E-06-0,59505E-05 0.20453E-05 0.16060E-05

31 4.62 mﬁmummmmﬁamw 1 91n1U51n53 Ansys 10

mMsemmnNuALaIn115unsu Ansys 10 teaanagili 4.63

A y ﬁmmand

File

HODE l i ! 3 52 Gy SY2 SRE

4491 0% 6 -50701. 650,100 -0.50958EH16 0.11664EHI6 31334,

492 -0.34887EH6-0. 22558E 106 60126, -0L63614E+D6 0.18922E+06 0.13750EH1G
493 -0.33295EH17-0. 85643EH16-0. 56414E+06-0. 86334E+06 -20569. -#1418.

494 -0 31898EA417 53673, -10125,  -0.7244E406 G2645, 0 1200E+05
495 0.28520E+16-0. 28129E-+H16-0. 25380E-+06-0.51194E-+06 0. 14043E+06 -70414.

496 -0.38223E416 -84527, -60393,  -0.50301EH6 0. 23112E416 0,32363E416
497 0. 24581EH17-0. 44898EH16-0. 21 M1EA06-0.A5228E+06 26203, -222sl.

4% 2335 -40193., -8402.5 -35871. -12431. -3137.0

499 -0 11067EH6-0.17205E 06 53564, -0.51918E+06 30274, 9333,

500 -0.16733EH17-0. 35863EH16-0. 20531E406-0.55023E+H06 -3007.1 —69952.

501 -0.49810E+16-0. 11589EH16 34476, -0.44923E+06 -7694.5  -0.12889EH1G
502 -0.13351EH1G -47204. -17304. -0.26272E+06 B634.0 77,9

503 -0.13660EH16-0,13322E 406 -3525.4 030748606 44340, -24057,

504 0. 123?9E+ﬂ? -15144. -18468,  -0.37939E+06 0. 1136 7EHI6- DsggSé9E+ﬂﬁ

0.26234E 416 0.21290E+06-0.49166E+06 -55386.
Uﬁ 0. 3U423E+ﬂ

L72B25E06 0.77340EHIG-0. 40532E-+06-0. 12466EH16 0, 49075E+06
0, 25147E+06-0, 26087E+06-0,59453E+06 0. 11857E+06 -B0965,
-35235. -63545.  -0.42638E+06 0.17041E+H16 -12407.

509 0. 18150E+ﬂ
509 0.29969E-+16-0.13479EH06 -5a56d.  -0.48920E+06 0.10708E+06 -20032.

510 -0.13475EH17-0.13094E 06 -26863.  -0.51502E+06 0.23094E+06 0.23329EH1G
511 0.87290EH06-0.10444E406 72123, -0.33032E+06 92499, -0.19517E+IG
512 -0.73266EH16-0.17830E406 -17710,  -0.36331E-+06 0.15164EH06 0.11774EH1G
513 -0.28790E+16-0.15020E+16 49289, -0.47226E+06 0.16256E+06 0.12746EHIG
G4 [1_49544FH1f -i3479. -91NG0. -N.43R95FH1R P410R.  -N19152FHIR

31 4.63 msmummmmmw 1 9101500534 Ansys 10
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[

Tagania lauaaslumsian 4.9

; .2 . . L
MINN 4.9 MITIUNBURATZHINFUNUNATOUNUNANMIAIUINNYAN 1

il . s ('ug), - AUIAY (MPa)
A1NNINATOL AundY
adaii 1 13.06
adafi 2 13.10
Funufinaaou a%aft 3 13.12 13.12 2.625
ﬂ%ﬂ‘ﬁ 4 13.20
v 5 13.14
M391804 1as 1151054 Ansys 10 13.26 3.042

a d’ o a g‘/ Y ~ d‘ d‘
UITNIUNMINTAAAIUNIIAANUIATYA JAN 2 uﬁmiugﬂ‘n 4.64

U

< - A o a ¥ o ~ <
517 4.64 UTHANMNMMNMIAAAUNIIANNNIAT A 0N 2
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UTIUNNINITAAAIUNVIAANTULATIAYAN 2 deihwSeumeununanmsaiuuly

T1Jsunsy Ansys 10 naaaluzia 4.65

H H v H
717 4.65 VInaMNMIAAUNITARNMIATEAYAN 2 TuNsTIaeq

9 H v
v = % A

FITNUNAAAUNVIAANWIATEAYAN 2 U1 Ao Tnuah 354 aaudaalugii 4.66

9
%

= a Aa Y ~ =
gﬂ‘ﬂ 4.66 U3NUNAAAUNIIANNNIATIA THUAT 354



1 1 = d' v d‘
N1T9IUMANUIATIAYAN 2 nnldsunsu Ansys 10 Llﬁﬂ\iﬂﬂgﬂ‘ﬂ 4.67

A PRNSOL Command
File

116

HODE ~ REPTOR EFTOY EFTOZ EFTORY EFTOYE EPTORZ

351 ORRRERER0S-0.16839E-05-0. 19110E-05-0. 49324E-06 0.64304E-06-0.15548E-05
352 0.84596E-05-0.29665E-05-0.17678E-05 0.59241E-07-0.60943E-07-0. 169659E-05
[1. 22894E-05-0. 23366E-05-0. 46494E-06 0. 16291E-06-0.28540E-05
J2603E-05-0,26553E-05-0. 32320E-05 0, 33500E-06-0.10491E-05%
- 45001E-05-0. 26983E-05-0. 26033E-05-0.40434E-06 0.35501E-06
366 0.11754E-04-0 365 74E-05-0. 26831E-05-0. 20500E-05 01.90717E-D5-0. 20321606
357 0.15476E-04-0.32204E-05-0. 2608 7E-05-0. 33493E-05-0,16137E-05 0. 20020E-05
358 0,13320E-04-0.57543E-21-0,45303E-21-0, 82118E-05 0,10274E-20 0.80973E-05
359 0.97707E-05-0.53086E-07-0.17216E-06-0. 71931E-05-0. 11682E-05 0.61366E-05
260 0.63264E-05  0.0000 0.42205E-06-0. 78977E-05-0.28845E-06 0.61422E-05
361 0,11972E-05-0.10567E-06 0.26864E-06-0.64539E-05 0.91756E-07 0.21953E-05
362 -0.20621E-05 0.0000 0.69857E-06-0. 68935E-05-0.32831E-06 0.30015E-05
363 -0.48197E-05 0.57204E-07 0.42466E-06-0. 66125E-05-0,43500E-06 0. 73385E-07
369 -0.73998E-05  0.0000 0.59529E-23-0. 73014E-05-0.12439E-21 0.39942E-06
365 -0.89544E-05 0.15603E-06 0.65215E-06-0. 76717E-05-0.60513E-07-0. 28816E-06
366 -0.10674E-04 0.0000 0.56843E-22-0. 87804E-05 0.60214E-21-0.82014E-06
367 -0.12515E-04 0.21683E-06 0.14118E-05-0.95562E-05 0.31083E-06-0. 73850E-06
368 -0.14605E-04 0.59635E-21 0.10863E-05-0.11223E-04 0.19215E-06-0.11596E-05
369 -0.14656E-09 0.11927E-21-0.71755E-22-0. 11413E-04-0. 33389E-21-0. 22889E-05
370 0.56186E-05-0.14741E-05-0. 15032E-05-0. 26004E-05 0. 10576E-05-0. 30258E-06
371 0.50026E-06-0.24772E-05 0.67793E-06-0. 35276E-05-0. 12067E-05-0. 22995E-06
372 0.40676E-05-0.26450E-05-0. 97390E-06-0. 30930E-05 0.13364E-05 0.11664E-05
373 0.24709E-05-0.36367E-05 0.30255E-07-0.47069E-05 0,12448E-05 0.50372E-06
374 0.74551E-06-0. 46413605 0.77367E-06-0.71621E-05 0.11284E-05 0.8313156-07

31 4.67 mﬁmummmmiamw 2 910 1U51N5Y Ansys 10

[ 1 9 d' [ d'
M3IUAINNUAUYAN 2 910 115UATY Ansys 10 aAAI31N 4.68

no y iisia S Y

File
HODE 5y 5z S 547 SHT "
361 MeeeREd; 99040, G198, 303 G0N, 0L12330EM6
37 DAGHEAP-01G00606 3060, 40L7 A -0.13467EW06

Lo 136 <000, 1000, -.22650E6

& 021?955«»0? 83086, 13880, -D.OGFSIEWD6 2AAfG.  -8318d.

0. 20654E 406 79450, -OL20RIEWD6 -32081. 28176
3 D20 AEAS 0561, 0.I6MBEAD 71996, 112
357 [0L32773EA17 0309276406 01.39251E406-0. 2658264060, 128076406 0.23754E 406
368 [,32617E417 011460607 0. 11460E-017-0. 650736406 0.B15ABE-10 0.64265E+05
360 [L23706E417 0512206406 017933064060, 57090E406 02716, 0.48703E405
360 0159446017 058022606 0.64722E06-0.62601E406 22993, (.48747E+05
361 0306936406 010017606 0, 15959E06-0.51220E 406 7262.2  0.17423E405
362 044453060, 117246406 —6280.5 -0.547LIE+D -26056.  0.23822E+D5
363 -0, 11379E417-0, 36376E 4601, 30551 E406-0, S2480E 406 -39571, 59242
364 01810860170, 636236 40601 63623E-06-0. 5794BE06-0. 98723611 27732,
365 012020764170, 675636 41601 SO6SREAG-0. 608TE 06 ~4802.6 22870,
366 02611260170, 91 M44E 40601 91744E 060, 69740E-406 0. 49344E-10 -65028.
367 -01.20226E417-0. 90262E 40501, PL19CEHIG-0. FSS43E+05 24669, -58611
368 -0, 3480760170, 116236 4070 989B1E-06-0.89068E05. 15280, =9
369 01, 35365E417-0, 12601E417-10, 126 01E-417-0. 9053 0E-406-0. 26499E-10- u 18:165E+ﬂﬁ
370 0110647 19610, 3321, -0.20638E+D5 93938, -2
371 -32079.  -(LS0489E+F -4077.3  -[.2P007E+( 05768, -1825[|
372 063796060, 38170E D60, 11724E-06-0. 24548E406 0. 10606E-06 92568,
373 [L204CGEG-0.67400E 406 92636,  -0L37ISTEAD6 98791 39978,
374 -1 1RM1NFHIR-N.1MNE1FHT?-1. 14RA3FHIA-N.5ARPFHIR  RORE? . fidh3_fi h

317 4.68 msmummmmmw 2 910 11/51n51 Ansys 10
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Tagania lauaaalumsian 4.10

{ 1 Py o ) { {
MINN 4.10 M3TIUNGUNATLHINFUNUNATOUAUNANIAUINNYAN 2

Mile . s (ﬂg), - AUIAY (MPa)
A1NNINATOL AundY

adaii 1 10.87
adafi 2 11.13

Funufinaaou a%aft 3 11.04 10.99 2.198
ﬂ%ﬂ‘ﬁ 4 10.93
ﬂ%ﬂ‘ﬁ 5 10.98

M391804 1as 1151054 Ansys 10 10.998 2.179

a d’ o a g‘/ g ~ d' d‘
UITNIUNNINITAAGUNIAANUIATYA JAN 3 Llﬁﬂ\‘lﬁlugﬂﬂ 4.69
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1 1 = d' v d‘
N1T9IUMANUIATIAYAN 3 nnldsunsu Ansys 10 Llﬁﬂ\iﬂ\igﬂ‘ﬂ 4.72

A PRNSOL Command

119

EPTOY EPTOZ EPTORY EPTOVE EPTORE
0.16839E-05-0.19110E-05-0. 48324E-06 0. 64304E-06-0.15548E-05

353
354 1. 10983E-04-0. 32603 US {1.26553E- DS {1.323206-05 0.33500E-06-0. 104316115
355 0.13104E-04-0. 45001E-05-0.26%83E-05-0. 26033E-05-0.40434E-06 0. 35501E-06
386 0.11754E-04-0. 36574E-05-0. 26831E-05-0. 20509E-05 0.90717E-06-0.20321E-06
357 0.15476E-04-0. 32294E-05-0. 2698 7E-05-0. 33493E-05-0. 16137605 0. 29929E-05
368 0.13320E-04-0.57543E-21-0. 45393E-21-0. 82118E-05 0.10278E-20 0.80973E-05
359 0.97707E-05-0.53036E-07-0.17216E-06-0. 71931E-05-0.11682E-05 0. 61366E-05
360 0.63264E-05 0.0000 0.42205E-06-0. 7897 E-05-0. 28845E-06 0.61422E-05
361 0.11972E-05-0.10567E-06 0.26864E-06-0.64539E-05 0.91756E-07 0.21953E-05
362 -0.20621E-05 0.0000 0.60387E-06-0. 68035E-05-0. 32831E-06 0. 30045E-05
363 -0.45197E-05 0.57704E-07 0.42466E-06-0.66125E-05-0.48599E-06 0. 73385E-07
364 -0.73993E-05  0.0000 0.59529E-23-0. 73014E-05-0.12439E-21 0.34942E-06
365 -0.89544E-05 0.15603E-06 0.65215E-06-0.76717E-05-0.60513E-07-0. 28816E-06
366 -0.10671E-04 0.0000 0.56843E-22-0. 87884E-05 0.60914E-21-0.82011E-06
367 -0.12515E-04 0,21683E-06 0.19118E-05-0.95562E-05 0,31083E-06-0,73850E-06
368 -0.14605E-04 0.59635E-21 0.10868E-05-0.11223E-04 0.19215E-06-0.11596E-05
369 -0.14656E-04 0.11927E-21-0. 71755E-22-0. 11913E-04-0,33389E-21-0, 22888605
370 0.56186E-05-0.19741E-05-0.15532E-05-0. 26004E-05 0.10576E-05-0.30258E-06
31 0.50026E-06-0.24772E-05 0.67793E-06-0.35276E-05-0,12067E-05-0, 22995606
372 0.40676E-05-0. 26450E-05-0.97890E-06-0. 30930E-05 0.13364E-05 0.11664E-05
373 0.24709E-05-0.36367E-05 0.30255E-07-0.47069E-05 0.12448E-05 0.50372E-06

274 N MACCAE-1A- 4RA1IF-NC N TIRTIF-A-N1 TMAME-NC 1 11204F-NC 1 213CE-17

JUn4.72 mimummmmiﬂmﬂ‘w 3 910 115Un53 Ansys 10

1 1 Y d' [ d'
N139IUMANUAUTIAN 3 0 ldsunsu Ansys 10 Llﬁﬂ\‘lﬂﬁg‘ﬂ‘ﬂ 4.73

mmmand

File

3 52 SaY SYZ SRE
7940, 51893, -38352. 51035, -0L12339EH06
—0.15059E+06 39689, 4701.7 -4836.7  -0L13467E406
B3 0904007 21350, 13967, -36000. 12030, -0.22650EH16
354 0.21795EH17 -83586. 13880, -0.25651EH1G 26666 -43184.
35 0L25070EH17-0.20654E+06 79450, -0.20661FHG -32001. 28176,
356 0.23312E407-0.11506E+406 30581, -0.16348E+06 71998, -16124.
357 0L32773EA07 0.30827E406 0. 3025AE-+06-0. 26582EH16-0, 12807E-+406 0, 23754E06
358 0.326176407 0.11460E-+407 0.11460EH17-0.65173E+06 0.81568E-10 0.64265E+06
359 0.23716EH17 0.81228E-+06 0.79338E-H06-0.57088E+06 -92716. 0. 48703E+06
360 0.15844E-07 0.58022E+06 0.64722E+06-0.62601E+06 -22893. 0. 48747E+06
361 0.30693E+06 0.10017E-+06 0.15559E06-0.51222E+06  7282.2 0.17423E+06
362 -0.44953E406-0, 11721406 -6280.5  -0.54711EA06 -26056, 0,23822E416
363 -0, 11379EH17-0. 36376E+06-0. 30551EH16-0. 52430E+06 -38571. 5824.2
364 -0.18108E417-0. 63623E+06-0. 63623E-+16-0. 57945EH16-0. 98723E-11 27732,
365 0. 202476170, 67563E-+06-0.59688EH16-0. 6033706 -4802.6 -22a70.
366 -0, 26112E417-0. 91744E-+06-0. 01744E-H16-0. BI740E406 0.43344E-10 -A50349.
367 -0.29226EH17-0. 90162E-+06-0. 71195E-H16-0. 75843606 24669, -58611.
368 -0, 34807E4017-0,11623E-+07-0. 08021E+06-0. B9068EH16 15250, -2032,
369 0. 35865E17-0. 12601E-+17-0. 12601E-+17-0. 90580E-+06-0. 26499E-10-0. 1816506
370 011126417 -14610. -33521, -0.20638E+06 83039, -24014.
3 3279, -0.S04R9E06 40773 -0L27997E+06 95768, -18250.
372 0.68378EH16-0. 381 0E-+06-0. 11724E+16-0. 24548506 0. 10G0GEHIG 92568,
373 0.29456EH06-0.67490E+06 92836, -0.37357E+06 98791, 39978,

3N 473 mamummmmum‘n 3 910 115UN5Y Ansys 10
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Taganialauaasluaisian 4.11

{ 1 Y o ) { {
MINN 4.11 MIFoUNBURATZHINFUNUNATOUNURANMIAIUIUNYAN 3

mile . s (ﬂg), - AUIAY (MPa)
A1NNINATOL AundY
adaii 1 7.93
adafi 2 7.86
Funufinaaou a%aft 3 7.96 7.86 1.572
A% 4 7.59
ﬂ%ﬂ‘ﬁ 5 7.98
M391804 1as 1151054 Ansys 10 7.727 1.582

a d’ o a g‘/ % ~ d‘ d‘
UTNIUNMINTAANUNIIAANVIATIA AN 4 uﬁ@ﬂugﬂ‘n 4.74
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1 1 = d' v d‘
N1I9IUMAANUATEIAYAN 4 nnldsunsu Ansys 10 Llﬁﬂ\iﬂ\igﬂ‘ﬂ 4.77

A PRNSOL Command

File

327 -0.17488E-04 0.44247E-05 0.45538E-05-0. 79979E-05-0.80144E-06-0. 28700E-06 L
328 -0.16794E-04 0.36378E-05 0.45896E-05-0.04041E-05 0.34245E-06 0.10100E-05
329 -0.13340E-04 0.31304E-05 0.35994E-05-0.93115E-05 0.57729E-06 0.77001E-06
230 -0.11012E-04 0.20794E-05 0. 27182E-05-0. 70003E-05 0.17355E-06-0,77530E-06
331 -0.11828E-04 0.27954E-05 0.30030E-05-0.77347E-05-0.28103E-06-0. 90206E-06
232 -0.81419E-05 0.16082E-05 0.23184E-05-0.49792E-05 0.31304E-06 0.17936E-05
333 -0.54525E-05 0.95499E-06 0.16623E-05-0.48490E-05 0.86425E-07 0.33821E-06
334 -0.60782E-05 0.12585E-05 0.14743E-05-0.42193E-05-0. 26611E-06-0.63900E-06
335 -0.44854E-05 0.47407E-06 0.13750E-05-0.32048E-05-0.10750E-06 0.12697E-05
236 -0.16575E-05 0.49817E-07 0.69193E-06-0.28451E-05-0.14900E-06 0. 63486E-06
337 -0.49538E-06-0.12130E-06 0.30137E-06-0.16471E-05 0.12963E-06 0.62423E-07
238 -0.10850E-06-0.20117E-06 0. 12976E-06-0.931976-06 0.16805E-06-0,19210E-07
339 0.16827E-06-0.39837E-06 0.98518E-07-0.45422E-06-0.38541E-06-0. 86 782E-07
240 0.28144E-07-0.3673E-00 0.82031E-08-0. 20306E-06-0.51640E-07 0.49327E-02
341 0.37680E-07-0.21904E-06 0.90656E-07-0.32984E-06-0.43320E-07 0.28050E-07
242 0.60730E-07-0.32178E-06 0.62842E-07-0.42740E-06-0.22008E-06-0, 73921E-07
343 0.17926E-04-0.11454E-05-0. 11150E-06-0. 12314E-04-0.12569E-05 0.94227E-05
344 0.209056E-06-0. 26883E-06-0. 3831 7E-07-0.67474E-06-0.30575E-07 0. 11549E-06
345 0.50320E-06-0.37042E-06 0.16372E-07-0.12995E-05 0.13957E-07 0.22532E-06
[1. 77248E-06-00, 1971 2E-06-0. 18447E-05-0.. 206 74E-06-0., 68599E-06
. 7467E-06-0.67343E-06-0.18407E-05 0.59438E-08-0.13371E-05

g Bent-s-1. 12300E-05-0, 28431E-06-0, 17825E-05 0. 24240E-07-0. 11001E-05
349 D 3?6?1E 05-0. 20198E-05-0. 85199E-06-0. 2771 7E-05-0.. 43985E-06-0. 12466E-05
350 0.53730E-05-0.14352E-05-00. 14456E-05-0. 27681E-05 0.20811E-06-0,17483E-05

3Un 4.77 mimummmmiﬂmw 4 901151053 Ansys 10

1 1 Y d' [ d'
NIDIUAANNIAUIAN 4 0 ldsunsu Ansys 10 Llﬁﬂ\‘lﬂ\ig‘ﬂ‘lfl 4.78

A ﬁommand

File
326 -0.31841E407-0. 139136406 -55865,  -0LA7228E+06 21913, -5g22?. ~
327 =0.35075EH17 -20206, -0815.3  -D0.63476E406 -63606. -2,
328 -0.34022E+407-0. 159126406 -8035.9  -0.75350EH06 27179, 40156
320 -0.26858EH17 -71452. 2088.6  -0.73001E+06 45816, 61112
330 -0.22049E407 16002, -5, -0.634B6EHIG 13774, -fi1532
331 -0.23055EH17 -74207, -q0548,  -0.613B6E06 -22308. =715z,
332 -0.165408E407-0.10716EHI6 5570.0  -0.39518E+06 24844, 0.14156E+6
333 -0.11093EH417 -92185. 20079, -0.33454E406 6959, SUBIU
339 -0.125210E407 87532, -heas2.  -0.33479EHG -21168. -5071
335 -0.93865EH16-0. 151426406 -8415.9  -0.25435E406 -8531.6 U lﬂﬂ??Eiﬂﬁ
336 -0.34183E+06 -70829. 093, -0.22580E+H1G -11825.
337 -0.10574E16 -46364. 723, -0.13072E406 10285, 4954 @
338 -40536. -f9516. -2861.0 -73958, 13408, -1445.3
339 15396, -147. 4324.4 36049, -30588. -fifa7.5
40 75686 3043.0 17,6 -16116. -4093.4 391,48
M1 -2 -42566. 6591 ﬁ -261?8 -3438.1 2226, 2
342 -5197.9 7345, -la252. -S54
M3 0267 0.12514E407 D 14155E+ﬂ? U 9??28E+ﬂﬁ -989755, U ?4?83Eiﬂﬁ
44 42248, -44958. -H368. -53851, -2426.6
35 feRar. -43973. 15422 -0.10313E+06 15045 1?383
0. 12009EH1G -28609.  -0.14640E+H16 -23551. -5444
3963.2 19239, -0L14609E+06 47173 -0 lﬂﬁIEEiﬂﬁ
RELE -620.1 -0.14147EHG 19238 -8730
30 06235EA06-0.04620E 405 65603, -1 20006605 -38677. -96558
350 0.10671EA7 -13526. -15175.  -0.21969EH16 31596 -0.13879E+0G v

310 4.78 msmummmmmw 4 910 115un51 Ansys 10
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MINN 4.12 MIFToUNBURATLHINFUNUNATOUNURAMIAUIUNYAN 4
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ANUATIA (g )

mile . — AUIAY (MPa)
A1NNINATOL AundY

adaii 1 2.90
adafi 2 2.84

Funufinaaou a%aft 3 3.01 2.908 0.582
ﬂ?ﬂ‘ﬁ 4 2.86
ﬂ?ﬂ‘ﬁ 5 2.93

M391804 1as 1151054 Ansys 10 2.929 0.592

a d' o a g‘/ Y ~ d' d‘
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1 1 = d' v d‘
N1IDIUMANUATIAYAN 5 nnldsunsu Ansys 10 Llﬁﬂ\iﬂﬂgﬂ% 4.82

PRMSOL Command

125

File

HODE
596

EPTOY

EFTOZ EPTORY
WEe07-0.21098E-06 0.83527E-03-0.15080E-06 0.82422E-07 0.62960E-07
597 0.39654E-06-0. 25501E-06-0.86555E-07-0. 44820E-06 0.15914E-07-0.63675E-07

EFTOYE

EFTORZ

598 0.10721E-04-0.80071E-06 0.62806E-06-0.22051E-04-0.11639E-05 0.46843E-05
599 0. ?8698E 05-0.40947E-05 0.18077E-05-0.11832E-04 0.20775E-06 0.26401E-05
[l

603
filq
a5
Gl
a0?
08
609
610
11
612
613
614
15

A
File

HODE
596
na?

598 0.26088E417 0.77985E406 0. 10067EH17-0. 17501617
500 0,17202E417-0. 16007E-06 0. PRGAZEHIG-0. 93005EH16
7 0.70597E406 0. 119544070, 85315606

Ul D 255?4E {1

alldsll. 19163E-05 0.83308E-06-0. 10750E-04-0.47205E-06 0.41676E-05
< A6167E-06-0.104%1E-06-0. 36435E-06 0.96332E-07 0.12048E-06
0. 43567E-07-0.82642E-07 0.32338E-07 0.25965E-07 0,93445E-07

y
D 15460E 04-0.27892E-05-0. 908 74E-06-0. 20763E-05-0.51568E-06 0.32810E-05
0.16677E-06-0,14111E-06-00. 22605E-07-0. 28383E-06-0.13256E-06 0,13133E-06
0.28051E-07-0.24763E-07-0. 33208E-07-0. 21310E-07 0.51444E-07 0.15996E-09
0.78634E-08-0.65118E-08-0. 41746E-08 0.19016E-07 0.65198E-07 0.55966E-08
0.21539E-07-0.63854E-07 0.96710E-08-0.14277E-07 0.70425E-07 0.28709E-07
0.18516E-07-0,18418E-08-00. 0167E-07-0. 28086E-07 0.93943E-07 0.23163E-07
0.20352E-07-0.13276E-07-0. 34103E-07-0. 10127E-07 0.40712E-07 0.63956E-03
0.24135E-07-0,25577E-07-0.58341E-08 0.16874E-07 0.81440E-03-0,96872E-07
0.88035E-08-0. 38041E-07 0.17121E-07 0. 26216E-07-0. 92076E-07-0.59936E-07
0,19056E-07 0,90724E-08-0.61309E-08 0, 43526E-07-0.201149E-06-0, 42204E-07
0.37346E-07-0.42089E-07 0.27439E-07 0. 73439E-03-0.149911E-06-0. 13826E-06
0.493298E-07 0.16011E-07-0.29162E-07 0. 19931E-06-0.13231E-06-0,10374E-06
0.22451E-07 0.17096E-06-0.15075E-07 0.15715E-06-0.30513E-06-0.17410E-06

616 -0,75238E-07 0.19571E-07 0.76261E-08-0,43225E-07 0.14592E-07 0,22179E-07

617 -0.35720E-07 0.36616E-07-0.83034E-07-0.58306E-07 0.45847E-07 0.26920E-06

618 -0,50897E-07 0,14224E-07 0. 15778E-07-0. 12713E-07 092722602 0.63266E-07

619 -0.515326-07 0.10343E-07 0.31690E-07-0. 20639E-07-0.12399E-07-0. 45896E-07

1 1 Y d’ [ dl
NITIDIUAINNUAUIAN 5 0 ldsunsu Ansys 10 Llﬁﬂ\‘]ﬂ\igﬂ‘ﬂ 4.83

31N 4.82 mimummmmiﬂmw 5 910 1151N54 Ansys 10

mmmand

]
67660,

-13675. 2066.5
0. 346526407 0,5ARS3E06 0. B6702E+06-0,56161E-+06
26734, -22136. -3320.6 -22530.

-575.4
-84996.5

5
-45548.
-35750.

-26594.

-6503.2
-1276.3
-12042,
-4858.0
-4431.1
-4685.5
-7080.0
3330.6
-4694.9
5995, 8
q2472.
-1015.9
-1680.0
461.24
425,11

52 SnY
-10734, -11968.
-9012.2 -3R572.

-17585. -28916.
-19877,

-7843.7 -1691.3
-905.36 1509.2
-121.6 -1133.1
-15707, -22e8.1
-1 -803.76
-1551.7 1339.2
1675.9 2080.7
915.93 3424.4
64045 fi2g.53
-380.94 11390,
12943, 12472,
-2905.4 -3430.5
-21466. -4627.5
0786 -1009.0
4213.5 -1637.6

SYE
541.4
1263.0

-923m4.
16488,
-37464.
7645.4
20607
-40927.
-10521.
4082.9
5174.4
5580.3
0526
32311
fi46.35
-1307.6
-15964.
-11834.
-14469.
-24217.
1158.1
3646.6
735,89
-984.07

ShE
4596.8
-5053.5
0.37177EHIG
0. 20953EH16
0. 33076EHIG
15622

75131
0.26039E+16
14391,
12.695
494.17
2278.5

1538.4
507,50

3

U7 4.83 m3owmnnuugai 5 910 TUsunsy Ansys 10
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Tagania lauaasluaisian 4.13

{ 1 Y o ) { {
MINN 4.13 MITIUNSURATLHINFUNUNATOUNUNANMIAIUIUNYAN 5

mile , s (ﬂg), - AUIAY (MPa)
A1NNINATOL AundY
adaii 1 0.23
adafi 2 0.26
Funufinaaou a%aft 3 0.27 0.254 0.0508
ﬂ%ﬂﬁ 4 0.25
ﬂ%ﬂﬁ 5 0.26
M391804 1as 1151054 Ansys 10 0.256 0.0397

a d’ o a g‘/ % ~ d‘ d‘
UITIUNMINTAAAUNIIAANNLIATIA JAN 6 uﬁ@ﬂugﬂ‘n 4.84

< a A o a 3 o ~ <
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HAUTIUNAAGIUNVIAANTUIATYATAN 6 UU AD Tnua®n 654 muﬁ@ﬂugﬂﬂ 4.86
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1 1 = d' v d‘
N1T9IUMANUATIAYAN 6 nnldsunsu Ansys 10 Llﬁﬂ\iﬂ\igﬂ‘ﬂ 4.87

A PRNSOL Command
File
HODE EPTOY EPTOZ EPTORY EPTONE EPTORZ -
631 prrenee-U/-0.25854E-07-0. 20971E-07-0. 13718E-07 0.24639E-07 0.16178E-07

32 -0.33268E-07-0.42175E-03 0.54370E-07-0.16500E-07 0.33536E-03-0.42169E-07
33 -0.22233E-04 0.48153E-05 0.40710E-05-0. 79687E-05 0.11785E-05-0,71043E-06
639 -0.19827E-04 0.48307E-05 0.49393E-05-0.72432E-05-0.17495E-05-0.20462E-05
35 -0.20242E-04 0.50525E-05 0.47457E-05-0. 46816E-05-0. 85496E-06-0, 16404E-05
36 -0.18335E-04 0.43439E-05 0.43164E-05-0. 77226E-05-0. 16696E-06-0.84907E-06
637 -0.15471E-04 0.37256E-05 0.35683E-05-0.57011E-05-0.10037E-05-0,19491E-05
38 -0.14509E-04 0.34966E-05 0.33095E-05-0.48767E-05-0.12437E-05-0. 18657E-05
630 -0.13144E-04 0.32112E-05 0.30029E-05-0.623511E-05-0.80217E-06-0,58834E-06
640 -0.93946E-05 0.27269E-05 0.25664E-05-0.53182E-05-0.18171E-07 0.31495E-06
641 -0, 72585E-05 0.17236E-05 0.18567E-05-0.252326-05-0,19540E-06 0.58981E-06
642 -0.70077E-05 0.18555E-05 0.13284E-05-0.18195E-05-0.37355E-06-0.50720E-06
43 -0,53505E-05 0.13218E-05 0.11629E-05-0.19546E-05 0.27320E-06-0,19815E-06
644 -0.27701E-05 0.50831E-06 0.91396E-06-0.1/103E-05 0.28755E-07 0.60044E-06
45 -0, 12560E-05 0.18326E-06 0.65023E-06-0.17820E-05-0,12500E-07 0, 79760E-06
646 -0.51861E-06 0.29645E-07 0.23315E-06-0.51147E-06 0.71382E-07 0.20815E-06
647 -0.56956E-07 0.A5A34E-08 0.26123E-07-0.19965E-07 0.71551E-09 0.13089E-07
648 -0.22131E-04 0.16707E-05 0.14368E-06-0.16017E-04 0.17316E-06 0.34020E-05
640 -0, 72272607 0.10476E-07 0.21132E-07-0.28444€-07 0.37517E-07 0.12458E-06
650 -0.22014E-04 0.31609E-05 0.45605E-06-0.19651E-04 0.53138E-06 0.28385E-05
51 -0,49399E-07 0.27199E-07 0.12861E-07 0.25302E-07-0,19148E-07-0,11209E-06
652 -0.11878E-06 0.34441E-07 0.50266E-07-0.40959E-07 0.60399E-09 0.45208E-07
T f1.49020E-05 0. 38A07E-05-0.87776E-05 0.14375E-05 0.22899E-06

0.54816E-05 0.53154E-05-0. 73767E-05-0. 49264E-06-0.50215E-06 v
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632 -3820.0 2,24 10042, -1309.5 266,16 -3346.8
633 -0.45992E-+17-0. 30580EH16-0. 28109EHIG-0. 63244E+06 93532, -56354.
i34 -0.40076E417 -95703, -76386,  -0.548REHI6-0, 13885E-406-0. 1622006
635 -0 4110EH7 -95967, -0.14467EH16-0. 371556406 67846, -0.13019EHIG
636 -0.3M422E417-0.14233E406-0. 14670E+06-0. 61291E+06 -13251. 7386,
637 -0.31587EH17-0. 11168EH16-0. 13664EH16-0. 452476406 79662, -0 154969EHIG
638 -0,29653E407-0, 10726E+06-0, 13657E+06-0, 36704E+06 0706, -0.14305E-16
639 -0. 268226407 -86126.  -0.11919EH16-0.50406EH06 -A3664. -46694
640 -0.19662EH17 372148, 11744, -0.42203EH01G -1442.1 24996
641 -0.14684EH17 -42666. -21534.  -0.20026E+06 -14714. 46811
642 01441917 -34242. -0, 11791EH16-0.14441E+06 29647 -40254
643 -0.10079E417 -37361. -62504,  -0LASR12EA06 21600, -15726
644 -0.550509EH1G -35202. 20187, -0.13574EH) 22822 47654
45 -0.23092E406 -7315.4 66805, -0.14150E+06 -999,21 63301
646 -0.10431E+016 -17289. 15013, -40593. 56652 16520
647 -11127, -1044.9 20159.7 -1187.7 567,87 1035, 8
648 -0.52596EH17-0. 143 16EH17-0. 17240EH17-0. 12712E+407 13743, 0.27000EH16
649 -14968. -1833.4 -141.92 -2257.4 24770.5 98872.0
650 -0.50760E-+17-0, 10300E+H17-0. 15094EH17-0. 11651E417 42173, 0.22528EH16
651 -8643.8 3514.4 1238.5 2008.1 -1440.3 -8895.9
a2 -21782, 2637.9 549,16 -3250.7 47,035 026,

= 0. 42500E-H16-0.59042E-+16-0. G9663EHG 0. 11409E+06 18174,

- 0024, -76401.  -0.58545E406 -39093. -30853. o
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10U (%)
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msm3Usesiimnzaniigavesnsesnsyaneadlon

Function [F,g,x]=Fun01(x)

clc

clear

a = [0.001;0.001;-0.02;0.1;0.01;0.01;0.017;

b = [0.06;0.10;-0.001;0.15;0.02;0.019;0.015];

x(1)=a(1)+(b(1)-a(1l))-*rand;
x(2)=a(2)+(b(2)-a(2))-*rand;
x(3)=a(3)+(b(3)-a(3))-*rand;
x(4)=a(4)+(b(4)-a(4))-*rand;
x(5)=a(5)+(b(5)-a(b))-*rand;
x(6)=a(6)+(b(6)-a(6)).-*rand;
x(7)=a(7)+(b(7)-a(7)) -*rand;

counter=2;
while counter==2

al=x(1)
b1=x(2)
c1=x(3)
d1=x(4)
el=x(5)
F1=x(6)
01=x(7)
% cal the volume of the geometry
V=L1:
if al<=bl
V1l = 0.45*(0.12-b1)*0.03;
V2 = 0.5*0.45*(0.03+c1)*((0.12-b1)-(0.12-a1));
V3 = 0.45*((0.12-a1)-0.006)*(0.03-0.003);
V4 = 0.5*0.45*((0.12-b1)-0.006-((0.12-a1)-0.006))*(0.03-0.003);
V5 = 0.5*%0.45*((0.12-b1)-0.006-((0.12-a1)-0.006))*(0.03-
(0.03+cl));
V6 = 0.45*0.003*(0.03-(0.03+cl));
V7 = (22/7)*0.003*el"2;
V8 = (22/7)*0.003*fF1"2;
V9 = (22/7)*0.003*gl1"2;
else
V1l = 0.45*(0.12-al1)*0.03;
V2 = 0.5*0.45*(0.03+c1)*((0.12-al1l)-(0.12-b1));
V3 = 0.45*((0.12-b1)-0.006)*(0.03-0.003);
V4 = 0.5*0.45*((0.12-a1)-0.006-((0.12-b1)-0.006))*(0.03-0.003);
V5 = 0.5*0.45*((0.12-a1)-0.006-((0.12-b1)-0.006))*(0.03-
(0.03+cl));
V6 = 0.45*0.003*(0.03-(0.03+cl));
V7 = (22/7)*0.003*el"2;
V8 = (22/7)*0.003*fF1"2;
V9 = (22/7)*0.003*gl1"2;

end
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V = V1-V2-V3-V4-V5-V6-V7-V8-V9

creat_ansysfile(al,bl,cl,dl,el,f1,gl);
delete Tile.*
delete vmst*
delete dpmy*

I"C:\Program Files\Ansys Inc\V100\ANSYS\bin\intel\ansys100"™ -b -i
cantiliverOl.inp -o cantiliverOl.out

close all

dpmy=load("dpmy.out®);
vmst=load("vmst.out");
Format long

F(1,1)= -min(dpmy);
F(2,1)=V;

st_max= max(vmst);

if st_max <= 550e6/3;

g = [0;0];
counter=3;
else
counter=2;
end
Li
g
end

P0%%%%%%%%%%%%%6%% %% % %% % %% % %% % %% % %% % %% % %% % %% %% %% %% %% % %% % %% %%
Ffunction creat_ansysfile(al,bl,cl,dl,el,f1,91);
Fid=Fopen(“cantiliverOl.inp®, " w");

b Pre-processing

Fprintf(fid, "%s\n",[*/BATCH"]);
Fprintf(fid, "%s\n",[*/PREP7"]);
Fprintf(fid, "%s\n",["ET,1,S0LID185"]);
Fprintf(fid, "%s\n",["MPTEMP, ,,,.... " 1);
Fprintf(fid, "%s\n*,["MPTEMP,1,0 "1);
Fprintf(fid, "%s\n", ["MPDATA,EX,1,,200E9 "1);
Fprintf(Fid, "%s\n", ["MPDATA,PRXY,1,,0.26 "1
bVariables defind%

Fprintf(fid, "%s\n",["al " num2str(al)]);
Fprintf(fid, "%s\n",["bl " num2str(b1l)]);
Fprintf(fid, "%s\n",["cl " num2str(cl)]);
Fprintf(fid, "%s\n",["dl " num2str(d1)]);
Fprintf(fid, "%s\n",["el " num2str(el)]);
Fprintf(fid, "%s\n",["f1l " num2str(f1)]);
Fprintf(fid, "%s\n",["gl " num2str(gl)]);
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% Created key points

Fprintf(Fid, "%s\n",
Fprintf(Fid, "%s\n",

["K ,al,0,"1;

["K
Fprintf(Fid, "%s\n",["K

["K

[°F

45,b1,0,"D;

1,0
2,0.
3,0.45,0.12,0,"D:;
4

Fprintf(Fid, "%s\n", ,4,0,0.12,0,"D;
Fprintf(Fid, "%s\n", LST,2,4,3"D;

Fprintf(fid, "%s\n",["FITEM,2,1"]);

Fprintf(fid, "%s\n",["FITEM,2,2"]);

Fprintf(Ffid, "%s\n",["FITEM,2,3"]);

Fprintf(Fid, "%s\n",["FITEM,2,4"]);

FprintF(fid, "%s\n",["A,P51X"]);

Fprintf(Fid, "%s\n",["1*"]);

Fprintf(Ffid, "%s\n",["VOFFST,1,0.03, ,"D;
Fprintf(fid, "%s\n",["K,9,0,a1+0.003,0.03,"]);
Fprintf(Fid, "%s\n",["K,10,0.45,b1+0.003,0.03,"]):
Fprintf(fid, "%s\n",["K,11,0.45,0.12-0.003,0.03,"]);
Fprintf(fid, "%s\n",["K,12,0,0.12-0.003,0.03,"1);
Fprintf(Ffid, "%s\n",["FLST,2,4,3"]);

Fprintf(Fid, "%s\n",["FITEM,2,9"]);

Fprintf(Fid, "%s\n",["FITEM,2,10"]);

Fprintf(Fid, "%s\n",["FITEM,2,11"]);

Fprintf(Fid, "%s\n",["FITEM, 2,12 ]);

FprintF(Fid, "%s\n",["A,P51X"]);

Fprintf(Fid, "%s\n",["1*"]);

Fprintf(Fid, "%s\n",[*/VIEW,1,1,1,1°]);
FprintF(Fid, "%s\n",["/ANG,1"]);

Fprintf(Fid, "%s\n",["/REP,FAST"]);

Fprintf(Fid, "%s\n",["1*"]);

Fprintf(Ffid, "%s\n",["VOFFST,7,-0.027, ,"1);
Fprintf(Fid, "%s\n",["VSBV, 1, 2°D;
Fprintf(Ffid, "%s\n",["K,17,0,a1,0.03,"]D;
Fprintf(fid, "%s\n",["K,18,0.45,b1,0.03,"]);
Fprintf(Fid, "%s\n",["K,19,0.45,b1+0.003,0.03,"]);
Fprintf(fid, "%s\n",["K,20,0,a1+0.003,0.03,"]);
Fprintf(Fid, “%s\n",["FLST,2,4,3"]);
Fporintf(Fid, "%s\n", ["FITEM, 2,171 ;

Fprintf(Fid, "%s\n",["FITEM,2,18"]);

Fprintf(Fid, "%s\n",["FITEM,2.,19"]D;

Fprintf(Fid, "%s\n",["FITEM,2,20"]);

Fprintf(Fid, "%s\n",["A,P51X"]);

Fprintf(Fid, "%s\n",["1*"]);

Fprintf(Ffid, "%s\n",["VOFFST,2,c1, ,"D;
Fprintf(Fid, "%s\n",["VSBV, 3, 1°D:;
fprintf(fid, "%s\n",["CYL4,d1, (d1*(((0.12-((0.12-b1)/2))-(0.12-
((0.12-a1)/2)))/0.45))+(0.12-((0.12-al1)/2)),el, , , ,0.03"D);
Fprintf(Fid, "%s\n",["VSBV, 2, 1°D;

forintf(fid, "%s\n",["CYL4,d1+0.10, ((d1+0.10)*(((0.12-((0.12-b1)/2))~
(0.12-((0.12-a1)/2)))/0.45))+(0.12-((0.12-a1)/2)),f1, , , ,0.03"]);
Fprintf(Fid, "%s\n",["VSBV, 3, 1°D;

fprintf(fid, "%s\n",["CYL4,d1+0.20, ((d1+0.20)*(((0.12-((0.12-b1)/2))-
(0.12-((0.12-a1)/2)))/0.45))+(0.12-((0.12-a1)/2)),91, , , ,0.03"];
Fprintf(Fid, "%s\n",["VSBV, 2, 1°D:;
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Fprintf(Fid, "%s\n",["MSHAPE,1,3D "1);
Fprintf(fid, "%s\n",["MSHKEY,0"]);
Fprintf(Fid, "%s\n",["1*"]);
Fprintf(fid, "%s\n",["CM,_Y,VOLU"]);
Forintf(fid, "%s\n",["VSEL, , , , 3°D;
Fporintf(Fid, "%s\n",["CM, _Y1,VOLU"]D);
Fprintf(fid, "%s\n",["CMSEL,S, Y*]);
Fprintf(Fid, "%s\n",["1*"]);
Fprintf(fid, "%s\n",["VMESH, Y1°]);
Forintf(Fid, "%s\n",["'*"]);
Fprintf(fid, "%s\n",["CMDELE,_Y"]);
Fprintf(fid, "%s\n",["CMDELE, Y1"]);
Fprintf(fid, "%s\n",["CMDELE, Y2"]);
Fprintf(Fid, "%s\n",["'*"]);
Fprintf(Fid, "%s\n",["APLOT"]);

% Appled the fixed support

Fprintf(Fid, "%s\n",["FLST,2,1,5,0RDE,1"]);
Fprintf(fid, "%s\n",["FITEM,2,20"]);
Fprintf(Fid, "%s\n",["1*"]);

Fprintf(fid, "%s\n",["/GO"]);

Fporintf(Fid, "%s\n",["DA,P51X,ALL,0"]);

% Applied the distibuted load

Fporintf(fid, "%s\n",["FLST,2,1,5,0RDE,1"]);
Fporintf(fid, "%s\n",["FITEM,2,5"]);
;Fprintf(fid, "%s\n",["/GO"]);

Fprintf(fid, "%s\n",["SFA,P51X,1,PRES,25000"]);
Fprintf(Fid, "%s\n",["FINISH"]);

% Slove

Fprintf(fid, "%s\n",["/SOL"]);
Fprintf(Fid, “%s\n*",["/STATUS,SOLU"]);
Fprintf(Fid, "%s\n",["SOLVE"]);
Fprintf(Fid, "%s\n",["FINISH"]);

Fprintf(Fid, "%s\n",["/POST1"]);
Fprintf(fid,["\n","*get,nnumb,node,0,count™]);
Fprintf(fid,["\n*,"*dim,nodex, ,nnumb*]) ;
Fprintf(fid,["\n", "*dim,nodey, ,nnumb*]);
Forintf(fid,["\n", "*dim,nodez, ,nnumb*]);
Fprintf(Fid,["\n", "*vget,nodex(1l),node,1,loc,x"]);
Fprintf(fid,["\n", "*vget,nodey(1l),node,1,loc,y"]);
Fprintf(fid,["\n", "*vget,nodez(1l),node,1,0loc,z"]);
Fprintf(Fid,["\n", 1" ]);

Fporintf(fid,["\n", "*cfopen,nodenum,out™]);
Fprintf(Fid,["\n", "*vwrite,nodex(1l),nodey(1l),nodez(1)"D;
Fprintf(Fid,["\n","(3(el6.8))"D:
Fprintf(fid,["\n","*cfclose"]);
Fprintf(Fid,["\n", 1" ]D;
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o FprintF(Fid, "%s\n",["NSEL,s,loc,x,0.45"]);
Fporintf(fid, "%s\n",["*get,nnumb,node,0,count™]);
Fporintf(fid, "%s\n",["*dim,dpmy, ,nnumb"]);
Fprintf(fid, "%s\n",["*Vget,dpmy(1),node,1,u,y,,,0"1);
Fprintf(fid, "%s\n",["*cfopen,dpmy,out™]);
Fprintf(fid, "%s\n",["*vwrite,dpmy(1)"]);

Forintf(Fid, "%s\n",["(€16.8)"]);

Forintf(fid, "%s\n",["*cfclose"]);

b Fprintf(Fid, "%s\n",[*NSEL,s,loc,x,0"]);

Fporintf(fid, "%s\n",["*get,nnumb,node,0,count™]);
Fporintf(fid, "%s\n",["*dim,vmst, ,nnumb"]);

Fprintf(fid, "%s\n",["*Vget,vmst(1l),node,1,s,eqv,,,.0"]);
Fprintf(fid, "%s\n",[“*cfopen,vmst,out™]);

Forintf(Fid, "%s\n",["*vwrite,vmst(1)"]);
Fporintf(Fid, "%s\n",["(e16.8)"]);
Fporintf(fid, "%s\n",["*cfclose"]);

Function [bin,x,f,g] = ea initial(fun,nbit,nvar,nsol)
b
% Randomly initiate the population, design variables
b nvar=no. of variables

b nbit is the number of cell in each variable

b nsol is a number of gene

b
a=0*ones(nvar,1);
b=1*ones(nvar,1);

bin = round(rand(nbit*nvar,nsol));
bin(:,1)=ones(nbit*nvar,1);
bin(:,2)=zeros(nbit*nvar,1);
x=bin2real (bin,a,b);

For i=1:nsol

i

[F(:,1),9(,i)]=Feval (fun,x(:,1));
end

D%9%6%6%%%6%6%%%6%6%%%%6%%% %% %% %% %% %
Function x=bin2real(bin,a,b);
[m,n]=size(bin);
nvar=length(a);

nbit=m/nvar;

Ffor i=1:n
for j=l:nvar
X(J ,1)=bin2dec(bin((-1)*nbit+l:j*nbit,i),a(d).b());
end
end
Function x=bin2dec(bin,a,b)
Do
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Do
b TransTormation from binary string to real number
) with lowr limit a and upper limit b

n=max(size(bin));
trans=cumprod(2*ones(size(bin)))/2;
reall=sum(bin.*trans);

x=a+(reall*(b-a))/(2"n-1);
D6%6%6%%%%%6%6%6%%%%% % Y6%6%%% %% % % %6%6%6%% % % % %%6%6%%% % % % %6%6%6%% % % % %%6%6%%% % % % %6%6%%

Ffunction MORNSGA(fun,fundat,nloop,nsol,nvar,narchive,nbit,fout)
0%%%%%%%%% Initial isation Process %%%%%%%%%%%%
rand("state”,sum(100*clock));

pm=0.1;% pm = mutation probability

a=0*ones(nvar,1);% lower bounds
b=1*ones(nvar,1);% upper bounds

0 Initial population

[bin0,x0,f0,g0] = ea_initial(fun,nbit,nvar,nsol);
% save(fundat, "pop0~,“x0","f0","g0")

o This optimiser will not use binO.

pop0=x0;
[pop0,¥0,90,A0]=nsga_select(pop0, 0,90, [].[1.[1.[1:
%0%%%%%%% Start NSGA search %%%%%%%%

ic%

iter = 0;
while iter < nloop

iter = iter+l

popl=nsga crossover(pop0,a,b);%crossover
[pop2,Tf2,92]=nsga_mutate(fun,popl,a,b,pm);;%mutation

[pop3,¥3,93,A3]=nsga_select(pop2,¥f2,9g2,pop0,T0,g0,A0);%selection
popO=pop3; FO=F3;g0=g3;A0=A3;
figure(1),clf,hold on

Do plottruefront

plot(f0(1,:),f0(2,:), 0", "markerfacecolor®,"g")
title([°NSGA iter = " num2str(iter)])

end
[ppareto, fpareto,gpareto]=pareto_sorting(pop0,f0,g0,A0);

Time=toc %  second
save(fout, "ppareto”, "fpareto”, "gpareto”,"Time")
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Ffunction [pop3,¥3,93,A3]=nsga_select(pop2,f2,92,popl,fl,gl,Al);
o
b Selection procedure of NSGAII
o
pop=[popl pop2];
F=[f1 f2];

0=[91 92];

[mO,n0]=size(Al);
[m1,n1]=size(pop);
[m2,n2]=size(f);
[m3,n3]=size(f2);
D%%6%6%%%%6%%%%6%%% %% %% %%%

For i=1:nl
fi=F(:,1);
gi=g(:,1);
A(i,1)=0;
for j=(n0+1):nl

i=F(:.5);
9J=9(:.1):

0/40/70/~0/70/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/~0/-0/-0,
0707070707070707070707070707070770707707077070707070

[p_countl,p count2]=Ffdominated(fi,gi,fj,qgj);
A(1,j)=p_countl;
A ,i1)=p_count2;

end

end

D6%6%6%%%%%%6%6%%%%% % %6%6%%%%

for 1=(n0+1):nl

fi=Ff(:,1);

gi=g(:,1);

A(1,1)=0;

for j=i+l:nl
Fi=F(:.);
9J=9(:.3);
%6%%%%%%6%6%%%%% % %6%6%%% %% %% %%
[p_countl,p count2]=Ffdominated(fi,gi,fj,qgj);

1
1

% p_countl

dominates j
% p_count2 i

f i
f.J_dominates

A(i,j)=p_countl;
A(J,i1)=p_count2;
%%%696%%%%6%%%%%%%%6%%%%6%% % %%
end
end
B=ndlevel _sort(A);% level of being dominated, 1 = non-dominated
[B,nsort]=sort(B);

pop=pop(:,nsort);
F=F(:,nsort);
o=g(:,nsort);
A=A(nsort,nsort);
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nlevel=zeros(l1,max(B));
For i=1:nl;nlevel(B(i))=nlevel(B(i))+1;end
nlevel2=cumsum(nlevel);

ncheck=nlevel (1);icheck=1;

while ncheck < n3
icheck=icheck+1;
ncheck=ncheck+nlevel (icheck);
end

if ncheck == n3
pop3=pop(:,1:n3);
3=F(:,1:n3);
93=g(:,1:n3);
A3=A(1:n3,1:n3);

elseif ncheck > n3&icheck==1

nc2=1:nlevel2(1);

popc=pop(:,nc2);
fc=F(:,nc2);
gc=g(:,nc2);
Ac=A(nc2,nc2);

iselect=farchive(fc,n3);

pop3=popc(:,iselect);
3=Fc(:,iselect);
g3=gc(:,iselect);
A3=Ac(iselect,iselect);
else

nnl=nlevel2(icheck-1);
nn2=n3-nnl;

ncl=1:nnl;
nc2=(nn1+l):nlevel2(icheck);

popc=pop(:,nc2);
fc=F(:,nc2);
gc=g(:,nc2);
Ac=A(nhc2,nc2);

iselect=farchive(fc,nn2);

pop3=pop(:,iselect);
3=F(:,iselect);
g3=g(:,iselect);
A3=A(iselect,iselect);

nc3=[ncl,nnl+iselect];
pop3=pop(:,nc3);
3=F(:,nc3);
g3=g(:,nc3);
A3=A(nc3,nc3);

end
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function B=ndlevel_sort(A);
[m,n]=size(A);

b=sum(A,1);

[b,ns]=sort(b);

ilevel=1;
B(L)=ilevel;

if b(i)==b(i-1)
B(i)=ilevel;
else
ilevel=ilevel+1;
B(i)=ilevel;
end
end
B(ns)=B;
D0%%%%6%%%6%%%6%%%6%%%6%%%6%%%6%%%6%%%%%0%%%0%%%%%%0%% %% % %% % %% % %% % %% % %% % %%
Function [ppareto,fpareto,gpareto]=pareto_sorting(pop,f,qg,A);
B=sum(A,1);
col=[];
Ffor 1=1:size(pop,2)
if B(i)==0
col=[col i];
end
end
ppareto=pop(:,col);
Fpareto=f(:,col);
gpareto=g(:,col);
Ffunction [pl,p2]=fdominated(fl,gl,f2,92)
n=length(fl);
mgl=max(gl);
mg2=max(g2);

icountll=0;
icountl2=0;
icount21=0;
icount22=0;

if mgl<=0&mg2<=0
for i=1:n
if f1(i) <= f2(i)
icountll=icountll+1;
end
if F1(i) < f2(0)
icountl2=icountl2+1;
end
%9%%%%%%%%%%%%%%%%%%%%%%%%
if f2(1) <= f1(i)
icount2l=icount21+1;
end
if f2¢1) < f1(id)
icount22=icount22+1;
end
end
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if icountll == n & icountl2 > O
p1=1;
else
p1=0;
end
if icount2l == n & icount22 > O
p2=1;
else
p2=0;
end
elseif mgl <=0 & mg2 > 0O
pl=1;p2=0;
elseif mg2 <=0 & mgl > 0
p1=0;p2=1;
else
[pl,p2]=fdominated_uncon(gl,g2);
end
Un Un Un Un Un Un Un Un l)n l)n l)n Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Un Uﬂ Un Un Un Un Un Un Un Un Un Un Un Un UO UO UO Un Uﬁ Un ununununun Un Un Un UnU
% unconstrained optimisation domination sorting
Ffunction [pl,p2]=fdominated_uncon(fl,f2)
n=length(fl);

icountll=0;
icountl2=0;
icount21=0;
icount22=0;

for i=1:n
if f1(i) <= f2(i)
icountll=icountll+1;

end

if f1(i) < f2(i)
icountl2=icountl2+1;

end

%%%%%%%%%%%%%%%%%%%%%%%%%

if f2(i) <= f1(i)
icount2l=icount21+1;

end

if f2(1) < f1(i)
icount22=icount22+1;

end

end

if icountll == n & icountl2 > 0O
p1=1;

else

p1=0;

end

if icount2l == n & icount22 > 0
p2=1;

else

p2=0;

end
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Function xl=nsga_crossover(x0,a,b)

b real-code crossover in S. Srisomporn, and S. Bureerat, Geometrical
design

b of plate-fin heat sinks using hybridization of MOEA and RSM, IEEE
o Transaction on components and Packaging Technology, 31 (2008), pp-
351-360.

[m,n]=size(x0);

X1=x0;

For i=1:n

S=1+floor(0.999*rand*n);

T=1+Floor (0-999*rand*n) ;

PR=rand;
stl=-0.25+1.5*rand;
for j=1:m

if PR < 0.33

if rand < 0.5
x1(J,1)=x0(,S);
else
X1, 1)=x0g,T);
end
elseif PR >= 0.33 & PR < 0.66
X1, 1)=x0J,S)+st1*(x0(J,T)-x0(,S));
else
x1(J,1)=x0(J,S)+(-0.25+1.5*rand)*(x0(jJ ,T)-x0(j ,S));
end

it x1(J,1)
x1(J., 1)
elseif x1(,
X1, )=

I A

a()
a(d):

i) > b(g)
bd):;

end

end
end
Ffunction [x1,f1,91] = nsga_mutate(fun,x,a,b,pm)
% real-code mutation in S. Srisomporn, and S. Bureerat, Geometrical
design
h of plate-Tin heat sinks using hybridization of MOEA and RSM, IEEE
b Transaction on components and Packaging Technology, 31 (2008), pp-
b 351-360.
[m,n]=size(X);
alpha=0.5;
no=ceil(pm*n);
0%0%%%%%%%%%%%%%% main steps %%%%%%%%%%%%%%%%%%%%%%%%%%
X1=X;
for 1=1:n0
irow=max([ceil((rand)*m) 1]);
icol=max([ceil((rand)*n) 1]);
PR=rand;
if PR < 0.5
x1(irow, icol)=max(Ja(irow),a(irow)+(-
0.25+1_25*rand)*(x1(irow,icol)-a(irow))]);
else

x1(irow, icolD)=min([b(irow) ,x1(irow, icol)+(1.25*rand)*(b(irow)-
x1(irow,icol))]);
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end
end
x2=min(1,max(0,x1));
For i=1:n
[f1(:,1),91(:,1),x1(z,1)]=Feval (fun,x2(:,1));
End

function iselect=Ffarchive(f,narchive)
[m,n]=size(F);

Fmax=max(F,[1,2);[fmin nmin]=min(F,[]1,2);
Fdel=max(fmax-fmin,le-5);

for 1=1:n
f(:,D)=(F(,i)-fmin)./fdel;

=1:n;

10=[1;

r i=1:(n-narchive)
fcrownd=fcrownding(f(:,ii));
[fmin,nmin]=min(fcrownd);
islO=[isl0 ii(nmin)];

ii(nmin)=[];

end

iselect=setdiff(1:n,isl0);

Function fc=fcrownding(f);
[m,n]=size(f);
delf=max(F,[]1,2)-min(f,[1,2);

I=zeros(m,n);

Ffor i=1:m

[fs,nsort]=sort(f(i,:));

1(i,nsort(1))=1el10;1(i,nsort(n))=1e10;

for j=2:(n-1)
1(i,nsort(§))=abs(f(i,j+1)-f(i,j-1))/delf(i);

end

end

Fc=sum(l,1);

function [bin,x,f,g] = ea_initial(fun,nbit,nvar,nsol)
a=0*ones(nvar,1);

b=1*ones(nvar,1);

bin = round(rand(nbit*nvar,nsol));
x=bin2real(bin,a,b);

for i=1:nsol

[F(:,1),9C,1),x(z,1D)]=Feval (fun,x(:,1));

end
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function x=bin2real(bin,a,b);
[m,n]=size(bin);
nvar=length(a);

nbit=m/nvar;

for i=1:n

for j=l:nvar
X(J,1)=bin2dec(bin((-1)*nbit+l:j*nbit,i),a(d).b{)):;

end

end

nloop=[11 2 40];
nsol=[30 3 25];
nbit=[70 10 10];
nvar=[7 20 30];
for i=1

fun=["fun0® num2str(i)]
fundat=["fdat0" num2str(i)];
fundatl=["fdatO0" num2str(i)];
nloopi=nloop(i);

nsoli=nsol (i);
narchivei=nsoli;
nvari=nvar(i);

nbiti=nbit(i);

[pop0,x0,f0,g0]=ea_initialcon01(fun,nbiti,nvari,nsoli);
save(fundat, "pop0*", "x0","f0","g0")

MORNSGA(fun,fundatl,nloopi,nsoli,nvari,narchivei,nbiti,["f"
num2str(i) “rnsga” num2str()1);

end
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Abstract. The air conditioner installation in general, the air compressor is installed at the extemal of
the building that has well for heat rejected and pretiy location. The air compressor must be used the
supporting leg for support the its weight. Mow a day, the production of supporting leg has the measure
to reduce its cost by reduction of material weight but its strength usable. According to material weight
reduction. supporting leg shape and cross section may be change. This is the point of this work. The
objective work is minimizing the material weight but it also supportable its weight. This problem can
solve by the optimization technique. The optimization technique which this way is known and the
most widely used for structural design problem is Genetic Algorithms. This research used the Non-
Dominated Sorting Genetic Algorithms method for solve the multi-objective problem which it are
minimize cross sectional area and minimize deflection of supporting leg and the constraint conditions
is the supporting leg’s bending stress does not exceed the strength of materials.

Introduction

In the present, Air conditioning is important and appreciated worldwide. Because the human needs
comfortable temperature for daily routine. The air conditioner installation depending on several
factors such as the width of installation area The solution of the above mentioned is the air
compressor is installed at the external of the building. The device which is important to installation
is the air compressor supporiing leg. As shown in Fig. 1.

In this research we will consider about a reduction of the materials of the supporting leg. Such
considerations, which may affect the shape and cross-sectional area. The engineering knowledge that
can be applied to this problem is the optimization technique, which must be considered in constraints
of problem such as the bending force on the supporting leg, conversion of the cross sectional area,
included to precision ofthe optimal shape after the calculation.

From the Previous paragraph, we must be used the knowledge and techniques of the optimization
in the research. Evolutionary algorithms is one way of the optimization technique which the most
widely used. It is Genetic algorithms. Genetic algorithm was developed based on the principles of
evolution and nanrral selection and the most widely used in engineering such as electrical work,
structural work included the pipe syvstem. This methodology have advantages are it is easy to used,
didn’t calculate the derivative of the solution, chance oferror is very litle, and most im portantly, this
way be applied to the design possibilities., [1]. If the genetic algorithm applied to solve the optimal
shape of the air compressor supporting leg it would be useful to solve of this research.

To solving the problem of the air compressor supporting leg. It used the same calculations with
the calculations of the cantilever beam. From the studying about the research of cantilever beam have
information that genetic algorithms was used to caleulate the most about the caleulations of the beam
structure. Moreover, it have been applied to the calculation with other technigques such as genctic
algorithms with Constructive geometry topology optimization method, [2], with 1-0 binary variables
techniques, [6] with Boundary element method, [7]. with Boundary element method and Free-form
deformation technique, [8]. Moreover, genetic algorithms can also be calculated with a different

Copyright © 2016, the Authors. Published by Atlantis Press
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strucmre such as Hat-Shaped Cold-Formed. [5]. The calculation result of each research above they
get the reliable results.

Figure 1. the air compressor wnit and the supportng leg.

Stresses and Deflections of the Air Compressor Supporting Leg

Load on the supporting leg. Load and suppont conditions on the supporting leg is shown in Fig. 2.
Consideration from Fig. 2. (a) we can know that the weight of air compressor unit is the distributed
load on the supporting leg and fixed suppon.

Dresign variables of C-section. For this work we chosen the C-section because the C-section can be
reduced the materials more than the other cross section, [4]. When they compared the results of
calculation between C-section, l-section and T-section. The design variables is shown in Fig. 2 (b).
The design elements are calculated as follows,

f—a 5 " B

]Il]r l[Ii] 4

SAANAY

() (b
Figure 2. (a) Loads on the supporting beg and (b) design vanables of C-section

Optimization Technigque

Genetic Algorithms. (GA) was developed based on the principles of evolution and natural selection.
A population of solutions (genes) & generated and then the next generation is produced by mating
pairs of these genes. The search procedure starts with an initial population along with their respective
fitness values, Three main operations, selection, crossover and mutation, are then carried out in order
1o generate the next population. The population is evolved repeatedly uniil an optimum is achieved.

This opemtion is presented for single objective function which this approach may finding the
optimal solution for some problem but other problem need the objective function is more than one
function, for example, The structure is designed for the minimum weight. Meanwhile, it ako needs
to be maximum strength. These problem is called Multi-objactive optimization.

Multi-objective optimization, Mathematically problems for multi-objective optimization is
expressed as:

£= { filkhe..s fp ()} ()
The constraint conditions are expressed as :

giix)=0 2)

hiix)=0 (3)

L1
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where x is the design variables, fiis the objective function, g is the constraint conditions for
inequality form and /& is the constraint conditions for equality form.

From Fig. 3, it shown plotting of the solutions on the objective function domain or the feasible
solution which it comresponds to the constraint conditions. So the optimal solutions for bi-objective
optimization problem will be in the feasible region. the minimum of bi-objective function which the
solutions is at the edge of the feasible region and it's on the curve between min fi and min #z point.
These solutions called Pareto frontier. All point on pareto frontier are the optimal solutions for the
minimum optimization problem and we can select the solutions on pareto frontier depending on our
requirements. Pareto frontier can be obtained by non-dominated technigue.

I

minf B
Bl s gio Ty

Parzes ffant _—

— — *
Figure 3. Pareto frontier for hi-objective optimization problem
Non-dominated sorting genetic algorithms 1L {(NSGAITI) is the most widely used in engineering

work for multi-objective problem. It’s developed the single objective of GA to the multi-objective in
order to it can find the better solutions. NSGAI procedure is shown in Fig. 4.
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Figure 4. Flow chant for NSGAITI

Objective functions and Constraint conditions

The objective of the problem is to find the optimum dimensions of the supporting leg, such that
the cross section area and the deflection are both minimized and the constraint conditions is the
supporting leg's bending stress does not exceed the strength of materials, [3].

Objective function as :

FAO*) = [ (™), (X)) 4

Where A™ is the optimum design variables, #i (X) is the objective function of the area and & (X) is
the objective function of the deflection.

Objective function above mentioned can be expressed as :
min ) (X) = min A (x) (5)
min f2 (X) = min 4 (x) (6)
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the constraint conditions is expressed as :
2(x) = Fmax= Fatiow (X) i)

Where 4 is the cross section area, & is the static deflection, G 15 the maximum stress and Gajy 15
allowable stress.

We defined the variables follows, The values of length a=8 cm. . b= 10cm.,c = l6em. . d = 10
cm. ., L = 45 em. The values of forces w; = 3000 N/m , w2 = 3000 N/m, Young's modulus E = 200
GPa, the centroid point of area and the moment of inertia can calculated from Egq. 9 and Eq. 10,
respectively.

2 L |
X {x._+_IJ+3I4]+IJ +2x,x,

q
2(x +x,+x,) ©
I= fz (23 +35 +x3x, )+6(x, (25 -2, ) +x, (2F - x, — 2x, )+ x, (3x, +2x, - 2;7]}} (10)
The constraints are
0005 =x =003, 00005=x, =0.002 , 009 <y, =0.11% and 0.015=x, =0.03
The objective function of cross sectional area and deflection are
A= f(X)=x(x+x+x,) (1
a1
. [ 5.401(10
§=|f3{.1]—7{* ) (12)
I
Subject to the bending stress constraint
a —g(x) = <250(10) (13)

Result and Discussion

Fig. 5. illustrates the results of calculation which Fig. 5 (a) shown the optimal point on the Pareto
frontier of this problem and Fig. 5 (b) shown the cross sectional area of each point on Pareto frontier
which points are close a y-axis affect to a small cross section area and it gets the large values
deflection. On the other hand, when points are close a x-axis affect o a large values of cross section
area and it gets the small values deflection. The values of design variables shown in table 1. point 1
reduces the cross sectional area from point 6 about 18.34% but the deflection increase depending on
the number of cach point which point 6 can allow loads from the compressor unit better than smaller
optimal point because the deflection values are the smallest but it used the most materials. So we can
choose each optimal point depending on the requirement.

Table 1. The values of each point on Pareto frontier

Oyptimal [Jesign variables {(m) Cross sectional Deflection
pavinit xy x3 x3 x4 anea {m?) {1}
1 00051 5.0075(10% 00801 00152 5.531R(10Y) 00018
2 00052 5.0008(10°T) 00943 00153 5. 7496(10°7) 00015
3 aposl 5007510 01060 00152 6.3254(10°% 00011
4 nnzn7 00014 01011 00184 1.9067( 10 46149010
5 00067 0,019 01055 00183 2 RIR4 10N 2010210
L] 00253 LIRLAOE 0.1169 00264 3.0161(100 2.2691(107)

al
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Figure 5. Pareto frontier and cross-sectional area

Conclusion

The optimal points shown on the Pareto frontier which all points are the optimal solutions. It indicated
the optimal values of the cross sectional area and the deflection of the supporting leg. We can choose
each point depending on the requirement of work and usability. This research used NSGAII for the
calculations which it can made a good results and high precision follows the constraint conditions.
Moreover, this method can apply to solve the other structural design problem and more complicated
problem in the future.
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