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Application of GA for Optimum Design of Composite Laminated Structures
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Abstract

The present paper describes an investigation into the application of the genetic
algorithm(GA) in the optimization of structural design. Stochastic processes generate an initial
population of designs and then apply principles of natural selection/survival of the fittest to
improve the designs. The five test functions are used to verify the robustness and reliability
of GA, and as a numerical example, minimum weight of a cantilever composite laminated
beam with a mix of continuous, integer and discrete design variables is obtained by using GA
with exterior penalty function method. The design problem has constraints on strength,
displacements, and natural frequencies, and is formulated to a multidimensional nonlinear form.
From the results, it is found that the GA search technique is very effective at finding the
good optimum solution as well as has higher robustness.

1. MB

J%‘ 43 A2 fAY 18 E(Genetic Algorithm, GA)S AAAA 9 AgEA ] 7|28 A

A 22 Holland”ol 9814 1975Q 7id® A (global) HE B9 HHs dmeFo|dt
GAE Ad M€ (natural selection)e] Y AAAY BEFRAS A 7|2 o8& T WEHoln
AgFe gagdmaFoas, EE HEL FolA FHEL HSHLZHN Hojdere od
(Darwin)9] A &M E(survival of the fittest)?] 0|82 71EAdo=z dln 9o GAE Exass
Bae] dg A5HEe Aad YHe AETFERZ FEF 0L o]5L YAHoz WYFOTA
AH o & EE ¢S WA Eh
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GAdAME AEHAH FHIAJA d4H6 HFste FAEE /A BEFH e ALY
(reproduction), iLH}(crossover), & ¥ o|(mutation)E AN & Adle MZE =<&(offspring)
€ 9FHoz BEA HH, o) MR AARES WMEHOZ AL FHFE(fitness)7t £
AAE DE = JA Btk GAVF 7129 24 Ex HFHF Wy dERAL AA, GAE AW
4 a2 AANE AHgste Aol ofe} v EE H 38l coding) A ALE3HH, EX, G4F3E
o] A H(point)o] old HES = (population)d] 71¥3k B Yo 2 M FApgrelu JEl B
AR7} old @x HJE F4(fitness function) RS AT A, GAE ZAHEFHY Ao
7% (deterministic transition rule)o] obd F &£ A& A& WA, GAE "EIMEA
oly d&A 2l EEAH(convex) T B HAZ ¥4 ARE YLE A ¥ $oiy ¥
4 gaoz Q3 thfe B2 (multimoda)E o] Fold GAF AN AF HAHE *E 7t
Aol wj$ Eul? Adtxez BHHEZ FEAY HH EAL BANF TFGA 7Asd 1%
o M AFEAH S Jehdn, A, At T HHH(local optimum)Z WA P Aol 3
A GAE ol8d EAE 4% AL £ dE EFE FHAETE 29 £ ey, 2 4
TE 21 38 7hedE 2

2. RULAE(GA)

E AFdME AANSe A4z Hogue Jbs AZEE ol (binary)dE 29 m=3t 7
d(encoding)& F3d {7HE F WE EAYE F, MAER oFolF e =RIYG
(population)& AAsdch &, 271 EL F&9(random)E A E. §9, GA BAHAHA U
oA, GAY FAMEAARA, 2H, EAd) GAS YU 270k 2 (schma theorem)?ol <}
Astd Ause] Z7td wat A4S AP & MAIE] o o] EAl(reproduction) s HA
Aol A}, o W, e HAHFEs dE(elite) /A HAFE A=HE ZHT AA
A dA 2L FAE L, dYEAA HEErE o o] WU & BLE FEE e B
gton, AGydA 713 3457t ¥ dEE A A9 7 G AL mA st
U Edwo] glo] AR ¢ Dejong”el dE BA A (elitist strategy) S L5t

2.1 GAQI AR}

1) = B AH(reproduction)

AL ztzte] AAZE M E AR wet 2 AE EAse dFelth o AP LS APE
7t < AALFEE g Add o 2 A&ES HE FEo AHE AJAHE A €
. ol 3% AN HY =37EAE Z8d-3H HH(roulette-wheel selection)? EUHE H€
(tournament selection), ¥} 241 & (proportional selection) §°} Yoy, £ ATAME o T EY
HE NS 439 BEVHE Adae AgozrRyg AR 9 AANE FIAHZ M,
2 FAM AFEI 5L AANE U AU drie AAE FAA 5o A A9 2 q47A
BHEsE Mdrigel, wetd, A QL Fi Boue 2 Al 2adEn.

2) 2 8l(crossover)

9o AN HAFL FGA e AGEs M 52 A ZozZ FEA AA AEE A
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g A3 AE Rtk AdANA AE(offspring)S B2 AZEE FARE ojojutoniNg
HroE A e A4S AR GANME o #H3L 2waE Rl mug Ao, @ Ay
A FIAAZ F Y JAHME AEF F, (0, DAolol A 2 AYAR] ¢4 (random number)3to] &
v} && (crossover probability) P2t oW v ¢ ] (crossover site) k& FALUANAN 29z
Ae s, ko] ¥ ExEdE n@o 2N wHls} o] FojRr},

3) €& ¥ ol(mutation)

AL wufFAg L Fdo] A Sl A A ' FERES olEHA AFsn S4de
Aol vl E9¥e] FAF2 A Do EAeA] g A2z FEE AT & = Y. o=
ol & EdwWo] FE(mutation probability) PmoE EXge] & HEE 0oAM 12 1914 0o
2 793 vrEz iy 98l 2A¥Y, o] BAL AAd oY Fad HJRE HEAS
T glon gAe] Hgro] RRA Jgos F¥ AL A7A Hod § A& M AHE 4
T= Ak

2.2 27|0} F2[(Schema theorem)?”

GAdl & A FALE HYss F4L o8 27|vk(schema)g 9] A4 Aoz ¥
F otk 27lvte F£AEY o= EA YIS 22 v EGiUE 1 RE Jhe SAEESY
AHF & TFERE TG 279 HY Hx nAHHEY AF IHHE Alo|o] HEZ HFFE
27)u} Zo)(schema length) & (H)E 3tx, 7okl A 0 & 12 ZAHA Y& HEEY FE&
7)o} xl4(schema order) O(H)E} 3k, ol & E9], &7l H=1++0& 2 g o & (H)=39]
2 O(H)=2°1th. m(H, )& Al toll doIA AG Fof At 279 HY A, H)E 279
HE Egstn A& ZE BAGE BT4E=EY &1, f& I 3o A= 2AE 249 3
A= 3 gAY 1o EAEE 270 HY FH Jies 847 g

m(H,t+1) = m(H, t)-ﬁ;,@- )

a#, asnke mHug EdWeldl A B Asgel 7l WEdl muist gdol
J@ 275k 4E BES JD) DAY 274 2700 AsE BeAs o) Vo

m(H, t+1) > m(H, t)ﬂ%’lh—m—igﬁl—omwm] ©
o71M [ Ead Zololdd, A AFjul Aol s (H)7F B3, I OHNSY #tel FHowM HE
A ol4s HYEE A 2vuhe A4E A+ FEHoE FAUE Re L F Ao

3. X2 HzE 2t AS & (test functions)

B AT A8 e GAY A € HEAHE FFEY] 98 ME tE 715Eg3 FY
g Ad E 19 571A F4E /N T FAHHHRE T Hoge TFIden, HEZ2ad
MATLABS o] &3] d& Asl(exact solution)s} E 2014 Hnd il
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E 1 Test functions for numerical optimization

Number Functions Constraints
1 filw) = et a=10 ~5.12 < x, < 5.12
2 fulx) = (lgli(g‘gégg;; %"flg)) ~100.0 < % < 100.0
3 fa(x) = 100(x} — %8+ (1 — x,)? —2.048 < x; < 2.048
4 filx) = 3integerz) . n=5 ~5.12 < x, < 5.12
5 fi(x) = sin@)/z, 2=V (Z+4) -10.0 < x; < 25.0

E 294 & F A%l GAE #59 7]83}
A FPe = 4HAglol @Qﬂ’ﬁ*ﬂ(global opti-
mum)EZ & $£E&{1 Y& & o a9

12 & A9 GAd 9% 51315} THA AW 2
‘?‘;ﬁ}‘ﬂl g FEARE BoFa oy, HA :f_ Ao
APt AdErt 2] wet FoAged 0 S - Aversge
278 23 BA6 43 £2& FAA FE |/
2 5 ok ole YolA AFF 2709 AHE 0
st Aot s 1 20 G‘ " w s 60
enerations
2% 1 GA run of function fi
E 2 The results for test functions
Genetic Algorithm Exact Solution
Functions | Population Generation
. P, P Joot Jmax
Size Number
fi 51 262.1440 262.1440
f 38 0.9986 0.9998
5 50 0.7 0.02 17 1768.3876 1768.5089
fi 38 25.0000 25.0000
5 6 0.9979 1.0000

4. Mok 23 2R Muzgs FYAsP
GAR A& EXge AFEHE sy g A A 3E A (constrained minimi-

@3]
zation problem)® WA ¥]A ¢k H )3 E A (unconstrained maximization problem)Z A3FAZ H
S7F Ao g2 dubHE Aot 43 FAe 4ol
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Minimize F 3
subject to g; <0 j=1,2,,n 4)
A AeF A2 EAE 938 e (exterior penalty function) FA3E o] g3t thgx g
o] VEtd 4 gt}
Minimize F* = F + P (5)
714, P& 4F o, 8 ATINE o & A4y 1ol Lim? Hajela®s] AA =
Z(bounding strategy)& A€ th 75 A A E(feasible designs)® HF AFEESE Foot & u,
AHe] TR L & oed 2o
L = kF, ®)
HO)9 ke dRHoZ AEHE 29 ¢S AHEHAT. 47IA, Hits dAC) s E W3
P E Og e AEEA

—~_ (G it 6sL
p= (L +a(G-T), if &L @
I3, e 7H5EY 0 1x}01Y 3 & 028 A3l R, G e Zd,
— \2
G = r]g Cgp ®)

4@ & BE wARFEN B QFNA x7] 100914 AlFete] o] Mdivig 1008 2714
A <g>t AMAGZAERE TIIL. HG)Y H23 BAE g go) Hud 2a=z
AR gtn2N GAZE 23t HAE F58 4L 5 Yok

Maximize  Fitness = 1/ F 9

5. S8 M3= Txo Ay 4K

5.1 H8 HE= 7xol &4 z
z 1
LACANN: T
it }
= me) | E— =
P, 2 H/2 B i
T H Z o Hlv;s,)
e P i i t wie)
T / e
—1.--" T NiB)
b
2198 2 Configuration and loading of the 13 3 Geometrical configuration of the
composite laminated beam multilayered laminated structure

(P=6 Newton, w = 4/H Newton, £L=25cm, b=2cm)
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& d7dA dFn e B AE7aE 19 29 23, 33E 999 Ja3dae 19 339
2. HE3F e 24T JFHFPS yEFY EXEF w,E nddoen, YHHAE 9
Agzde 2%, A9 283 2HAFF(natural frequencies) A FZAE0] e EHYh B 72
o HMe Y B HEgwe 4 2 dA 2P COMMANDYE 2gtez 9% +3
2 B3 ALGEHT. & AFdAE 57X M2 tE B Asdd ds A{HAE s
4th °olE AEBEE graphite-epoxy st Z& 1A BHEAE=2 ¥ 74 (higher damping) &3}
€ 713 kevlar-epoxydll ©127|7tA 1nF dYsgen, & dFA AL oj59 AME HFE
¥ 37 2.

ol

y

X 3. Material properties of the matrix and fibers

Matrix Fibers
Constants Epox Scotch Kev49 AS T300 B4
poxy (Glass) (Kevlar) (Graphite) (Boron)

E; (Gpa) 34 85.8 126.7 209.1 258.6 408.0
Er (Gpa) 34 85.6 7.0 15.5 18.2 409.8
Grr (Gpa) 1.47 355 3.0 160.5 36.7 185.3

Vit 0.35 0.15 0.33 0.27 025 0.11
o (Kg/m®) 1220 2600 1440 1750 1750 2600

5.2 2HMA BN ¥z}

AlA ANGE HNFAAA & F AKe]l EF HE Tz dAe Ay 423 718 - &
$E &, Egfol ¥4, Eetole] AR £, & Edold RAEFAEL a2 iﬂz—‘l“lﬂl o] &t
At olE WFEL ALY, A+, 1?’4 o lEE EF EHd: 3SE ¢ + Utk 28 3
o & & ARel B HAole dAF sl 3709 F(layers)22 o] FolA Alonl 7t EFe 5
7t EeolE 4z Ny, N,, N; N2 FAsAA, 6, 6, 6,9 2% A+ $34L e
HHHAARA L EF ATY L oA HANSE Zom 23 AR wddd d&f FAHd o
2} ¥4 & A § (multidimensional nonlinear programming)& A2 th&-3 Zo] F2 3 & ¢ Yt

(E

l..

Minimize F=2t(N,+N,+ N)bLop.g (10
Subjects to
) (B () - (R a
( F, Fy Fp Fy \ F;

4™ < L/1000, 45 < L/1000, £ > 125 Hz, f, = 750 Hz, H < 2.5 cm

A71A, Fe 29 ZFFgoldh A Atxd e Tsa-HillY] stsj71&o) 7128 Z=A4x
A, U AYAFzA, 1, 23 2{HAEF Az 283 B Holo 49S el ZE A
GzANM F, 3 F, & 5gA89 $3%3 L qa EF=2N A9 23, & &
FolAME R 49 & HE3A.
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F o= {Fl, when o, > 0 F, = {FZ, when o; > 0
1 F,, when 6, <0, 2 F,. when 0, < 0

avm Sl U 9 ok A7 AT FEE vepdnh Beold TAE oldd+E mAA
T, Bg9 31%7}~ g o4 499U
= {0.1, 0.125, 0.15, 0.175, 0.225, 0.275, 0.325, 0.375mm}
7 %aayers>94 Feol4E A4Y WEE HARed, 33 1004409 PNE RES AT
A4 WEZA RFAS FFRE 00 9 +90° Aolol N, BAUH AAME 05% /23 A
JdAd AHEA BHHE AL HAN,

(12)

E 4 Allowable strengths of different fiber-epoxy composites

Fibers
Constants Scotch Kev49 AS T300 B4

(Glass) (Kevlar) (Graphite) (Boron)
Fi;  (Mpa) 1062 1400 1447 1500 1260
Fy  (Mpa) 31 12 52 40 61
Fi;  (Mpa) 72 34 93 68 67
Fi.  (Mpa) -610 ~235 -1447 -1500 -2500
Fy  (Mpa) -118 ~-53 -206 ~-246 -202

5.3 ALY

Hol M AN BE HEE 72 JHHEAE 19889 Hajelast Shih’7h & £A9 A&
Ao 182 o] FAE FHE £7] %AWy (modified branch and bound method)& ©] 83 &
Qew, A ZAA7E oA vAdPAHelY] qEC TR FHAR FAHE RS AT =Fo
%27) AAHEY €449 W3E nAFGAT. 28y, B2AATH o <lisE 7 A
o)A E ALs] B2 FA Hrl B AF AX AT dH ZHEFY £ @
Atk ol GAE o438 HAHNE T & d7e AFgs vy o Yoo E 55 49 EF
H5u 7z e FHAAZAE GAE o183 F 279} Hajelast Shih”sl £3€ 7184
U (MB&B)E o83 42 Z27%E AAG Aolth ¥ 59 AAIE GAol o7 AAV S44% A
Q-8 ¢4 e £ ¢844, H T Hajela®t Shih’9 Zuces $do AAE dx
ASL ¢ 4 Uk HAZ2H| n AR YXF F FEL BAHF AH Wggo] ne| oy
3 ZAH R JIgA AT USS ¢ 5 Ak o= WA GAN nHE 24 Hel A}
7] 9% Hdg FH=E AFde Aolth BE, A Y g & W HFEY F
Aol AT FM dEdE AL yiade] A A7) H4E Aelth. BF Scotch GlassH
Boron® 7€ S A9 AA AHul(volume fraction): 3 F29 #E ZA=EEH A
A2 & 5904 mad 2 Ao FRAFLE ¢ £ %l“r’r Uz 8588 ARES dREo] el
e e Bolx Utk 2T HSYUA HAAE TS A9 FFH FFo] UM FE e
HolE AL A A=/ AAHeE e 7401 Z dUolgr & = Qo

o
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¥ 5 Optimum results for mixed integer and discrete design variables

. t 0. 62 03 F
Fibers Method (mm) Mo N N (degree) Vi (Newton)
Scotch GA 0.175 17 13 4 0.422 | -0.884 {-89.132 05 1.1137
MB&B' 0.15 6 23 11 -52 586 (-11.8 0.5 1.118

Keva9 GA 0.150 15 11 3 0.115 | 1.521 {-85550 0.9 0.6045
MB&B' 0.15 9 12 8 -153 2.06 0.37 0.897 0.604

AS GA 0.100 25 7 5 -0.093 i 1.851 | 66.641 0.887 0.6129

MB&B® 0.125 4 22 11 (-13.0 10.1 -19.0 05 0.6689

GA 0.125 13 7 8 -0.291 | -4.301 ;-88.395 0.868 05762

1300 MB&B® 0.125 5 18 8 0.75 053 i-11.0 0.61 0.5827

B4 GA 0.125 7 12 10 2.060 | -3.136 {-87.846 0.5 0.6785
MB&B® 0.125 3 18 10 (-164 123 -16.1 05 0.722

* Modified branch and bound method by Hajela and Shihm

2 = HE ¥ 4 gle 8oy A4y, A5y 2
e 231 gl B AFE 729 HH dAd A9dM=E GAY F
T AFAololM I HEAel i F& BUdh FFH3 N A ¢ndEd AR
€ FA7E oH g e A5 Houd duE 9%E w2 dedE Ay d9H 7
£e FEol ¢ woe Rtk o) GARARAY YoM @A HAFEF5o FEe
3, gHo] HEHOoE o]FojR7] wEojtt. Iy, HAH ] BRI FEEE} S 8
A AYHRT I o) F HFAHYA Mo =2 9 71A 9 Azto] vj$ AoEs R oz
A org Aol
gt s
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