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Optimal Design of Laminated Stiffened Composite Structures
using a parallel micro Genetic Algorithm

Moo-Keun Yi*+, Chun-Gon Kim'

ABSTRACT

In this paper, a parallel micro genetic algorithm was utilized in the optimal design of composite structures
instead of a conventional genetic algorithm(SGA). Micro genetic algorithm searches the optimal design variables
with only 5 individuals. The diversities from the nominal convergence and the re-initialization processes make
micro genetic algorithm to find out the optimums with such a small population size.

Two different composite structure optimization problems were proposed to confirm the efficiency of micro
genetic algorithm compared with SGA. The results showed that micro genetic algorithm can get the solutions
of the same level of SGA while reducing the calculation costs up to 70% of SGA.

The composite laminated structure optimization under the load uncertainty was conducted using micro genetic
algorithm. The result revealed that the design variables regarding the load uncertainty are less sensitive to load
variation than that of fixed applied load.

From the above-mentioned results, we confirmed micro genetic algorithm as a optimization method of
composite structures is efficient.
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sz‘ =15" GA variables value
Population size 5
Maximum generation 400
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. 87.191 kN
A) : Fix XY disp., XYZ rotation Near optimums 89265 kN
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Calculation points 687
510
v Table 3 Test results and parameters for SGA
* GA variables value
- Population size 30
Fig. 4 Analysis model and B.C. Maximum generation 200
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] 87.191 kN
Near optimums
89.265 kN
/—[x4/x3/x2/x1] —
Calculation points 2610
[Xa/X3/%o/%4]
IxolXe] Table 23} 30| = Fe|Ee] Hafo] Hast stejule ghat
/'[X1 XolX3/Xg)s AX AT Aestath 20010 Aol de HWFgow
7|88 o, o &% F Per IMEE, Pmd SHHClR
Fig. 5 Stacking sequence of the curved panel. £, calculation pointse= Xé@H% k= B AREE 62741@94 7
5 et & A9 25 FEE AAYS AR
He} Haghe Ak A9 Ul = gmelE BR o) Agoi get sﬂ%
2= gl AustH AR 87.191 kN, 89.265 kNii} zro] Aol Z|
e, /2y /2y /2,] = [-15/45/-90/-75], [15/-45/-90/75] A o] gromi AmAom AAFS IS 4 9lelnh
L 6= Al ot } dEjEe] AlD 0 g A
o S15KT. olule) MR YAHIFL T 2 fie 6F AR U AT S S e
oltt. z7ldle molaAR {HA duEEFY AuES £
i = 89.775 kN A At AERE wEA Uskis Bed Mol
HAFA0E FU U RS VSSIAT A%y 59U
B 2B HFAFALS ABAQUS[I4IE Agsie] A4 mlolaz fda 9melge 9w fHR QuelEel A8
Shon RS SR 4 B2 FAEU A oF 0%HER WA T AS ST 9k



34

i

BREEAHHP SR

v — MicroGA
80 4
[}
173
2
= 754
704
65 4
0 — 1 T T T T A
[4] 100 150 200 250 300

generation

Fig. 6 Histories of elite for the curved panel.

3.2 blade 22t2| HZA I} ArQE HE

olfl EA= blade Fefo] WAL AYE Harel HHA

Al % 2ueES 45

w4
KR Y
RN

EIENIS

skin®] #&7H(z,, i=1,2,3,4,5)
A HZ2My;, i=1,2,3,4,5)

z,,y, =90",£45°,0°, empty
web?l Zoj(mm) : 5 ~ 36
B3 MGy -3 ~ 8

235 (fitness) F712A -

w, ax ]1P(1
@ PFT Z 70 - max "7 er
w  10P,+ 70
P R")'
@ P,.< 70 =0
(A) : Fix all DOFs

(B) : Fix xz disp., xyz rotation

iRpaeeseaseecuetanany)
SR

L.

=

Fig. 7 Analysis model and B.C.

—

[y1/y2/Y3/Y4/Y5]S

.

Stacking sequence
ener

s
\ Ys/Yal¥alyalyi]

[X1/Xo/Xa/ X4l X5) ¢

Fig. 8 Stacking sequence of the plate.

empty, Wy a. v 242 AA A4 A= A8 @ 7t
Akol ply, empty 5°] flol 7 F3A 4AE ALY 4
o BAE 7tejzich

2 3e(fitness) B7He P42 HS UEE A9t 284 £
3 92 ol Akt

A2 A ASt(free edge)oll Al LASHE HEFREE W
2 BRA Apole] SRl FEy FRE AA A e
FFmooks usy] Y 7lEFeR 249 BgE 2
o Aristdch. EAlolA AMSE dARSe] Hejel At 24
o7 So|7t HF3F AL FAF[1]¢h Bisagni[13]9] =
e Fustgch A AE A oA A #d A
7b Basich wEha Folal A& AL UEIpA ES

AdEs 1 ZEE HE £ 7 g A =ds
tEA7E Aol a8l B AL 27KE Uleol AL
sheict

—

e o

et

2

o

Table 4 Test results and parameters for nGA

GA variables value
Population size 5
Maximum generation 800

Pc 0.5
Nominal convergence 0.05
Weight (kg) 1.39
P, (kN) 70.484
Fitness 1.147
Calculation points 3063

Table 5 Test results and parameters for SGA

GA variables value
Population size 15
Pc 0.7
Pm 0.2
Weight (kg) 1.41
P, &N 74.843
Fitness 1.136
Calculation points 9150
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Table 6 Comparison of design variables
uGA SGA
stacking sequence in skin [45/04]s [-45/04]5
stacking sequence in stiffeners [-45/904], {-45/45/90;]¢

height of web (mm) 17 19
number of stiffeners 8 8

2lgo] i rf2A Ti’éﬁ}‘ﬂ‘l} HIE 2EshEd dut
A

A dazigeiA et HAR

#ﬂf

g Zojal 7)ol T

Jo 2
=R

-

r

APEE vlojag 4z dmeEe) Aurt &4 vy
Aoz 3 AAH4 gk vlal: Table 60f A alsheich

Fig. 904 1% 4 210l 4004t o F
3t S0} ZolEQL B3] W fA% A
A,

WA St AAE @A vepc,

B o] i utel=

22 B =AR 4

o A A

2

Az9 3% 4

S AR} o1

g
o weusel neld 5151“74] S5ty
= EL 2L

% vlol wet YAREHE glolut Aol T U

ok 2B 28 F dAske 5o wish i TxE
E [AJo] gt}

o & 542 HAADACNA thEojAok & 2

MMW Nx
‘7-7\’4‘4%%—/«—
W T —

Fig. 10 Biaxially loaded plate.

A TholiRE @ A o she W dehts B
W wend el DRHE Uehdd. H2L Be Fo
2 2 Ao Aozt I A g of
2 e diAl AEE 5 Qe R, R & 3159 v(load ratio),
f.+f,= constant dimensional scaling factor® 7t 7ich sF&

e 38" BRRR)F  TAHA g FE

(AR, AR)o2 the 4 Qdl, A Fxgol e &
A Fold 2HA REE by 95 melEely, &
A shgel 9 W9 eld Wok: BHE w9
o =AET. of W sHEwsie] YFHE el B P

ozA Gei 2 AYRAS HHsC

e

constant dimensional scaling factor= Y= AT 4 Qo
U B =Rl f= Bl NI RS Ao Al HLd)
% fe Nk e 9o Hd aAEskE ghe2 A3k
o B2 f.f0 digsle dAWs g@eEe M=z o2
fo g BAS) BAZA, B4R, F2E e A0 5
o] =3tEl Ao|m ZAHs|e AAFSHnormalization)e] &g 3tk

412 HAH3} 13

el Bz Tagel HAslt 437, 434
o) W4} 2o AAMSTE A HATL. of7lo] st
7] o) ot S ERAR 4 AUtk 712y A

T, T
H3

[e]

e e

rEo BN



36 o). AT

BEEA MR EER

FE p, 55 TP HAAHUSE r o2t S, & 2=
minimax A2 A2l 5= Ath6,7).
max min A{p, ¢) = max ¢(p),

o ? ¢(p) =

I
E
=
>

=
3

%, rof falide Haghe pol daidEs Hdghe 3= A
o2x EdolMe ofF ‘HHshv sz Aysin 9ok
A5k sl AAMSE p, B HHs) s
e ro] Ao

minimax HATE FA T M= AF o £L FEY
g o4 o HFofFE = 3 S Quigith 1Bz
TF2EY) Ml skEo] wde] veht d5u)zp ettt
= 3 W9 FHaohEe Yol 13 gEo A vehde

4714 & 7] FEol & A Avt 2H3t £33 Fof 7k
of %S W, o9 vEIXZ W A3 =3 Fole p g
o ¥ W7 g F o] FEYPHox) Y= Aot}
Adali[7]52 %% %% SH(nested optimization)HH-L A}L35}5.0.
o, Venter[9] 5 convex RS 7|¥to 2 2749] Z(species)
2 ojolx IS S stnt,

FH4 guES

4.1.3 815 F7HAO)A 9] stability boundary
g0l YA B15E vleiEen dehys) Sisl kg
= e BRSO S HERLS ARAT o © zzel
%o o]-83F= constant dimensional scaling factorE A}-&&}o]
s AR ATk 7K Al Al ohE s e
he AZE we NAY  n, = N,/f,= MR,
n,= N,/f,= R, n,= N,/f,= \R& HuZoz 3= 3
5 A& A 2] reference surface
A ()& THESA FAlo) A=1¢] g3k 35 T
o] reference surfaceo] ZAY3}=
slet. Flsksra o s Mgt

o\A_O\L
EE

o,

Fig.

FEREO S & AR, I FREL 55 U2 ¥y
sl Ha BY AEE oA "uh 32 A" Wy
ZARSEZ] 98t Ukl E (generalized coordinates)$} 3F2)
AR oReld BN HEE F2EO A4S 9
HES HEBTOZ AGAN WSe TS stabiliy

boundaryg} 3t} stability boundary:= B3RO A =

fr £ to o
rot
z

5}
& ZFAEo] v)%¥EA (non-positive definite)?l AL 1
oF 52 B3} stability boundary®] ©EAE o] gslH
Ask-uk A5t BAE 2ok A4 s$ES 4 ok

nz=1%.

5—» Reference surface
based on

Fig. 11 Representative stability boundary.

dele] o HAHS poll whE stability boundary®] U
oA reference surface”} ¥l dis] HYPolsS spA =W
ZAHo] 7P WA stability boundarye]] 274 Hoh(2E9 H
Lol 3719 BXH F & RFEolU 27 L& 7t SAl

P2 4 k) wetA o] Hef ek sAdEE 7 A
7 s d THEIFIA He Aotk & A skEuA
£ 7H9sHE 2 FAFY AGRE Bl ol & M &
& HE FHole Aoz ¥ HEHIE QAT 4 dok FH3
I et Zol FT Agke] H7h HeF ke dAWs
& 7] A% dAbE vt Ageishd HASh HHge

Foldl siFol 4FFeE HERE 4HY . sabily
boundary & -E7JSfR oA = 743 F2] reference surface
2 Byy Yl YANS BY

< 7R

42 ZHMH

M 3golM ARG blade FEIS BAL ol BHE
Qo sto] AAZAL 4 wo| T ANE A 35
o 2RAYS WY HAUAS SUsKT BAY o
it

BASS  FREe 27 a4z
FEzA AY FHIES
AAHS - w skin®] BFZH(z,;, =1,2,34,5)

" 23 A3y, 1,234,
2,y =907 ,£45°,07, empty

= web®] Zoj(mm) : 5 ~ 36

= 23R AN 3~ 8



E21% % 1 % 2008. 2 w9 vlojzs SAR

oF

LHEE olgd BEA AF T2E HHEA 37

1.0
~
NN
- = referece surface |
08+ @ Lo renge of load variation
~
064 ~
N
~
0.4+ > N
~
~
02 N
~
N
~
0.0 T T T T —1 Iy
00 02 04 06 08 10
Fig. 12 Range of load variation based on linear relation.
SERS : R+ R =1
(R, R) = (0.30.7~(0.1,0.9)
(R,,=0.1, t/() =0.7)

e FAZA 0 D Na<l.0 & Ny<70 :
N D
a L 70

@ Nu>1.0 & Ny<70 :

w, 1IN N

max oy &L % 1/L
w 0N, +10 70
® NxL<1.0 & NyL>70 :
Wi ax * NrL * 11']\(1/14
w 1.0 10N, +70
@ NxL>1.0 & NyL>70 :
wmax * lljvlL 11]VL/L
w 10N, +1.0 10N, +70

| AR Ny, Nt FAE 1 A o1 ol
A7t x oR{h y W sRe el Aue
= A0.1* f N, = A*0-7*f,9} wo 1 LENERUE RE

o}ctﬂ, ?MW AFFER 2 BEAA e TOVJ
7 WellA x e y wee R o Az os

. AW mlolar $AA d1IES o]gd Lo
e A7 f =154 kN, f,=973 kNo& uepdth f, 9
FHLFLR FF-S ke Hol7] Wi
Folu Jigele FFE v g 2¥E By

Table 7 Optimal design variables for f. & f,

f. Iy
stacking sequence in skin [04], [— 45/453/*45]8
stacking sequence in stiffeners | [£45/90,] [T 45/90/0/90],
height of stiffeners (mm) - 21
number of stiffeners - 8
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Table 8 Optimal design variables for the uncertainty problem

nGA
stacking sequence in skin [(F 45),/0],
stacking sequence in stiffeners [+45/90,],
height of stiffeners (mm) 21
number of stiffeners 8

Table 9 Eigenvalues of the optimum in the two load cases

(R, R) A
0.1, 0.9) 1.03
(0.3, 0.7) 1.05
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Fig. 13 Stability boundary and range of load variation for the optimum.
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Table 10 Problem explanation

design objective load remark
minimum weight fixed
Modei-1
design (N,/N,=1170)
- ioht
Model-2 | T WELE variable -
design
maximum fixed same weight with
Model-3 .
buckling load (]VI/ ]Vy=1/70) model-1
Table 11 Values of the design variables for each model
Model-1 Modet-2 Model-3
stack | skin |[£45/ F 45/45)| [£45/ F 45/45), { [ 45/ —45,/45),
ing
Sedacisufle ) 1445/90,), (£45/90,), | [T 45/45/90,),
height of
stiffeners 21 18 21
number of
stiffeners 8 7 8
weight (kg) 1.436 1.347 1.436
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