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Optimization for Buckling and Postbuckling Behavior of Stiffened
Fiber Reinforced Composite Panels

Gwang-Rog Lee, Won-Ho Yang, Mung-Rae Cho, Ki-Deug Sung

Key Words: Composite(¥- 32 &), Buckling load(FZ 7' %), Postbuckling Behavior(F3F A %),
Failure Load(3¥+< 7F%), Optimization(3 2 3})

Abstract

In this study, fiber orientation of stiffener was conducted to increase buckling load or failure load in
each case with a different design value and a different objective function for stiffened laminated
composite panel of I-type under compression loading. Regarding each of buckling load or failure load
as objective function, optimum design was carried out. In respect of optimum design, it was
investigated that optimum shape for buckling could improve fail load for postbuckling, because it was

difficult to investigate the optimization of postbuckling which need long analysis times for nonlinear
analysis.
Zx(structural element)t A B LA A A 7} E(static

strength)ell  HlE]  Fdoidez e =5

1. A 2 (buckling stress)& Zti= 5A o] Qlth.  H(beam) t

H ¥(plate), B7H FB(flat stiffened panel)®} 7

HZ NaAe sy diel Baxge Aw e #ZFo] Tt HE HEFFo AAsF
o] F&8A ol2oXm Utk ALAE B3A Zazk gl dAHFE BdY. weks FHEo)
g2 719 & A st vl Ad(specific sf})\} TEE9 AT TE(ultimate failure) S vl 3}

strength), @ 2 EX(fatigue characteristic)s 2] T AL oMYER, F2EE ZFE s BEY
NAAA QAo Fzatm, oYM (anisotropy)e o U BAE A REHA AFS HeA ol
&3t A 8Ate] 8 F A HE} FHRLE g dojy} i HIPARE Wol 231x 5
AA, AR 4 Ade FH g FF$F e id@es g8 FAesinol A A (fiber)E
Al Bobola gol AH4HT JE A Aad  FHEHA AE ARAR FYAR(ber reinforced
olt}, o3 EiRas FRES A 2 3 composite materlal)"& BAEFe wheK(fiber
g4 WA FETIG 2ERpe] wo] 29l orientation) ] Y} & 55> A (stacking sequence)®] ¥
o B3 FREL FASL Y= 206k @ glo) oeiM FERE 9 &7 (effective modulus)

Ghelolt B FHE ed ol pra oY ARE AINL & Q@A 4D
429 Nad] g 2 NP FEB AY

* 39, AFad dsd JATSY THE PEANE & AS ¥ oopEt dad gt
** 34, daaogn 7jAE Y S BENS ZAEE HHY 442 & F dA ot
s g9l QG FA AT adgAy Biy2me HZIEL AUV

ek 59l Fo 1t HHE SV ARA Y e HFEA 2 AFF7(layer thickness)®]

-913 -



% $Hoptimization)o} ©g ATFE chEsiA A8
S5 Ak (1]2]

HAAZ AEHE FREAN AAzANY F
W e A5e WAL 42 g dde
B o EFgAEY Al A AR ¥
q TREY AAE B agHer & 5 9
dErh. =3 BEAFZE 71F9 FE5Asd
shod 8] 7} A(specific stiffness)®] Yt ¥] 7+ = (specific
strength)2] HoA] Y353 H5& Holy] wjid
TZEY A E T 3 Ao E 44
AREE I Atk o] AMNES FHsly E
g 27" el E&FHoln AT HAE 9
sto 2% A A& 4 dAs9 H27
= 9 J2F G&EPEE PR g

kI

2

[\]
0
rot
k0
>
éﬂé
=
o
i
Ol

ot

L PEEER-T

A sna ) 2L Fig 13 Lol &
35S Be HEgESddel ds Hde & @
%9 FAE 0125mmolR EI(skimE 8§Ztol
¢ly), BEZAE 482 de H(cab), W(web)
E3A(flange)=  10EEol(ply)oltt.  HZzL
Table. 13 o] 27l(skin)ol [0/90/+45])s, B A
<= [0/90/45/0/-45]s%) A HF9] F$d o
3ted aMEAT o71M ASZe & sFEHAA
WA o 2ol FAE Y)Y g A
3irk 848 wWE F£PAHLS Ref 319 =
ol 2A38e] Mesh Typed 20x (4+3+2+2), [Lx
(atbthto)] 2 2478 FAHAY. Aze A
AE Table 29} #rh, #Hd9 xNFe x7FF
27t dol wgoz Al e walgs veh
55 sigleH, Hde] X4$EE Fig 20 UEhY
Atk ojdf ALEE F AHFE 14057, F L
2FE 44070 o)t}

2484 g

Fig. 19] ZAZAE U2& 2739 533 5
do| disiA 884 4 .42 £3a47eg 74
st ¢ m2dd tistd, #FE& 78t W(Top
edge)> E e (x-direction) 0.2 FY WIS ZE
5 3igen, d& A5HS FIFEAA ZRAH

*(eigenvalue analysis)& 3| 235 (Per)S T
Aot 1§37 Moz FAZFIFE FIa, HA
F s A 272 1A AFE=E FH
o, A7lv EYBA Frd 10%=Z Ao #
25 H&gsteE f8 vAdE feed s
S8, & 58S iz 24 dAlelA Tsai-Hill
o|E& FHRIGY ¥ HEF ATEANS ¢
otr 7]l & ZA¥go] s A EME& g

Mo AlEHE #Fd84 ZEOHo=
pre-processor. MSC/PATRAN 7.02 Al83}39xn
314 & post-processor ABAQUS 5.8& Al&3}
Ak

Clamped

P(Load)

Fig. 1 Boundary condition and load condition of
reference model

0
2)

.\‘\
R
N0

\,
AV
oA

A
i
‘O

3
“v

Fig. 2 Geometry of stiffened composite panel and

Finite element mesh

-914 -



Table 1 Stacking sequence of stiffened flat panel
for comparison

Part Stacking sequence
Skin [0/90/ £ 45]s
Stiffener cap {0/90/45/0/-4515
Stiffener web [0/90/45/0/-45),
Stiffener flange [0/90/45/0/-45}s

Table 2 Material properties of HFG CU- 125NS
graphite/epoxy composite material.

Property Symbol Value

Elastic modulus in_fiber-direction E 1300 GPa
Elastic moduli in transverse directions Ex, Es 100 GPa
Shear moduli in 1-2 and 1-3 planes G, Gia 485 GPa
Shear modulus in 2-3 Plane G 362 GPa

i , X Viz Vi3 031

Poisson’s ratios Vo 052
Tensile strength in_fiber-direction Xt 1933 MPa
Compressive strength.in_fiber-direction Xc 1051 MPa
Tensile strength in transverse direction Yr 51 MPa
Compressive strength in transverse direction Yc 141 MPa
Shear strength S 61 _MPa
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Fig. 3 Deformed shape of postbuckling analysis
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Fig. 6 Deformed shape of nonlinear analysis
for A, B, C point
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Table 3 Optimal buckling

angle of start point

load for

lamination
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