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Minimum Weight Design of Laminated Composite Panel under Combined Loading

Jong-Sun Lee*

{ Abstract 7|

Minimum weight design of laminated composite panel under combined loading was studied using linear and nonlinear
deformation theories and by closed-form analysis and finite difference energy methods. Various buckling load factors
are obatined for laminated composite panels with rectangular type longitudinal stiffeners and various longitudinal length
to radius ratios, which are made from Carbon/Epoxy USN125 prepreg and are simply-supported on four edges under
combined loading, and then for them, minimum weight design analyses are carried out by the nonlinear search
optimizer,l ADS. This minimum weight design analyses are constructed with various process such as the simple design
process, test simulation process and sensitivity analysis. Subseguently, the buckling mode shapes are obtained by

buckling and minimum weight analyses.
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Length to Radius Ratio(Z1o|t] BF74H]), Membrane Prebuckling(QFA%})

1. M2 ALY A, L], AFA FRE SA ZA 71Ed
ARE e vrte FAleloh
237 & (compostie materials)= S$H7447F 295 A E3}- 4 2(laminated composite) 3252 2 trZ(lamina)
Azzo] B oAty Hobe] FRE ARRA Hol o] W3R A3tz 710 opAof st B 7]
AHE T §lom, AAFR AR AT 1L *]’% | AAl 7} AH A5g Beck. Yty o Egbdd 2 w2 HAgh 4
a2 9lth FEA R gt AAlf visiA A8 2 FHE T HEeA 9] Age) A LREL ol digh A
AE AL £ Sil“ Carbon, Glass, Boron, Graphlte =3 2L A G QS Bl ohug) AR mE A
P IRGE ARE d EEAEE 337 9 &5 £RE, FHAA 7L 7hestth
* e AFeS&7)A4A ST (jongsun@daejin,ac kr)

et 487711 A7 % ZHA AYE AR 11-1

95



O
rx

t:(lZ)o

o
4

Simitses 5 H3lE Simplex”|H-& A&l %
shol 48517 Qi nuE e Aages) A7
+3steon|, Pappas 57V DAP3S 7)stol

AR o] Hagekst HARAE et
Anderson §0¢ 337 7229 AHAAZ Yoto] 72
zacw VIPASAS} 5413 223}7]#<9] CONMING
$5 2139 PASCOE sty on], o=
TAFRT © o) HagFetiie W
Agarwal =02 yag 2347 WS AL
831 Graphite/epoxy 2] 231229
28514 20, Dickson” 7} Bushnell'*""
7, Qiu"”"= David- Flectcher-Powell

=}

il

Fi

o}
H

PR Eﬂil.l_ Carbon/Epoxy
*P%ﬁ}?‘iitﬁ AR R 49 O

1%

Ok

#=23}24|4=(Buckling load
factor)& & Aol 2(Linear and nonlinear the-
ories)?} H %54 (Closed-Form Analysis) @ -§-3ka}Eof 1
A (Finite Difference Energy Method)o] 9J3}o] 72} 41

Aok, B3 SAEAUAN A9 2uHATE 0
elgk 79 nelsta] S 49E dlastel A,

ololl thelh 2aFFst dANAE Ay T 22HA7)
2l ADS(Automated Design Synthesis)o]] €3} <=335}31c}.
2.0/ 2

Fig. 13} Zo] 532 g Azte]n 22 g (RY) T
AR BE BRAE gl gish ago] 22 Fig 29}
2ol By Az} (membrane prebuckling) A e 2 HE 11
A #23F(classical buckling loads)S F-3h= Az 3|4
3} SR A A3 AL AR (actual prebu-
ckling) At} 2 7€} Al 228} (actual buckling loads)$S
ek A2AHOE TR uE o) HEaEe

7S] oty S4gol uE Az AVgstel AT
2.1 Hzk= SN
243 Aol WHeF N, N, N, 7 A8 A
¢ BUYE o, o, o, b e 2k

96

Nxy, |
]
|

STRINGER..—

Nxs

SKIN.—T |

Fig. 1 Laminated composite panel with orthotropic
stiffener
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Fig. 2 Actual and membrane prebuckling deformation
near the end of a simply supported panel
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Do analysis (Constitutive Law, Equilibrium]
Buckling) for the current design, X.

Make a small change in the ith
decision variable: Y()=X(1) X 1.05.
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Buckling) tfor the slightly moditicd design, Y.
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Fig. 3 Flow diagram for the minimum weight design
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Fig. 5 Model geometry of a laniinated composite panel
before minimum weight design
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Fig. 6 Model geometry of a laminated composite panel
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Fig. 7 Buckling mode shape for A= 5.05 according
to minimum weight design
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skin-stringer module cross section

skin-stringer module cross section

Fig. 8 Buckling mode shape according to minimum
weight design
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Fig. 9 Objective function(weight), W according to
minimum weight design
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Fig. 10 Stiffener base width, d; according to minimum
weight design
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Fig. 11 Stiffener spacing, I, according to minimum
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Fig. 12 Stiffener height, hy according to minimum
weight design
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Fig. 13 Skin thickness, ty according to minimum
weight design
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Fig. 14 Stiffener thickness, t, according to minimum
weight design
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Fig. 15 Skin layup angle, By according to minimum
weight design
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