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Reliability Analysis for Composite Plate
with the Various Design Requirements

Seokje Lee’, In-Gul Kim"™", Moon-ho Jang’

ABSTRACT

The advanced fiber-reinforced laminated composites are widely used in a variety of engineering applications
such as aerospace, marine, mechanical and civil engineering for weight savings because of their high specific
strength and stiffness. The material properties of ply is known to have larger variations than that of
conventional materials and very sensitive to the loading direction. Therefore, it is important to consider the
variations on designing the laminated composite. This paper demonstrates the importance of considering
uncertainties through examining the effect of material properties variations on various design requirements such
as tip deflection, natural frequency and buckling stress using COMSOL-MATLAB interface.
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Fig. 1 Composites generally exhibit varation in material performance
different from their metallic counterparts.

2. AZue] A=A a4 P
21 2H &2 A|E20]|4(Monte-Carlo simulation)
207 F250 oAE st FAAE0] g(z) B Fof

A3 SEHsEY Y FEUETL A0S T2 o, g
E P AT 2ol BSHEFHE FAT + A7)

7=

g(z)gofx(z)dr )
272z ABFolde BHeEe HHes 23 7t
A BEFel w F sk SEWSY BIEAo] wah
We(random numben)E $&310] FES 40 HEHSo] BB
Ach(setye AT e, MAE 7 e w 2z g
I*oEH*—MI tilste] 1 gho] omth &) A, & FRE0|
ebdr| mhElexE wudit 1 ARE BE N7H91 sew
4 ’él L-% 223198 o, dAAFEAl] oxct Zhe A9} Nf”*
BEEdcE DhHEE P 2(Q)Rto| —wai 4%

f'

@

ole} Zo] EeZIER AlETold2 TAVENA ) o™
3 HEE vhekAl 41 YY) FHE 20 REsis] og)
S 7 & Aok Aol e, 53] A0l ged
0] oA (explicit)?] FEIRZ FOIA|A] g2 o= HHoiF
of ot g WE b ek HA o8 & Uk

22 JHME 1A 24 RHE YHY

AL BEUS 2,9
o, chew} o] BB o
o] gekx sk,

g=a0+alz1+ +a’nmn (3)

ol BAANA g9} ghe AR ABWS GoRU S, B
B4 GO HERTL FFRII =9 G B} gL o
o3} 2ot

Ho =+ Da @

Zzn:aavaX

i=1j=

noon

E Eaiajpijaiaj )
i=1j=1

oebd AR gol Yist shuiEkEe 484 Bee A
BE HFUS OV} 0uTh BE AR A (O Lol & &
ik

P(gSO):é(();“")

g

&(-p) ©



204 F 4 % 2007. 8

chakRt A4 arxAE AT BYA

Bake] A4 A4 27

ey /7

B =%(-p)

0 Uy 4

Fig. 2 Probability concept of reliability index.

oluf B=p/o.E A== X|4xreliability index)=} A <J3tct.

4] (6)2 FHAE HA4e] HFojztes AL AAR =
2 g AS AL FHAE A 2 2Aske 3
ol Mesl. 2 UBWSE EERTLE TUHY HEE
WHEksh Ag w2 Aol 3lu, Shinozukao] °|3tH u}3|EEL
7} 3 A dH= A& A(Most Probable Failure Point, MPFP)&-
SHAGER B Yol QlowA BEA wisTY YFe
25 SANS AR dolg FHAE dl= Holt} 7]

minimize §= vuTu ©)]
subject to g(u')=0

MPP

.3/.\

g(U>/=n “i

Fig. 3 Geometry concept of reliability index.
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Table 1 Material properties of GrEp(T300/5208) lamina

E,(GPa) | Cov 132.0 / 0.1
Sknukyion

E,(GPa) | Cov 9.30 / 0.1 4 n
G(GPa) 1 Cov 374 1 0.1 landom.generat ; :
B 1 1
vy | Cov 03 /0.1 , !
4 1]
3
]
13
]
¥
¥
]
]
EN
ISO VIEW
5
o)
TIP SECTION

. 3.2m . ROOT SECTION

Fig. 5 Wing configuration.
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Table 2 Finite element model summary

o -
FEA Program COMSOL 3.3a Random_generate ; -é

Type of element 2-D Triangular FtEenuiz G2 : :

No. of grids 294 : '

No. of clements 537 5
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(b) Response surface model

Fig. 7 Probability of failure distribution. (Case I, MCS, simulation
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(b) Case H : natural frequency

Fig. 8 The history for probability of failure.

Fig. 82 A&l w7t 718k 5 HHeHgo]
Hote H4E Ushdln do B 89S g ot
AGANZ B F7H Hedl, 2 S92k wygEl
w2 £H3ke Y] &Y Aot

7t dAgTEA diFt A4 s P g %y
=g U A4 AJ7HE Table 30 Azlskch

Table 3 Probability of failure and cpu runtime

MCS AFOSM
Full RSM Full RSM
Case 1
8.3% 9.2% 9.7% 9.8%
(<0.09m)
time(sec) 4020 600 1200 467
Case 11
5.9% 5.7% — 5.8%
(>4.5Hz)
time(sec) 2215 307 — 302
Case III
7.0% 7.8% 9.4% 10.7%
(<0.25MPa)
time(sec) 24780 2110 4860 2111
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