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The Reliability-Based Probabilistic Structural Analysis
for the Composite Tail Plane Structures

of M H* o
Seokje Lee In-Gul Kim
Abstract

In this paper, the deterministic optimal design for the tail plane made of composite materials is conducted under
the deterministic loading condition and compared with that of the metallic materials. Next, the reliability analysis
with five random variables such as loading and material properties of unidirectional prepreg is conducted to
examine the probability of failure for the deterministic optimal design results. The MATLAB programing is used
for reliability analysis combined with FEA S/W(COMSOL) for structural analysis. The laminated composite is
assumed to the equivalent orthotropic material using classical laminated plate theory. The response surface
methodology and importance sampling technique are adopted to reduce computational cost with satisfying the
accuracy in reliability analysis. As a result, structural weight of composite materials is lighter than that of metals
in deterministic optimal design. However, the probability of failure for the deterministic optimal design of the tail
plane structures is too high to be neglected. The sensitivity of each variable is also estimated using probabilistic
sensitivity analysis to figure out which variables are sensitive to failure. The computational cost is considerably
reduced when response surface methodology and importance sampling technique are used. The study of the
computationally inexpensive method for reliability-based design optimization will be necessary in further work.
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&]47), Random Variable(ZE*57), Response Surface Methodology(¥H-5- 7|%), Importance Sampling(ZF-&
% ZFZ4), Probabilistic Sensitivity Analysis(Z-&5E2 W= 3|4]), Reliability-Based Design Optimization
A= 71d HAAHA)

E - - =] ==
1.ME T2 9 Aol ALHE eRaFolt AR
T2011d 119 142 A5~20124 1€ 279 AA%<) e HEE gaes deHoR YL Aed
3 11¢¥ ~ 4 14 il . -
* =ushy —éo;:zah &2 = ° AEAoZ & 2= 9} B3|, v|AE, HBAo] &5
TDEH—I—U—- OOT—F‘O—PA'EH < 9 M — = o = " oF
* Zysty ghao=wsly) g —,?ZHE: H a7, A 71AISE 2ol v
AR}« A4 (igkim@cnu.ac.kr) St FshHEobil Al dE] AREEHX|TE YRE FEo HlE|

gz tAlatelr1eeE] 2] A58 A15 0129 2¥)/93



AzGAA Y 5 e BIAYOINTIE, 2
A% B #7, 7 Fo T4 $)S TP Aok
A= 4 439 dE =9, Fig 13 2o] Uuk
Tl vla) 7+ AEe) FEFEe AW o He BE
£ A Ao webA gefst AAlegxded v
stw A4 Y AAE A FEEN S
o] a7

= Metal | I‘

® H

2 :

[

a

=

E

@

o

=4 Composite

o

Tensile Strength

Fig. 1. Composite variation compared with metal

A A Tuke] GE22 4 WEe 47
o] Wi SHAAGS o]a‘lsl 71&9] B4HA W
Hls) ggRoz 94 Atk ey A g3

HmErE
do = 4

S g, A G288 AE FAASE LA
HI We BHAG A4S ST Yo} A4
HAAA =98] ofele Agolth. TEEE &

e e e PN e
AAE A% FA ARE ATAT EF AW
oI HHAEE DSl el ol 54 A

Aol AR VeE JAHAA &
0;5}0] AAE & 5 3}1\1;]_[2].

FHEH 4 WS 4 wge] B FPHL
2 ol bAAFE =dstd 2o F FA St
£ Zdske BEEQ] WRolARE o] e 9|R-s)
ol Az 97 EAEY VHHE THoE
3 BEEAGS FAPHOR wgdsta HyFgES ARt
gogx dAAFS s RAS Fig 29 2
ol Fx= AFA(R)H ofFstTol A7 TFEF
(D) AAT AAFE AT Bieks, BE5
Aol gl B¢ AAR GGelM Sl Agas
E 298 F Jorg FxE gt dojd F
AT,

94 / 3=rtA 8l 7] 8ks] 2] Al15E A15(2012F 29)

Modulus

Static L R

D

Swrength

D

Dynamic

Geometry

L i

Probability of Failure

Fig. 2. lllustration of probability of failure due to
uncertainty

Qarde] 7|7 &
o] ¥ 1 LTEHeE
oA s
Jee =

ol
ok,
N
o
o
&
i)
o

7 Mg oln,
WA 5ol
box ®do) tha] Baas Hesia
A e HAEAE st
283 Ao} HlwElgTt o] A E
e A FHEY o2 o]_&—a 7}4
A2 T3l s Q—X%
Tz ek sEEd WP
Al R xed7) e -5‘}%521
Fystact. &
BB By v, 12)J’]' 3|
AR A%e) A8EE 7
g8l Fgrle) EH%J

A A8 vE ¢l ou:]
A5 234

HeR
=
A2 5 sl A &

o
=
h=)

=

kl&

A

a}aac}. 0y @

254 3584 2

=
=
=

o

3] RSM(Response Surface Methodology)¥} IS(Importance

Agstgon, 74 FEuse APEs

Sampling) S
AlLFs AT

2. O|EsliN

7F. CMCS(Crude Monte-Carlo Simulation)

Folxl FzEe sz AosE dAdE ol
.9(17)i FoRA 1 FEHFEY A% FEUE g7}
fxle) st 28 o, 353t PE 4 (DY 2ol uF



A2guE 4o & Aok

~
—
~

p=f | ateas

glz) <

CMCSE s 2AHon $45E /b 1
HAHQ W F SUEHR FEHS EXEAo] ut
4 ¥ Y<F(random number)S —?—%6]—01 2R3 20 3
EWTe FEIdGe)S AT oS, AEE 4 &
EHFY Fe A= SAVSE A ddst 2 g
°l 0RT &4 X, & FREo] XA iy

=AE gasitt o 29E 2% NAY FEWHSE 3
'&% FEoRE W, A A o] 0BT 22 B9t
Nl BSHAHAE w0gE P A @9 2ol 2
AP oz 88 4 ok

N
Pr=— (@)

o]} Zo] CMCSS A GEN Aol thal ofudt WY
T 7R ¥3 Yo geEE Oz E*o}ﬂi a}3

0]

5SS 7 F dde FHo] Jow, 53], A
g 2lo] gEw4o] W Jeg = —ZrOVV] %o 4
Sol= oo tigk ks W 49k ohd v
AT & e FYIFES AN F Atk

Lt IS(Importance Sampling)

He 2= 4 Yo FHEXNE vz 2o A
JEs 23 7EEY HIFES FAL 5 A= 0

o]

Wsjelol e,

o A
= T
oJgHez 3% A4 Tavololel Hu AnE
| ol

d F glomg FAFA AlRte L9t IsSe
FTAE FEIF hy(2)E B8 FE29 FAHS
Al 2ol 3 HojsEe hy whye] HAHEL
2 &7le vzl g2yt G weict 24-"3) 7|
£ Fol téke Aot gAgEe 4 (33 2o
Aozitt. 3714 Ig(x) < 0] FAFERA0] 0T}

3
e AR 19] gE 2 ANFFolck

hy(w) dx 3)

i
pe=ayt Eai/'bi ®)
i=1

oG= Z Zaiajcov [XNX;} = E Eainpijaio-j ()

i=1j=1 i=1j=1

wrEba SHATE] goll gk S EES AEA
9% Zéﬁl"ﬁ_ﬂj_ gEWF G7F 0Bt 78 FEolE=E
2 (1T 2ol & F Atk
0—pg
P(G=0)=0(——) =2(—p) @]
0a

olwl B=p /0,5 AFE A (reliability index)Z}iL
golstn], 7stehA o g REGTEE T 94
o 2RE FAGEHANA Y HeARE e,

2t. RSM(Response Surface Methodology)

RSM Fig. 37} o] A2 39 x| Axs
o] 83t 3] A& (regression analysis) 52 WHO=Z
#Hilol e FEREHE FEHTY U= B
3] AR o, 2ARE SHAGEI S o] &3t 41F
A NS Festal FAdS Hrlkske el g
AV A S ARl oA FATAE TG 2ol
g FEE S 44 4488 5 Jerng di
AFA S e dAFoZ o] & e A=
= Ao R Q1AE I

RSM2 A1 Ax, ZAME $8] dash Fx34
o] 3, aa FERIAS FPsioior & FEA O
474 Tol Faslith

3= A el 7| &8s 2] Al15E A1E(2012\F 2€) /95



QR

RSMe] a4 Aae T 2o

Uy

A & (design of experiment)S ©]&3le] FEWH
o] TES Adgit

- ARE FEHEC dig FAHEH 72 NS
Rilia=g

- 9 A AFE FARAE T 13 52 239
oA Bdg g

- CMCSY AFOSM¥} 22 4154 s14 7[HE o] &
st Bt#EES ALt

Yo
(]

T A1EA sl lelA g Aol
o7t By A dYgelng FFstd &

o] F7telA AR 2RE 71 7to] e A

2122l &, MPP(Most Probable Point) T-3]ollA A}
Jet=7t S a8t

DOE and Experiments

Original System RS Model

N Repmg

* :

S DY 20 E0 Y)Y 2

Fig. 3. Response surface methodology

o}. PSA(Probabilistic Sensitivity Analysis)

PSA 71" & MPP-based sensitivity factorS ©]-8-3F
WHLS Fig. 49} o] ETATEE oA Fod
MPP 3ol 93] AA T YHlA MPP 744 3
9AZE Hee AR E AFE 74 FEHSTY A
o8 FJshd 4 ®) 2ol MPE AsrE & F
At 7)M z+ FEWS S 9 Fe 10]ofof Firh

Uz A y(uq,uz)

Umpp,2

Fig. 4. lllustration of the MPP-based sensitivity measure

96 / Sh=r A e 7183 A Al15E Al15(2012E 2€)

-3

oA

oy ¢(U7) ’
B ox; h(xi) B (uf‘lpp)2
T y u]-)) B ®
j=1 ij h(xj) PP
3. FX|GIH X sHa{Zat

7t |0l
oAl AHE-H
WE Cranfield

nle] FLXE= Fig 59F 2ol 199010
Al1-100 71AS FastdoH wing

box TZE &ZH oW Fig. 63 o] 27)<] 23}
(spanE Zr=th A 2=3ke] 9AE A19)4(chord line)
o] 15%, A 295 23U X gHA w8k
o} 2B (rib)= BlIPA 2l HYPsHA ufLsieh. Wing

BH-2=7 (lower

box?] ©WHS /}}—‘i‘—éﬂ(upper skin),

skin), 223}, gJH= 5o} ok

550mm

225mm

1548mm

Fig. 6. Tail plane lay—out

AH8-H AF = graphite/epoxy[USN 150B, A=A} SK
chemical]o]H, AFEAE (0445459012 A3
o SHM AFE wheh o] A AR 57
gy AAZ G453 908 A=A 715 A 1)
°]

TZ TFlAE sk A 2ol ddsiAl &



g ve] el A4 Sl FEEH x4

1) SNE® x®AMA ZD}
B =AM HHEA Y] BA%FE FA HAastol
HH7F SmmE EA FEE FEEIS A4

T8 FAe FAE AANMSTZE 33 Fig. 7
I o] Fo RBAE AFEE RSt HHS 1
FEE FAE -8

—— Rib2

Ni

i

— Rib1
Spar 1 Spar 2

X
S 7
e | -

Upper skin 1

=== Upper skin 2
Lower skin 1 Lower skin 2

Fig. 7. Classified groups for optimal design

Table 1. Results of deterministic optimal design
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Table 2. Property of Random variable

Component Composite Al 2024-T3
Rib 1 (mm) 1.03 1.01
Rib 2 (mm) 1.00 1.00
Spar 1 (mm) 1.56 1.19
Spar 2 (mm) 1.27 1.08
Upper skin 1 (mm) 290 1.74
Upper skin 2 (mm) 1.69 1.19
Lower skin 1 (mm) 2.88 1.65
Lower skin 2 (mm) 1.67 1.16
Spar cap (mm) 1.90 1.09
Weight (kg) 6.22 7.95
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Mean Cov Distribution
E, (GPa) 131 0.046
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