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Analysis of the integral fuel tank considering hygrothermal environmental factors

Jin-Bum Moon’, Soo-Hyun Kim’, Chun-Gon Kim"™

ABSTRACT

Matrix dominant properties of composites are largely degraded under harmful environments such as temperature
and humidity. Therefore we should consider the harmful environmental factors in the design of an UAV integral
fuel tank subjected to high temperature and high humidity. The harmful environment experiment was performed
for carbon/epoxy composites made of a unidirectional prepreg USN175B, and a plain woven fabric prepreg
WSN3. The immersion experiment was performed under 90°C. The specimens were tested when the weight gain
of specimen was saturated. The specimens were tested under 74°C to obtain tensile and inplane shear properties.
The results showed that the matrix dominant properties were extremely degraded by hygrothermal environment. To
consider the variability of load, the anti-optimization method was applied. By using this method, the worst load
case was found by comparing the load convex model and stability boundary. The stability boundary was obtained
by analysis of the integral wing fuel tank of UAV using degraded properties. To do this, it was known that the
worst load case of the integral wing fuel tank was the hovering mode load case.

Eg
BgRRe] BAAN B4 SEL GEet 2L Bel ofslA 2A] AstE] wiEe] ne ThaE eld £8EE UAV
o AT S AP DAL o] Ol foAE ALEE WEA efsiolo} Uef. & Gl Lo
A W BRI USN 17589} 1 Salel WSNSKel el 0TelA B A4 AR Sastel wAle) 4
B D T P e
A IR Askigel ek st kel U o5 Bgde elal] A A LRl
il

Z Zus wdsl oyl AAE vlwste] Fotel 5k AP WS

o5 Aus bk o A drwae] A5
AL Agsto] frtas HAS SUste] Atk 0B Fof Hotol AT FAYEREY ) 9L

Key Words : 2~ulEXLCI7|(Smart UAV), 9] UA|d d=e=(Integral Wing Fuel Tank), -5-3l1&73 8. 4~(Harmful Environments),
E3H2) 4= A3 (Composite Immersion Experiment), HF2]%]3} 7] (Anti-optimization Method)

1. A2 4ol HOURAE RAZ e ARE Aushs A7t
SYHT. 1 FolA BRRs Bl e wgmel w7

g7l AR AR O uZE(specific stength)e} B A4S AL AREA 887 FRARZAL] o] 51 9l
A(specific stiffnessio] 2757 o] o8] ARE Awel  th Zrlot dEv]e] YRBAT ALE 0] gkt Aol

* F2IE e 7 ASFA AR SRS Tsha T ek
4+ FEal e ARSI AR 3808y, aAIARHE-mail:cgkim@kaist.ac.kr)



#2045 %5 5 9k 2007. 10

AAF B Am=a] B4

65

L g £z HEE BEIYRE o] A sta
e AAolth A 7IAZE ERARR wEd 23F¢eE
ol 7 M= HIAE7L

PEEfed, Ay 3719 F2E
AAsHE HFo] HA EolUL e FAlolH, e B
% 7873@714 NIATFEEY fRES ERHRR UE PR
AR S0l S7IetAL QT

AR e e %_‘iﬂfféﬁi FEEs e A
Aoltk. YAY F2ES
Z g (mechanical ]omt)7} 23 Q31
Soistet 4= Qlok EoF tiREe) 2 Ak ] 7 R
=55 sk 7IAA ARelA IAEE Ak o, AR
o) Hae 7IAE AR daE dnjsia, daFo® o ok
o RS U 5 AR Uitk oJd ARE Fev1el @
& "ol 283 Aol AP A= Y=(integral fuel tank)olT.
A drdas FF7lol 02 drgas el A4,
BE7E obet &7 NAFERE 88t 3&
Folok. 2 A3

(¢]

0lo o

il

%
%
RN A<D

59l ofe] 7H falEstol %OE
o ofalA B3] AEHE B

B9l ATE Hrh uebd B3NS ol 8% FTY) T
o m o]am g ael die s

R
%

o i
oM

O Mo it

(i
PR

T

z

o ox XN
on

dol o7 EH'D":O]E]'[“] 01315P
9 7&@.‘0 TAste] QmEd #ske] 2
2o X= EA ﬂﬁ}ﬁvﬂ
mA o] AW Ao zjol2 F -3 (thermal stress)o]
Wr=lo] AlH(interface) BAAE W mA #4d A K<l
o] E7]% slths]. E3 48T} 12o] TA|o] 283 wo=
A=zo0] 9lo] AEe] BEAASI} A Zv)sic6-9]. wiet
A B g3y el Ao Qlo], L2A oHAL &
w3l7] 93 GalstAgel st Aol AsS mes 22|
o] HI=A] $=3fE|ojof it}

ﬁ.

.

ot
I3
_E

[kl
i)
14
c
w
pd
=
~
()]
@
jg
ol
>

w 044011*% AR °4§05L°11 A}ﬂ% AR Yy

24 X%ol—— A, 2eln GAY HAR dngae
HAE S8 WA 7]ES ol gstel Hotel shEARe B
Wok THgold AstE BN BHS AEUOZA, £
sNgrgstol ol Hotel shEalate whastart.
frafegstolA el 24 A4 AY

HollAl= SK AmjAALe] dngk
9} AzxESHE WSN3K7} AMEE QT Z
AAET EHE A AlHE

Eala2 USN175B
ZF Amel dsiA <l

sk, 2 AlEES Fig. 13

, B 22 HMW NVCE

SAFEA 714H

(c) V-notch and Short Beam Specimen

Fig. 1

Immersion Test.



66 el R R A e AR AR
3.0 Table 1 Degraded Material Properties and Degradation Ratio of USN 175B
—@—UD 90 tersile
250 |“g-uoies” . EGPa)  E{GPa)  Gu(GPa) -
—O—Fabric LSS Base_line 148.16 9.34 4,90 0.23
o) R noch Degraged 135.28 3.43 197 0.334
S 2.
3;, Ratio(%) -8.69 -63.28 -59.80 +45.22
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Fig. 7 Result of Analysis.
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Fig. 8 Load Convex Model and Stability Boundaries.
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