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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.
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Table 2 Degraded Material Properties and Degradation Ratio of WSN3K
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Fig. 4 The Shear Force Envelopes of the Wing.

10
9
= 2\ Hovering mode € Load convex model
T 8p
\
- BA A
g ol
® \
5 5F \ ©
@ \
g 4r \ Fig. 6 3D Modeling of the Wing.(a), (b) 3D Modeling with CATIA,
O 3t AN (¢) FE Modeling with PATRAN.
wnsition mode
21
. N N i )
" "~ RS olgstol TASKLh Fig 4- ATSHE TAlolm, 47
oty g e, | O% BT, ROIEE o SYEE WA BIE welFu
Distributed fift (kN/m) Qlth Fig 5% 371R) 3 LAL dilsle de 3 Awa
Fig. 5 Load Convex Model. Ldojc}

A FREY MY AAE 195 YE AntERQY] 3

24 B s mEe AvkE BRIy AduelA aEsld R Rl UdAY =3 Azead] dtisid S3tassde 4
< 3 doi7l Adetg JAE dAstal dgler, €9 2 Y5k AMSE Pre/Post ZEA|HEE CATIA, MSCPATRAN,
3 G BolA Adge AFskEm g/iEde ZEshs ABAQUS CAEZ} AR EYth mdleEl Adts Fig 63 7ok

=2
Lo



68 ok IR I

WA MRS

Maximum
strain

Fig. 7 Result of Analysis.

40 b —rr~toad convex mode!

- =- Multplied convex model

35k —4—5.B. under unharmful environment with S.F.
- S.B. under hamm ful environment with S.F.

Concentrated load(kN)

Al s L n
0] 10 20 30 40 50 60 70 80 a0 100
Distributed load{(kN)

Fig. 8 Load Convex Model and Stability Boundaries.
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