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Design of Filament Wound Composite Pressure Tanks
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Cheol-Ung Kim', Jae-Sung Park’, In-Hyun Cho”, Chang-Sun Hongm, Chun-Gon Kim

ABSTRACT

In this study, the design method of filament wound composite pressure tanks was established by using finite
element analyses. Pressure tanks were designed with and without a load sharing metallic liner. A GUI(graphic
user interface) program was developed to increase the efficiency of analyses. The replacement ratio was defined
in order to replace a metal pressure tank with a composite one. Finally, the best design model that is satisfied

with design requirements was suggested.
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Fig. 1 Finite element model of pressure tanks.
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Table 3 Comparison of configuration between metallic and
composite tank
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Thickness of cylinder 5.0 mm 2.5 mm
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Total length 2588 mm 2588 mm

Length of cylinder 2188 mm 1936 mm

Volume 2358 m® 1.891 m®

Weight 215 kgf 299 kgf

Burst Pressure 560 psi 1008 psz

Safety Factor 1.40 252
Performance Factor 0.17 x10% in 1.77 x10° in
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Operating Pressure 380 pst
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Table 5 Design result of Type 2 tank

Type 1 Type 2
Liner 157 mm 7.9 mm
Hoop - 5.5 mm
Weight 4993 kaf 2677 kgf
xdeformed
undeformed |
i
i
|
Fig. 13 Deformation shape of Type 2 tank

AAE Type 2 B39 Hu FEFE 380 psiol 49

operating pressure.

3.3.2 Type 3 ©3 MAIZAN

B3 AAE 27T Type 3 &= thalA 2ol g

HE&aA G AAE Fdsidn, dASL 60, 70,
80%= WHHAZ|HWAN 53 LA AHE Table 6914
2313tk Table 62 2HE tiAlgo] 24 BIATLA I}
FasAT o Aole 17 A gLe 9l F 5 o)

ol EoEE FHA WA FAE RAsy] 98 un
4 ge 2¥A 39 T Besos AL ouisc,

EE 70% ol dAES 7t Hakx dEFe T

b R%E FAAARE, 49Y Fo nx $Ee) Taz
AT BAE WAL FE A8 A2 5 At ua
A, BEE 885 T Type 3 B9 AAGNAE 60%

9 AL 7 A7 A AYHTn 2 5 ok

Table 6 Design result of Type 3 tank

Replacement Ratio [60%(Type 3) | 70%(Type 3)|80%(Type 3)
Liner 6.3 mm 4.7 mm 3.1 mm
Helical 43 mm 8.2 mm 13.7 mm
Hoop 7.7 mm 9.8 mm 12.0 mm
Weight 2363 kgf 2247 kgf 2238 kgf
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Fig. 15 Comparison of dome shape between hemisphere and

isotensoid dome.
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Table 7 Design result of various dome shapes

. 60%(Type 3)
Replacement Ratio - -
Isotensoid hemisphere
Liner 6.3 mm 6.3 mm
Helical 4.3 mm 1.0 mm
Hoop 1.7 mm 9.0 mm
Weight 2363 kgf 2376 kgf
S

Fig. 16 Deformation shape for various dome shape.
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Fiber directional stress for various dome shapes.
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Table 8 Design result according to the yielding of a metal liner

Replacement Ratio 8.0 %(!SOtcnSOid dome). -
Don't Permit Yield Permit Yield
Liner 3.1 mm 3.1 mm
Helical 13.7 mm 1.0 mm
Hoop 12.0 mm 1.0 mm
Weight 2238 kef 1001 kgf
a4 &

B dTeA £3% dedE oqigm gtEsige] A
A AHE FHsted Table 901 Fasidch TAS 157
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Table 9 Final design result of hybrid tanks

Metal Tank Composite Tank
(Type 1) Type 2 Type 3-1 Type 3-2
Replacement
) - 50 % 60 % 80 %
Ratio
Dome Shape | hemisphere | hemisphere | Isotensoid Isotensoid
Yield Not Permit | Not Permit | Not Permit Permit
Liner 15.7 mm 7.9 mm 6.3 mm 3.1 mm
Helical - - 43 mm 1.0 mm
Hoop - 5.5 mm 7.7 mm 1.0 mm
Weight 4993 kgf 2677 kgf 2363 kgf 1001 kgf

Bag EHZﬂ AAgozN 2 F
i, Type 3+ ol 9]
PALES 6% EAsE R
% HEHE ZASdE 0%z

”ﬂ&@t
t, 2ol &

O
2 207 A9

~
z
<N
=
=
Q

1)

2)

3

4

6) X. K. Sun, S. Y. Du and G. D. Wang,

7

8)

2 AFE ARYTLFATUKARDY AYste 399
g I

SR AKSR-NN AL Alde) HetadAz S8 Roln,
Aol o8] Aoz FA=gr )

FanEH
G. S. Ger, D. G. Hwang, W. Y. Chen and S. E. Hsu,

“Design and Fabrication of High Performance Composite
Pressure  Vessels,” Theoretical and Applied Fracture
Mechanics, Vol 10, 1998, pp. 157-163.

B. S. Azzam, M. A. A. Muhammad, M. O. A. Mokhtar
and F. A. Kolkailah, “
Optimum

A Finite Element Presentation of an

Design for the Filament-Wound Composite

Pressure Vessels,” 40th International SAMPE Symposium,
May 8-11, 1995.

B. S. Azzam, M. A. A. Muhammad, M. O. A. Mokhtar
and F. A. Kolkailah, “

of the

A Theoretical and Design Analysis
Filament-Wound Composite Pressure  Vessels,”
Science and Engineering of Composite Materials, Vol. 4
No. 2, 1995, pp 73-87

M. Z. Kabir, “Finite Element Analysis of Composite
Pressure Vessels with a Load Sharing Metallic Liner,”
Composite Structures, Vol. 49, 2000, pp. 247-255.

J. D. Carvalho, M. Lossie, D. Vandepitte and H. V.
Brussel, “Optimization of Filament-Wound Parts Based on
Non-geodesic Winding,”
1995, pp. 79-84.

s

Composite Manufacturing, Vol. 6,

“Bursting Problem
of Filament Wound Composite
International Journal of Pressure Vessels and Piping, Vol.

76, 1999, pp. 55-59.

Pressure  Vessels,”

AAE, AL, TN, AAZ, 5o 9] ooy

A= WsE n3 YAAE gy @ G &)

4 g=Bggzgdgx A3, xﬂzz 2000, pp

51-60.

B, FAW, AEE, FHAE, T, 23, ‘2

RE oidE BFa] 939 AFeds) 98 g =7,
j‘a}ﬂﬂE 9+<d%‘ BAe fFEases *4,” T F2

, Al73, 2001, pp. 49-

\O
Ul



