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Design of Filament Wound Composite Pressure Tanks
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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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1.2 Graphic User Interface(GUI)
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without a liner.
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Table 3 Comparison of configuration between metallic and
composite tank

Type 1 Type 4

Radius of cylinder 500 mm 500 mm

Radius of boss 195 mm 195 mm

Thickness of cylinder 5.0 mm 25 mm
Thickness of dome 6.5 mm 1.0~7.5 mm

Total length 2588 mm 2588 mm

Length of cylinder 2188 mm 1936 mm

Volume 2.358 m® 1.891 nd®

Weight 215 kgf 299 kgf

Burst Pressure 560 psi 1008 psi

Safety Factor 1.40 2.52
Performance Factor 0.17 x10° in 1.77 x10° in
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Table 4 Given design parameters and materials

Contents
Liner Material Aluminum
Safety Factor of Liner 1.25
Material of Composite t800/ep
Safety Factor of Composite 2.0
Radius of Cylinder 1200 mm
Radius of Boss 300 mm
Length of Cylinder 3000 mm
Operating Pressure 380 psi
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Fig. 12 Sub-sequences to determination layer thickness on Step 6.
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Table S Design result of Type 2 tank

Type 1 Type 2
Liner 15.7 mm 1.9 mm
Hoop - 5.5 mm
Weight 4993 kgf 2677 kgf
Q\\ deformed
undeformed
Fig. 13 Deformation shape of Type 2 tank
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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 4.3 mm 82 mm 13.7 mm
Hoop 1.7 mm 9.8 mm 12.0 mm
Weight 2363 kgf | 2247 kgf | 2238 kof




WISTE 1 %E 2002, 2 g e oqldd Hg Ewac) 44 47 19
333 5 gdol 2 MAZE v Table 7 Design result of various dome shapes
5 Ryl Yol ol webd 2gA WA dAel i T
. N , _ . o(Typ
Aol A Wslngz A B¢ dae M 5 B Replacement Ratio Isotensoid hemisphere
ol old HAL ALE3ke Aol E2UME mEl dAHS ¥ Liner 6.3 mm 6.3 mm
& o &3 E'_E' yHol ozt utxoz o = Helical 4.3 mm 1.0 mm
Yost SHUE 4R WFEE Gl AgEn Hoop 17 mm_ | 90 mm
- - . Weight 23 3
SHUE 9Pe VeHIE 9199l geodesic pathE A el G hef | 2376 kef
F FFeRM Fig 1504 &9 F F ARo], whry F
of nlsl A do] ko] FHE HAgolot wetd, F3Y F —
& AR Folxl B3 Yold) tdl moh HEe W =~
298 94 & Aok 3ol Ao
1200
1000
IH 5
800
¥ 800
Fig. 16 Deformation shape for various dome shape.
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Table 8 Design result according to the yielding of a metal liner

Replacement Ratio X.O%USOIenSOid dome? .
Don't Permit Yield Permit Yield
Liner 3. mm 3.1 mm
Helical 13.7 mm 1.0 mm
Hoop 120 mm 1.0 mm
Weight 2238 kgf 1001 kgf
a4 &
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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 Permnit | Not Permit Permit
Liner 15.7 mm 7.9 mm 6.3 mm 3.1 mm
Helical - - 4.3 mm 1.0 mm
Hoop - 55 mm 7.7 mm 1.0 mm
Weight 4993 kgf 2677 kgf 2363 kgf 1001 kgf
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