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Abstract - This paper presents the strength safety of a hydrogen gas composite fuel tank, which is analyzed
using a FEM based on the criterion of US DOT-CFFC and Korean Standard. A hydrogen gas composite tank
in which is fabricated by an aluminum liner of 6061-T6 material and carbon fiber wound composite layers of
T800-24K is charged with a filling pressure of 70MPa and a gas storage capacity of 130 liter. The FEM results
indicated that von Mises stress, 255.2MPa of an aluminum liner inner tank is low compared with that of 95%
yield strength, 272MPa. And a carbon fiber stress ratio of a composite fuel tank is 3.11 in hoop direction and
3.04 in helical direction. These data indicate that a carbon fiber gas tank is safe in comparison to that of a
recommended criterion of 2.4 stress ratio. Thus, the proposed composite tank with 130 liter capacity and
70MPa filling pressure is usable in strength safety.
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Fig. 1. Carbon fiber wound composite fuel tank
for a hydrogen gas vehicle with an alumi-
num liner.
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Table 1. Material properties of an aluminum liner,

6061-T6.
Properties Values
Elastic modulus, GPa 69
Poisson’s ratio 0.33
Plastic modulus, MPa 520
Yield strength(Min), MPa 286
Tensile strength(Min), MPa 310

Table 2. Unidirectional material properties of a
carbon fiber, T800-24K.

Properties Symbol | Values
Elastic modulus in 1 direction, GPa E; 189.4
Elastic modulus in 2 direction, GPa E, 3.82
Poisson’s ratio 1-2 Vi 0.38
Poisson’s ratio 2-3 Va3 0.008
Shear modulus 1-2, GPa G, 1.262
Shear Modulus 2-3, GPa Gas 1.262
Fiber volume fraction Vi 65%
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Fig. 2. FE analysis model.

Table 3. Gas pressure loadings

Strength Safety Items Criteria

Filling pressure, MPa 70

Test pressure, MPa 105

Minimum required burst pressure, MPa 210
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Fig. 3. Von Mises stress of an aluminum liner for
130 liter hydrogen gas storage tank.
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Fig. 4. Carbon fiber composite stress in hoop direc-
tion for 130 liter hydrogen gas storage tank.

KIGAS Vol. 15, No. 5, October, 2011

gt

Hed

von Mises 582 &F0F 249 A4 =L] 310MPa
oFtE BF kg Ao Z et

=3k w=e] DOT-CFFCS} 3-52] KS 7 E=9HA
A 7158 BESHEA ARE HIIRE Fig. 39] 314
Aol oahd 2F kA Aoz yelygtth A |
AR A2 S A2 EdaA] dssas] vy
o] OMPaol =E3lH S W &FrlF ol von
Mises 382 2552MPa 2 &30 F 4419 FES
1 95%, & 272MPa< AA| 9k7] vl kst
F Az B4 dAsgadd Feste 4
o] 70MPa¥d Wl &Fv]FH ZFo]H<2] von Mises
22 135.5MPag2 EF0F 42412 FE-3-221 60%,
172MPas A4 2%7| wjZol =3t k3t
Figs. 4¢} 5v E3aA] A5 Tl g4 fol
S AERMAAAS AZIQY, TR, S
, AlEE, Hagdqtee] o2 FAIR FEM
T=okA a4 A o]t} Fig. 40l e FZHgo =
& g froll FeskeE A8y s EAE Al
st Ak &, 323} el oMPaol M= 713
& 50MPa, Z7#%+3 70MPacl A= 560MPa® 2t
b oAZE Ay, B3aA GFuE 2tolvidl 283t
= Faviaugte] E1EaE 5o J4-sEe U
238 A 1=

3L Fig 5+ gAY T O R 7h2 g fol
285k AT A EAE FESR] 0MPacl A
= 7P 92 105MPa, FH4E 70MPacl A&
460MPax 212t AlAFE AT g B aA
e A=dHAg siaddsgel o, FHYE
70MPaoll Al & A3dUE 210MPacl] o2& U4+
oM FxgFo g 7+2 gk frol st

o
et - . (=RIN
A& o] FEAuFo R 7He daMfol g

A

NV NATN A
-

[

0;

(i)

2000

1800 -
1600 -—
1400 -
1200 -—
1000 -—
800 -—

600 -

fiber stress, MPa

400

200

0 1 I I I I
auto zero filling test min. burst

Inner pressure, MPa

Fig. 5. Carbon fiber composite stress in helical direc-
tion for 130 liter hydrogen gas storage tank.
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