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Abstract: Type IV hydrogen storage vessels have become one of the most promising vehicle energy storage
equipment, while during the rapid filling process and service life, the hydrogen storage vessel suffers the significant
temperature rise effects or environmental temperature change. To improve the safety and reliability of type IV
hydrogen storage vessels, it is of great significance to investigate the burst failure behavior under such operating
conditions. In this work, the steady-state heat transfer model, micromechanics model, and thermal-mechanical
coupling model were established based on the micromechanics of failure theory. And a multiscale burst failure

analytical method was developed to study the influence of temperature at the range of 25°C to 85°C on burst failure
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behavior. The results show that, fiber damage is the main cause of the burst failure of the type IV hydrogen storage

vessel, and the predicted burst pressure and failure location agree with the experimental result well. As the

temperature rises, thermal compressive stress generated by non-uniform temperature distribution and thermal

expansion, partially offsets the tensile stress generated by the pressure, and slows down the development of the

constituent damage. And the strength of the composite winding layer decreases, leading to a decrease in the burst

pressure of the vessel. When the temperature of the outer or inner wall surface rises from room temperature to 85°C,

the pressure of the initial fiber damage decreases by 27.5% and 12.1%, and the burst pressure decreases by 12.5%

and 4.6%, respectively.

Keywords: composites; type IV hydrogen storage vessel; multiscale; temperature; progressive damage; burst

pressure
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Equivalent
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(qu (Sﬁ.q Equivalent

displacement

o-“eq—Equivalent stress at initial failure; 6°eq—Equivalent displacement
at initial failure; 6',,—Equivalent displacement at ultimate failure;
G.—Fracture energy
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Fig.2 Geometric dimensions of the type IV hydrogen storage vessel
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Table 1 Materials properties of alloy 6061 and Nylon (PA6)

Property 6061-T6 PA6
Modulus/GPa 68.90 1.88
Poisson's ratio 0.33 0.38
Yield strength/MPa 284.89 39.78
Break elongation/% 20 104
Density/(g-cm™) 2.75 1.08
Conductivity/(W-(m-K)™) 180.00 3.01
Specific heat/(J-(kg-K)™) 896.00 1750.00
Expansion/(10°K™) 23.60 106.00
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Table 2 Materials properties of the T700 carbon fiber/epoxy
(CF/EP) composite at room temperature

Ply (T700- Fiber Matrix

epoxy)  (T700)  (Epoxy)
Longitudinal modulus E;/GPa 142.00 232.00 3.50

Property

Transverse moduli E,=E;/GPa 10.30 18.00 3.50
Shear moduli G,,=G,3/GPa 7.10 8.70 1.25
Shear modulus G,;/GPa 3.80 5.80 1.25
Poisson's ratio v;,=v;3 0.25 0.20 0.35
Poisson's ratio vy 0.42 0.49 0.35
Tensile strength/GPa %1=2.50, T=4.90  T,=0.11
Y;=0.06 m
, Xc=1.25,
Compressive strength/GPa C=250 C,=0.24
Yc=0.19
. Gi= G =0.28,
Toughness/(N-mm™) — 106.00 G.=0.79
Density/(g-cm™) 1.53 2.75 1.17
Conductivity/(W-(m-K)™) 14.61 180.00 1.84
Specific heat/(J-(kg-K)™) 972.20 896.00 1 330.00
Expansion/(10°K™) @1=578, - a11=250, 1, o
@2=0.19  a»r=0.00 '

Notes: 1—Direction of fiber; 2—In-plane direction of the matrix;
3—Out-plane direction of the matrix; Gr.—axial fracture energy
of fiber; G,.—Fracture energy in the matric normal direction;
G,.—Fracture energy in the matric normal direction.
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Fig.3 Temperature dependent curves of thermal expansion coefficient

of the T700 CF/EP composite and tensile of matrix
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Thermal analysis

Mechanical analysi

Macro-stress '—'

d; or d,, degraded, |Yes
recalculate stress

RVE model
calculate M,, A,

Micro-stress
o=M,o+A,AT

Increase load
P..=P,+AP

iber or matrix
failed

RVE—Representative volume element; M,—Mechanical stress
amplification factor; A,—Thermal stress amplification factor; d—Fiber
damage factor; d,,—Matrix damage factor; A T—Temperature difference
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Fig.4 Flow chart for multiscale burst failure analysis of the hydrogen

storage vessel
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