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Abstract Pressure vessels used in hydrogen vehicles need to be robust enough to withstand high-pressure
conditions. Therefore, hydrogen pressure vessels are constructed using composite materials with high
strength properties. These composites can have a wide range of mechanical properties depending on
their manufacturing characteristics. Previous studies have investigated the mechanical properties of
composite materials that need to be considered during the basic design of pressure vessels, but
predicting mechanical properties under various conditions is challenging as they are mainly based on
test evaluations. In this study, we performed tensile and bending tests on composite materials according
to the ASTM D 3039 and D 2344 standards and conducted finite element modeling based on correlation
analysis of the test results. The analysis revealed that as the stacking angle increased, the elastic modulus
and shear modulus varied depending on the direction. As the stacking angle increased, the elastic
modulus gradually decreased, while the shear modulus gradually increased and showed a slight decrease
around the angle of 90 degrees. This study provides prediction results for composite material modeling
and property changes according to the stacking angle. Based on this research, it is anticipated that the
results could be utilized for the design and damage assessment of composite material components in
future studies that take stacking conditions into consideration.
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Fig. 1. Figure of test specimen of ASTM standard

(a) Tensile strength specimen (b) Shear strength specimen
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Fig. 2. Figure of specimens for tensile strength test
(a) Before test (b) After test
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Table 1. Material properties of tensile test
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Fig. 3. Figure of specimens for shear strength test
(a) Before test (b) After test
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Table 2. Material properties of shear strength test
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No. strength modulus Elor}(,g}a;non Pmsi.on s No. 1 2 3 4 5 6 7 | Ave.
(MPa) (GPa) K rato Max.
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Fig. 5. Finite element model
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Table 3. Mechanical properties of carbon fiber
composite materials using in FE model

Properties Value
Elastic modulus in fiber direction 105 GPa
Elastic modulus in transverse direction 8.2 GPa
Shear modulus in 1-2 and 1-3 plane 3.5 GPa
Shear modulus in 2-3 plane 3.5 GPa
i 0.33
Poisson's ratio I
0.418
Tensile strength in fiber direction 1157 MPa
Compressive strength in fiber direction 920 MPa
Tensile strength in transverse direction 61 MPa
Compressive strength in transverse direction 130 MPa
Shear strength in 1-2 and 1-3 plane 70 MPa
Shear strength in 2-3 plane 40 MPa
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Fig. 7. Force-displacement curve specimens for
bending test

Table 4. Correlation of test and analysis results

ASTM D
ASTM D 3039 2344
Results Tensile | Elastic Percent Poisson's Max. shear
strength | modulus | elongation ratio strength
(MPa) | (GPa) ) al (MPa)
Test 1157 105 1.07 0.330 55.4
Analysis 1114 109 1.02 0.327 55.7
Error(%) -3.72 3.8 -4.7 -0.9 0.5
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Fig. 8. Distribution of principal stress with respect to
stacking angle for ASTM D 3039 condition
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Fig. 9. Distribution of damage with respect to
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