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A Study on Analysis Method to Evaluate Influence of Damage on Composite Layer
in Type3 Composite Cylinder

Kyo-Min Lee’, Ji-Sang Park™*, Hak-gu Lee’, Yeong-Seop Kim™

ABSTRACT

Type3 cylinder is a composite pressure vessel fully over-wrapped with carbon/epoxy composite layers over an
aluminum liner, which is the most ideal and safe high pressure gas container for CNG vehicles due to the
lightweight and the leakage-before-burst characteristics. During service in CNG vehicle, if a fiber cut damage occurs
in outer composite layers, it can degrade structural performance, reducing cycling life from the original design life. In
this study, finite element modeling and analysis technique for the composite cylinder with fiber-cut crack damage is
presented. Because FE analysis of type3 cylinder is path dependant due to plastic deformation of aluminum liner in
autofrettage process, method to introduce a crack into FE model affect analysis result. A crack should be introduced
after autofrettage in analysis step considering real circumstances where crack occurs during usage in service. For
realistic simulation of this situation, FE modeling and analysis technique introducing a crack in the middle of analysis
step is presented and the results are compared with usual FE analysis which has initial crack in the model from the
beginning of analysis. Proposed analysis technique can be used effectively in the evaluation of influence of damage
on composite layers of type3 cylinder and establish inspection criteria of composite cylinder in service.
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Fig. 1 Detailed structure of Type3 composite cylinder.
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Fig. 3 Finite element modeling of crack model.
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Fig. 4 Load and boundary condition of crack model.
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Fig. 5 Path dependant crack model: progress of crack occurrence.
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Fig. 6 Initial crack model: progress of crack occurrence.
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Fig. 7 Analysis sequence considering plastic deformation by autofrettage
of liner material.
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Fig. 8 Fiber directional stress distribution of hoop layer at autofrettage
pressure for path dependant crack model.
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Fig. 9 Fiber directional stress distribution of hoop layer at autofrettage
pressure for initial crack model.
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Fig. 10 Fiber directional stress distribution of hellcal layer at autofrettage
pressure for path dependant crack model.
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Fig. 11 Fiber directional stress distribution of helical Iayer at autofrettage
pressure for initial crack model.
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Fig. 12 von Mises stress distribution of aluminum liner at autofrettage
pressure for path dependant crack model.
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Fig. 14 von Mises stress distribution of aluminum liner at zero pressure
for path dependant crack model.
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Fig. 15 von Mises stress distribution of aluminum liner at zero pressure
for initial crack model.
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Fig. 16 von Mises stress distribution of aluminum liner at maximum
fill pressure for path dependant crack model.
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Fig. 17 von Mises stress distribution of aluminum liner at maximum
fill pressure for initial crack model.
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Fig. 18 Fiber directional stress distribution of hoop layer at autofrettage
pressure for path dependant crack model.
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Fiber directional stress distribution of hoop layer at autofrettage
pressure for initial crack model.
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