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Residual Stress Comparison of Type lll Hydrogen Tank by
Curing Conditions

Yong-Chul Shin*"

ABSTRACT: Since the residual stress of hydrogen tank is directly related to durability, it is very important to reduce it
for safety. Type II~IV hydrogen tank are manufactured by the filament winding method, in which the fiber is
impregnated with resin and wound around the liner. Residual stress in composite is affected by curing conditions and
fiber tension etc. In this study, the effect of curing conditions on residual stress was analyzed when manufacturing a
Type III hydrogen tank using carbon fiber filament winding process. First, the curing behavior of the epoxy resin was
analyzed using a differential scanning calorimetry. Through this, the curing temperature was set to 140°C. During the
same curing time, the specimens were cured under 2-stage curing condition that reached 140°C earlier and a 4-stage
curing condition that reached 140°C later, respectively. After curing, the residual stress of the composite material was
measured by the ring slitting method, and the experimental values were compared with numerical values. It was
confirmed that there was a significant difference in residual stress according to the optimization of curing conditions.
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Table 1. Heat of reaction and peak time of epoxy resin by curing

temperature
Heat of reaction (J/g)| Peak time (min)
100 °C - -
120 °C 157.1 4.39
140 °C 207.4 2.4
160 °C 211.3 1.78
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Fig. 1. DSC measurements of epoxy resin by temperature (a)
100 °C, (b) 120 °C, (c) 140°C, (d) 160°C
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Fig. 2. Filament wound composite vessel
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Fig. 3. Temperature profile of 2-stage cure and 4-stage cure
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Strain gauge

Fig. 5. Strain gauge attachment on composite ring
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Fig. 7. Residual strain of composite ring
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Fig. 8. Experimental and numerical results of residual strain
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