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Development of leak barrier layer and cryogenic test demonstration for cryogenic
composite tanks of lightweight spacecrafts
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The numerical and experimental evaluation of leak barrier layer composed of
durable thin plies for the prevention of cryogenic propellant leakage through the composite tank
walls is studied. Finite element analysis including temperature dependency of material constants was

conducted to calculate leak path formation with matrix cracks in all layers of composite laminates
with and without the leak barrier layer. Gas leakage property of the composite laminate specimens
was measured after the application of several biaxial tensile loads to the specimens at room and
cryogenic temperature. Numerical results reveal that the composite laminates with leak barrier layer
have high leakage resistance since the thin plies remain undamaged even at higher stress. The good
leakage resistance property of the specimens with leak barrier layer was also experimentally
demonstrated at room temperature and cryogenic temperature.
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Laminate properties

In-plane shear modulus Gi2 4.8 GPa
Out-of-plane shear modulus G2 3.2 GPa
Out-of-plane shear modulus Gs1 4.8 GPa
Out-of-plane Poisson’s ratio v3 0.49

Interface properties 20°C —253°C
Mode | maximum traction tic 60MPa 70MPa
Mode Il and 11l maximum traction tyc 90MPa 105MPa
Mode | critical energy release rate Gic 50N/m 250N/m

Mode Il and Il critical energy release rate Gyc and Gic 200N/m 1000N/m
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