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Evaluation of Permeability Performance by Cryogenic Thermal Shockin
Composite Propellant Tank for Space Launch Vehicles

Jung-Myung Kim*, Seung-Chul Hong*, Soo-Young Choi*’, Sang-Won Jeong*, Hyon-Su Ahn**

ABSTRACT: Polymer composites were used to reduce the weight of the spacecraft's cryogenic propellant tank. Since
these materials were directional, the permeability performance of the gas permeated or delivered in the stacking
direction was an indicator directly related to performance such as tank stability and onboard fuel quantity estimation.
In addition, the results of permeation measurements and optical analysis of the surface to verify the effect of the
number of cycles exposed to the cryogenic-room temperature environment are included. As a result, the permeability
was inversely proportional to the thickness and was proportional to the number of thermal shocks, and it was verified
that the permeability performance was suitable for the cryogenic propellant tank material for the space launch vehicle.
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Fig. 1. Load and boundary condition of finite element model
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Fig. 2. Load and boundary condition of finite element model

Table 1. Analysis Results Summary

Max. Principal

Strain [t mm/mm]

Failure Index

Tsai-Wu

Yamada-Sun

Max. Stress

3,980

0.056

0.160

0.291

Table 2. Material Properties — T800 Grade Fabric

Property Test Sepc. Value
Tensile 0° ASTM D3039| 64
Tensile 90° ASTM D3039| 68
M[(éd;al ]u s Compressive 0° ASTM D695 67
Compressive 90° ASTM D695 68
In-plane Shear ASTM D3518 3
Tensile 0° ASTM D3039| 1048
Tensile 90° ASTM D3039| 1062
SE;Z;gagh Compressive 0° ASTM D695 807
Compressive 90° ASTM D695 841
In-plane Shear ASTM D3518| 151
Poisson’s Ratio - - 0.05
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Fig. 4. Photo of 2.75 mm permeation specimen
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Fig. 3. Stress/strain distribution at dome region
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Fig. 5. Clamping method for permeation test specimen
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Fig. 7. Measurement of specimen temperature during thermal
shock specimen preparation
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Table 3. Permeability and leak rate behavior under room temperature and 5.5 bar condition

Specimen #1 Specimen #2 Specimen #3 Specimen #4
(Intact) (Thermal Shock 2™%) (Thermal Shock 5™) (Thermal Shock 10™)
8 Plies (mbar-l/s/cm?) 1.03 x 107 1.19x 107 1.19 x 107 1.19 x 107
12 Plies (mbar-l/s/cm?) 7.4x10°% 9.55x 10°® 1.27 x 107 1.51 x 107
8 Plies (Pa-m*/s) 1.3x 107 1.5%x 107 1.5x 107 1.5%x 107
12 Plies (Pa-m?/s) 9.3x 108 1.2x107 1.6 x 107 1.9 x 107
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