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Test Evaluation of a Linerless Composite Propellant Tank Using the

Composite Collapsible Mandrel

Seung Yun Rhee*', Kwangsoo Kim**, Young-Ha Yoon*, Moo-Keun Yi***, Hee Chul Kim*

ABSTRACT: A linerless composite propellant tank was designed and manufactured by using the carbon fiber-
reinforced composite materials which have superior strength-to-weight ratio in order to reduce weight of the tank. In
this research, we designed a sub-scale composite propellant tank with a diameter of 800 mm to withstand an MEOP
of 1.7 MPa. We manufactured the boss of the tank by using the same composite materials to reduce the thermal
expansion difference between the boss and the secondary-bonded composite layers of the barrel in the cryogenic
environment. We used the collapsible mandrel to manufacture the tank without any liner. The mandrel was made
from epoxy-based composite tooling prepregs to reduce weight of the mandrel. We manufactured the test tanks by
laying up the carbon fiber fabric prepregs manually on the mandrel and then applying the autoclave cure process. We
performed a proof test, a helium tightness test, a repeated pressurization test, and a burst test in room temperature.
The test results demonstrate that the proposed design and manufacture process satisfies all strength requirements as
well as an anti-leakage requirement.
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Table 1. Properties of the composite materials

Material Property Value

0° Tensile modulus, E1 62,900

. 90° Tensile modulus, E2 64,300
Sz\flfgz;s Poisson’s ratio, v12 0.05
Shear modulus, G12 4,100

Shear modulus, G13=G23 2,050
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Table 2. Opening of the seal groove and stresses

Bolt Preload 12kN | 14kN | 16 kN | 18 kN

Opening@Outside ofSeal | 113 | 106 | 0,107 | 0096
Groove

Max. Stress @Cover 1689 | 178.5 | 195.0 | 1954

Max. Stress @Bolts 5982 | 631.6 | 7133 | 7329

Max. Stress @Inserts 471.8 | 481.5 | 508.8 | 511.1
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Table 3. Comparison of a composite tank and an Al tank of 2600
mm diameter

Comp. Tank | Comp. Tank | Al Tank
®800 02600 02600

MEOQOP (MPa) 1.7 0.52 0.52
Diameter (mm) 800 2600 2600
Length (mm) 970 3560 3560
Wall Thickness (mm) 3.1 3.1
Length/Diameter 1.21 1.37 1.37
Boss Weight (kg) 14.8 42.4 -
Barrel Weight (kg) 13.0 157.5 -
Skirt Weight (kg) - 67.6 -
Ringframe Weight (kg) - 20.8 -
Total Weight (kg) 27.8 288.3 445.8
Boss/Total Weight 53% 15% -
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