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Evaluation of the Cryogenic Characteristics of

Composite/Aluminum Ring Specimens
Myung-Gon Kim*, Sang-Guk Kang*, Chun-Gon Kim** and Cheol-Won Kong***

ABSTRACT

In this study, the characteristics of filament wound composite/aluminum ring specimens
were investigated at cryogenic temperature. The ring specimens were manufactured using
carbon fibre and Type B epoxy resin which had been developed for cryogenic use. As a
result of measuring thermal strains at -150C, it was found that compressive thermal
stress was induced in composite part on the contrary, tensile thermal stress in aluminum
part which was about 32% of yield stress and in turn, caused aluminum to be yielded at
lower load level. In addition, Thermal strains which resulted from finite element analysis
showed good agreement with those of the experiment. After 6 mechanical loading cycles
had been applied to the ring specimen at -150C, tensile tests were performed at -150C
using a split disk fixture. As a result, it was shown that composite strength in a
liner-composite tank structure which is for the use of cryogenic propellant tank would be
decreased by auto-frettage pressure which is applied to it.
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Fig. 1. Manufacturing process for composite
/aluminum ring specimens
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Fig. 4. Thermal strains of composite ring,
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Table 1. Thermal strains at -150°C

Thermal strain (ue)

Ring type Inner surface Outer surface
Composite ring 170 =70
Composite/aluminum ring -2173 -2390
Aluminum ring -3685 -3688
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Table 2. Mechanical properties at -150°C

Yield stress or

Material Ei(GPa) E.(GPa) strength(MPa)
AlB061-T6 74.1 741 351
T700/Type B 142.9 11.6 2706
Fiber volume fraction 0.617
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Table 3. Material properties of T700/Type B

composite
Properties 25°C -150°C
E:(GPa) 127.1 1429
E2(GPa) 85 11.6
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Vi2 0.3 0.3
a,(10°%°C) -12 15
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Fiber volume fraction 0.617

Table 4. Material properties of Al6061-T6

Properties 25°C -150°C
E(GPa) 68.5 741
v 0.3 0.3
a(10%°0) 23 17
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Table 5. Comparison of the strains and stresses

Stain(ue) Stress(MPa)
inner outer inner outer
surface  surface  surface  surface
- +10 - +
Experiment 21 713 10 239(;) 17 112 -317
FEA -2048 -2456 104 -324
Difference(%)  -5.8 28 -6.5 2.1
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Table 6. Failure load and composite strength

at -150°C
Failure ap:;):(;j o ap:ﬁ)sg . Composite
load(kN) ALKN) Comp.(kN) strength(MPa)
Ave. 59.66 49.61 2440
10.05
Dev. 1.95 1.95 243
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Table 7. Strengths of the ring specimens

Comp. ring Comp/Al. ring
Ave.(MPa) 2709 2440
Dev.(MPa) 64 243

Table 8. Residual strains of the rings after 6

mechanical loading cycles at RT
and -150°C
Temperature("C) Residual strain(%)
RT 0.072
-150°C 0.223+0.022
Variation(%) 211
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