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Abstract: Carbon fiber reinforced polymer (CFRP) composite becomes an ideal candidate for the
liquid fuel tank for its excellent characteristics of light weight and high strength. However, the
liquid hydrogen/liquid oxygen fuel tank has to experience extreme low temperature in the service
process, which brings uncertainties for the structural reliability. To solve the above problems,
this paper carries out an experimental study on the damage and deformation behavior of CFRP
wounded tank structure under the external load of liquid nitrogen cooling and internal pressure.
Charging tests are carried out at both room temperature and low temperature (77 K), respectively. He-
lium mass spectrometry leak detection combined with strain measurement and acoustic emission
testing are adopted to monitor the the strain distribution and damage leakage state of composite
tank. The results show that strain concentration mainly occurs at the junction area between head

and cylinder parts, and low temperature will lead to local matrix damage and fiber/matrix interface
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debonding for composite materials, while which will not affect the overall bearing performance and

tightness of the CFRP tank. This study will provide references for the weight reduction design of

spacecrafts in the future.
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Fig. 1 Weight reduction efficiency of composite materials''’
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Fig. 2 Structure diagram of composite tank
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Tab. 1 Material parameters of T800/HT-280*]
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|l 4 it/ GPa 140
T P9 39 YJ 58 B / MPa 110
1 4 B DI 5 /GPa 5
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Fig. 3 Structure diagram of the tank flange
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Fig. 4 Location and orientation of resistance strain

gauges distribution
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Fig. 5 Schematic diagram of AE sensors distribution

on the composite tank
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Fig. 6 Strain-time curve of composite tank under

room temperature and internal pressure
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Fig. 7 Diagram of acoustic emission signal ringing

count of composite tank under room temperature and

internal pressure
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Fig. 8 Frequency-time relationship of acoustic
emission signal of composite tank under room

temperature and internal pressure
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Fig. 9 Strain-time curve of composite tank under low

temperature and internal pressure
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Fig. 10 Diagram of acoustic emission signal ringing
count of composite tank under low temperature and

internal pressure
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Fig. 11 Frequency-time relationship of acoustic
emission signal of composite tank under low

temperature and internal pressure
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Tab. 2 Heliummass spectrometry results of the

tank after charging test

(o WAL R, RWIEMEN R/ R RN R
[ (Pasm®) /s] [ (Pa*m®) /s] [ (Pasm®) /s]

Zs R AL 5X 1077 2.6X1077 4.9%X1077
S 1370 9.4X1077 — 5.0X1077

17 5.0X10°7 — —

2% 5.3X10°7 — —

3% 6.0X10°7 — —

4% 5.8X10°7 3.1X10°7 —

67 6.0X10°7 — —

7% 1.0X10°® — —

8= 5.4X10°7 — —

10% 7.0X10°7 2.9X10°7 —

11% 5.9X10°7 3.0X1077 —

12% 6.0X10°7 2.9X10°7 —

13% 6.0X10°7 2.6X1077 —

14% 9.0x10°7 2.6X10°7 —

15% 6.8X10°7 — —

16% 6.0X10°7 2.6X1077

17% 1.7X10°¢ — —

18% 3.1X10°7

197 — 3.0X10°7 —

20% 2.9X10°7

237 — — 5.0X10°7

24% 5.2X10°7
B 22 — — 5.2X10°7

10 s
e _ 0 - ‘,iu,," T
18 s

1314

12 ZEEEREHGEREIRURRALESRITTEE
Fig. 12 Statistical diagram of suspected leakage

points after pressure charging
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