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Fig. 1 Crack propagation in carbon fiber composite material
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Fig.2 Typical cross-sectional micro-scale scanning electron

microscopy images of the T700/TDE-85M unidirectional laminate at

(e)-196C

different temperatures
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Fig.3 Schematic diagram of the crack propagation representative
element model and crack propagation paths
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Fig. 4 Scanning electron microscopy images of typical crack
propagation paths in longitudinal tensile sections
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Fig. 5 Multifunctional mechanical testing system at room

temperature/low temperature
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Fig. 6 Tensile fracture forms of resin specimens at different
temperatures
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Tab.1 Tensile strength data of the TDE-85M epoxy resin at
different temperatures
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Fig. 7 Image recognition results of scanning electron microscope
photographs of unidirectional laminate cross-sections
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Fig. 9 Statistical results of the probability of tensile crack extension

in unidirectional laminates at different temperatures
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Fig. 10 Micro-loading unit for the fiber pull-out test
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Fig. 11 Fiber pull-out image at —196 °C
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Tab. 2 Interfacial shear strength test data of the T700/TDE-85M
based on single fiber pull-out method at different temperatures
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39.79 0.050 3 57.49
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=75 30.68 0.032 6 48.32 48.40
34.46 0.0315 41.57
28.55 0.027 4 43.64

-100 30.51 0.029 9 44.56 44.95
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Tab. 3 Interfacial shear strength test data and error analysis of the
T700/TDE-85M based on crack propagation representative element
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WIERC Wi 1 %gj‘mﬁ%ﬁwf 292/9%
25 63.32 59.19 6.98
-25 53.86 52.35 2.88
=75 46.51 48.40 -3.90
-100 41.12 4495 -8.52
-196 31.95 33.50 -4.63
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Fig. 12 Test results of the interfacial shear strength using different
methods at 25 ‘C and -150 C
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Cryogenic interface strength testing method for carbon fiber composite materials

based on crack propagation representative volume model

QIAN Wenxin' GAO Weijian® ZHU Bin' YIN Bo' NIU Yinjie® ZHANG Xiaowen*
(1. Yongzhou Power Generation Co., Ltd. of CHN Energy, Yongzhou 425000, China)
(2. Shenyang Aircraft Design and Research Institute, Shenyang 110066, China)
(3. College of Materials Science and Engineering, Beijing Institute of Petrochemical Technology, Beijing 102627, China)
(4. School of Mechanics and Aerospace Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: [Objective] To address the challenge of directly and accurately measuring the interfacial strength of carbon
fiber composites in cryogenic environments such as liquid hydrogen, an indirect testing method based on inverse identification
of interfacial shear strength through crack propagation behavior was proposed, aiming to support the strength design and
reliability assessment of cryogenic composite structures. [Methods] Firstly, a representative volume element model for crack
propagation was established, characterizing the relationship of energy release rate among the fiber, matrix, and interface.
Secondly, longitudinal tensile tests of the T700/TDE-85M composite unidirectional laminates were conducted at different
temperatures (from —196 °C to 25 “C) to obtain fracture surface morphologies. Then, the occurrence probabilities of crack
propagation paths (including deflection, penetration, and their combination) were statistically analyzed. Finally, the interfacial
shear strength was inversely identified based on the aforementioned model and test data. [Results] The research demonstrates
that the interfacial shear strength measured by this method within the temperature range of =196 ‘C to 25 “C shows errors
within £10% compared to results from the single-fiber pull-out method, verifying the model's validity. Concurrently, it was
found that the interfacial strength decreases with decreasing temperature, and cracks are more prone to interface deflection at
low temperatures.

Key words: Carbon fiber composite material; Interface strength; Crack extension; Cryogenic test; Representative volume
model
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