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Numerical Analysis and Test Evaluation on Cryogenic Mechanical

Properties of Two-Dimensional Woven Composite

Zhou Guangming , Wang Ning
(State Key Laboratory of Mechanics and Control of Mechanical Structures,

Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract ; Three-dimensional periodic finite element models of unidirectional composites and phenolic res-
in matrix two-dimensional woven composite laminates are established. The periodical boundary condi-
tions are applied to the finite element method (FEM) analysis of the two models to ensure stress contin-
uous and strain continuous on boundary surfaces. The mechanical parameters of unidirectional compos-
ites are obtained by FEM analysis. The tensile, compression and shear progressive damage analysis of
the laminates are simulated at normal temperature and when the modulus of phenolic resin is changed at
the low temperature of —50 °C. Appropriate criterions are chosen to predict the failure process of the
laminates. The tensile, compression and shear tests are conducted at normal temperature and the low
temperature of —50 C of the two-dimensional woven composite. The FEM results are compared with
the experimental results to acquire the factors affecting the mechanical properties of phenolic resin ma-
trix composite laminates at low temperature, The results prove that the mechanical properties of the
composite at low temperature are better than those at normal temperature, verifying the correctness of
the analysis method by the test.
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Fig.1 Hexahedron model of unidirectional composite
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Tab.1 Mechanical parameters of phenol formaldehyde

resin and glass fiber

R AR 15 T ) i E B £F
PL AR HE/ GPa 3.2 73
Y HER/ GPa 1.296 30
HER /= 0.3 0.22
P58 & / MPa 50 2 760
JE 45 58 2 / MPa 100 2 000
YY) 58 / MPa 42.5
Pk RE/ (ppm » C7')  1X107° 5X10
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Tab.2 Parameters of unidirectional composite

T4 E,/GPa E,/GPa G, /GPa X;/MPa
R 55.25  11.75 4. 65 2 142
4 —50°CHIEEY  55.93 11.90 4,67 2 106
ARG 56.10  23.05 8.92 2186
T4 Y;/MPa X./MPa Y./MPa S/MPa
R 35.25 1561 56.00  58.25
& —50°CH B 35.30 1493 55.87  59.50
AR 80.23 1585 76.48 144,67
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Fig. 2 Three-dimensional model of two-

dimensional woven composite
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Fig. 3 Model of composite laminates
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Fig. 4 Meridional stress nephogram of fiber

bundles (stretch)
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Fig. 5 Meridional stress nephogram of matrix (stretch)
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Fig. 6 Failure mode of matrix
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Fig. 7 Failure mode of zonal fiber bundles
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Fig. 8 Tensile stress-strain figure in two conditions

of composite laminates model
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Fig. 11 Compressive stress-strain figure in two

conditions of composite laminates model
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Fig. 12 Shear stress nephogram of fiber bundles
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Fig. 13  Shear stress nephogram of matrix
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Fig. 14  Failure process of fiber bundles
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Fig. 16 Shear stress-strain figure in two conditions of

the composite laminates model
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Tab.3 Results of numerical analysis and test

Fir JE 4 LiRvl]
WA g/ SR/ BiRE/ B/ Bl SRUE/
GPa MPa GPa MPa GPa MPa
W E:  25.89 379.14 28.29 265.75 1.52 43.01
WL 20,06 371.46 26.85 246.37 1.19 30.37
RRIXE 24,01 523.79 33.55 304.60 2.10 51.88
KR 20,19 444.71 27.46 314.48 1.28 40.41
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