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Thermoviscoelastic Stress Analysis of a CFRP Laminate Subjected
to Impulsive Load

Masayoshi SHIMIZU**, Tadaharu ADACHI,
Masahiro ARAI and Hiroyuki MATSUMOTO

* Tokyo Institute of Technology, 2-12-1, O-okayama, Meguro-ku, Tokyo, 152-8552 Japan

In the present paper, histories of transverse stresses in a carbon fiber reinforced plastic (CFRP)
laminate subjected to impulsive force are analyzed theoretically by means of three-dimensional
theory with anisotropic thermoviscoelastic property. The analyzed model is a simply-supported
square CFRP laminate with a stacking sequence [0°/90°}svm undor isothermal conditions from —100°C
to 200°C. The characteristics of transverse stress histories were considered from the viewpoint of
themoviscoelastic behavior of CFRP. When the same force is applied to the laminate under different
temperature, each component of transverse stress has the same maximum value, though its history
varies slowly over the primary glass transition temperature. Therefore it is shown that elastic
property of the fiber governs the maximum values of transverse stresses and histories are dependent
on the thermoviscoelasticity of the matrix resin.
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Fig. 1 Analysis Model of CFRP Laminate
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Fig. 2 Distribution of Transverse Stresses on Interfaces of CFRP Laminate (r=250)
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Fig. 3 Distribution Histories of Transverse Stresses on Interfaces of CFRP Laminate (20°C)
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Fig. 4 Distribution of Histories In-Plane Normal Stresses on Interfaces of CFRP Laminate (20°C)
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Fig. 6 Distribution Histories of Transverse Stresses on Interfaces of CFRP Laminate (200C)
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Appendix A Coefficients in Egs. (2), (4) and (5)

(a) Activation Energy AH and Standard Temperature T, (b) Standard Elastic Modulus C)

Temperature['C] | AH [kJ / mol] To[C] C\, = 101{GPa]
%0 0~_;)8;'0 i ;2 43;’3 (c) Elastic Modulus of Carbon Fiber
70.9~ 502.3 71.1 Er=159 [GPa]
(d) Constant Value of Matrix Resin
n | E,, (MPa]| E}, [MPa] Py, [Hz] n | E,, [MPa] | E, [MPa] P [Hz]
1 1.581 —0.6004 5.166 < 10* 21 334.7 —10.84 1.060x 107
2 1.033 —0.3069 6.741 X 10% 22 318.2 —49.07 1.383 < 10°
3 0.8633 —0.1587 8.797 X 10% 23 251.5 —52.78 1.805 % 10°
4 1.110 —0.07431 1.148 X 10 24 188.3 —31.92 2.356 % 10*
5 1.104 —0.01639 1.498 X 10% 25 108.4 —21.95 3.074%10°
6 0.5731 0.03601 1.955 % 10% 26 137.5 —8.834 4.012x10°
7 0.2541 0.1007 2.551x10" 27 101.7 —9.366 5.236 X 10'
8 1.025 0.2026 3.330x 10" 28 71.19 —14.28 6.833 X 10°
9 2.214 0.3907 4.345x 10" 29 97.20 —17.52 8.916x 10"
10 2.463 0.7765 5.670x 10" 30 135.3 —11.12 1.164 x 107"
11 3.994 0.8049 7.400%x 10" 31 228.8 —2477 1.518x107?
12 5372 2.258 9.657x 10" 32 143.8 1.636 1.982x10°°
13 7.074 3.758 1.260x 10" 33 121.4 6.775 2.586x107*
14 11.18 5.908 1.645%10" 34 171.4 17.99 3.375x107°
15 17.17 16.66 2.146 X 10" 35 169.5 32.25 4.404%107°
16 44.90 27.63 2.801 % 10" 36 214.4 19.68 5.747x 1077
17 71.47 44 .48 3.655% 10" 37 266.7 —30.61 7.500x 10°¢
18 | 1444 63.10 4770 10° 38 2276 —2932 9.788x10°
19 | 244.0 53.86 6.224 X 10 39 64.83 —17.354 1277%x107°
20 | 316.9 14.46 8.123x 107 40 —43.49 —4.017 1.667x 10710
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