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Vertex-centerfinite element method for generalized
thermoelastic analysis of composite materials
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Abstract; To analyze the generalized thermoelastic problem in two-dimensional composite material, a
new two-dimensional vertex-center finite volume method (CV-FVM) has been developed based on Lord-
Shulman (I.-S) ,Green-Lindsay (G-1.) and traditional coupled theories. Using the staggered grid tech-
nique, the unknown variable is defined at the cell vertex, while the material property is defined at the
cell center. The space terms of governing equations are discretized by bilinear quadrilateral element, and
the time terms are discretized by Euler implicit formula. Thermal shock problem in infinite plate with
homogeneous material is studied by CV-FVM, The results show that the present method can effectively
capture the temperature jump and thermoelastic coupling characteristics at the front of the thermal wave

and elastic wave. Then, the developed CV-FVM was used to study the thermal shock problem in com-
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posite with Ti-6Al-4V/ZrO, with different material constant p, the results show that the value p=1

minimizes the maximum (tensile) stress applied at the middle of the functionally graded layer under 1.-S

theory, and the value p=10 minimizes the maximum (tensile) stress under G-L. and T-C theories. The

effects of p on interfacial thermoelastic response is different under different coupling theories, one can-

not conclude that a linear variation of the properties minimizes the maximum stress. The developed

method can be used as an alternative tool for solving thermal wave and generalized thermoelastic prob-

lems.

Keywords: Finite volume method; non-Fourier heat conduction; non-uniform composite materials; Ther-

mal shock; Generalized thermoelastic theory
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Tab. 2 Material properties of the metal and coating at reference temperature 300 K

ME R/ (Wem 1T p/tkgem ™) ¢/ (Jekg1+C ) E/GPa v a/(1076°C~1) O/ Y
RS 1.78 5700 529. 27 168 0. 298 8. 20 1. 56
A4 6. 26 4429 586. 46 106 0. 298 6.27 0. 64
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Tab. 3 The characteristic length, the characteristic speed,

thermal and elastic wave speeds in different mate-

rials
e 4‘#&}6)% € JREEE C f?!@iﬁ}@ﬁ SR D
/1071 m)  /(10°m/s) Cr/Jem Ce/Jm4
AL 4.28 5. 65 0. 395 1111
N 4. 28 5. 65 1.25 1.0
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Fig. 10 Displacement distributions at different times
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Fig. 12 Displacement u, stress ¢, and temperature T distributions along the x direction under mechanical shock
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Fig. 13 Displacement u, stress .. and temperature T distributions along the x direction under thermal shock
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Fig. 17 Variation of temperature T, displacement « and stress ¢.. versus time at x=0. 5
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Tab. 4 Distributions of temperature T, displacement « and stress ¢, for the Ti-6 Al-4V/ZrO, composite plate at x=0. 5

p=0.1 p=1 p=10
iR SLiyN
Tnax Umax Omax Tnex Umax Omax Thnex Umax Omax
L-S 0.758 0. 365 1. 5979 0. 645 0. 335 1. 231 0. 598 0.32 1. 662
G-L 0. 757 1. 82 89. 692 0. 644 2.003 66. 851 0. 598 1. 505 50. 54
T-C 0.472 0. 140 1. 242 0. 335 0. 141 1.321 0.218 0. 185 1. 231
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