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Transient Analysis of Functionally Graded Cylindrical Shells Subjected to
Asymmetric Thermo-mechanical Shock Loads with Temperature Dependent Material
Properties
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Abstract

In this paper, a hybrid numerical method for three-dimensional modeling of transient dynamic behavior of
functionally graded thick-walled cylindrical shell subjected to asymmetrical dynamic pressure and thermal
shock has been developed. The material properties of the shell are considered to be temperature dependent
and the shell is graded continuously in the radial direction. The proposed method is compose of the layerwise
theory, differential quadrature method, and Fourier series expansion. To verify the precision of this method,
the developed results has been compared with results presented in the available literatures. Also convergence
analysis confirmed the fast convergence rate of the presented solution. This research contains useful practical
results that can be helpful for design of FG shells subjected to transient pressure and thermal shock
simultaneously.

Keywords: Functionally Graded Materials; Thick Hollow Cylinder; Asymmetric Dynamic Pressure; Thermal
Shock; Differential Quadrature Method; Layerwise Theory.
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Material Property Py P, P, P;
E (Pa) 244.266x10° -1.371x107 1.214x10° -3.681x10™"°
v 0.2882 1.133x10™ 0 0
oK™ 12.766x10° -1.49x10° 1x10°° -6.775x107"
Zirconia
& (W/mK) 1.7 -1.276x10™* 6.649x10° 0
pkg/m’) 5700 0 0 0
C, (J/kgK) 487.34 3.049x10™ -6.037x10° 0
E (Pa) 122.56x10° -4.586x10™* 0 0
v 0.2884 1.121e-4 0 0
aK™") 7.579%10° 6.5x10™ 3.147x107 0
Ti-6Al-4V
k (W/mK) 1.209 1.394x107 0 0
pkg/m’) 4429 0 0 0
C, (J/kgK) 625.297 -4.224x10™* 7.179x107 0
E (Pa) 348.73x10° -3.70x10™ 2.160x107 -8.946x10™"!
v 0.24 0 0 0
aK™") 5.872x10° 9.095x10™ 0 0
Silicon Nitride
k (W/mK) 13.723 0 0 0
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E (Pa) 201.04x10° 3.079x10™ -6.534x107 0
v 0.3262 -2.002x10™* 3.797x107 0
aK™) 12.330x10° 8.086x10™ 0 0
SUS 304
k (W/mK) 15.379 0 0 0
pkg/m’) 8166 0 0 0
C, (J/kgK) 496.56 -1.151x107 1.636x10° -5.863x10™°
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