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Numerical Simulation on Temperature and Stress Fields of

Two-layered Shell Irradiated by the Intensive Laser Beam

LEI Yong-jun' , WU Fei®
(1. College of Aerospace and Material Engineering, National Univ. of Defense Technology, Changsha 410073, China;
2. Jiuquan Satellite Launch Center, Jiuquan 735000, China)

Abstract: The thermal dynamic response of structures irradiated by the intensive laser beam has been an important issue in

the area of laser application. Adopting three-dimensional finite element model, numerical simulation and analysis were performed

in order to make out the temperature, stress and displacement fields of two-layered cylindrical shell irradiated by intensive laser

beam. In the study, the several parameters of materials corresponding to temperature were considered as variables. The influence

on distribution of temperature field brought by various laser spot diameters was also studied. And the rules of temperature rise,

stress and displacement of inner layer at the spot center were investigated, while the outer layer’ s thickness, expansion factor,

the elastic modulus and the Poisson ratio were changing. It is shown that, the diameter of laser spot plays an important role in the

temperature field distribution, keeping in touch with conductivities of outer layer; expansion factor is the dominant parameter

affecting stress field, thickness is a lesser dominant one, and elastic modulus and Poisson ratio are the least. The conclusion can

provide a substantial reference for the laser breakage analysis and anti-laser reinforcing technology.
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Fig.1 Two-layered cylindrical shell irradiated by laser beam
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Fig.2 Element division of one quarter cylindrical shell
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Fig.3 Element division of laser spot and transition region
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Fig.4 Temperature rise of inner shell at spot center versus

spot diameter under various conductivities (¢ =10s)
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Tab.1 Values of E and o of inner cylindrical shell

versus various temperatures

T(C) 0 20 100 200 300 400 450 500 550 600

E(GPa)

al x10°6
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Fig.5 Temperature rise of inner shell at spot center versus

thickness under various conductivities (¢ =3s)
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Fig.6 Displacement of inner shell at spot center versus

thickness under various conductivities (¢ =3s)
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Fig.7 Stress of inner shell at spot center versus

thickness under various conductivities (¢ =3s)
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Tab.2 Values of stress and displacement of inner shell at spot center versus various thickness

and expansion factors of outer layer

WIZFERIEBER L T (MPa) WIZ e AOEHEH L A3 8% (mm)

JE , - , -
(o) PRI R B (X107 - T ') PORHIZIK R A ( x 107 - T )
8.6 10.75 12.90 15.05 17.20 8.6 10.75 12.90 15.05 17.20
0.5 742.51 741.64 740.64 739.86 738.97 0.852 0.853 0.854 0.855 0.856
1.0 449.82 447.44 445.07 442.70 440.35 0.698 0.700 0.703  0.706  0.708
1.5 178.46 174.25 170.11 166.03 162.02 0.554 0.558 0.563 0.567 0.571
2.0 21.51  19.36 17.25 15.85 13.67 0.459 0.465 0.470 0.476 0.482
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Tab.3 Values of stress and displacement of inner shell at spot center versus various elastic modulus of outer layer

WJZFERIEBER L N T (MPa)

WIZFEAOEHEH L3 A% (mm)

JREE R .
(mm) SRR E(MPa) LR E(MPa)

3500 7000 14000 21000 3500 7000 14000 21000
1.0 449.82  445.53  437.42  429.90  0.6979  0.7011  0.7073  0.7133
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Tab.4 Values of stress and displacement of inner shell at spot center versus various Poisson ratio of outer layer

WJZFEHICBE L T (MPa)

WIZ e AOEHEH L3 8% (mm)

R

(mm) FRHARA EE FRHARA EE
0.3 0.35 0.4 0.45 0.3 0.35 0.4 0.45
1.0 449.82  449.29  448.70  448.02  0.6979  0.6983  0.6988  0.6994
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