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Table 1 Geometric parameters of cylindrical shell and laser spot

Serial number

Parameter

A B C D E F
Diameter of shell D/(mm ) 657 657 657 525 525 525
Height of shell H/(mm ) 860 860 860 980 980 980
Diameter of laser spot D,/(mm ) 200 150 100 200 150 100
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Table 2 Material parameters of LY12

Temperature Specific heat Young’s modulus
T/CC) C/[J/(kg+C)H] E/(GPa)

20 900 68.0
100 921 64.0
200 1047 54.0
300 1130 42.0
400 1232 33.9
500 1352 24. 4
600 1483 15.0
650 1553 10. 3

Thermal conductivity Density

Poisson ratio

A[W/Cm-«C)] o/ (kg /m*)

121 2800 0.33
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Fig. 1 Temperature histories at different positions Fig. 2 Temperature field of cylindrical shell at t=3 s
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Table 3 Numerical results of specimen A (Axial preloading)

Irradiated time z/(s)

Parameter
1 2 3 4 5 6 7 8 8.9
Maximum temperature T/(°C) 126 217 302 380 452 520 583 642 693
Buckling eigenvalue P¢/(MPa) 227 211 189 170 154 137 120 103 91.1
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Fig. 3 Buckling mode at t=1s
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Fig.4 Buckling load versus temperature at spot center Fig. 5 Young’s modulus versus buckling load
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Table 4 Numerical results of specimen A (Internal preloading)

Irradiated time z/(s)
1 2 3 4 5 6 7 8 8.9
Maximum temperature T/(°C) 126 217 302 380 452 520 583 642 693
Buckling eigenvalue P¢/(MPa) 366.00 310.10 250.20 212.10 174.00 136.60 102.00 69.61 61.15

Parameter
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Fig. 6 Buckling load versus temperature at spot center Fig. 7 Young’s modulus versus buckling load
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Fig. 8 Buckling load versus temperature at spot center Fig. 9 Buckling load versus temperature at spot center
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Fig. 10 Geometric model of trapezoid shell Fig. 11 Geometric model of beer barrel shell
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Table 5 Numerical results of trapezoid shell at 1=2 s

Diameter of top surface/(mm) 300 320 340 360 380 400
Diameter of bottom surface/(mm) 500 480 460 440 420 400
Axial Buckling eigenvalue F¢/(kN) 647.0 666.9 684. 1 699.0 711. 4 719.2
Internal Buckling eigenvalue P¢/(MPa) 119.1 133.1 147. 8 164.7 180. 2 191. 2
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Table 6 Numerical results of beer barrel shell at /=2 s (Axial preloading)

Diameter of top surface/(mm) 300 320 350 380 400

Axial Buckling eigenvalue F¢/(kN) 661. 8 668. 7 681. 4 700. 6 718.0
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Table 7 Numerical results of beer barrel shell at /=2 s (Internal preloading)

Diameter of top surface/(mm) 300 330 350 370 380 390 400

Internal Buckling eigenvalue P¢/(MPa) 160.7 161.0  165.1 175.2  181.1 188.5 193. 4
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Numerical Simulations on Buckling Failure of Preloaded Cylindrical Shell
Irradiated by High Power Laser Beam
WANG Ji, WANG Xiao-Jun, WANG Feng,ZHAO Kai
(University of Science and Technology of China » Hefei 230026 ,China)

Abstract: With finite-element software ANSYS 7. 0 and simple thermal-mechanical coupling constitu-
tive relations, the buckling failure of preloaded shell irradiated by high power laser beam was studied
by numerical simulations. Buckling mode and buckling critical loading were analysed for different pre-
loading conditions. The influences of laser intensity, beam irradiation time, preloading conditions,
shape and geometric parameters of shell on the buckling mode were discussed. The numerical results
showed that: (1) the buckling deformation of the shell was concentrated on the area of laser spot and
the radial buckling was the main buckling mode, (2) a linear relationship between buckling eigenvalue
and the maximum temperature at the center of laser spot was approached, (3) the buckling failure of
shell was attributed to the coupling effect of the material softenning and the radial deformation in the
laser spot,and hence to raise the stiffness of the material would enhance the ability of anti-irradiation
of structure substantially, (4) the effect was more obvious under internal preloading for different
shapes of shell,and the cylindrical shell had larger buckling eigenvalue and higher security.

Key words: cylindrical shell;buckling;finite element;irradiated by high power laser beam
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