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Estimation of Laser Beam-Parameters Based on Damage Configuration of
a Cylindrical Shell Subjected to Internal Pressure
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Abstract In order to design the damage configuration of a cylindrical shell subjected to internal pressure and
irradiated by laser beam in the laboratory, the estimation method of laser parameters on the shell-wall surface related
to the damage configurations is theoretically studied. Neglecting the heat conduction in the direction of shell-wall
surface, an analytical expression of temperature profile is obtained for the cylinder shell under laser-irradiation.
According to the mechanical properties varying with temperature and internal pressure, analyses of the thermal crack
formation, the thermal crack growth and the crack running are carried out. The laser parameters expression on the
target surface is derived for the three kinds of damage configurations. Numerical calculation is performed for a
30CrMnSi-steel cylindrical shell, the numerical results accord with the experiment phenomenons. The results show
that given the cylindrical shell properties and internal pressure, the damage configuration can be experimentally
designed by the laser parameters choice.
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Fig.1 Pictures of damage configuration of a cylindrical

shell subjected to internal pressure and irradiated
by laser beam

(a) melting-through; (b) ripping; (c¢) bursting
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Table 1 Thermal properties of 30CrMnSi-steel
Temperature /C 20 100 200 300 400 500 600 700 800 900
K/(W/m-+ ) 27.6 29. 30 30. 56 30.56 30. 56 29.51 28.67 27.21 25.33 24.61
C/J/kg 473.1 519.1 581.9 644.7 699. 1 766. 1 841.5 * * *
p/(kg/m®) 7.75X10°
“ % ” are the measuring values which are not given by literature [8].
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Table 2 Estimation of the laser parameters for melting-through damage configuration

Melting-through Ripping Bursting
Critical size of crack runing 2¢* /cm 34.0
Laser facula radius r; /cm <10.0 <12.0 >12.0
Average temperature at laser facula center T,,, /C 1400. 0 X ~1164.0
Laser dwell time for cylinder damage z4 /s ~0. 46 ~0. 68 ~0. 35

“ % ” reprents that there is no ripping damage configuration.
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Table 3 Estimation of the laser parameters for ripping damage configuration

Melting-through Ripping Bursting
Critical size of crack runing 2¢* /cm 78.0
Laser facula radius »; /cm <(25.0 <56.0 >56.0
Average temperature at laser facula center T,,, /C 1400. 0 ~965.0 813.0
Laser dwell time for cylinder damage z4 /s ~3.8 ~2.03 ~1.7

F4 BEBGEEHAXSHEME T
Table 4 Estimation of the laser parameters for bursting damage configuration

Melting-through Ripping Bursting
Critical size of crack runing 2¢* /cm 1.5
Laser facula radius r; /cm <C0. 45 <(1.43 >1.43
Average temperature at laser facula center T, /C 1400. 0 ~589.0 ~520.0
Laser dwell time for cylinder damage ¢4 /s ~7.9 ~2.61 ~2.3
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