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Simulation of Thermal Effect in Repetitive Pulsed Laser Irradiation on Metals

Hu Peng Chen Faliang
Institute of Applied Physics and Com putational Mathematics, Beijing 100094, China

Abstract Under the irradiation of repetitive pulsed lasers with different duty ratios, the temperature increase
characteristic of front and back surfaces and the variation law of ablation depth are numerically simulated, and the
influences of material thickness and variety are investigated. The simulation results show that the temperature
increase curve for the front surface possesses a tooth-like shape. The smaller the laser duty ratio or the thinner the
material is, the higher the back surface temperature is, and the deeper the ablation depth is. Compared with the
continuous-wave laser, the repetitive pulsed laser is more beneficial to heating and ablation of metals.
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Fig. 1 Schematic diagram of model for laser ablation of metal materials
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Table 1 Thermophysical paramters of 30CrMnSiA steel

T /C 20 100 200 300 400 500 600 700 800 900
K/ (Wem™'e K™D 27.63 29.30 30.56 30.56 30.56 29.51 28.67 27.21 25.33 24.61
C/ kg '+ KD 473.1 519.1 581.9 644.7 699.1 766.1 841.5 910.1 975.0 1040.0

# 2 30CrMnSiA A YR
Table 2 Absorptivity of 30CrMnSiA steel

T /C 20 300 400 700 800 870 920
Ui 0.35 0.35 0.38 0.68 0.72 0.69 0.74
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25 ms BYIEIE  BIRK w5 25 Lo 43 5002 1250, 1210, 135, 122,48 JIRTHL 3R 4 g o %5 B T 5 5 0005 ik b i
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Fig. 2 Variation in temperature of (a) front surface and (b) back surface with time for metal materials under irradiation
of lasers with different pulse widths when energy density of single pulse is 30 J/em?
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Fig. 3 Cloud charts of irradiation temperature for 2-mm-thick 30CrMnSiA steel under irradiation of lasers with different
pulse widths when energy density of single pulse is 50 J/cm”. (a) Continuous-wave laser; (b) 25 ms;
(c) 10 ms; (d) 5 ms; (e) 1 ms
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Fig. 4 Variation in (a) temperature of front surface and (b) ablation depth with time for 2-mm-thick 30CrMnSiA steel

under irradiation of lasers with different pulse widths when energy density of single pulse is 50 J/cm?®
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Fig. 5 Variation in (a) temperature of front surface and (b) ablation depth with time for 2-mm-thick 30CrMnSiA steel

under irradiation of lasers with different pulse widths when energy density of single pulse is 100 J/cm?
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Fig. 6 Variation in (a) temperature of front surface and (b) ablation depth with time for 5-mm-thick 30CrMnSiA

steel under irradiation of lasers with different pulse widths when energy density of single pulse is 100 J/cm?

3.4 EEMERKMHLERREME

B R 2 T R AR —

1001006-5

MR 0.2~0.3,/H15 30CrMnSiA XA FL . 45 1Y 35 3R k| 258 i

/N R HICK BE AR



H = # ot

B%, BRAMYESEWE 3 IR, ZERESH RN 1:50,1:10,1:5,1: 20915 T , 76 75 A4 Jbk o 18] & s 18] 1Y, 48
BT B E 29 1.7,1.6,1.5,1.2 mm, i 30CrMnSiA 9 A9 P HCK B 43 91 4 0.47,0.45,0.40,0.3 mm,
R 22 TH AN AU OO e S 8 /D, T HL X 43 AR AR R ) S AR . A% B B B AT, X (A5 ek A U T AN
B AR DN IR RR /N . B PR ok v A BRI TE] , X0 4 B o 2 b B EE R ik e, AR B BT IR A i o
0.24,0.54,0.77,1.20 mms, Ifii 30CrMnSiA 4 B9 FOK 5 25~ 0.07,0.15,0.21,0.30 mm,

3 MRS

Table 3 Thermophysical parameters of aluminum
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2770 1000 164 638 401X 10°
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A A0 (] R OIS BE R /N SRS 18 AN K T AR B 5 20 A K i 45 RS B R BE Al 0.03 mm, AR [R] 55 4
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Fig. 7 Variation in (a) temperature of front surface, (b) temperature of back surface, and (c¢) ablation
depth with time for 5-mm-thick aluminum under irradiation of lasers with different pulse widths when energy density of

single pulse is 100 J/cm?
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