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Numerical Simulation of Recast Layer Formation in Nanosecond
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Abstract During nanosecond pulse laser drilling, recast layer will form along the hole wall, which has a great effect
on the quality of nickel-based high-temperature alloy. By considering the heat convection, the heat conduction, and
the influence of recoil pressure. surface tension and thermal capillary force. a three dimensional mathematical model
of nanosecond pulse laser drilling on nickel-based high-temperature alloy is established. Different pulse parameters of
nanosecond pulse laser drilling are simulated when the pulse energy is 24 m]. The simulated results agree with
experimental results. The research shows that the thermal and mechanical effect are all very important to the
formation of recast layer. During the drilling process, the temperature of keyhole wall is very high, the maximum of
which can reach over 3200 K, and temperature distribution of keyhole wall is not uniform. Besides, recoil pressure is
an important factor to cause the melt flow, and the velocity of melt flow caused by recoil pressure is very large,
which can come to 60 m/s at peak. Due to the convection of melt in the keyhole’s opening , recast layer in this place
is the thickest. Laser width has a great effect on the formation of recast layer, the greater pulse width makes the
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bigger recast layer thickness, and the greater melt velocity.
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Fig. 1 Rotated Gauss body heat source model. (a) Spatial distribution; (b) time distribution
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Table 1 Component of DD3 nickel-based high-temperature alloy (mass fraction, %)
Cr Co Mo w Ta Re Hf Al Ti Ni
9.5 5 3.8 5.2 — — — 5.9 2.1 Remain

F2 BESREGEVUESH
Table 2 Physical parameters of nickel-based high-temperature alloy

Physical parameters Value

Density p /(kg * m %) 8908

Specific heat capacity C,/[J « (kg « K) 7' ] 440

Thermal conductivity £ /[W « (m « K) '] 71.4

Melting latent C,/(J » kg™ ") 1.75X10"

Vaporing latent C,/(J » kg™ ") 3.7X10°

Melting point T./K 1728

Vaporing point T;/K 3186

Surface tension ¢,/ (N/m) 1.77

Boltzmann constant ¢ /(W « m™% « K™") 5.67X10°°¢
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Table 3 Laser parameters
Laser parameters Value 1 Value 2 Value 3 Value 4
Peak power density /(W/cm?®) 10° 10° 10° 10°

Pulse length /ns 20 50 100 200
Period cycle /ms 0. 04 0. 04 0. 04 0. 04
Spot radius /mm 0.2 0.2 0.2 0.2
Pulse energy /m] 24 24 24 24
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Fig. 3 Temperature field of nanosecond pulse laser drilling (pulse width 200 ns). (a) 1000 pulses;

(b) 3000 pulses; (¢) 5000 pulses
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Fig. 4 Flow field of nanosecond pulse laser drilling (pulse width of 200 ns). (a) 1000 pulses;
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