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Abstract During the process of millisecond laser drilling of Ti6Al4V alloys, the recast layer forms along hole
walls, which is a serious detriment to hole quality. In consideration of the thermal and mechanical parameters
influencing melt and based on the modified equations of fluid mechanics and improved Level-Set method, a solid/
liquid/gas three-phase two dimensional numerical model is constructed used for laser drilling. The numerical
investigation of laser drilling with different pulse widths and with single pulse energy of 3 ] is conducted. The
temperature field, flow field, and thickness distribution of recast layer during the drilling process are obtained by
using the post-processing technology. The results indicate that molten liquid is discharged mainly by means of
evaporation and ejection and the recast layer is formed under the coupling effect of heat and force. The recast layer
thickness increases with the increment of laser pulse width, which possesses a characteristic of recast layer becoming
thin slowly from top hole to bottom hole.
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Fig. 1 Schematic diagram of laser drilling process
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Table 1 Chemical elements of TC4 alloy (mass fraction, %)

Element Al C Y4 H Fe N O Ti

Content 6.0900 0.0100 4.0200 0.0100 0.0022 0.0070 0.1170 Bal.

0.5 mm

2.0 mm

1.5 mm

1.4 mm

2.0 mm
P20 3o X 1 A ) 40
Fig. 2 Mesh generation of computational domain
£ TCLHaWESH
Table 2 Physical parameters of TC4 alloy

Property Content
Melting point T, /K 1928
Boiling point T, /K 3315
Liquid density p; /(kgem *) 4000
Latent heat of fusion L,, /(Jekg ') 2.86X10°
Latent heat of evaporation L, /(Jekg ") 2.84 X107
Thermal conductivity of solid £, /(Wem™'+K™!) 21
Thermal conductivity of liquid £, /(Wem™'+K™!) 29
Heat capacity of solid /(Jokg ' +K ) 670
Heat capacity of liquid /(Jokg ' +K 1) 730
Absorption coefficient of laser beam « 0.24
Surface emissivity e 0.80
Heat convection coefficient A, /(Wem K™ ') 10
Atmospheric pressure p, /Pa 1.01X10°
Boltzmann constant &, /(J+K™1) 1.38 X110 %
Dynamic viscosity u /(Pa+s) 0.005

: 8§X107°

Coefficient of thermal expansion 8 /K

Coefficient of surface tension ¢ /(Nem ') 1.557—1.5X10 " X (T-T,)
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Table 3 Laser parameters

Content
Parameter
Group 1 Group 2 Group 3 Group 4 Group 5
Pulse width 7 /ms 0.5 1.0 1.5 2.0 2.5
Pulse energy /] 3.0 3.0 3.0 3.0 3.0
Spot radius /mm 0.2 0.2 0.2 0.2 0.2
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Fig. 3 Temperature field of hole during millisecond laser drilling process with pulse width of 1.0 ms.

(a) t=0.1 ms; (b) t=0.5 ms; (¢) t=1.0 ms
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Fig. 4 Temperature field of parent metal during millisecond laser drilling process with pulse width of 1.0 ms.

(a) t=0.1 ms; (b) t=0.5 ms; (¢) t=1.0 ms
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Fig. 5 Flow field of melt during millisecond laser drilling process with pulse width of 1.0 ms.

(a) t=0.1 ms; (b) t=0.5 ms; (¢) t=1.0 ms

TSR I B R e A2 22 B TR SE A, IR T SIOIR A AR T 42 32 3 MO B IR A= 19 Z8 SR A 52 o s 0 A RO
W FLBE L3, 24 5w iy KT 2 5K T AR Uk A i s L s R 4 0 ] 4.5 B, FLUBE R A 1R A
TR AER TR ERE T . T IR R B A, R G AL 10 36 1 B o A 2 B 32 T > S Je RN e T 5k 1 L 7
22 R Je JIAE T i AR A 0 i A A L AR R T K AR R s T ALANE B HERR e 1A Y B B A2 A
T 5 e 2 30 Ay s A PR 2 R R, 0 )2 TRE /DN 5 e A R Ak R R K WAL TR /N, 3 TR R TR R 8 R T 32 FE R
J1 5 AR 3 R0 R % A G .

MK YE R 1 ms B, AR 2] 0 Z R EOE AT L B AL A AR RIS Sl 18 6 Bran . IO E F R
0.1 msH . INFLAIT A, ZNFL A AR AR E 43 5104 0.3 mm #1101 mm ., 436 EFHBHE R 0.5 ms B, /ML
HRERFT 0.5 mm, WEEHKFH 0.65 mm., YEOCEHERKE, AN 0.6 mm, fLIEH 1.35 mm AA47, /)

parent metal

parent metal

0.5 mm 0.5 mm
I

Bl 6 Mikvih 1.0 ms B, ZFEOGITLE BRILMIES . () £=0.1 ms; (b) £=0.5 ms; (¢) t=1.0 ms
Fig. 6 Morphology of hole during millisecond laser drilling process with pulse width of 1.0 ms.
(a) t=0.1 ms; (b) t=0.5 ms; (¢) t=1.0 ms
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top surface of target material during laser drilling process
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