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A Study on the Machinability of Tungsten Carbide Using Ultrafast Laser
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The tungsten carbide is a material with high hardness, wear resistance, good chemical stability, and dimensional stability.
Because of these characteristics, it is mainly used as a tool for cutting and molding such as molds, and casts required for
manufacturing high value-added equipment such as automobile parts and medical equipment. However, it is difficult to
process with the traditional machining methods because of the high toughness and hardness. To overcome these
problems, a study of tungsten carbide machining processing using the ultrafast-laser was recently conducted. In this paper,
the ultrafast lasers with the pulse duration of 190 fs, 5 and 10 ps, respectively, were used. When the experiments were
conducted with pulse widths of 5 and 10 ps, respectively, micro-cracks were observed from the heat generated by the
overlap of the laser pulses. Conversely, the machining processing using a laser with the pulse width of 190 fs showed a
major advantage with no crack by minimizing the thermal effects.
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Fig. 1 Schematical representation of the ultrafast laser machining
system (MS: Mechanical shutter, NDF: Neutral density filter,
BS: Beam splitter, OB: Objective lens, CCD: Camera, HL:
Halogen lamp)

Table 1 Parameters of ultrafast laser machining
190 fs, 5 ps, 10 ps

1.3,2.7,4.0,53,6.7,7.8,9.2,10.7,
12.0, 14.0

Pulse duration

Pulse energy [uJ]

Pulse counts 5,10, 15
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Fig. 2 The diameter of hole created on WC surface by ultrafast
laser: (a) The diameter of hole variation, and (b) The ratio of
hole diameter (190 fs over 10 ps)
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Table 2 Threshold of tungsten carbide on various laser pulse width

and counts
Pulses 190 fs [J/em?] 5 ps [J/em?] 10 ps [J/em?]
5 0.16 0.58 0.68
10 0.08 0.22 0.24
15 0.09 0.15 0.17

Table 3 Parameters of high pulse energy machining

100, 150, 200, 250

190 fs, 5 ps, 10 ps
5,10, 15,20

Pulse energy []
Pulse duration
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Fig. 3 Threshold energy of 5, 10, 15 pulses in (a) 190 fs, (b) 5 ps,
and (c) 10 ps
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Fig. 4 Diameters and depths of ablated hole: (a) Pulse energy: 250, (b) Pulse energy: 200, (c) Pulse energy: 150, and (d) Pulse energy: 100 pJ
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Fig. 5 SEM images of hole ablated by high pulse energy and multi-pulses: (a) SEM images of 100, (b) SEM images of 150, (c) SEM images

of 200, and (d) SEM images of 250 pJ
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Fig. 6 SEM images on tungsten carbide by ultrafast laser: (a) 190
fs, 250 W, 15 pulses, (b) 5 ps, 250 pJ, 15 pulses, (c) 10 ps,
250 W, 15 pulses
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Fig. 8 SEM images of hole ablated by high pulses and low energy:

(a) 0.5, (b) 0.2, and (c) 0.1 pJ
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and (b) 190 fs, 0.5 uJ, 500 pulses
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