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Cutting Characteristics of CBN Stone and Diamond Stone with Pulsed Nd:YAG Laser
- Laser Cutting of Super Abrasive Stones -

Tatsuaki FURUMOTO, Takashi UEDA, Yoshinori FUNADA and Hidekazu OGURA

In this paper, the cutting characteristics of super abrasive stones using a pulsed Nd:YAG laser are studied. The
influence of the heat on the stone surface cut by laser is investigated. As work materials, CBN stones and diamond stones
with grain size of #2000 are used. As a result, the super abragive stone of 3mm in thickness can be cut with the molten
width of 0.2mm in maximum and with no chipping at the edge. The cutting speed of laser beam is 2.6 times faster than that
of diamond blade in the case of CBN stone and 24 times faster in the case of diamond stone. There remains a heat affected
zone (HAZ) in the stone surface and its thickness is about 0.02mm. In the HAZ, the abrasive grains are oxidized and their

crystal structures are changed by the heat of laser irradiation. However, the HAZ raises the absorption of the laser beam at

the stone surface and raises the strength of the stone a little because the pores in the HAZ are closed by the re-solidified

vitrified bond. Therefore, laser cutting is useful for the manufacturing of the super abrasive stones in productivity and

quality.
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Table 1  Property of super abrasive stone
Abrasive grain CBN, Diamond
Grain size #2000
Concentration 130

Bond material Vitrified

Porosity 58%

Thickness 3.0mm

Table 2 Experimental conditions

- Peak power 2.5~6.8kW
Irradiation

.. | Frequency 5~320Hz

conditions -
Pulse width 0.2ms

Cutting-off speed 1 ~60mm/min
Assist gas Air(0.9MPa)
Diameter of nozzles 1.5mm
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Peak power: 2.5kW
Pulsed width: 0.2ms
Frequency: 120Hz
Cutting speed: 1mm/s
Assist gas: Air 0.9MPa

(a) With blade (CBN stone)

(b) With laser (CBN stone)

S0 m
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Peak power: 2.5kW 0.2mm
Pulsed width: 0.2ms -
Cutting speed: 1mm/s

(a) CBN stone
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Peak power: 2.5kW 0.2mm
Pulsed width: 0.2ms -

Cutting speed: Imm/s
(b) Diamond stone

Fig.1 SEM image of cross section cut-off abrasive stick stone
with various number of pulse
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Peak power: 2.5kW

Pulsed width: 0.2ms

Frequency: 120Hz
Cutting speed: Imm/s
Assist gas: Air 0.9MPa

50 m

(¢) With blade (diamond stone) (d) With laser (diamond stone)

Fig.2 Observation of the surfaces cut with laser beam and diamond blade
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(a) Surface cut with diamond blade

o

(b) Surface cut with laser beam

Fig.3 EPMA analysis of CBN stone surface

N 1080cm™ | 1390cm’”’ ]

r (c-BN) (h-BN) ]
=
«
£
=
&
S
<

1 1 " 1 I 1
800 1000 1200 1400 1600 1800 2000
Wave number cm’
Fig.4 FT-IR analysis of CBN stone surface
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Fig.5 Raman spectroscopy of diamond stone surface
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(b) Diamond stone surface

Fig.6 Absorption characteristics of super abrasive stones
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Fig.7 Effect of peak power on eliminated width by cutting
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Fig.8 Effect of irradiation number on eliminated width by cutting
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Table 3 Comparison of cutting speed with laser
and that with diamond blade

Blade mm/min Laser mm/min
CBN stone 60 160
Diamond stone 10 240
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Fig.9 Bending strength of super abrasive stones cut with
laser beam and diamond blade
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Fig.10 Vickers hardness of stone surfaces cut with
laser beam and diamond blade
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