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COZ2 Laser and Its Improvement
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Machinability of Steels After Heat Treatment with CO, Laser and
Its Improvement
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This study deals with the machinability of steels after heat treatment with CO; laser using h-BN
powder and blast furnace slug as absorbent. h-BN is well known as solid lubricant. As for blast
furnace slug, its composition is similar to that of inclusions in calcium dioxide steel that shows good
machinability. The absorbance of slug and h-BN were more than 809%, so it is said that these
powders can be used as absorbent for CO, laser. Only in'the case of h-BN, absorbent was melted into
substrate and its depth was about 200 pm. When turning the steels after laser heat treatment using
h-BN power and blast furnace slug as absorbent, carbide tool showed smaller tool wear than the case
of carbon type absorbent. In the profile of the machined surface, there was a wave of about 5 um in
amplitude and its wavelength was equal to the feed rate of laser in heat treatment. This is because
the workpiece surface after laser heat treatment has a periodic distribution in hardness. The

hardness in the surface layer of workpiece was higher than that of the substrate.
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Table I  Chemical compositions of blast furnace slug
used for experiment

Compositions | FeO | S§i0; Al Oy CaO | MgO | Mre S

mass% 051 | 3560 | 13.50 | 4280 | 540 | 039 | 068
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Table 2 Experimental conditions for measuring absorp-
tions of specimens

Mode Gate Pulse
Frequency Hz 50
Duty % 10
Pulse width ms 2
Beam diameter mm 2

Indicator

Power meter
OPHIRF150A

Fig. 1 Set up for measuring absorptions of specimens

Fig. 2 Process for laser heat treatment with CO; laser
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Table 3 Cutting conditions

Tool Carbide tool P30(SNMN120408)
Cutting speed 60m/min
Depth of cut 0.5mm
Feed rate {=0. Imm/rev
Coolant dry
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Fig. 3 Experimental set up for cutting test
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Table 4 Absuptions of specimens used as absobent
Reflected laser{ W] | Reflectance(%)] | Absarption{%]
Cu 2.50 98.00 2.00
Carbon 0.30 11.76 88.24
h-BN 0.45 17.64 82.36
Slug 0.30 11.76 88.24
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Laser conditions
Laser power: 1100w, Spot diameter: 2mm, Scan rate:
Smm/sec

Fig. 4 Cross section of S45C afier laser heat treatment
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Concentratiom

Laser conditions
Laser power: 1100w, Spot diameter: 2mm, Scan rate:
Smm/sec

Fig. 5 Element distributions of specimen after heat
treatment with CO; laser using h-BN powder
as absorbent
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Dustance from surface mm

Laser conditions
Laser power: 1100w, Spot diameter: 2mm, Scan rate:

Smm/sec

Fig. 6 Hardness of specimens after heat treatment
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Laser conditions
Laser power: 1100w, Spot diameter: 2mm, Scan rate:

Smm/sec, Feed rate: 1.6mm/rev, Absorbent: h-BN

powder

Fig. 7 Distribution of vickers hardness of specimens

HIBS & 153 A5 7) & HEASKE WA, ZHUGHE
R IHIBS ORI T B, R R & S L
LREHEDNSNAT Y, h-BN ThEVEHZRT
TEBRHBB.

[ 11 (2GR TR & NI Ol i 2055, [

0,25

p
2 0.0 Carbon /
= 0.1%
- o ) »
5 h-BN
=0 - s
i A Slug
£
= 005

1] '.'n 2." -n 4'11 50 o0
Cutting time see

Laser conditions

Laser power: 900w, Spot diameter: 2mm, Scan rate:

12.5mm/sec, Feed rate: |.6mm/rev

Cutting conditions

V=60m/min, d=0.5mm, f=0.lmm/rev, dry

Fig. 8 Wear progress curve of carbide tool P30 when

turning of S45C after laser heat treatment

Cutting conditions
V=60m/min, d=0.5mm, =0.1mm/rev, t=60sec, dry

Fig. 9  Wear patterns of carbide tool P30 when turning
of S45C afier laser heat treatment
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Cutting conditions
V=60m/min, d=0.5mm, f=0.Imm/rev, dry

Fig. 10 Cutting force when turning steels after laser
heat treatment and standard steel
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Fig. 11 Illustration of contact of cutting tool and work

piece after heat treatment with CO; laser
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Fig. 12 Profile of finished surface and hardness of
specimen after heat treatment with CO; laser
using h-BN powder as absorbent
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