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Effect of Desulfurization on the Machinability of SCM420H Steel

Synopsis :

Hideharu FukuNaca and Tadahisa AKASAWA

Machinability of low alloy steels with extra-low and ordinary sulfur contents was studied by means

of turning tests using sintered carbide tools under conventional machining conditions.

as follows.

The results are

Reduction in sulfur contents decreases chip breakability, improves surface roughness and

topography at cutting speeds of 100m/min or higher, and exerts only a minor effect on tool life and

cutting forces.

On the whole, the desulfurized steel can be machined at a high removal rate without

any serious problem, provided proper cutting conditions are selected and the smooth machined surface

thus obtained promises a good tribological effect.

It was discussed and found that there was no difference between the mechanisms accounting for the
effects of desulfurization and those of resulfurization on the machinability of steel.
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Table 1. Chemical compositions of work materials (SCM 420 H). (wt %)
sol insol sol insol .
Steels C Si Mn P S Cr Mo Al Al N N (o] Si0, Al,O3
YA 0.20 0.27 077 0.015 0.002 1.04 0.25 0.030 0.004 0.0092 <0.001 0.0042 0.0006 0.0077
YS 0.20 0.22 0.81 0.016 0.031 1.06 0.23 0.014 0.005 0.0047 <0.001 0.0061 0.0006 0.0091
N& 019 0.2 0.7 0019 0005 1.05 0.8 Jotal Jotal 0.0031  — -

Table 2. Heat-treatment and hardness of work
materials.

Steels Heat-treatment (°Cxh) Hardness (HRB)
YA 9004, Air cooling 78.6
YS 900x4, Air cooling 78.7
NH 1000%2, Air cooling 85.5
NS 870%2, Air cooling 82.0

Table 3. Mechanical Properties of work materials.

(a) At room temperature

Steels Yield strength Tensile strength Elongation Reduction
(kgf/mm?) (kgf/mm?2) (%) of area
(%)
YA 29.9 53.4 39.1 69.6
YS 29.2 51.5 35.5 68.2
NH 34.7 61.1 30.9 64.0
NS 34.6 58.3 33.2 67.9
(b) At 700°C
Steels 0.2% Proof Tensile strength Elongation  Reduction
strength (kgf/mm?) (%) of ares
(kgf/mm?) (%)
YA 7.2 12.7 55.5 95.1
YS 7.5 13.3 62.4 88.9

"Table 4. Area fractions of inclusions determined
by JIS Point-counting method.

Steels dA dB dc dT
YA 0.013 0.008 0.017 0.038
YS 0.108 0.021 0.017 0.146

Table 5. Turning conditions.

Cutting speed, ¥ (m/min)
Feed, f (mm/rev)

Depth of cut, ¢ (mm)
Tool

2~400
0.06~0.3
0.2, 1.0, 2.0, 3.0
P10 (-5, —5, 5, 5, 15, 15, 0.4)
Chip breaker width, 2.3mm
None
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Fig. 1. Surface roughness of work materials
(¢=0.2 mm).
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Fig. 2. An example of cutting forces of work materials (¢=1.0mm).
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Fig. 3. An example of the flank wear curves
(=1.0mm, V=150m/ min, f=0.18mm/rev).
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Fig. 4. The V-T curves of desulfurized and or-
dinary SCM 420 H steel, determined by the wear
criterion on the flank and crater for 0.3 and 0.03
mm, respectively.
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Fig. 5. Morphrogy of machined chip of work
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Fig. 6. Chip thickness of work materials (¢=1.0
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Photo. 1.

Photographs of chips, showing similar chip formation between desulfurized and

ordinary SCM 420 H steels under the given cutting condition as shown in Table 6.

Table 6. Tool wears of desulfurized and ordinary
SCM 420 H steel under the condition of a suitable
chip-breaking. (z)

Side relief face End relief face Rake face

Steels
VB VN VB - VN KT
YA 236 336 116 246 21.0
YS 207 341 170 240 22.5
Cutting conditions : P20 (-6, —6, 6, 6, 15, 15, 0.8), V=250
m/min, f=0.18 mm/rev, {=1.0 mm, Cutting time 8 min, chip
breaker width 1.5 mm, dry.
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Photo. 2. Topography of machined surface (P20 (—6, —6,6,6,15,15,0.8),

t=2.0mm, f=0.12mm/rev).
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Photo. 3. Morphology of type A inclusions.
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Fig. 7. Relation between area fraction of type
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