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Effect of Metallurgical Factors on Machinability of Steel Wool Wire

Ikuo OcHIAI and Hiroshi OHBA

Synopsis : .
To clarify the mechanism of steel wool cutting, the effect of metallurgical factors such as strength, mi-
~ cro-structure, and nonmetallic inclusions, on the machinability of the steel wool wire were investigated from
the viewpoint of the microscopic fracturing of the material in the vicinity of the tip of the cutting edge.
The results obtained are as follows :

(1) The shear deformation of the material in the plastic deformation zone is preceded by microscopic
fracturing along the grain boundaries which are elongated by cold drawing with a high total reduction of
area.

{2) The metallurgical factors making the grain boundaries embrittle, such as coarse ferrite/pearlite
structure, more than 80% total reduction in area by cold drawing, eic., improve the machinability of steel
“wool wire. _

' (3) Changing the composition of nonmetallic inclusions to that characterized by low melting points, and
reducing the total amount of nonmetallic inclusions are effective for the improvement of the machinability of

steel wool wire.

Key words : wire ; low-carbon steel ; steel wool ; machinability ; microstructure ; nonmetallic inclusion.
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Table 1127 HA O Bt XM % 250 ¢ 84 % v L i
100 kg EZEEMIFCHERL 72, No. 1, 7, BXU 8 it
AMIHMBRBEOLELANL2DIZ, M, P, BX

HEAN 62 4 4 ARSHEARICTRE WM 62 43 A 16 HS1+ (Received Mar. 16, 1987)
* OB E ARG R) B RIS T (Kimitsu R & D Lab., Nippon Steel Corp., 1 Kimitsu Kimitsu 299-11)
*2 HH AR (BR) B EBMTFZEH (Kimitsu R & D Lab., Nippon Steel Corp. )
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Table 1. Chemical composition of specimens (wt% ).

Steel | ¢ si M P s Al N 0
. 1013 004 0097 0.019 0.016 0.002 0.0069 0.0106
5 1032 010 1.01 0.0zl 0.058 0.007 0.0085 0.0130
5 |04 010 09 0,021 0.055 0.001 0.0084 0.0122
1 lo14 010 1.01 0020 0.032 0.002 0.009 0.0148
s |02 003 0.4 0022 0.028 0.001 0.0082 0.0123
e 10716 002 074 0022 0.016 0.022 0.0034 0.0032
7 1013 003 1.00 0.063 0.014 0.002 0.0075 0.0120
s |04 004 070 0.028 0.014 0.001 0.0113 0.0134

No. 1~6 : Basic oxygen furnace No. 7, 8 : Vacuum induction melting

Sectional view of A"’

60° 0.12mm
——» Running direction
of wire

Fig. 1. Configuration of cutting tool and wire.
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a: Free side b: Tool side
Steel No. 1, Stelmor cooled

Photo. 1. - Scanning electron micrographs of sur-
face of steel wool.
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Photo. 4 IZ/RT. AT VETHHBM BL U785

a : Smoothness index ; 3 (Steel No. 1, Air patented)
b : Smoothness index ; 1 (Steel No. 1, Salt patented )

Photo. 2. Scanning  electron micrographs of
machined surface of wire.

YTAYITBMRCTRL 72 T4 bt~ 5 4 MK
ThaA, BEEEEE, HRASHLBS:Z7LE
T G R DT A SR EE S T 1.5~ 2 IREEME & %
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Smoothness index of
machined surface

0 1 L
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Fall-out ratio (%)

Fig. 2. Relationship between fall-out ratio and
smoothness index of machined surface.

Nital-etched, Steel No. 1, Stelmor cooled
Arrows indicate fracture occurred along grain boundaries.

Photo. 3. Scanning electron micrographs of longi-
tudinal section of irregular parts of machined sur-
face.

a : Stelmor-cooled b : Air-patented
¢ : Salt-patented

Steel No. 1, 6.5 mm in diameter,
nital-etched

Photo. 4. Microstructures of
longitudinal section of wire
rod.
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* Drawing speed 60 m/min
Fig. 3. Effect of tensile strength of wires on
fall-out ratio and current of steel wool cutting
machine. Figures indicate total reduction in area
by cold drawing (% ).
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a: Wire produced from Stelmor-cooled wire rod of 8 mm in
diameter

b: Wire produced from salt-patented wire rod of 8 mm in
diameter

Steel No. 1, 3.1 mm in diameter, nital-etched

Photo. 5. Scanning electron micrographs of longi-
tudinal section of wires.

Table 2. Nonmetallic inclusions of wire rod and tensile strength of 3.1 mm wires.

Amount of nonmetallic inclusions (Area %) * Composition of oxide inclusions (%) T.S
Steel No. (k gf./ml:nz)
Type A Type B Type C Total SiQy MnO Alp03
2 0.177 0.064 0.025 0.266 50 18 32 92.2
3 0.208 0.036 0.008 0.248 55 37 8 93.0
4 0.080 0.044 0.013 0.137 50 45 5 93.1
5 0.124 0.004 0.008 0.136 35 60 5 93.6
6 0.013 0.004 0.013 0.030 — — 100 92.8
* JIS GO555
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Longitudinal section

a:Steel No. 2 b: Steel No. 3 c: Steel No. 5 d: Steel No. 6
Photo. 6. Typical nonmetallic inclusions observed
in wire rod 6.5 mm in diameter.

a : Si03-MnO-Al,03 inclusion (Low melting point ; Approx.
1600°C) b:MnS
Steel No. 3, 3.1 mm in diameter
Reduction in area by cold drawing : 77%
Photo. 7. Nonmetallic

wires.
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Fig. 4. Effect of nonmetallic inclusions of wires
on fall-out ratio and current of steel wool cutting
machine,
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Steel No. 6, air-patented
Fig. 5. Relationship between upset limit and re-
duction in area by cold drawing.
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Table 3. Cutting condition and tool life.

Size of steel

Cutting speed

Diameter of Tensile strengt! . .
Steel No. wires (mm of wires (kgf/mmhz) wool (um) Tool material o/ min Tool life (h)
2 2.9 104.5 30~40 High speed steel 164 0.5
3 2.9 105.4 30~40 High speed steel 164 4.0
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