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Saw-toothed Chip Formation and Chattering Vibration on the
Machining of Bearing Steel in Supercooled Austenitic State
Yasuo Fujioka, Saburo OsHIMA. and Hiroshi MURO
Synopsis :

A new machining process, called auscutting, has been developed, in which the cutting operation is per-
formed in supercooled austenitic state during quenching. In auscutting, the saw—toothed chip is formed
and the chattering vibration occurs under some cutting conditions. In this paper, the relation between
the chattering vibration and the periodic chip formation is investigated. The formation mechanism of
the saw—toothed chip is considered by observing the micro structure of the surface of chips.

The results obtained are summarized as follows:

(1) The frequency of the chip formation is varied with cutting conditions. It increases with the increase

of cutting speed, but decreases with the increase of depth of cut and feed.
(2) The micro slips occur continuously in the case of flow type chips. The cracks generate on the chip
surface without the micro slips in the case of saw—toothed chips, when the shear strain exceeds a critical value.
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Table 1. Chemical compositions of SUJ 3 test material.
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Fig. 1. Measurement procedure of the vibration
in cutting operation.
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Fig. 4. Variation of vibration frequency with
depth of cut in auscutting and cutting of ha-
rdened steel.
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Fig. 5. Variation of vibration frequency with feed
in auscutting and cutting of hardened steel.
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Fig. 6. Comparison of acceleration in various
cutting conditions.
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Fig. 7. Saw-toothed chip formation.
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Photo. 1. Cross sections of chips
in auscutting under the conditions.
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Photo. 2. Cross sections of chips
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a) Cross section of chip

b) Free surface of chip

c) Magnified central part of Photo. b)

V=200 m/min, ¢=1.0mm, f=0.3 mm/rev
Photo. 4. SEM micrograph showing the surface
of chip in cutting of annealed steel under the
condition,

a) f=0.2 b) f=0.3
c) f=0.4 d) f=0.5
V=150 m/min, #=0.5mm,

f=0.2-0.5 mm/rev

Photo. 3. Cross sections of chips in

cutting of annealed steel under the
conditions.
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Fig. 8. Formation mechanism of saw-toothed
chip in auscutting.
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Fig. 9. Comparison of vibration frequency and
chip formation frequency in auscutting.
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Fig. 10. Effect of cutting conditions
on crack angle.

Table 2. Heat treatment conditions and tempera-
ture of workpieces.

heat treatment condition temperature of

workpiece k
No. - —————— wor Eclece
heating quenching in oil
a 850°C X 50 min 200°C X2 min 250
b 850°C x 50 min 200°C x 3.5 min 210
. 180°C x 3. 5 min
c 850°C x50 min +air cooling 160
. 180°C x 3.5 min
d 850°C X 50 min 4air cooling 120
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Fig. 1. Effect of the temperature of workpiece
on crack angle in auscutting.
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Photo. 6. Effect of the temperature
of workpiece in auscutting on the
cross sectional configuration of saw-
toothed chip.
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