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Dimension Control of Workpieces on the Machining of Bearing
Steel in Supercooled Austenite

Yasuo Fujloka and Hiroshi MURrO

Synopsis :

On machining of bearing steel in supercooled austenite, the dimensions of a workpiece change due to
the thermal contraction and the martensitic transformation in the cooling process after cutting.

In order to obtain the precise dimensions of the workpiece at room temperature, it is necessary to predict
the dimension changes and to adjust the tool paths to compensate for them in the machining process of the
steel in supercooled austenite. A method to predict the dimension change was estabished. A dimension
control system for an NC machine tool was designed and its performance was proved by experiments.

The obtained results are summarized as follows;

(1) The thermal contraction rate of supercooled austenite of bearing steel SUJ3 is 2.2 x 108/ °C.

(2) 'The final dimension (L) of a workpiece is expressed by the following equation in terms of the tem-
perature (7 °C) of the workpiece during cutting and the machined dimension (I) of supercooled austenite.
L=1(1.0077—2.2x10-5x T")

(3) In the case when the tool wear rate is small, the final dimension is controled precisely by means of
the developed dimension control system which makes the compensation of the machining dimension for
the dimension change predicted at each temperature of workpieces on the basis of the thermal contraction

rate of supercooled austenite.
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Fig. 1. TTT diagram of SUJ 3 and auscutting.
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Table 1. Chemical compositions of SUJ 3.

C Si Mn P S Cr Mo
0.95-1.10 0.40-0.70 0.90-1.15 <0.025 <0.025 0.90-1.20 —

@® workpiece @ ceramic heater @@® insulating
material @ thermocouple @ heater lead wire

Fig. 2.

Insulated chuck.

Photo. 1. Measuring device of dimension change
after auscutting.
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Fig. 3. Dimension change after auscutting at
220°C, quenched from 850°C.
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Fig. 4. Dimension change after auscutting in
various quenching temperature from 825 to 900°C.
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Fig. 5. Dimension control sytsem.
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Fig. 7. Experimental procedure for dimension
control.
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Fig. 8. Relationship between dimension and

workpiece temperature.
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Table 2. Comparison of final dimension between
measured and calculated value.

Work- Workpiece Machining Final dimension (mm)

piece temp. dimension

No. °C) (mm) Calcuclated Mezll)s:red De-De
2 222 0. 135.62 136. 00 136.01 +0.01
1. 99.55 99. 83 99. 86 +0.03

4 198 0. 135.55 136. 00 136. 00 0

I. 99.51 99.84 99. 84 0
6 212 O. 135.58 135. 99 136. 02 +0.03

I. 99.53 99. 83 99.83 0

O. outside diameter L. inside diameter
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Fig. 9. Effect of tool wear on final dimension
and temperature rise of workpiece.
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Fig. 10. Effect of quenching temperature on di-
mension change and retained austenite (yg).
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