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Machinability Testing Method Using Face-Milling of Cylindrical Workpiece

Ryozo Kitacawa*, Kitao Okusa* and Toshiaki MAEDA*

Abstract

Conventional machinability testing requires large numbers of workpiece specimens. The difficulty is
evaluating the machinability rating of an unknown and newly produced work material.

A new method, proposed in this paper, is to face mill an end face of a cylindrical workpiece. The VT*=C
curve is then determined from the data. Using this curve a machinability rating for the work material can be

found. This method uses 85%, of the workpiece for chip making as compared to 459, with conventional
methods. From face milling a JIS S45C steel bar, the exponent # is found to be 0.35. This value is satis-
factory when compared with the value obtained by using the conventional method.

Using these techniques a subsequent investigation was conducted using JIS $12C. Materials’ properties
were varied by changing the chemical composition and heat treatment. After the test runs, the following

conclusions were reached:

1) A small workpiece diameter (up to 2.5 cm) can be used without altering resutlts. It should be noted
that homogeneous properties of the workpiece remain essential.

2) There is little change in chip thickness, when a 5.5 cm diameter workpiece is cut with 25 cm milling

cutter, since the centers of the two elements coincide.

3) Wear pattern on the tool face is rectangular in form, and the repeatability of the wear progress is very
high. We conclude that error in measuring the wearland is small, even when observed by different operators.

4) A graph of cutting time vs. wearland is a straight line; on running several tests under identical con-
ditions, the VT curve is similar, even though a wearland of 0.2 mm or 0.3 mm is chosen as the tool life criterion.
The employment of a small workpiece does provide a VT curve and analysis is possible.

5) Besides machinability evaluation of a material, this method is also appropriate to study tool chipping

and tool wear.
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(A) Conventional face milling

(a) Negative angle E

(b) Positive angle E
(B) TFace milling of cylindrical workpiece

Fig. 1 Two face milling methods.
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Fig. 3 Comparison of tool life at various tool life

criterion in face milling of cylindrical workpiece.

Workpiece: Medium carbon steel (JIS-S45C)
Heat treatment: Normalized
Depth of cut: 2 mm, Feed: 0.2 mm/tooth
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Fig. 4 Comparison of tool life at various cutting
speeds in turning, face milling and face milling
of cylindrical workpiece.

Workpiece: medium carbon steel (normalized)
Tool: carbides M40-T, MAH
Depth of cut: 2 mm, Feed: 0.2 mm/tooth
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Table | Chemical composition of low carbon steels

] ‘ ‘ ‘ T T

¢ Si Mn' P - S © Al

Ts12c o 0.22 0.37 0.017 | 0.023

S12C-191 ' 0.13 0.22 - 0.72; 0.022 1 0.116 <0.002
0.003 * 0.005 163 45 :0.024  0.019
<0.002, " 166 43 0.006

$12C-2101 0.12  0.23 0.58  0.022  0.150
S12C-M1 | 0.07 <0.01 0.88 0.060 | 0.310
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Fig. 5 Typical microstructures and inclusions of low
carbon steels.  ( x 100)
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Fig. 6 Influence of the free cutting additives on the

chip formation in conventional turning.
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Table 2 Chemical composition of low alloy steels
' C | S | Mn | P | S Ni Cr | Mo
SCM22H812 i 020 029 } 0.80 0.017 0.002 0.100 1.07 0.21
SCM22H815 0.19 0.27 0.80 0.019 0.004 0.010 1.16 0.22
SCM22H817 ;022 ¢ 032 | 079 0.022 0.035 . 0.010 1.08 0.22
SCM22H819 . 020 031 ‘ 081 | 0.019 0.030 | 0.010 } 1.07 0.21
| sol [ imsol | sol | insol | O [ SiO* | ARO* | HV
SCM22H812 ' 0.031 0.002 i 0.0013 0.0005 ) 0.0015 ' 0.002 ; 0.002 201
SCM22H815 0.018 0.002 | 0.0035 ©0.0005 0.0015 0.002 0.003 211
SCM22H817 0.016 0.003 : 0.0046 0.0005 0.0027 0.004 0.005 208
SCM22H819 " 0.081 . 0.002 0.0013 0.0005 0.0015 0.002 0.003 203
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Fig. 7 Influence of the free cutting additives on the

tool wear in face milling of cylindrical work-

piece.
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