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Any relative deformation between the cutting tool and the workpiece at the machining point,
results directly in form and dimensional errors. The source of relative deformations between the
cutting tool and the workpiece at the contact point may be due to thermal, weight, and cutting
forces. Thermal and weight deformations can be measured at various positions of the machine
tool and stored in the compensation registers of the CNC unit and compensated the errors during
machining. However, the cutting force induced errors are difficult to compensate because
estimation of cutting forces are difficult. To minimize the error induced by cutting forces, if is
important to improve the machining accuracy. This paper presents the pre-calculated method of
form error induced by cutting forces. In order fo estimate cutting forces, Isakov method is used
and the method is verified by comparing with the experimental results. In order to this, a
cylindrical-outer-diameter turning experiments are carried out according to cutting conditions.
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Fig. 1 Factors affecting workpiece accuracy’
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Table 1 Formulas for feed and radial forces versus
tangential force'®

Group of work Feed force Radial force
materials formula formula

1 F=0.460F, F=0.221F,
2 F=0.683F, F=0.382F,
3 F=0.486F, F=0.269F,
4 F=0.532F, F=0.242F,
5 Fg=0.675F, F=0.411F,
6 F=0.609F, F=0.373F,
7 Fi=0.429F, F=0.211F,

Table 2 Instruments and specifications

Instrument Company Specification
Turning machine | HWACHEON | Hi-ECO 10
Dynamometer Kistler 9257B
Charge amplifier Kistler 5019
30 50 a0

Fig. 2 Dimension of the specimen

Fig. 3 Experimental set up
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Table 4 Experimental conditions

Run Cutting speed | Feedrate | Depth of cut
order [m/min] [mm/rev] [mm]

1 250 0.15 0.5

2 250 0.05 0.5

3 50 0.15 0.5

4 250 0.15 1.0

5 50 0.05 1.0

6 50 0.05 0.5

7 250 0.05 1.0

8 50 0.15 1.0
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Table 5 Experimental results for cutting forces

Run Cutting force [N]

order F, Fy F,
1 86.05 43.14 12.7
2 38.17 26.93 7.34
3 82.75 36.79 10.66
4 174.73 49.16 36.55
5 58.7 17.20 14.12
6 32.05 13.35 6.39
7 74.68 29.54 14.21
8 169.07 73.63 37.01

Table 6 Estimated results for cutting force

Run Cutting force [N] (error %)

order F, Fy F,
1 78 (10.3) | 33(30.7) 16 (20.6)
2 32(19.3) | 14(92.3) 7 (4.8)
3 78 (6.1) 33(11.5) 16 (33.4)
4 156 (12) 67 (26.6) 33(10.7)
5 63 (6.8) 27 (36.3) 13 (8.6)
6 32(0.2) 14 (4.64) 7(8.7)
7 63 (18.5) 27 (8.3) 13 (9.3)
8 156 (8.8) 67 (9.9) 33(12.1)
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Table A1 Power constants, K, for cast irons, using sharp

cutting tools
AIST Grades H}:"iir:ells [kW/ch(n%/min}
Gray cast irons 100-120 0.0127
120-140 0.0159
140-160 0.0173
160-180 0.0237
180-200 0.0273
200-220 0.0323
220-240 0.0414
Malleable cast irons 150-175 0.0191
175-200 0.0259
200-250 0.0373
250-300 0.0537

Table A2 Power constants, K,, for carbon steels, using
sharp cutting tools (AISI resulfurized, free-
machining grades)

Brinell K
AISI Grades Hardness [kW/cmp}/min]

1108, 1109, 1110, 100-120 0.0187
1115, 1116, 1117, 120-140 0.0191
1118, 1119, 1120, 140-160 0.0200
1125, 1126, 1132. 160-180 0.0218

180-200 0.0228
1137, 1138, 1139, 180-200 0.0232
1140, 1141, 1144, 200-220 0.0250
1145, 1146, 1148, 220-240 0.0259
1151 240-260 0.0282

Table A3 Power constants, K, for alloy steels, using sharp

cutting tools
AISI Grades H}Zgils [kW/cllilp:‘/min]
Medium-carbon alloy 140-160 0.0255
steels, carburizing 160-180 0.0268
alloy steels: 180-200 0.0282
4130, 4320, 4615, 200-220 0.0296
4620, 4626, 5120, 220-240 0.0318
8615, 8617, 8620, 240-260 0.0337
8622, 8625, 8630, 260-280 0.0350
8720. 280-300 0.0364
300-320 0.0378
320-340 0.0405
Carburizing alloy 140-160 0.0282
steels, medium- 160-180 0.0296
carbon alloy steels: 180-200 0.0314
4023, 4024, 4027, 200-220 0.0328
4028, 4032, 4037, 220-240 0.0346
4042, 4047, 4137, 240-260 0.0364
4140, 4142, 4145, 260-280 0.0382
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Table A6 The work materials groups

Groups

All steels with Brinell hardness range of
(80-280) HB.

4147, 4150, 4340, 280-300 0.0396
4640, 4815, 4817, 300-320 0.0414
4820, 5130, 5132, 320-340 0.0437
5135, 5140, 5145, 340-360 0.0455
5150, 6118, 6150,
8637, 8640, 8642,
8645, 8650, 8740.
Manganese alloy 160-180 0.0359
steels: 180-200 0.0378
1330, 1335, 1240.

Table A4 Tool wear factors, C,,

for power constant

2 All steels (280-400) HB. Hard brass, and
bronze

3 Gray cast irons (100-240) HB. Medium
brass, and bronze

4 Ductile and malleable cast irons {150-300)
HB.

5 Titanium alloys (275-340) HB.

6 Nickel-based and cobalt-based high temp.
alloys (165-375) HB.

7 Aluminum alloys (100-150) HB. Copper

alloys: soft and leaded brass

adjustment
Type of operation Cy
Finish turning (light cuts) 1.1
Normal rough and semi-finish turning 1.3

* In a sharp cutting edge, the tool wear factor = 1.0

Table A5 Feed factors, C, for power constant adjustment

Feed rate c Feed rate c

[mm/rev] [mm/rev}
0.02 1.70 0.35 0.97
0.05 1.40 0.38 0.95
0.07 1.30 0.40 0.94
0.10 1.25 0.45 0.92
0.12 1.20 0.50 0.90
0.15 1.15 0.55 0.88
0.18 1.11 0.60 0.87
0.20 1.08 0.70 0.84
0.22 1.06 0.75 0.83
0.25 1.04 0.80 0.82
0.28 1.01 0.90 0.80
0.30 1.00 1.00 0.78
0.33 0.98 1.50 0.72




