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A Study on the Development of Analysis Model for Prediction of Relative Deformation
between Cutting Tool and Workpiece
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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 fo thermal, weight, and cutting
forces. This paper presents an investigation into dry and fluid machining with the objective of
evaluating shape accuracy effect for the turning process of AlI6061. The thermal distribution of
cutting tool and cutting force was predicted using finite element method after measuring the
temperature of the tool holder. To reach this goal, shape accuracy turning experiments are carried
out according to cutting conditions with dry and fluid machining methods. The variable cutting
conditions are cutting speed, depth of cutting and feed rate.

Key Words: Form error (848 244, Cutting Force (B &M, Turning (41&47H8), Shape Accuracy (B4 MY ), Relative
Deformation (4T #1HEH
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Fig. 1 Experimental set up

Table 1 Instruments and specifications

Instrument Company Specification
Turning machine WIA SKT 28
Dynamometer Kistler 9257B
Charge amplifier Kistler 5019
Shape accuracy tester Optacom VC-10
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Table 2 Experimental conditions

Experiment | Cutting speed | Feed rate | Depth of cut
No. [m/min] [mm/rev}] [mm)]
1 50 0.05 0.5
2 50 0.05 1
3 50 0.15 0.5
4 50 0.15 1
5 150 0.05 0.5
6 150 0.05 1
7 150 0.15 0.5
8 150 0.15 1
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Fig. 5 Temperature measuring position of tool holder
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Table 4 Temperature change by experimental conditions

Experiment No. | 8 T;[TC] 3T,[C] | 8T:[C]
L . . . L, 1 105 103 10.7
Experiment No. 2 12.7 13.2 12.3
Fig. 8 Cutting force for each cutting conditions 3 94 1.9 10.1
4 13.8 12.8 18
Table 3 Experimental results for cutting forces 5 24 3.2 6.5
Cutting force [N] 6 6.9 7.5 11.7
No. Dry Fluid 7 1.6 2.6 6.2
FF, | ’ | F, | F | F | R 8 6.3 7.1 10.1
1 439 | 254 | 183 | 355 | 15.2 8.1
2 | 652 | 368 | 12.6 | 547 | 252 | 94 33 3434 .
3 729 | 288 | 209 | 634 | 26.8 | 18.2 3'3'IJ SﬁjtsA?fi_;4g 2ze Jdgz 449
4 | 1431 614 | 119 | 1352| 464 | 45 . Z&W; Lr;:é’ D%m”ﬂﬂ sz
e - e -0 s T =
5 24.9 9.7 7.9 20.3 8.2 5.1 (chuck)el) 4= 5] RUEE XA Wom w
6 504 | 209 7.6 434 | 186 1 35 dae & 2 9o}
7 615 | 204 | 148 | 563 | 19.6 | 105
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Fig. 10 Form errors in cylindrical turning of a shaft
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Table 5 Results for relative deformation between cutting
tool and workpiece

Deformation| p m]

No. Dry Fluid

10mm | 70mm | 130mm | 10mm | 70mm | 130mm
1 10190} 0.244 | 0.011 | 0.084 | 0.108 | 0.005
2 0148 0.191| 0.008 | 0.111 | 0.143 | 0.006
3 ]0.216 1 0278 | 0.012 | 0.188 | 0.242 | 0.011
4 10.140 ; 0.180 | 0.008 | 0.053 | 0.068 | 0.003
5 | 0.081]0.105| 0.005 | 0.053 | 0.068 | 0.003
6

7

8

0.090 | 0.115 | 0.005 | 0.041 | 0.053 | 0.002
0.153 1 0.197 | 0.009 | 0.109 | 0.140 |} 0.006
0.265 | 0.341 | 0.015 | 0.179  0.230 | 0.010
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