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Development of Mean Specific Cutting Pressure Model for Cutting Force Analysis

in the Face Milling Process

Byung-Cheol Lee®, Jung-Chul Hwang®, Dae-kyun Baek", Hee-Sool Kim"™

Abstract

In order to design and improve a new machine tool, there is a need for a better understanding of
the cutting force. In this paper, the computer programs were developed to predict not only the mean
specific cutting pressure but also the cutting force.

The simulated cutting forces in X, Y, Z directions resulted from the developed cutting force model
were compared with the measured cutting forces in the time and frequency domains. The simulated
cutting forces resulted from the new cutting force model have a good agreement with the measured
forces in comparison with these resulted from the existing cutting force model.
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Fig. 1

The force components according to cutter
and cutting geometry
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Fig. 2 The instantaneous undeformed chip
thickness according to insert
and workpiece geometry.
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Fig. 3 Schematic diagram for experimental setup.
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Cutting Speed (m/min)
Feed Rate (mm/tooth)

Depth of Cut (mm)

108.65 237.07
0,02 0.03 0.04 0.05
0.1 0.110.16 0.2
0.5 1.0 1.5 2.0

Diameter of Cutter (mm) 100
. Number of Ingert 6
Insert Lead Angle (degree) | 15
Insert Rake Angle (degree) | 0
Insert Axial Angle (degree)| 7
Sampling Frequency (Hz) 2000
Number of Data 1024
Workpiece SM45C
ul‘\’l
2
8
2

Table 1 Experimental Conditions

Milling Machine
Tool Dynamometer

A/D Converter

Computer

Oscilloscope

Charge Amplifier

resolution

input range

o TMV-2 (1100 2700)
KISTLER (type 9257 A)
Lab MASTER

conversion rate: 30 KHz

¢ 12 bit
210V

32 bit LOGIX compatible PC
TEKTRONIX (2201 Digital
Storage Oscilloscope)
KISTLER (type 5008 EDPM

-2300)
Filter KISTLER
Cutter tiakE4 M1158P 04R/L-12
Insert ¥k SPKN 1203 EDR/L

Table 2 Specifications of Experimental Setup
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Cutting Conditions,
Tool & Workpiece Geometry
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Fig. 4 The flow chart for mean specific cutting

pressure, coefficient and cutting simulation,
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Table 3 Cutting
pressures and coefficients

condition, the mean specific

NEW MODEL EXISTING
V ft d NeBe Co tw Fx Fr Fz Kir K K | Ko K Ku
108 0,02 0.5 99 1.03 26,1 62,8 155 -88 158 6200 0.90 0,90 | 5639 .88 0.98

0.04 34.8 212 -119 216 6357 0,89 0.90 | 5627 0.86 0.98
0,05 43,7 241 -157 270 5733 1.02 0,99 | 5124 0.96 0,97
0.1 87 393 -235 435 4680 0.96 0.95 | 4293 0,83 0.95

0,2 17 624 -287 575 3773 (.75 (.84 { 3397 0,67 0.81

0.03 1.0 26.1 254 -178 161 5309 0.90 0,49 | 4723 0.87 0.51
0,04 3.8 333 -227 191 5251 0.87 0,44 | 4694 0,85 0.50
0,05 43.5 382 -255 240 4790 0.87 0.49 | 4493 0.82 0.48

0.1 87 672 -402 372 4241 0.78 0.44 | 3850 0.70 0.45

0.2 174 1107 -459 545 3501 0.61 0.43 | 3188 0.54 0.41
0,03 1.5 26,1 329 -207 133 4687 0.76 0.30 | 4026 0.77 0.39
0,04 M8 414 -Z77 181 4413 0.81 0.32 | 4073 0.76 0.35

0,05 43,5 505 -337 221 4306 0.81 0 32
0.1 87 508 -574 369 3882 (.76 0.30

3554 0.75 0,35
3545 0.65 0.33

0.2 174 1443 -718 527 23086 0.62 0,30 | 2845 0,52 0.31
0120 96 1192 -651 382 3454 0.65 0.24 | 3102 0.53 0.33,
0.16 139 1462 -788 440 2973 0.64 0.23 | 2592 0,47 0.32

237 0,03 0.5 45 2,26 26,1 62.8 163 -8

@

168 6508 0.88 0.92 | 5149 0,73 0,59

0.04 34.8 209 -121 239 6187 0.95 1.02 | 4260 0,72 0.66
0.05 43.5 247 -138 276 5863 0.92 1.00 | 4080 0,68 0.64
0.1 87 382 -191 420 4342 0,85 1,00 3789 0.62 0.62
0,02 1.0 17.4 209 -136 168 6445 0.91 0.66 | 5638 0,93 0.70
0.03 261 266 -174 188 5527 0.88 0.57 | 5011 0,90 0.61
0.04 3438 333 -233 236 5188 0,93 0.56 | 4628 0,88 0.59
0.03 43.5 411 -243 258 5144 0.79 0.51 | 4355 0,82 0.55
0.1 87 659 -345 356 4158 0.69 0.45 | 3522 0,70 0.47
0,021.5 174 268 -162 93 5746 0.80 0,31 | 3977 0,77 0.38
0,03 26.1 314 -226 121 4499 0.84 0.26 | 4098 0,75 0,33
0.04 348 416 -253 180 4429 0 75 (.33 ) 3947 0,71 0.34
0.05 435 304 -312 200 4309 0.75 0.30 | 3885 0,69 0.33
0.1 87 901 -467 320 3859 0.64 0.29 | 3379 0,59 0.31
01120 96 1201 -637 334 3452 0.62 0,21 | 3216 0,47 0.36
0.16 139 1498 -739 388 3035 (.58 0,20 | 2686 0.51 0.26
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Fig. 5 Tangential and radial cutting force

components according to cutting position.
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Fig. 6 Simulated cutting forces in time domain,
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Fig. 7 Measured cutting forces in time domain.
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Fig. 8 Simulated cutting forces in frequency
domain
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Fig. 9 Measured cutting forces in frequency
domain
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Fig. 10 The comparison between measured and

simulated (existing model) periodic mean forces.

Fig. 11 The comparison between measured and

simulated(new model) periodic mean forces.
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Fig. 16 Variation of axial directional mean

specific cutting coefficient according to
depth of cut.
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