S E7(AIEE=2F Vol.17 No.5 2008. 10.
Transactions of the Korean Society of Machine Tool Engineers

g U A AL 4wl U gAY oS

v =2

of* =+ oottt
U, FHE, 0|23

(=EH54 2008. 7. 25, AR Y 2008. 8. 26)

=1 A X HH
’ Elg_l_

Modeling of the Specific Cutting Pressure and Prediction
of the Cutting Forces in Face Milling

Kug Weon Kim*, Jung Hoon Joo®, Woo Young Lee Sung Joo Choi"™

I Abstract I

In order to establish automation or optimization of the machining process, predictions of the forces in machining
are often needed. A new model for forces in milling with the experimental model based on the specific cutting pressure
and the Oxley’s predictive machining theory has been developed and is presented in this paper. The specific cutting
pressure is calculated according to the definition of the 3 dimensional cutting forces suggested by Oxley and some
preliminary milling experiments. Using the model, the average cutting forces and force variation against cutter rotation
in milling can be predicted. Milling experimental tests are conducted to verify the model and the predictive results

agree well with the experimental results.
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Fig. 1 Face milling process and forces
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Fig. 2 Force components in the orthogonal and oblique
cutting process
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® Workmaterial :

® Tool :

SM20C(length 100mm, width 45mm)
Face milling cutter body(diameter 100mm)
axial rake angle : 7°

15°

radial rake angle : 0°

lead angle :
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Table 1 Equipments for experiment
Equipment Specification Maker
Milling machine HMV-F1100 Hwacheon
Tool
9257B KISTLER
Dynamometer 37 s
Charge
Amplifier Type5019 KISTLER
A/D Converter 6035E National
Instruments

Table 2 Cutting conditions for calculating the specific
cutting pressure
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Table 3 Calculations of K¢ and K7 for each experiment

1 1359.92 0.4033 0.1148
2 1199.92 0.3705 0.1639
3 1053.93 0.3714 0.2100
4 1268.93 0.3724 0.1460
5 1397.49 0.4185 0.0859

Table 4 Comparison of measured data with calculated
values

Test | Depth of cut Feed rate Cutting speed Test Average £, (N) Average £,(N)
No. (mm) (mm/min) (rpm) No. | Measured | Calculated | Measured | Calculated
1 0.2 187 520 1 12.83 12.05 32.77 29.47
2 0.2 267 520 2 13.45 14.88 41.27 37.70
3 0.2 342 520 3 15.16 17.09 46.43 44.47
4 0.2 342 750 4 13.30 13.81 38.58 34.55
5 0.2 267 990 5 9.17 10.32 25.25 24.26
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Fig. 5 Comparison of measured and calculated average
forces variation with cutting speed(test no. 3, 4
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Table 5 Cutting conditions for verifying the specific
cutting pressure

Test | Depth of cut Feed rate Cutting speed
No. (mm) (mm/min) (rpm)

6 0.4 267 750

7 0.4 342 750

8 0.4 187 370

9 0.4 267 370

Table 6 Comparison of measured data with predicted

values
Test Average F, Average F,
No. | Measured | Calculated | Measured | Calculated
6 24.70 23.99 55.86 58.63
7 29.87 27.76 70.95 69.47
8 30.62 29.75 82.94 74.54
9 39.08 35.59 108.43 93.35
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Fig. 6 Comparison of measured and predicted force
variation(0.4mm depth of cut, 267mm/min feed
rate, 750rpm)
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Fig. 7 Comparison of measured and predicted force
variation(0.4mm depth of cut, 342mm/min feed
rate, 750rpm)
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Fig. 8 Comparison of measured and predicted force
variation(0.4mm depth of cut, 187mm/min feed
rate, 370rpm)
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Fig. 9 Comparison of measured and predicted force
variation(0.4mm depth of cut, 267mm/min feed
rate, 370rpm)
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