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Analysis of the Up End Milling Process
by Transforming to the Equivalent Oblique Cutting Model

Y. M. Lee (Kyungpook National Univ.),
T. S. Song, B. K. Shim (Graduate School, Kyungpook National Univ.)

ABSTRACT

In end milling process the undeformed chip thickness and the cutting force components vary periodically with
phase change of the tool. In this study, up end milling process is transformed to the equivalent oblique cutting.
The varying undeformed chip thickness and the cutting force components in end milling process are replaced
with the equivalent average ones. Then it can be possible to analyze the chip-tool friction and shear process in
the shear plane of the end milling process by the equivalent oblique cutting model. According to this analysis,
when cutting SM45C steel. 82% of the total energy is consumed in the shear process and the balance is
consumed in the friction process.
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Fig. 2 Cutting model of up end milling
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Fig. 3 Undeformed chip thickness
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(b) Oblique cutting
Fig.4 Comparison of end milling and oblique cutting
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Fig. 5 Average chip side area
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Table 1 Input items of cutting system

End milling Oblique cutting

Radial depth of cut, a

Axial depth of cut, b
Depth of cut, t

Width of cut. b
Cutting velocity, V

Cutting length, w
Cutting velocity, V

Velocity rake angle, a,
Normal rake angle, a,
Helix angle, g . .
Inclination angle, i
Number of tooth. z

Feed per tooth, Si
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Table 2 Cutting conditions
Radial depth of cut, a (mm) 1.5
Axial depth of cut. b (mm) 12
Cutting length, w (mm) 40
Cutting velocity, V (m/min) 90
Velocity rake angle, a, ( °) 8
Helix angle, 8 ( %) 40
Number of tooth, z 4
Feed per tooth, St (mm) 0.06
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Table 3 Measured items

Maximum
Thrust force

Fx(N)

Main cutting
force, Fy(N)

Feed cutting
force, Fz(N)

chip thickness

te-max(mm)

59.783 220.202 36.019 0.127
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Table 4 Output items

Friction force, Fc (N) 111.93472
Normal force, Fen (N) 202.06722
Coefficient of friction, 0.5243882
Specific friction energy, ur (MPa) 227.36209
Shear force, Fs (N) 204 .45057
Normal force to the shear plane,
Fon (N) 107.5198
Shear strain, y 3.2426444
Shear stress, 7 (MPa) 324.95834
Normal stress, ¢ (MPa) 170.9061
Specific shear energy, us (MPa) 1053.7244
Specific energy, u (MPa) 1281.0864
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