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A Mechanistic Model for 3 Dimensional Cutting Force Prediction Considering
Ploughing Force in Face Milling

Woo-Tae Kwon*, Gi-Dae Kim*

IL Abstract I

Cutting force is obtained as a sum of chip removing force and ploughing force. Chip removing force is estimated by
multiplying specific cutting pressure by cutting area. Since ploughing force is caused from dullness of a tool, its magnitude
is constant if depth of cut is bigger than a certain value. Using the linearity of chip removing force to cutting area and
the constancy of ploughing force regardless of depth of cut which is over a certain limit, each force is separated from
measured cutting force and used to establish cutting force model. New rotation matrix to convert the measured cutting
force in reference axes into the forces in cutter axes is obtained by considering that tool angles are projected angles from
cutter axes to reference axes. Spindle tilt is also considered for the model. The predicted cutting force estimated from
the model is in good agreement with the measured force, ’
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FT’ == PT’I‘f‘ KT’S (3)
FR’ - PR,l+ KR’KT’S (4)
q71A,
S . cutting area
! : edge length of the insert involved in cutting

K’ : Specific cutting pressure

Ky’ : BEmpirical constant relating radial force to tangential
force

Py" : Specific tangential ploughing force on tool face

Pr’ : Specific Radial ploughing force on tool face
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71 : Rotation angle of A to A' axis around T axis

7g : Rotation angle of R to R' axis aound A axis

74 : Rotation angle of T to T' axis around R axis
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Fig. 1 Reference axes (T, R, A) and rotated axes whose
projection angles are tool angles (T', R', A")
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Fig. 3 Uncut chip area projected on the AR plane
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Table 1 Cutter Specification

Cutter |Radial Rake | Axial Rake| Lead Insert T
Diameter Angle Angle Angle e
125mm 0 7 15° KTP25
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Table 2 Dynamic characteristics of the tool dynamometer
with and without workpiece

workpiece | axis Frelie(l(tﬂtfl;][lldiz] Damping ratio({)
X 2.05 2742 x10”
with Y 1.81 87.20 x10”
Z 3.23 101.78 x10”
X 2.18 40.49 x10”
without Y 2.06 92.84 x10”
Z 3.86 111.49 x10”
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Fig. § Variation of T direction cutting force (spindle speed:
600 rpm, feedrate: 0.25mm/tooth, axial depth of cut
varies from 0.5 to 3mm)
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Fig. 7 Comparison of the simulated and experimental T
direction forces when feedrate is 0.246mm/tooth
(spindle speed: 600rpm, axial depth of cut varies
from 0.5 to 3mm)
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Fig, 6 Variation of R direction cutting force (spindle speed:
600 rpm, feedrate: 0.25mm/tooth, axial depth of cut
varies from 0.5 to 3mm)
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Fig. 8 Comparison of the simulated and experimental R
direction forces when feedrate is 0.246mm/tooth
(spindle speed: 600rpm, axial depth of cut varies
from 0.5 to 3mm)
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Fig. 11 Comparison of the simulated and experimental T
direction forces when feedrate is 0.345mm/tooth
(spindle speed: 600rpm, axial depth of cut varies
from 0.5 to 3mm)
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Fig. 13 Comparison of the simulated and experimental T
direction forces when depth of cut is 0.2mm (spindle
speed: 600rpm, feedrate varies from 0.295 to 0.394
mm/tooth)
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Fig. 12 Comparison of the simulated and experimental R
direction forces when feedrate is 0.345mm/tooth
(spindle speed: 600rpm, axial depth of cut varies
from 0.5 to 3mm)
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Fig. 14 Comparison of the simulated and experimental R
direction forces when depth of cut is 0.2mm (spindle
speed: 600rpm, feedrate varies from 0.295 to 0.394
mm/tooth)
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