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Chatter in Plate Milling with a Face Mill

Sang Min Yi*, Young Soo Lee” and Chong Nam Chu™"

ABSTRACT

A cutting force model predicting the dynamic force induced by the axial vibration of a plate in face milling is
introduced. When a plate face is milled, deformation in tool axial direction is considerable. Therefore, cutting forces are
affected by not only inner-outer modulation in feed direction but also by axial deformation. A PTP (peak-to-peak)
diagram made by the simulated dynamic force model is evaluated. The stability of the face miliing process such as the
chatter outset, and the stable cutting region can be simply estimated. Simulation results are compared with that of

experiment.
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a = spindle tilt angle

G(¢) = feed motion angle of insert i at angle ¢

hy=radial cut thickness

CA6(#)) = chip thickness of insert i at angle ¢

C’{6(#)) = chip thickness considered variation of
workpiece displacement of insert i at angle ¢

a,(6(#)) = axial depth of cut of insert i at angle ¢

a ,(6(¢)) = axial depth of cut considered variation
of workpiece displacement of insert i at angle¢

&i, @) = workpiece displacement of insert i at
angleg

A&i, @) = variation of workpiece displacement of
insert i at angle ¢
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&), Plate(3 )

b, = outer cut width, b; = inner cut width

A(6(¢)) = uncut chip area of insert i at angle ¢

F(i, #) = tangential force acting on insert 1 at angle
¢

Fr(i, §) = radial force acting on insert i at angle ¢

F (i, §) = axial force acting on insert i at angle ¢

K7 = specific cutting pressure

Kz = a dimensionless constant relating radial force
to tangential force

K, = a dimensionless constant relating axial force
to tangential force

yr = axial rake angle of the insert

¥z =radial rake angle of the insert

y4 = lead angle of the insert

¥, = tool cutting edge angle
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Fig. 1 Tool and workpiece geometry
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Fig. 3 Calculation of cutting cross sectional area
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Table 1 Cutting condition
Milling machine ACE V30
Tool dynamometer Kistler type 9257B
Diameter of cutter 100 mm
Insert
nsert geometry 0°.15°,7°
(YRY1-74)
Depth of cut 1 mm
Feed per tooth 0.15 mm
Spindle speed 300 rpm
Sampling frequency 2000 Hz
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Fig. 4 Measured and predicted forces
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Fig. 5 Workpiece vibration model
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Table 2 Modal parameters of dynamic system

Parameters Values

Mass (m) 45kg
Damping ration( ) 0.00365
Natural frequency( @, ) 1389 Hz
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Fig. 7 Flowchart for dynamic cutting force calculation
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Table 3 List of cutting condition

Spindle | Spindle Feed tJAxial depth
. No. o
speed | Tilt angle | per tooth Tooth of cut
(rpm) | (degree) (mm) (mm)
500 5.021 0.15 6 1.22 Unstable
520 5.021 0.15 6 1.22 Unstable
540 5.021 0.15 6 1.22 Stable
560 5.021 0.15 6 1.22 Stable
580 5.815 0.15 6 1.13 Stable
600 5.815 0.15 6 1.13 Stable
620 5.815 0.15 6 1.13 Unstable
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Cutting condition: Depth=1.22 mm, Spindle speed=500 rpm

Fig. 9 Comparison of measured accelerations without
chatter and with chatter
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Fig. 10 Comparison of predicted accelerations without
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