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Prediction of Regenerative Chatter Vibration in Ball End Milling
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Ball end milling is an important precision machining process, which is used in the production of
impellers, screw propellers and turbine blades with free-form surfaces. As these thin structures are
flexible, regenerative chatter vibration often occurs and causes severe problems such as short tool
life and the deterioration of surface quality. Therefore, an analytical model has been developed with
consideration given to the tool inclination around the cutting feed direction; it is applied in the present
research to predict the stability limits at varied inclination angles. We confirmed that the critical
cutting depths predicted by the developed model agree qualitatively with the experimental results at
various tool inclination angles. Both the analytical and experimental results show that the critical depth
can be increased considerably by choosing the right tool inclination around the cutting feed direction.
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Fig. 1 Block diagram of ball end milling process with regenerative
chatter vibration
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changing tool inclination
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Table 1 Experimental and analytical milling condition

Spindle speed n (min™ 5,500
Feed rate / (mm/tooth) 0.025
Depth of cut . (mm) 0.1 —4.0
Pick feed p, (mm) 1.0
Inclination angle « ( ° ) 10-170
Tool radius » (mm) 5.0
Number of teeth N 2
Workpiece
Cut area
Accelerometer &/ 40mm
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Fig. 6 Schematic illustration of flexible work piece fixture and
experimental setup
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Table 2 Angular frequency and corresponding negative real part
and imaginary part of measured transfer function

Angular frequency @ (rad/s) 3,209

Negative real part G (@ ) _1.63%10°
(m/N)

Imaginary part /(@) (m/N) —2.02x10~°
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Fig. 9 Calculated result of average cutting force increment fv,,. (d.)

O NoChatter | Critical depth of cut
X Chatter
= .V POV, 2.0% 103

1.5% 103

L(d) N/mm

1.0% 103

Depth of cut d, mm
So

0.5 103

0 30 60 90 120 150 180

Inclination angle & °
B10 ZER R dey, & 7O X7 4 Vo, OFUHERS L OUIA
Fd, & TEAGRHE o %246 S 72 Y H B 3
Fig.10 Predicted stability limit dc,, and milling process gain fv, .
and experimental results at varied depth of cut d. and
inclination angle a

K3 TaRFA VOIS

Table 3 Conditions for analysis of milling process gain

Depth of cut 4, (mm) 0.1 —4.0
Displacement Ad (mm) 0.005
Divided angle of tooth d¢ (* ) 0.1
Step angleof a (© ) 5.0
Tangential specific cutting force K, (MPa) 1.340
Radial specific cutting force K, (MPa) 426
Axial specific cutting force K, (MPa) 352
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