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Analysis and Suppression of Chatter Vibration in End Milling Operation (1st Report)
- Analysis of Chatter Vibration for Irregular Tooth Pitch End Mill Using Time Domain Cutting Simulation—

Keiichi SHIRASE, Masaki SANO, Masatoshi HIRAO and Takeshi Yasul

Chatter vibration for irregular tooth pitch end mill has been simulated using time domain cutting simulation based on the
regenerative force and dynamic deflection model. The time domain cutting simulation program assumes that the vibration of end mill
can be represented by using a lumped-parameter model with two degrees-of-freedom. Furthermore, it treats realistic nonlinearities
accounting for the variation of uncut chip thickness, the changing of cutting force direction. In order to get a stability lobe diagram, the
results of many time domain cutting simulations are evaluated by the average acceleration of the tool vibration during one rotation.
Predicted stability lobes are compared with the results of cutting experiments, and they show that an irregular tooth pitch end mill can
lead to an increase of stability. It is difficult to accomplish the quantitative agreement because of the assumptions in the modeling such
as the constraint of tool motion and the treatment oY process damping. But, the time domain cutting simulation can give the information
to find an optimum cutting condition and a chatter free tool configuration.

Key words: end mill, irregular tooth pitch, chatter suppression, time domain simulation, regenerative force model, dynamic
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Fig.1 Time-domain simulation model
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Table 1 Experimental conditions

Machine tool Vertical machining center
End mill Number of flutes 4
Diameter 20 mm
Gage length 55 mm
Pitch angle NP :  90-90-90-90°
IP-A : 120-100-80-60°
IP-B : 120-120-60-60°
Workpiece Aluminum 7075

1.0 mm to Critical DOC
(Step : 1.0 mm)

Cutting conditions | Axial depth of cut

Radial depth of cut | 5.0 mm

Spindle speed 1000 rpm to 6500 rpm
(Step : 500rpm)

Feed per tooth 0.04 mm/tooth

Cutting direction Down cut milling

Coolant Dry
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Table 2 Cutting coefficients

Cutting force N/mm’ Edge force N/mm
K. K, Ko K K, Ko
845.5 276.4 275.4 6.20 9.44 1.67

Table 3 Modal parameters

Frequency | Damping | Accelerance m c k
Hz % G/N kg kg/s N/m
X 1070 13.0 0.952 0.107 | 187.2 | 4.845x10°
Y 1044 5.0 1.58 0.065 | 42.0 |2.776x10°
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Fig.3 Predicted cutting force
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Fig.4 Measured cutting force
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Fig.7 Predicted stability lobes of tested end mills
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Fig.8 Experimental stability lobes of tested end mills
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Table 4 Optimum design of irregular tooth pitch end mill

Pitch angle ° Critical DOC  mm
Normal pitch 90-90-90-90 1.84
Irregular pitch A 120-100-80-60 3.79
Optimum pitch 109-95-84-72 5.98
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