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Chatter is undesirable self-exciting vibration that occurs during machining process and could cause damage to
the tool and the machine and surface finish of the workpiece. This phenomenon is generated from interaction
of the tool and workpiece during cutting process and is one of the limiting factors for achieving a high cutting
rate. In this paper, the effect of clamping of tool and workpiece on stability lobes of the milling process is

Keywords:

Chatter

Milling process

Tool and workpiece clamping
Full-discretization method
Stability lobe diagram

investigated by employing a four degrees of freedom model of tool and workpiece. For this reason, the
dynamic of cutting process is modeled through a set of coupled delay differential equations by considering
regenerative chatter and loss of contact effect. Structural parameters of this model are measured by using the
modal test in different clamping torques of the tool and the workpiece. Simulated stability lobes diagram is
constructed based on full-discretization method. To validate the presented model, half immersion up-milling
cuts were performed, and the limit values of axial depth of cut in different tool and workpiece clamping are
determined experimentally for two different spindle speeds. The results indicated a good agreement between
the stability lobes diagram obtained by FDM method and the experimental limit values. In addition, the results
showed that the torque of clamping tool and workpiece have effect on the boundary of the stability lobes, that
is, the increase of torque clamping lead to increment of the minimum critical cutting depth and reduces
amplitude of vibration in stable and unstable cases over determined time interval.
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Table 1 Modal parameters of tool and workpiece versus of different
torque of clamping of tool and workpiese

s @lee Coms (b 5 mepS glas
(N/m) (n) (H2) Nm) g T
2/00x10’ 0/035 1395/63 67
2/28x107 0/040 1475/37 84
2/43x10" 0/040 1539/04 101 X
2/56x107 0/045 1581/58 118
2/60x10" 0/050 1591/37 135
1/00x107 0/060 122026 67
1/35x10" 0/065 1388/59 84
1/65x10’ 0/075 1489/10 101 y
1/90x107 0/080 157895 118
2/00x10" 0/080 1619/18 135
8/50x10° 0/075 507/42 67
9/60x10° 0/080 542/03 84
1/00x107 0/090 561/13 101 u
1/10x107 0/090 577/59 118
1/10x107 0/090 577/23 135
1/00x107 0/09 578131 67
1/18x107 0/090 628/28 84
1/27x107 0/090 652/13 101 v
1/40x107 0/090 685/29 118
1/40x107 0/095 696/41 135

2 Level-based method
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Fig. 3 Modal test setup
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Table. 2 Critical depths of cut versus number of discretization element
at spindle speed of 1675 rpm
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4/6406 25
4/4326 30
4/3187 35
412718 38
42463 40
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Fig. 8 Simulated stability lobes diagram for finding suitable
discretization element (m)
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Fig. 12 Comparison of stability lobes diagram at different clamping
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Fig. 16 Effect of clamping torque on amplitude of time response of the
workpiece in unstable case Q = 2600 rpm.a = 7 mm
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