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Research on Weak Mode Structure of CNC Bevel Gear Milling Tool

ZHANG Zi-hua, GUO Zhi-Quan, LI Shu-sen
(College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Based on a specia computer numerical controlled (CNC )machine tool — the spiral bevel generator, some
dynamic experiments were done for finding out the weak structure of the machine tool. At first, the frequency response curve
G (w)of relative vibration between cutter and workpiece was obtained from the cutting experiment. The curve G (o)
indicates that the CNC spiral bevel generator has two weak modes with two corresponding frequencies. During the cutter
milling one tooth of the bevel gear, the vibrational frequencies of machine tool are different at the phase of cut-in and cut-
out. These frequencies are corresponding to those of the two weakness modes. The analysis of the cutting force shows that
the cutting moments have different directions which results in the weak modes. The existence of the modes is approved by
the analysis of the CNC bevel generator structure using finite elements method (FEM ) and experiments. This research is
meaningful for the practical design of machine tool, and it provides the practical dynamic method and example in project of
machine structural dynamic design.
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Fig. 1 The measuring method for the transfer function

between cutter and workpiece
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Fig. 2 The frequency and response transfer function cure

between cutter and workpiece in the machine tool
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Fig.3 Sketch of measure setup in machine tool
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Tab.1 Main results of experimental modal analysis
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Fig.4 Specific mode shape
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Fig. 5 Model of the bevel gear machine tool
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Fig. 6 Cutting experiment and vibration measurement
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Fig.7 Milling vibration with =45 s
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Fig. 8 The chatter analysis when milling
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