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Study on Prediction of Machining Stability for Machine Tool Under Operational State
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Abstract: Chatter in machining process is the main factor limiting the machining quality and machining efficiency. The traditional machining sta-
bility prediction models are mostly based on the machine tool dynamics under stationary state, and use the constant cutting force coefficients to
represent different cutting conditions. However, in real machining process, system dynamics and the cutting force coefficients will change caused
by the factors such as the spindle speed, leading inaccurate chatter prediction. Thus, a method to modify the conventional machining stability lobe
diagram (SLD) is proposed to ensure the prediction accuracy based on the relationships among cutting parameters, system dynamics and cutting
force coefficients. In this method, the sample information of the spindle speed is initially set up, and then the speed-dependent bearing stiffness is
applied into the whole machine tool finite element model (FEM). Then the tool tip frequency response functions (FRFs) are obtained and their re-
lated modal parameters are identified. Therefore, with these sample modal parameters, the tool tip FRFs at any speed can be reorganized based on
the modal fitting technique and the interpolation algorithm.A response surface method is established for predicting the cutting force coefficients
under different machining conditions, which are further combined with the speed-dependent tool tip FRFs to be the inputs of the machining stabil-

ity mathematical model. This model is combined with the adaptive particle swarm optimization algorithm to achieve the limiting cutting depth at
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any spindle speed. Then a modified SLD in full spindle speed range is plotted. The proposed method is applied to a three-axis vertical machining

center, and different sets of the predicted no chatter cutting parameters are adopted to carry out the chatter tests. And the frequency spectrums of

the cutting force signals are analyzed to indicate that no chatter occurred, which verify the feasibility of the proposed method and show that it can

lay a foundation for the cutting parameters selection.

Key words: machining stability; stability lobe diagram; operational conditions; cutting parameters
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Fig.1 Dynamic model of the bearing joints
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ganization
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Fig. 3 Dynamic model for a milling system
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Fig. 4 Flow for predicting the machining stability lobe
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Fig. 8 Data stream in the MATLAB software
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