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Milling stability predictions under limited samples based on transfer learning

Deng Congying' , Deng Zihao' ,Zhao Yang',Sun Huijuan®,Lu Sheng'

(1. School of Advanced Manufacturing Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065 ,
China; 2. School of Mechanical Engineering and Automation, Chongqing Industry Polytechnic College, Chongqing 401120, China)

Abstract ; Traditional milling stability analysis has relatively low prediction accuracy under real working conditions for using the static tool
tip frequency response functions (FRFs) and average cutting force coefficients. Therefore, a milling stability prediction method based on
a small number of experimental samples is proposed by introducing transfer learning. First,the tool tip FRFs at idle state and the average
cutting force coefficients are measured to generate multiple series of random values within the spindle speed range. An optimal series is
determined by comparing the limited experimental stability limits and their related predicted values, and it is used to further construct
sufficient source stability data close to the real data. On the basis, a multi-layer perceptron model for predicting the stability limits is
formulated by the source data, and it is globally fine-tuned by the limited target experimental samples for adapting to the real machining
scene. Forty groups of chatter experimental samples are used to develop a validation case study. The prediction accuracy of the proposed
method is 32% higher than that of the model constructed only using the 40 samples. In addition, accuracies of different types of
prediction models trained by different target data sizes are also compared to evaluate the effectiveness of the proposed method.
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Fig. 1 Two degree of freedom milling process system

Ha,,, WTMES BSHERA WIS 2SS, R, R
TE T A R AN, (ELCATS R AT 52 e JEC 52 3 iy
LR REOL AR MG AL H IR, A SCR R AT 45 2 /9
TIJAFE R KR 3 DI 0 28 50, el S A PR 70 1 8 1
ISRy O SRR | 10 5 | AE #% 25 >0 RS/ B B
PRI HE 8 3 ol PR g A S AR S S TR
R BEHI AR E PRI

A8 A

or | % SmfE

YIRT E /mm

3000 4000 5000 6 000 7 000 8000
FHEEE/(r-min™)
B2 BEHIARRE ]
Fig.2 The milling stability lobe diagram
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Table 2 Prediction errors of the limiting axial cutting depths under different missing modes
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