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Dynamic Deformation Error Prediction and Online Sensing of Robotic Milling
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(1.Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China; 2.School of Mechanical Science and
Engineering, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China)

Abstract: In the robotic milling of aerospace cabin parts, the dynamic machining deformation under the action of
strong milling force is an important factor affecting the machining accuracy, and the offline theoretical prediction of
dynamic errors under complex conditions cannot accurately reflect the actual deformation errors. Thus, this paper
presents a dynamic error prediction method based on the online measurement of position, pose and the force data in
view of the effects of uncertainty factors on the dynamic deformation errors under the complex working conditions in
the manufacturing process. First, the theoretical prediction model for the dynamic deformation error is established ,
and a machining error prediction deviation term is introduced. Second, the principal component analysis (PCA) is
carried out based on limited experimental data. The information contribution dominated principal component is
extracted as the characteristic vector, and the support vector machine (SVM) is used to establish the dynamic error
prediction regression model with the prediction deviation about the characteristic vector. Finally, based on the
measurement data of robot joint position and cutting force, the machining dynamic error prediction model is
constructed to realize the online prediction of dynamic errors, which provides the data basis for machining
precision control.
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Fig.1 Configuration of the milling test
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Fig. 2 Sampling trajectory of each joint of the robot
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Fig.3 Original cutting force curve
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Fig.4 Dynamic cutter

tangential direction
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Fig.5 Measured and predicted values of the

machining error
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Tab.1 Characteristic sample set for milling processing
KATH/C)
A i 5 VEME /N | P /N | S0 2% /pm
KA1 KA 2 K153 KA 4 KA5 K6
1 —26.174 —12.054 52.467 —32.046 —56.636 18.890 74.643 —4.826 29
2 —25.999 —11.490 52.572 —31.812 —56.668 18.716 78.672 —4.921 28
3 —25.850 —11.006 52.660 —31.613 —56.695 18.569 81.949 —5.041 30
4 —25.739 —10.647 52.722 —31.466 —56.712 18.462 77.540 —5.019 34
5 —25.618 —10.250 52.788 —31.305 —56.730 18.346 79.618 —5.033 33
6 —25.479 —9.799 52.861 —31.124 —56.748 18.216 80.122 —4.948 35
7 —25.364 —9.422 52.919 —30.974 —56.762 18.110 80.828 —5.067 33
8 —25.249 —9.043 52.975 —30.824 —56.774 18.004 83.012 —5.348 30
9 —25.133 —8.660 53.030 —30.674 —56.785 17.900 82.366 —5.540 30
10 —25.014 —8.265 53.084 —30.521 —56.795 17.794 80.622 —5.612 28
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Tab.2 PCA analysis table of the prediction deviation data

Ja Fsr1 EW o2 B T4 EW 5 EW T 6 % FEsr8
FHAE(E 5.45 1.20 0.95 0.40 1.78x10"* 5.01% 1077 1.50x 10" 9.06> 10"
TR/ 68.10 15.00 11.84 5.05 — — — —
®3 EMSHIEXEEE R
Tab.3 Correlation ratio coefficients of the principal components
KATAA/C)
B LS EPIAN P31 J1/N
KA1 KA 2 KA 3 KT 4 KATH S KA 6
1 0.424 1 0.427 2 —0.366 9 0.4181 04111 —0.386 0 0.099 8 0.016 7
2 —0.0810 —0.050 4 —0.200 6 —0.1137 0.098 8 0.2019 0.764 6 —0.550 1
3 —0.088 3 —0.049 2 —0.2855 —0.134 4 0.146 0 0.264 1 0.384 6 0.807 0
4 0.107 2 0.029 9 0.590 7 0.192 4 —0.3418 —0.426 0 0.507 5 0.2139
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Fig. 6 Regression prediction results
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Fig. 8 Online perception of the machining deformation

error obtained by the cabin robot
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