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Prediction of Frictional Torques of Planetary Roller Screw Pairs Based on
Random Forest Algorithm
XU Yang ZU Li® LI Weilong LIU Xiaoling HE Jianliang LIU Jun
School of Mechanical Engineering, Nanjing University of Science and Technology,Nanjing,210094
Abstract: The increase in frictional torques of planetary roller screw pairs led increased wear of
planetary roller screw mechanisms(PRSM) , which seriously affected the use and service life of PRSM.
The feasibility of using ML algorithms to predict the frictional torques of PRSM was explored, and
the relationship between PRSM frictional torques and wear states was analyzed. Random forest algo-
rithm, support vector regression, and BP neural network were used to predict the changes in frictional
torques of PRSM at different rotational speeds. The results demonstrate that the random forest algo-
rithm achieves the prediction accuracy of 97% for the frictional torques of PRSM.
Key words: planetary roller screw; frictional moment; machine learning(ML) ; random forest al-
gorithm
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Fig.1 Interpolate curve
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Tab.1 Input parameters, output parameters, and actual

operating conditions of machine learning models
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Tab.2 Parameters of planetary roller screw pair

NHER Ry g | BUES AE

wke |2 mHER/| SR/ 38 TE BB/ | WE R
mm mm kN kN

27X10X5 27.2 10 5 103.9 175.3

IR

B2 Faillké
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Tab.3 Actual friction torque of screw pairs at

different revolutions
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0 0.015 140 0.021
20 0.016 180 0.025
40 0.017 220 0.028
60 0.019 260 0.030
100 0.020 300 0.029
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Fig.4 Random forest friction torque prediction
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Tab.4 Different evaluation indexes of ML model

L MAE MSE RMSE R?
RF 0.0007 0.000 002 0.0014 0.97
SVR 0.0016 0.000 008 0.0026 0.90
BP 0.0029 0.000 020 0.0044 0.84
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Tab.5 Measured and predicted values of frictional force

at different revolutions
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540 0.033 0.033 0
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600 0.044 0.044 0

620 0.047 0.047 0
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680 0.044 0.046 4.54

720 0.048 0.047 2.08

760 0.048 0.047 2.08

800 0.051 0.051 0
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Tab.6 Actual friction torque value of the screw

/10 | BERE IR/ (N » m) || B%/100 | BEFE 1R/ (N » m)
0 0.013 180 0.025
30 0.014 210 0.028
60 0.017 240 0.031
90 0.019 270 0.032
120 0.022 300 0.034
150 0.024
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Tab.7 Friction moment at different Revolutions

HH/10t SMAE /(N + m) TMAE /(N + m)
330 0.036 0.036
360 0.038 0.037
390 0.041 0.040
420 0.046 0.054
450 — 0.059
480 — 0.061
500 — 0.062
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