$o2 % s e G TR Vol. 22 No.8
2014 4F 8 H Optics and Precision Engineering Aug. 2014

XEHS 1004-924X(2014)08-2135-07

BETHXTHNRRRSZIFLIEEREER

BoURTE L, EE R, L kKR!
(1. REBEVL A% IR IEERE, K& 300131;2. KEA¥ BEMRAEALMNE
ERELLHE,RE 300072;3. REE T AZ M IBEERE, K 300384)

FEE 51 X HUAAR) I 2R Gt TR I B8 A8 A 7™ A 1 AR GV R A8 AL L 38 1 T — ol S W I B R 3R A A Ty v ok S X Al IR R
G EEEAMEE . ST AT TR MR DG R IS G B IE R BE ) LuGre BB, 318 T IZE R X S S R 2 )
B9 FR . B HAKGZE BP W22 M0 25 H 3R T WA IR B2 A A 19 & AN S8 IR T 2 R A D DL R A R . AR
Jo o T8 A P2 ) 2 R AR AT Bl 2 0 2% 280 AT AR 3 55 IR BEAR DG Y PRSI . Je 5, U I AT A, B0 e 1 R s A B R X
BEREOAG T BE Sy . @7 0 BEEAR RUTE R )2 47 25 1k R R IR IR S TR 09 35 KAH XAl 1w 22 /8 F 2. 5% . 2 W H BB AR 4 b
ATt R GE R 4, TG R A B R AN

X B WAL RE TR MEEAER; LuGre AR

FE4SHES  TH703;TP273 XERARIZAD : A doi: 10. 3788/OPE. 20142208. 2135

Nonlinear friction modeling for servo systems in changed temperatures
TAN Wen-bin*?*, LI Xing-fei’, ZHAO XIN-hua’, YAO Wang®, ZHANG Chen-yang'

(1. School of Mechanical Engineering, Tianjin University of Commerce, Tianjin 300131, China;
2. State Key Laboratory of Precision Measuring Technology and
Instruments, Tianjin University, Tianjin 300072, China;
3. School of Mechanical Engineering, Tianjin University of Technology, Tianjin 300384, China;

% Corresponding author, E-mail : twb@tju. edu. cn

Abstract: In consideration of the nonlinear friction from changed temperatures of a mechanical servo
system, a nonlinear friction modeling related to the temperature change was proposed to achieve high
precision friction compensation of the servo system. Firstly, the relationship between temperature and
friction was analyzed, and the dependence of the parameters on the temperature in the model was fur-
ther analyzed based on the modified LuGre model of viscous friction. Then, the single hidden layer BP
neural network was used to describe the parameters changed with temperature and to determine the in-
put, output parameters and transfer functions of the neural network . Furthermore, an experiment
was designed and parameters of the neural network were obtained by training the neural network, by
which the friction model related to temperature change was implemented . Finally, the ability of the
model for friction estimation was verified by changing operation conditions. The experimental results

indicate that the maximum relative estimation error of the frictional model is less than 2. 5% when it is
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applied under different operation and temperature conditions. The friction model related to the tem-

perature change estimates system friction torques in various operating conditions accurately and satis-

fies the need of high precision friction compensation.

Key words: servo system; temperature variation; nonlinear friction modeling; LuGre model
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Fig. 1 Relationship between temperature and friction
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Fig. 2 Schematic diagram of friction model for reflec-

ting temperature factors
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Fig. 3 Training process of BP network for friction

parameters
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Fig. 4 System structure diagram
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Fig. 5

Friction parameters at different temperatures

in experiment A
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Fig. 6 Friction torque measured and estimated in ex-

periment A
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