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Abstract In this paper, the position tracking control problem of the servo system with nonlinear
dynamic friction is issued. The nonlinear dynamic friction contains a directly immeasurable friction
state variable and the uncertainty caused by incomplete parameter modeling and its variations. In
order to provide the efficient solution to these control problems, we propose the compaosite control
scheme, which consists of the robust friction state observer, the FNN approximator and the
approximation error estimator with sliding mode control. In first, the sliding mode controller and
the robust friction state observer is designed to estimate the unknown internal state of the LuGre
friction model. Next, the FNN estimator is adopted to approximate the unknown lumped friction
uncertainty. Finally, the adaptive approximation error estimator is designed to compensate the

_ approximation error of the FNN estimator. Some simulations and experiments on the servo

system assembled with ball-screw and DC servo motor are presented. Results show the
remarkable performance of the proposed control scheme. The robust friction state observer can
successfully identify immeasurable friction state and the FNN estimator and adaptive
approximation error estimator give the robustness to the proposed control scheme against the
uncertainty of the friction parameters.

Key Words: LuGre Dynamic Friction Model (LuGre £ 0&2H), Sliding Mode Control (521014 2 & X 0f), Fuzzy
Neural Network (IHX|AIZ42), Robust Friction State Observer (2018t DHEINER #E7]), Adaptive Error
Estimator (228 2X}£H 7)), Ball-Screw Servo System (B-23F MEAILH)
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Table 1 Parameters of electro-mechanical servo system
and friction model

Symbol Value
J 0.246 kgm*
T, 0.088 Nm
T, 0.11 Nm
g 0.35x107* m/sec
oy 841.8N/rad
o 46.1 Nsec/rad
o, 0.108 N mrad [ sec
torque constant 0.3 Nm/ A4
amplifier gain 2.7241V
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Fig. 4 Simulation results of the SMC system for case 1:
tracking command input and output

0.08

0.04 -

------ Command input
Output

rad

.0.04 L L L
s} 5 10 15 20

Time (sec)

(a) Tracking command input and output

5.00x10°
2.50x10° |
® 0.00 f\/\,/\______
-2.50x10° -
-5.00x10° L L '
o 5 10 15 20
Time (sec)
(b) Tracking error

3 L

.
5 10 15 20
Time (sec)

(c) Friction state z and z

. ' s
o 5 10 15 20
Time (sec)

(d) Control input
Fig. 5 Simulation results of the SOB system for case 1
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Fig. 7 Simulation results of the SOB and SFNR system
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Table 2 Specification of system components of the
control system

Item Specification
IBM PC Pentium II, MS-DOS,
C-language
Data Acquisition DR&8330,
board DA resolution : 12 bits
Encoder counter PCL-833, Resolution : 32bits
board
Motor driver FDD-106PD
DC servo motor 300W, 3000rpm
Encoder ITD 21 B14,
resolution  40000puls/rev
Ball-screw THK, CO grade
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Fig. 8 Experimental results: command input and output
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Fig. 9 Experimental results of the SOB and SFNR system
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