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Nonlinear Friction Compensation using the Information of Integral Controller

Jinil Song*, Young-Hun Choi**, Jee-Hwan Ryu*** , Dong-Soo Kwon***

ABSTRACT

This paper presents simple and effective nonlinear friction compensation methods. When the direction of position
command reverses, the integrator output of the PID controller does not change the sign of its output instantaneously, due
to friction at zero velocity, i.e. stiction resulting tracking errors, that results in continuous push even though the
command direction has been changed. To overcome this problem, we attempt to reverse the sign of the integrator
output as the sign of velocity changes. The effectiveness of this approach is demonstrated by experiments on a 3-
PRPS(Prismatic-Revolute-Prismatic-Shperica joints) in-paralel 6-D.O.F manipulator. The control strategy has been
analyzed for stability. Also discussed are disturbance observer and velocity observer approaches for friction
compensation.

Key Words : Nonlinear Friction Compensation(H] 13 v}z 1AL, Integral Controller(4 4] o] 7]), Disturbance
Observer(®] & % 7]), Velocity Observer(4: = #57])
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Table 2. Experimental results of the circular motion

Control Method Max error Rms error
(mm) (mm)
PID 0.223 0.0646
PID with
reversed 0.078 0.0255
integrator
Disturbance
observer 0.079 0.0249
Disturbance
observer and 0.077 0.0212
velocity observer
AEA71E HHAAA vdd vE & B
e WS PID Alo)7]o] rde FHow FE
7bsslz]l wiEoll FhekslHAl 8ol w5 o
v B sy Edole e A9 A & #57]
2 EE BZ7)E ALgato] nay vl way e
Aol 58 45 el
Zoed

1.  B. Armstrong-Helouvry, “Stick slip and control in
low-speed mation,” IEEE Trans. Automatic. Contral.,
vol. 38, Oct. 1993.

2. C.Canudas, H. Olsson, K. J. Astrom, and P
Lischinsky, “Dynamic friction models and control
design,” in Proc.

American Control Conf., June. pp.10-12. 1993.

3. L.Ca and G.Song, “A Smooth Robust Nonlinear
Controller for Robot Manipulators with Joint Stick-
Slip Friction,” IEEE Proc. of the IEEE Int. Conf.
Robot & Automation, pp.449-454, 1993.

4. G.Mord and S.Dubowsky,”Precise Control of
Manipulators with Joint Friction: A Base
Force/Torque Sensor Method,” Proc.of the IEEE
Int.Conf. Robotics & Automation, pp.360-365,
1996.

5. Canudas,C., Astrom,K.J,, and Braun,K. “Adaptive

Friction Compensation in DC-Motor Drives,” |EEE
Journal of Robotics and Automation, VVol.RA-3, No6,

10.

11.

12.

13.

14.

15.

pp.681-685, 1987.

J-T.Teeter and M.Y.Chow, “A Novel Fuzzy Friction
Compensation  Approach to  Improve the
Porformance of a DC Motor Control System,” IEEE
Transactions on Industrial Electronics,VVol.43 No.1,
pp.113-120, 1996.

K.Kiguchi, T.Fukuda, “Fuzzy Neura Friction
Compensation Method of Robot Manipulation
During Position/Force Control,” Proc. of the |IEEE
Int.Conf. Robotics & Automation., pp.372-377, 1996.

K. Ohnishi, M.shiata, T. Murakami, “ Motion
Control for Advanced Mechatronics’, |IEEE/ASME
Tranc. on Mechatronics, vol.1, no.1, March. 1996.

T. Umeno, Y. Hori, “ Robust speed control of DC
servomotors using Modern Two Degrees-of-Freedom
Controller Design”, IEEE Trans. on Industrial
Electronics, vol. 38, no.5, pp. 363-368. Oct. 1991.

F3d, A45Y, 2499 791, "4 CNC 9
A 2 A8 A 33 CNC ZEEH A4,
AAAZ 271e A7 AE, A& o 5hi,1994.

J.H.Shim, H.S.Cho, and S. Kim, “A New Probing
System for the In- Circuit Test of a PCB”, Proc. of
the IEEE Int. Conf. on Robtics & Automation,
pp.580-585, 1996.

JH.Shim, JY.Pak, D.S.Kwon, H.S.Cho, and
SKim, "Kinematic Design of a Six Degree-of-
Freedom In-Parallel Manipulator for Probing Task”,
Proc. of the IEEE Int. Conf. on Robtics &
Automation, pp.2967-2973, 1997.

K. Ohnishi, N. Matsui, Y. Hori, “Estimation,
Identification, and Sensorless Control in Motion
Control System”, Proc. of the |IEEE, vol. 82, no.8,
Aug. 1994,

HET, AT, AFF, -
iy Egolg o] o B £ FAHS o]
Y 9% Ao]”, Proceedings of the 12" KACC,
pp1796-1799, October, 1997.

J1.Song, Y.H.Choi, J.H.Shim, D.S.Kwon, H.S.Cho,
“Nonlinear Friction Compensation Methods for an
In-Parallel Actuated 6-D.O.F Manipulator”, Proc. of
the IEEE Int.Conf. on Robotics& Automation.,
pp.169-174, 1998.



