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Position Control of Sliding Mode Control Systems with Compensation of
Estimated Coulomb Friction
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ABSTRACT

The control systems with friction cause the steady state error and slow response, because friction is a sensitive to the

change of system condition and has highly nonlinear characteristics. To overcome these problems and do precise

position control for a ball-secrew system, we use Coulomb friction estimator and the sliding mode control(SMC) to

compensate its negative effect. The applied SMC for tracking position has a characteristics of robust stability and

reducing chattering, and is derived from the Lyapunov stability theorem and reaching condition. Compensating the
estimated friction torque to the bounded disturbance term of the SMC’s equivalent control input, it has a tracking

performance better than the PID from the experimental results.
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Fig. 1 Schematic diagram of the position control system

Table 1 Ball-screw system specifications

Item Specification
Total mass 8kg
Outer radius of the screw 12mm
Lead 2mm
Inertia of the ball-screw 6x107° kgm2
Inertia of the AC motor 3x107° kgm2
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Table 2 RMS values of SMC v.s. PID control system

(unit : mm)
Error of Error of PID
SMC system control system
RMS €max | RMS | €pax
g)i::;}“ friction | 90197 | 0.051 | 0.0104 | 0.041
With fixed 0.0103 | 0.032 0.0093 | 0.037
friction Comp.
With estimated 0.0061 0.018 0.0084 | 0.033
friction Comp.

Table 3 RMS values of SMC input vs. PID control input

(unit : Nm)
Without Fixed friction Estimated
friction compensator friction
compensator compensator
PID 0.263 0.548 0.243
SMC 0.209 0.283 0.054

Fig. 3 Ball-screw system with AC servo motor
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