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A Study on a Multi-Input Real Tine Control of Multi-Joint Manipulator Using Sliding Mode

Min Cheol Lee
Dept. of Mechanical Eng., Pusan National University

Abstract

This paper presents to accomplish
by applying
hierarchy for sliding mode of multi-joint manipulators

successfully a

multi-input real time control control
whose nonlinear terms are regarded as disturbances.
We

manipulator and servo system, which are composed of

could simplify the dynamic equations of a
linear elements and nonlinear elements, by assuming that

nonlinear terms, which are inertia term, gravity force

term, Coriolis force term and centrifugal force term,
are external disturbance. By simplifying that equation,
we could easily obtain a control input which satisfy
sliding mode of multi-input system. We proposed a new
control input algorithm in order to decrease chattering
by of

disturbance if a control response become within allowance

changing control input according as effect

error range.
we used DSP(Digital Signal
controller to suppress chattering by time

In this experiments,
Processor)
delay of calculation and to carry out real time control.
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Fig.1 Robot manipulator and its control systems
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(b) Convergence of position error of angle &2 at cz=16,
a2=-0.4, M1L2=-300, Mi1s2=-100, Mz22=-500, Kp=-0.4
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(c¢) Convergence of position error of angle @3 at c3=10,
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Fig. 2 Experiment results by control hierarchy when sii-
ding mode range be taken at |sil<e=$200
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(a) Velocity of position error of angle &1 at c;=8,
a1=-0.4, MiL1=-300, M1s1=-200, Mzy=-500, Ko=-0.4
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(b) Velocity of position error of angle &2 at c2=186,
a2=-0.4, MiL2==~300, Mis27=-100, Mz22=-500, Kp=-0.4
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(¢) Velocity of position error of angle &3 at c3=10,
a3=-0.4, MiL3a=-300, Mig3=~100, Mz23=~500, Kp=-0.4
Fig. 3 Experiment results by control hierarchy when sli-
ding mode range be taken at |si|<e=$200
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(a) Phase plane of a position error and velocity of angle
A1 at ¢ =8, M1L1=-300, Mjs1=-200 and Mz;=-500,
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(b} Phase plane of a position error and velocity of angle
B2 at cz =16, MiL2=-300, M1g2=-100 and Mzz=-500
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(c) Phase plane of a position error and velocity of angle
A3 at ca =10, MiL3=-300, Mis3=-100 and M23=-500

Fig. 4 Experiment results by control hierarchy at Ke=
-0.4 and a1 =-0.4, when sliding mode range be

taken at |si|<e=$200
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(b) Convergence of position error of angle &2 at cz=16,

a2=-0.4, M1.2=-300, M1gz2=-100, M22=-500, Kp=-0.4

Fig. 5 Experiment results by control hierarchy when sli-
ding mode range be taken at |si|<e=$5000

é (deg/s)
1600
Phase plane
800
- T
100 50 o — e (deg)

—_—

(a) Phase plane of a position error and velocity of angle
€1 at ¢y =8, M1L1=-300, Mys1=-200 and Mz; =-500
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(b) Phase plane of a position error and velocity of angle
82 at c2=16, MiL2=-300, Mysz=-100 and M2z =-500
Fig. 6 Experiment results by control hierarchy at «i=
-0.4 and Kp=-0.4 vhen sliding mode range be
taken at }si1<{sr=$5000
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(a) Phase plane of a position error and velocity of angle
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(b) Phase plane of position error and velocity of angle
62 at c2=8, MiL2=-500, Misz=-200 and Mz2=-500
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(c) Phase plane of position error and velocity of angle
B3 at ca=5, MjL3=-600, Mis3=-300 and Mz3=-500,
Fig. 9 Experiment results by control hierarchy at ai=
~0.4, Kp=-0.4, |€]<$30. Ma=-100 and |s;i|<$500

when end-effector take payload of 40g
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