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Robust Trajectory Control of Robot Manipulators Using Tlme Delay
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Abstract

In this paper, Time Delay Control(TDC) for robot manipulators is analyzed and its problems are founded.
In order to remedy the problems, the enhanced controller is proposed and analyzed. The effect of friction
associated with TDC is reported and its cause is presented. Through the analysis, simulation and experiment,
it is shown that the friction effect causes serious degradation in control performance and that it is a result of .
the error of Time Delay Estimation(TDE) in TDC. In order to remedy the problems, TDC combined with
Internal Model Control(IMC) concept is proposed. The proposed compensator is effective enough to handle
the bad effect of friction, and is so simple and efficient as to match positive attribute of TDC. The simulation
and experimental results show the effectiveness of proposed controller against the friction of the robot
manipulators.
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Fig. 6 Block diagram of TDCIM - include time delay in
IMC feed-back
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Fig. 8 One link robot manipulator
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(2) Estimation error of TOC (d) Estimation error of TOCIM
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Fig. 9 Effect of Coulomb friction-TDC, TDCIM
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(a) Time delay estimation ot H - TDC {d) Time delay estimation of H - TOGCIM
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Fig. 12 Stick->Slip — TDC and TDCIM
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(a) TOC : position response

(d) TOCIM : position response
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(g) TDCSA : position response
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Fig. 14 Experimental Results of Linear Motor - TDC, TDCIM, TDCSA

Table 3 Max. error in Fig. 14 (b), (e), (h)

Fig. 13 Linear Motor (JTM 10)
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Table 4 Max. error in Fig. 17 (a),(c)

TDC TDCIM
Joint 1 0.1257 deg 0.0049 deg
Joint 2 0.1883deg 0.0107 deg
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Fig. 18 Experimental results of SCARA robot: XY plot
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