WERGE UAYE 2005 TRNE (R A Ol
UE2 SR 07|18 0|88 RIMAl RS mo|Z Met 2%l Hof
oMy, H=g M=, ol=Z @A 7|ASET
Control of Automatic Pipe Cutting Robot with Magnet Binder Using Learning Controller

Sung-Whan Lee*, Gook-Hwan Kim, Sungsoo Rhim, Soon-Geul Lee
(Department of Mechanical Engineering, Kyung Hee University)

ABSTRACT

Tracking control of an automatic pipe cutting robot (APCROMB) is studied. Using magnetic force APCROMB, which is
designed and developéd in Kyung Hee University, binds, itself to the pipe and executes unmanned cutting process. The
gravity effect on the movement of APCROMB varies as it rotates around the cylindrical pipe laid in the gravitational field. To
maintain a constant velocity and consistent cutting performance against the varying gravitational effect, the authors adopt a
multi-rate repetitive learning controller (MRLC), which learns the required effort to cancel the repetitive tracking errors
caused by nonlinear effect. In addition to the varying gravity effect other types of nonlinear disturbances including backlash
in the driving system and the slip between the wheels of APCROMB and the pipe also cause degradation in the cutting
process. In order to identify those nonlinear disturbances the position estimation based on the encoder attached at the motor
is not good enough. To identify the absolute angular position of APCROMB the authors propose the angular position
estimation based on the signals from a MEMS-type two-axis accelerometer mounted on APCROMB. The tracking
performances of APCROMB with a MRLC using the encoder-based position estimation is experimentally measured and
results are shown. Also the difference between the encoder-based angular displacement measurement and the accelerometer-

based angular displacement measurement is included..
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Fig. 1

Picture of APCROMB.
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Fig. 2 Schematic diagram of APCROMB
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Table 1. Measured Magnetic Forces for Different Gap

Distance.
Gap{(mm) 2 4 6 8 - 10
Force(N) 870.2 8075 744 8 689.9 6399

Table 2. Parameters of Estimated Equivalent System

Parameter Value Umit
J 100 N-m-sec’
B 400 N-m- sec
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Fig. 5 Block-diagram of actual control system
implemented.
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Fig. 6 Configuration of real-time control system
implemented.
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Fig. 7 Periodic reference trajectory: (a) desired angular
position and (b) desired angular velocity.
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Fig. 8 Measured responses of APCROMB with a
conventional PD controller: (a) measured angular
position, (b) angular position tracking error, and
(c) calculated feedback control effort.
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Fig. 9 Measured response of APCROMB with a PD
controller and a MRLC using encoder estimation:
(a) measured tracking error, (b) learned MRLC
effort, and (c) feedback control effort.
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