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Position Control of a Flexible Gantry Robot Arm Using Smart Actuators
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Abstract: This paper presents new feedback actuators to achieve an accurate position control of a flexible gantry robot arm. The
translational motion in the plane is generated by two d.c.motors and controlled by employing electro-rheological(ER) clutch actuators.
The generated motion can be continuously controlled by controlling the intensity of electric field imposed to the ER fluid domain
which tunes the transmitted torque of the ER clutch. On the other hand. during control action of the translational motion a flexible arm
attached to the moving mass produces undesirable oscillations due to its inherent flexibility. The oscillations are actively suppressed by
applying feedback voltages to piezoceramic actuators bonded on the surface of the flexible arm. The control electric fields to be applied
to the ER clutch and the control voltage for the piezoceramic actuator are determined via the loop shaping design procedures(LSDP) in
the H., control technique. Consequently, an accurate position control at the end-point of the flexible arm is achieved during planar

motion.
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Fig.1 (a) The Gantry Robot with Smart Actuators
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Figl (b). A flexible robot arm with surface-bonded piezoceramic
actuator and piezofilm sensor
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Table. | Dimensional and Mechanical Properties of the Moving System
and Flexible Robot Arm

Aluminum link | Piezoceramic Piezofilm
Young's Modulus 65 GPa 64 GPa 2 GPa
Thickness I mm 0.815 mm 0.052 mm
Density 2890 kg/m’ 7700 kg/m’ 1780 kg/m’
Width 25 mm 25 mm 25 mm
Length 0.5m 0.18m 0.18 m
Total moment of inertia of moving 18774 * 10" kgm
system|[.J7]
Total mass of moving system [My] 4.11295 kg
Tip mass [my] 0.2 kg
lead of ball screw 0.01 m/rev
ER Clutch inner cylinder length[/;] 0.15m
ER Clutch inner cylinder radius[r] 0.034m

Piezoelectric strain constant of

piezoceramic -300 = 10" (m/m)/(V/m)
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Fig. 9. Tracking Control Response
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