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Despite the numerous advantages associated with the flexible link manipulators; low
power consumption, use of small actuators, high speed and their low cost due to fewer
materials requirements than their rigid counterparts, link vibrations stand in the way to
reaping these benefits. This leads to time wastage waiting for vibrations to decay to safe
operating levels and the possibility of mechanical failure due to vibration fatigue. This
drawback has been addressed using techniques such as adaptive filters, adaptive strain
feedback gain, piezoelectric transducers, etc. What was gained in operation speed was lost
in waiting for the vibrations to decay to healthy levels for operation. The plant presented
in this article is a 3D, two-link flexible manipulator with a variable weight attached at
the distal end. It has three rotary joints driven by dc servomotors and the two flexible
links assumed to have damping of the kelvin-voigt type both in the lateral and the
torsional senses. The control system consists of a computer, AD and DA converters
interfaced to Matlab and controlled from dSPACE control desk environment.
Measurement of angular position and velocity is achieved using encoders coupled to the
servomotors while link strain measurement is done by strain gauges positioned at the
bottom of each link. This ongoing work seeks to contribute by developing high-speed
control methods for a 3D two-link flexible manipulator. To this end, we have modelled the
manipulator and validated the similarities of the model with the actual manipulator in
terms of joint angles, joint velocities, link strains and power spectrum in frequency
domain. The first control method involved the development of an inverse controller which
was augmented with lowpass filters. Experimental results show that with careful choice
of the filter order and time constant, this technique significantly reduces transient
vibrations in comparison to a system without a controller. Further extension of this
technique yielded a two-degree-of-freedom controller design between a filtered inverse
controller and strain feedback which addressed residue vibrations resulting in a superior
controller. Collocated controller, though very effective in reducing the rise time are poor
in increasing the damping of the system. Non-collocated control, in the control of flexible
manipulators is limited by the difficulties in the estimation of the position of the
end-effector from the joint angle. Research has shown that non-collocated control where a
proportion of root strain is implemented as a negative feedback increases system
damping. However, too high gain results in encoder noise feedback while too little is not
good for vibration suppression. Determination of the right proportion of root strain to feed
back, and the timing is a research problem that has not been solved yet. Further
experiments were conducted seeking to tune strain feedback gains using the artificial
neural network by training using online backpropagation algorithm. Results showed that
neural network could intelligently choose appropriate gains depending on the intensity of
the link strain, yielding a system characterized by minimal vibrations relative to a system
with constant controller gain. Since loading the manipulator is accompanied by an
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increase in strain intensity and a reduction in the vibration frequency, the technique
could sense changes in loading and adjust the gains accordingly.
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