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ABSTRACT

Flexible link manipulators possess many advantages over the
traditional rigid manipulators. The most important benefits include high
paylnéﬂ-m—ann weight ratio, fuster motion, safer operation, imp-rnved
mobility, low cost, longer reach and better energy efficiency. However,
the reduction of weight leads 1o the increase of the link elasticity that
significantly complicates the coutrol of the manipulator. The difficulty in
control is caused by the fact that the link model is a distributed parameter
plant. In this case, several clastic modes are required to achieve
sufficiently high accuracy. Also, the plant has several uncertain
parameters (payload mass, hub and structural damping factors, etc.) that
influence significantly the system performance. The inherent, non-
minimum phase behaviour of the flexible manipulator is another obstacle
to achieve simultaneously a high-level performance as well as good
~ robustness.

In this thesis, the dynamic modeling and trajectory tracking contrel
of single link and multi-link manipulators are studied. The Lagrange-
assumed modes approach is applied to get the dynamic model of a
ZI--T planncr single link and multi-link manipulator, A linear dynamic model is |
obtained for the single link and was verified and simulated. This followed
; the nonlinear dynamic model of the multi-link manipulator. Matlab
: - and its Simulink ool were used for the analjrsis and simulation,

3 Trajectory tracking controller is suggested by utilizing the hybrid
.:tmllar approach to overcome the problem of vibration of tip position
. ~!.;__- ﬁgh motion which is a characteristic of the flexible link system. A
--- version of the proportional-derivative (PD) rigid controller to

itrack the hub position while sliding mode control was used for vibration
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damping. Also, a second controller (a fuzzy logic based proportional-
integral plus de:ivative (PI+D)?) control scheme was developed for both
vibration damping and trajectory tracking.
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Simulaticn results are presented to illustrate the advantages and
S robust performunce of the proposed tip position tracking controllers over
. the payload variation. A good performance is obtained for the trajectory
tracking. The stability of these controllers is also proved.
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