TERBEREHEEL B o FAA N ERRRE

BUEBRBET RSB LN RO L2 E REE 4
Modeling and Hybrid Position/Force control of Flexible Manipulators
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“Abstract

This article considers the question of
position and force control of flexible
manipulators on a constraint surfacz from the
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viewpoint of distributed parameter modeling.
For the case of force control of constrained
one-link flexible arms, a physically correct
linear distributed parameter model is derived.
The concept of virtual constrained force is
introduced in order to overcome the
difficulty associated with the non-minimum
phase nature of non-collocated control. It is
found that the marginal minimum phase
transfer function relating the joint torque to
the virtual constrained force can be rendered
passive by using either the root strain
feedback or the joint acceleration feedback.
For the non-collocated passive transfer
function, a PD controller suffices to stabilize
the overall system. On the basis of the
above proposed approaches, the desired
contact force trajectory of the endpoint on the
constraint surface can be tracked effectively
by the virtual constrained force as well as the
actual constrained force. As for the position
and force control of three-link elastic robotic
systems on a constraint surface, a nonlinear
distributed parameter model is derived. The
input-output feedback linearization approach
is adopted. A virtual endpoint position and
the actual endpoint constraint force are used
as the outputs such that the feedback
linearizing control gives rise to marginal
stable zero dynamics. With the introduction
of internal material damping and external air
damping, the residual vibration of all elastic
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modes can be suppressed. The approach are
applied effectively to contact force control,
point-to-point position control, and trajcetory
tracking control with the endpoint remaining
on the constraint surface at all time.

Keywords: Constrained Elastic Robots,
Distributed Parameter Model, Position
and Force Control
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