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Design of Discrete-Time H.. Controller for Position Control

of a Flexible Manipulator

Ki-Won Park

Department of Control & Instrumentation Engineering, Graduate School

Pukyong National University

Abstract

Recently a robot manipulator has been widely used for various industrial
fields such as manufacturing, transportation, and construction. As a result of
this, we can greatly reduce production cost and improve quality of products,
and more importantly obtain high accuracy. Various studies are now under
way to obtain faster, cheaper and more accurate robot manipulators.

There are two types of manipulators, that is, stiff and [lexible., Although the
stiff manipulator is generally used in industrial area, it has some obvious
disadvantages Jit needs large space due to its size and weight, its motion
speed 1s very slow and it consumes a lot of energy.

To cope with these difficulties, the flexible manipulator was introduced.
However, it is very difficult to control a manipulator manufactured with light
and flexible material because its flexibility and mass cause unnecessary
vibration.

Therefore it is necessary to suppress the vibration in order to obtain precise
position or tracking control. Many researchers have presented algorithms to get
better results in case of using flexible manipulators.

In this paper, a discrete-time H. controller for a flexible manipulator
carrving an unknown payload at its free end i1s designed and confirmed its
validity through experiment. Since obtaining good performance for flexible

manipulators allows producing lighter robots, which operate at higher speed,



we try to design a robust discrete-time controller capable of ensuring
satisfactory performance, in terms of hinge position regulation and vibration
damping, besides, obviously guaranteeing internal stability in spite of plant
parameter variations due to variance of the payload.

This paper adopted the discrete-time H.. design methodology to construct a
robust controller for a flexible manipulator. The fundamental design steps are
as follows:

Step 1 (Description of Modeling Uncertainties) : Through mathematical analysis
and experiments, we can estimate the differences that is, uncertainties
hetween the nominal and real model.

Step 2 (Feedback Controller): We adopt the discrete-time He. control theory is
used to design a robust controller.

Step 3 (Experiments): The experimental system consists of the flexibie
manipulator with its supporting pedestal and the control system. The obtained
controller is tested with different weights of pavload: the range of payload

welght 1s from 20 % to 80% of the weight of the link.
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