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A Study on the efficient control of an elastic manipulator
moving in a vertical plane
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ABSTRACT

This paper presents a technique to control a robot which has a flexible manipulator moving in a vertical

plane. The flexible manipulator is modeled as an Euler-Bernoulli

beam. Elastic deformation is

represented using the assumed modes method. A comparison function which satisfies all geometric and
natural boundary conditions of a cantilever beam with an end mass 1s used as an assumed mode shape.

Lagrange’s equation is utilized for the development of a discretized model.

developed using a simple PID contro] technique.

A control algorithm is

The proportional, integral and derivative control gains

are determined based on the dominant pole placement method and tuned to show no overshoot and

having a short settling time.
experimentally. In the position control

The effectiveness of the developed control
experiment,

is showed
The

scheme
three different end masses are used.

experimental results shows little overshoot, no steady state error, and less than 2.5 second settling time
in case of having an end mass which is equivalent to 45% of the total system weight. Also the residual

vibration of the end point is effectively controlled.
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28 1 A schemetic diagram of a flexible manipulator
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a8 2 Simulink block diagram for the experiment
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19 3 Schemetic diagram of the test bed

% 1 Physical and mechanical properties of
the flexible manipulator

Property Unit
Length 100 m
Density 270X 10° kg -m’
M of 2
e?ﬁg’tﬁ‘;fw 690x10° | kg-m'-s?
A
gt | emaot |
Area 090% 10" o’
Mass moment _ ; ,
of inerria(Hub) 545%10° ke - m’
0 0 kg
End Mass(Me) 1 467x107 kg
2 1083%10™ kg
0 0 kg - m
Mass_moment L ,5 R
of inertia 1 555%10 kg -
(End Mass.Je)
2 21.15x10° kg - m”
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1% 4 Block diagram of a control algorithm
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18 9 Hub position with 45% end mass
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