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Abstract

A highly efficient robot should be accurately operated at a high speed without structural
vibration. Hence in spite of the reduction of rigidity, a light weight robot manipulator is suggested
favorably improving the performance and productivity in the manufacturing industries. Morover
the long robot manipulato:r‘provides a number of serious advantages in the hostile environments
and the space. But unwillingly the flexibility resulting from a large slenderness will induce the
vibration at the end effector. One link, flexible robot manipulator, carrying a payload is modeled
as a Euler-bernoulli beam with a tip mass, and a rigid hub is subjected to a high speed rotation.
Equations of motion are obtained by using the extended Hamilton’s principle, and the governing
differential equations transformed into state variable form by using Galerkin’s mode summation
method for modal control. The digital optimal control algorithm is developed to put down an
unwanted vibration of manipulator appropriately and keep the specified position precisely.
Observer is designed to reconstruct the unmeasurable state. Two types of optimal feedback
control schemes are studied for 1) Controlled by single actuator of a servo motor (SIMO system)
and 2) controlled by dual actuators of a servo motor and a linear actuator (MIMO system).
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Table 1 Parameters of a flexible robot manipulator system

]

Components Input parameters Valueiunit,
Flexible part;
length(£) 7.0%107(m)
mass per unit length(m) 3.999 < 107%tkg/m)
thickness(h) 1x107*(m)
Robot bending stiffness(EI) 2.0739x10"1(N —m?%
manipulator Rigid part ;
lengtha) 5%x1072

pay load(M/m)

1.942 41077

Servo Motor

ratio(r)

motor tor'que constant (K,
moment of inertia with
driving system{Jm-+J, /1)
damping coefficient with

128 11
3.945x 1072 N—-m/A)

6.665x 10 kg —m)

driving system(B,+B,/r) 5.250 %107
rated power output 8.0X10(W)

Amplifier servo motor(Km) 1.5

Gain linear actuator (Ka) 4.34x107!

actuating point(X,/¢) 2.73x107!
magnetic flux density X

Actuator coil length(B 4.) 4.3926(Tesla-m)
total mass 4.19x107"kg)
voice coil-mass 1x107% kg

Sensor strain gage position 5x10°*

(Xs//i\l'

£ 2
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Table 2 Comparison of the natural frequencies computed by simulation with those

measured by experiement

Modes Simulation (Hz) Experiement (Hz} Difference
1st Mode 1.70618 1.7 1.362%
2nd Mode 12.9353 12.80 i 1.046%
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