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ABSTRACT

This paper describes the design process and the experimental results of a fuzzy logic controller to control the tip position of
a flexible-link manipulator, directly driven by a AC motor, with a large payload. The joint angle fuzzy logic controller is
designed without a costly nonlinear system analysis of the flexible manipulator and the AC motor drive system. The state
variables for the fuzzy logic controlier are joint angle, joint velocity, link deflection, and link deflection velocity. The
simulation and experimental results show that the joint position control is not satisfactory when the controller is designed under
the assumption of no link flexibility and that the stable joint position control and link vibration suppression can be achieved

with the fuzzy logic controller suggested in this paper.
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Fig. 1 Generalized coordinate system of
a flexible link manipulator

t+k6, = J6 (1-1)
- k8, =mL*(6+6,) (1-2)

Fig. 1914 EAIG 7} ZtE=o] wlsis A3 A%
o 7HASRAE wo &= Aol

3. Fuzzy logic controller 2| A A|

Fuzzy logic & o] &3l < Fa 22X A3}
WAL 24 reference position of thik #dz 6
2242 e, (=8, -6) 9} strain gage & o] &3 A
¥39 Wy &% 9, F uelstd fuzzy logic
controller I(FLC 1)& AAstn, #3Z 249 £%
e ¥ My &5 48 o) &43l9 FLC 28 A
At FLC 1 3 FLC 2 A& 242} control input 1 3}
control input 2 & Al4tste F789) control input & T
g gtg Ao} d¥Poz ALEstY FLC 1S 7]&3
o7 BAHZ QA ¢, Foln HIA9 UFE Fo
< 9% 31 FLC 2 & Al&® HAY reference F
T As5E FHAVE AEe 9

o o

Reference
+

Link deflection

Joint position

Fig.2 Block diagram of the control system.
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Fig. 3 The normalized membership functions.
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Table 1

Rule base for FLC 1

€o

NS NM | NM NB
V4 NS NS NM
PS V4 NS NS
PS PS Z Z
PM PM PS PS

Table 2 Rule base for FLC 2
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Fig. 5 The flexible manipulator
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Table 3 Manipulator parameters
rERE Aluminum
23 3¢ 2 x 100 x 300 (mm)
hub inertia 0.00075 kg m’

payload 13kg

—344-



Jomt angle (Deg )

Fig. 6 Response of joint angle.(rigid body controller)

Link deflection (cm)

Fig. 7

Joint angle (deg)

Response of link deflection (rigid body controller)
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Fig. 7 Response of joint angle(FLC)
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