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Vibration Control of Flexible Robot Manipulator

Young-Pil Park, Young-Kyun Ha and Seung-Ho Kim.

ABSTRACT

An analytical and experimental investigation is made to the dynamic respo-
nse of a cantilever with a tip mass that models some of the basic phenomena
involved in the response of a flexible manipulator with a tip mass on its free
end under the given rotating motion.

The system equation is derived from the Hamilton's principle on the basis
of the FEuler-Bernoulli hypothesis and an approximate solution is obtained from
modal analysis using Galerkin's method for the vibration response of the system
subjected to a sudden stop after an impuisive rotation. Experiment was perfor-
med to verify the validity of the theoretical analysis.

Results are given for the vibration amplitude of the free end with respect
to tip mass ratio, non-dimensionalized rotating velocity, rotating angle and
non-dimensionalized hub length. The rotating condition .to minimize the vibration
amplitude of the free end can be determined for the given basic parameters.

NOMENCLATURE

a : Rigid hub length, m Q.1t) @ Angular velocity of hub, rad/sec.
aj, bj, ¢; : Constants Qo : Angular velocity constant, rad/sec.
c 0 { = (mg¥/ED?) 8 : Rotating angle, rad
El . Bending stiffness of beam, Nm? 8 ij . Kronecker delta
[3 : Beam length, m §( ) : Dirac delta function
m . Mass per unit length of beam, kg/m u( )} : Unit step function
M : Tip mass, kg (") : Differentiation with respect to £
t : Time, sec. (") . Differentiation with respect to t
t, : Rotating time{ =8/ Q,), sec. [ ] : Matrix
wix,t) . Lateral displacement of beam due {1} . Vector

to bending. m {P] . Modal matrix
X, y, Z : Rotating reference axes [P)}T : Transpose of modal matrix
X Y, Z : Inertia reference axes (N . Diagonal matrix
i, k, . Unit base vector in xyz. coordinates
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NONDIMENSIONAL PARAMETERS
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Fig. 1. Rotating flexible Cantilever Beam Model
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Fig. 2. Angular Velocity profile of Hub
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Table. 1. The Values of A and o;,.
i Ay [
1 1. 87510407 0. 754095514
2 4. 69409113 1. 018467319
3 7.85475744 0. 999224497
4 10. 99554073 1. 000033553
5 14. 13716839 0. 99999855¢C
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Table, 2. Dependence of Nondimensionalized

Naturural Fregnencies upon the
Tip Mass (M*),

M* Wy w2 w3 Wy ws

0.0] 3.5160 22.0345 61.6972 120.9020 199.8595
0.1]2.9679 19.3623 55.6185 111.2701 187.5064
0.2]2.6128 18.2194 53.7167 108.9993 185.3158
0.3 ] 2.3599 17.5903 52.8032 108.0008 184.4098
0.4]2.1681 17.1928 52.2683 107.4408 183.9151
0.5]2.0164 16.9192 51.9175 107.0827 183.06035
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a*=0,1,M*=0.4, T,= 2.8980)
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Table, 3. Experimental equipments and paameters,

Equipment Model Manuracturer
. Oriental

Stepping Motor PH 268L- Motor

01

VSs- 081

Gap Sensor with VT-  ONO SOKKI

102
Gap Detector 2t ) A 2
A KFC- 10-

Y

Strain Gauge C1-11 KYOWA

Dynam|c Strain ,A.\mphﬁer LF- 6C KYOW A
with Low pass Filter

FFT Analyzer CF 500 ONO SOKKI

Beam 2:0.25m

m : 0.06667 kg/m

El : 0.01628Nm*
Hub a:0,025m
Tip mass ratio M*: 0.08~ 1,28 (step 0.15)
Rotational speed Qo : 30rpm {rrad/sec.)
Rotating Angle 6 . n/2
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Fig. 11. Comparison of Computer Simulation

and Stroboscopic Photographs of Rotating Beam

*=0.1.0=x/2, Q0= 30rpm, 80 flashes/sec.}
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