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Residual Vibration Suppression of a Beam-Mass—-Cart System
by Input Preshaping with a Robust Internal-loop Compensator
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(Sangdeok Park, Bong Keun Kim, Wan Kyun Chung, and Youngil Youm)

Abstract : In this paper, vibration suppression of an elastic beam fixed on a moving cart and carrying a
fixed or moving mass is considered. A modified pulse sequence method with RIC(Robust Internal-loop
Compensator) is proposed to suppress the single mode residual vibration and to get accurate positioning of the
beam-mass-—cart system. The performance of the proposed input preshaping method is compared with that of
the previous ones through numerical simulations and experiments. Using the proposed method, it is able to
suppress the initial vibration of the beam-mass-cart system carrying a concentrated mass. Accurate PTP
(point-to—point) positioning of the moving mass without residual vibration is also obtained experimentally by
modifying the proposed pulse sequence method. Finally, the proposed input preshaping method is applied
successfully to the system to follow square trajectories of the moving mass without residual vibration.

Keywords : input preshaping, robust internal~loop compensator, vibration suppression, elastic beam
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Fig. 1. The beam-mass—cart system considered.
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Table 1. System parameters for numerical
simulation.
Parameters Value
Mass of base cart, M 100 kg
Mass of concentrated mass, 7 50 kg
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Mass per unit length, 0g 1.182 kg/m
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Table 2. Specification of the experimental setup.

Max. moving velocity 2.0m/s
Moving | Resolution of linear encoder 2um
base | Mass of moving carriage 5.04kg
Mass of beam fixture 4.61kg
Dimension (L X Wx T) 1000 < 50 < 3.8
Elastic | Mass per unit length, oy 1.4776kg/ m
beam | Area moment of inertia, I 2.279%10 " Oyt
Young's modulus, E 2.07x 10" N/ m
Rated power of servo motor 100w
Moving | Rated torque of servo motor 0.32Nm
mass | Gear reduction rate 10:1
Total weight 5.4kg
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Fig. 12. Block diagram of the controller using the
proposed pulse sequence and the RIC.
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Fig. 14. Experimental comparison of vibration
suppression when m=5kg,h=0.5m and
x=0.4m. (a) AH by proposed method,
(b) Strain signal by proposed method, (c)
AD by Teo's method, (d) Strain signal by
Teo’s method, (e) A# by Singer's method,
(f) Strain signal by Singer's method, (g)
Cart position, (h) Cart velocity.
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Fig. 15. Experimental results of the PTP positioning
of the moving mass from (X, V)=
(0, 0.6)m to (0.4, 0.4)m. (a) Shaped
force, (b) Cart position, (c) Cart velocity,
(d) Moving mass position, (e) Moving
mass velocity, (f) Strain signal.
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tness using the proposed input preshaping.

s

(a) t)]

oty ——

2
&

Velocitygn/e)
£

0 03 1 33 2 25 3 35 4 45 5

0 05 1 15 2 25 3 35 4 44 5
Timels) Time(s)

(c) (d)

2% 17. m=0.5kg, h=0.5mQ W] 27)1AFHA)
A¥da. @) A¥"E 948, b 2EHY
A%, () Wz AA, d) AR £

Fig. 17. Experimental results for initial vibration
suppression when m=05kg and ~2=0.5m.
(a) Shaped command, (b) Strain signal, (c)
Position of the base cart, (d) Velocity of
the base cart.
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Fig. 18. Input preshaping for square trajectory
following of the moving mass. (a) Task
trajectory, (b) Shaped force, cart position
and moving mass position.
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Fig. 19. Trajectories of the moving mass without
input preshaping. (a) Square path (40cmx
40om), (b) Square path (20cm*20cm).
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Fig. 20. Trajectories of the moving mass with input
preshaping. (a) Square path (40cmx40cm),
(b) Square path ( 20cmx20cm).
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