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ABSTRACT

Input Shaping Commands for Flexible Systems with
Acceleration Limits

Min, Yoon-Sang
Advisor : Professor Sung, Yoon-Gyung
Department of Mechanical Engineering,

Graduate School of Chosun University

In this thesis, input shaping commands are developed to reduce the transient
and residual deflections of flexible systems with acceleration limits. The input
shaping techniques have been efficiently employed for the applications in
industrial machines, cranes, computer hard disks, control systems with either
voice—coil actuators or piezo—actuators, etc. However, it has been suffered from
control performance degradation because of no consideration of acceleration
limits of actuators. The acceleration limits could be caused from mechanical
dynamics, electronic driver or electronic power of actuators so that it is
necessary to take care of the acceleration limits to improve the control
performance of existing input shaping techniques.

A ramp-step function for velocity profile is used in order to develop new
input shapers with respect to acceleration limits. The new input shapers are
obtained in closed-form with a vector diagram approach and the superposition
principle. At first, it shows that the ZV(zero vibration) shaper with two
impulses is not affected by acceleration limits. Then, in order to improve the
robustness, a new ZVD(zero vibration differential) shaper is presented. For more
robustness of the new ZVD, a new El(extended insensitivity) shaper is proposed
with constraint formulas to ensure the symmetry of sensitivity properties to

modeling error. Secondly, On-Off shaped velocity commands are developed with

_Xi_



acceleration limits. It presents implementation issues with respect to the
accomplishment of designed input velocity commands. Thirdly,
deflection—limiting commands with acceleration limits are newly proposed in
closed-form with a deflection-limiting formula as a command design criteria.
The new input shapers are evaluated with benchmark models to analyze
residual deflection, robustness of system modeling, robustness of design
parameters of ramp-step function and transient deflection. Futhermore, the new
input shapers are experimentally evaluated and verified with a min-bridge

crane.
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Fig. 2-32 Deflection Response of ZVD, ALZVD, EI and ALEI Shapers
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3.4 ALUMZV 4384379 H7}

ol ol = MATLAB®S ol&3te] oA /Meat 247kl shaperel] ol shod
numerical simulationg & st} 7]Ee] UMZVS ALUMZV shaperse] A% H]
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APPENDIX A

A.1 A Pendulum Model

Fig. A-1 A Pendulum modeling
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APPENDIX B
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