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An SD Shaper to Suppress Residual Vibration at an
Arbitrarily Specified Duration

Ayl
Brian Byunghyun KangJr

Abstract: Recently, various input shapers have been introduced to reduce residual vibrations of
flexible robots. However, there have been no studies on the design of an input shaper that can suppress
residual vibration at an arbitrarily specified duration. In this paper, a novel input shaper called an SD
(specified-duration) shaper is proposed for an undamped or underdamped system, which can suppress
residual vibration at an arbitrarily given specified duration. If the specified duration is larger than a half
period, a positive SD shaper composed of all positive impulses is designed, and if the specified
duration is smaller than a half period, a negative SD shaper including a negative impulse is designed.
As the specified duration is increased every half period after a half period, the number of impulses of
the positive SD shaper is increased one by one, and the robustness of the SD shaper to modeling errors
is increased. The performance of the SD shaper is analyzed through simulation studies for an
undamped and underdamped second-order systems. The validity of the SD shapers is demonstrated
experimentally using an experimental device that can generate container transport motions.
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[Fig. 1] A wafer transfer robot that residual vibrations should
be suppressed as quickly as possible in point-to-point motions.
(Courtesy of Hirata Corporation)
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Vibratory system
with modeling errors
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[Fig. 2] A block diagram of an input-shaping control system
that is composed of an input shaper and a feedback loop system
connected serially
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[Fig. 3] Impulse vector diagrams of positive SD shapers. (a) SD
shaper with three impulses for 0.5 < 7 < 1, (b) SD shaper
with four impulses for 1 < 7, < 1.5
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