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Active Vibration Control of a Beam using Direct Velocity Feedback
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ABSTRACT

Direct velocity feedback (DVFB) control is known that it offers an unconditional stability with very high
performance when the control strategy is applied at a point collocated sensor and actuator pair, because the
sensor-actuator pair has strictly positive real (SPR) property. In this paper, two types of collocated sensor-
actuator pairs are considered for practical active vibration control of a structure. They are a point collocated
sensor-actuator pair and a point sensor-distributed actuator pair. Both pairs with DVFB sho robust stability
and performance. It is noted that the collocated point sensor-actuator ultimately acts as a "skyhook" damper,
but the point sensor-distributed actuator pair with DVFB acts as a "skyhook" rotational dmaper pair.
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Fig. 1 Point collocated sensor-actuator pair system on a
cantilever beam.
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Fig.2 Sensor-actuator response of a collocated point
sensor-actuator pair system. (a) Frequency
response. (b) Real part and imaginary part. (c)
Polar plot. (d) Pole-zero map.
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Fig.3 A single-channel feedback control system for
disturbance rejection.
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Fig. 4 Measured sensor-actuator FRF of a point
collocated system: Shaker input and integrated
accelerometer (velocity) output.
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Fig. 5 Calculated power spectrum of the error sensor
output using a measured power spectrum  y(jw)
when the DVFB is applied with two different
feedback gains (h =100 and A =500).
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Fig. 6 Nyquist plot of the open-loop responses with the
DVFB control ( A =100 and A =500). ' * '
represents the Nyquist point (-1, jO).
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Fig. 7 Additional damping provided by DVFB with a
point collocated sensor-actuator pair is equivalent
to a damper on a "skyhook".
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Fig. 9 Sensor-actuator response of a point sensor and
piezoelectric actuator pair system. (a) Frequency
response. (b) Real part and imaginary part. (c)
Polar plot. (d) Pole-zero map.
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Fig. 10 Measured sensor-actuator FRF of a collocated
point sensor and a distributed actuator system:
piezoceramic actuator input (voltage) and
integrated accelerometer (velocity) output.
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when the DVFB is applied with two different
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Fig. 12 Nyquist plot of the open-loop responses with the
DVFB control ( A =300 and A =800). ' * '
represents the Nyquist point (-1, j0).
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