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Development of High-Precision Vibration Sensor Suitable for
Precise Lissajous Figure Drawing and its Application to Machine

Condition Diagnoses

Abstract

Kanadevia Corporation and Seiko Epson Corporation have developed a frequency-changing
vibration sensor with an internal twin diapason-type oscillator based on Seiko Epson’s QMEMS
and digital IP core technology. It achieved high resolution, low noise density, and wide bandwidth
performance that surpass the conventional seismic servo-based and capacitive types. In order
to use the vibration sensor for three-dimensional dynamic analysis of machines, we arranged its
single axis sensors in three directions along the orthogonal XYZ axes and confirmed it offered
sufficient accuracy in three-axis synchronization for ordinary rotating machines.

Predictive maintenance methods based on condition diagnosis are increasingly recognized as
low cost and effective methods for maintaining industrial machinery and social infrastructure.
Therefore, we used the three-dimensional vibration sensor thus developed to devise a method
of expressing the shaft vibration of rotating machine, as an example, as a three-dimensional
Lissajous figure, and explored its applicability to condition diagnosis. Our results confirm that this
vibration sensor has sufficient performance to draw three-dimensional Lissajous figures, and that
the basic vibration components of the machine could be drawn as Lissajous figures by applying
appropriate pre-processing. Furthermore, when this vibration sensor was used to measure the
vibration of actual rotating machinery, it was possible to detect changes due to aging in this
machinery. In the future, we plan to compile more data and use the sensor as a failure prognosis
function in comprehensive diagnostic systems being developed separately at Kanadevia

Corporation.
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