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Development of sensors with mode-selective measuring capability of ultrasonic waves
traveling on a cylindrical shaft
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ABSTRACT
A sensor having capability to measure two different kinds of ultrasonic waves selectively is described. Under the same
bias field configuration, this magnetostrictive type sensor can selectively measure longitudinal waves and flexural ones.
Since the switching operation of mode selection is made only by changing the polarity of the permanent magnets used to
configure the bias field, it will be very useful after the permanent magnet are interchanged with electromagnets. In order to
find the optimal operating bias field, finite elements analysis is used and the condition for flexural wave measurements to
meet is found. The linearity of the sensor is verified by experiments and the requirements for linearity also are proposed.
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Distribution of Bias
Magnet Fields

Distribution of

Stress

Fig. 1 Concept of Selectively Measuring Wave
Modes
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Yoke and
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Fig. 2 Bias Magnetic Field Configuration for
Flexural Waves
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Fig. 3 Relation between Bias Field and Output
Voltage
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Fig. 4 Possible Problems for Flexural Wave
Measurements
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Fig. 6 Measurement System and Sensor
Appearance
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Fig. 7 Output Signal from Sensor Under
Longitudinal Wave Configuration
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Fig. 8 Linearity of Proposed Sensor
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