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Torsional modal testing of a non-ferromagnetic shaft
by magnetostrictive patch transducers
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ABSTRACT

Torsional vibration is an important vibration mode when shafts, cylinders and pipes are considered. However, the modal testing
of torsional vibrations is not an easy job to carry out because of the lack of proper transducers. This work presents a new torsional
vibration transducer based on the magnetostrictive principle and its application to torsional modal testing. The transducer is so
designed as to generate/measure only torsional vibrations excluding other vibration modes such as longitudinal and bending
vibrations. The transducer is composed of ferromagnetic patches bonded to a test structure, permanent magnets, and a solenoid.
Though patches and magnets are bonded to a structure, torsional vibrations are generated and measured wirelessly by a solenoid
encircling a test structure. The proposed transducer works even at considerably high frequencies, say, tens of kilohertz. Furthermore,
the transducer can be manufactured at a low price. To check the performance of the proposed method, the torsional modal testing on
a hollow aluminum shaft was conducted. The results, such as eigenfrequencies, obtained by the proposed transducer agreed favorably

with theoretical results.
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Fig. 1 Coordinate system of a cylindrical beam
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Fig. 2 Magnetostrictive patch transducer for torsional
vibrations; (a) schematic diagram, (b) the flow of magnetic flux
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Fig. 3 (a) Experimental setup for torsional modal testing using
the present magnetostrictive transducers. (b) Exciting and
sensing points on the shaft.
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Fig. 4 The measured time domain signal when excited at Pt.6
and sensed at Pt.14. (a) The input signal for torsional excitation
to the shaft which is measured with the current probe at the
exciting solenoid. (b) The output signal for torsional
measurement which is measured at the sensing solenoid.
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Fig. 5 The frequency response function when excited at Pt.6
and sensed at Pt.14.

Table. 1 The torsional natural frequencies theoretically
calculated and experimentally acquired with the present
magnetostrictive patch transducers.

Theoretical Experimental Error
Results (Hz) Results (Hz)
1™ 1554 1536 12%
2nd 3108 3077 1.0 %
3 4662 4654 0.2 %
4" 6216 6120 1.5%
5t 7770 7750 0.3 %
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Fig. 6 The torsional mode shapes - circles: experimentally
acquired with the present magnetostrictive transducer, solid
lines: theoretically calculated.
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