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A new magnetic sensor for the non-contact measurement of bending vibrations of non-
ferromagnetic pipes

g o

A O
[l o
Han

Soon Woo

ole2oqt

O o

)

and Yoon Young Kim

Key Words : Bending vibration(i5 % 21£), Anti-symmetric magnetic field(8] ™% =}7] %), Non-ferromagnetic pipe(H] 243 Hl

)

ABSTRACT

This investigation suggests a new non-contact type sensor that can measure flexural vibrations of a non-ferromagnetic pipe. The
sensor works on the reversed Lorentz force mechanism; however, anti-symmetric bias magnetic field suggested in this work should
be applied to measure bending vibration of a non-ferromagnetic pipe. The importance of the suggested magnetic field is verified by a
series of experiments. The sensor is applied to the bending vibration measurement and modal testing of an aluminum pipe and shows

satisfactory working performance compared to others.
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Fig. 1 Hlustrations of the working principle of the
suggested sensor
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Fig. 2 Ball dropping test with anti-symmetric magnet
field (a) Experimental scheme, (b) Voltage output of the
solenoid — Bending vibrations can be measured.
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Fig. 3 Schematic diagrams for the modal testing using
the suggested sensor (a) Experimental setup, (b)
Excitation and measurement points
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Fig. 4 (a) FRFs of non-insulated pipe measured by the
suggested sensor, (b) Comparison of FRFs measured by
an accelerometer (solid lines) and by the suggested
sensor (dotted lines)

Table 1. Comparison of natural frequencies measured by
an accelerometer and the suggested sensor

Mode | By accelerometer By magnetic sensor
1 155.5 156.9
2 414.4 4154
3 796.8 802.7
4 1299.2 1306.4
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Fig. 5 Mode shapes by the experiments using the
suggested sensor (hollow circles) and by the theory (lines
with dots)

Table I1. MAC of the experimental mode shapes and the
theoretical ones

Theoretical mode shapes
1 2 3 4
1 0.99 0 0.05 0
g 3
5 & 2 0 0.99 0 0.05
£4
g3 3 0.04 0 0.98 0
>
m E
4 0 0.03 0 0.98
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Fig. 6 Comparison of FRFs of the non-insulated
pipe(solid line) and the insulated pipe(dotted line)

Table III. Comparison of natural frequencies and
damping ratios of the non-insulated pipe (X) and the
insulated pipe (O)

Natural(gezc;uenmes Damping ratios (%)
X (0] X o
1 156.9 153.6 3.0 34
2 415.4 405.2 0.7 0.8
3 802.7 781.5 03 04
4 1306.4 1270.5 0.2 0.3
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