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ABSTRACT

The paper deals with improvement of a piezoelectric ultrasonic transducer for measuring both pipe
thickness and flow velocity. The transducer structure is based on the conventional transducers for
measuring flow velocity by obliquely transmitting ultrasonic waves to the flow direction. The trans-
ducer invented earlier for measuring flow velocity and pipe thickness had an advantage of including
only one piezoelectric disc, but for the thickness measurement the ultrasonic wave had to be re-
flected twice in a wedge material to be transmitted vertically to a pipe, and thus the wave signal
was too weak. The transducer has been improved to transmit waves for thickness measurement verti-
cally to a pipe without any prior reflection by electrically connecting two piezoelectric discs, one for
flow velocity and the other for pipe thickness measurement. By comparing the measured results of
specimen thickness with the improved transducer and conventional transducers, the accuracies of the
improved one have been evaluated in the pipe thickness measurements.
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Table 1 Material properties of the media
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Fig. 3 Received signals at an invented transducer
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Fig. 4 Photograph of experiment for checking flow
velocity signal
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Fig. 5 Received signals for measuring flow velocity
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Table 2 Comparison of flow velocities measured by
the invented transducer and the conventional
oblique-incidence flow velocity transducer

Invented Conventional
Flow transducer transducer
velocity | Measured flow Etror Measured Exror
(m/s) velocity %) flow velocity %)
(m/s) ° (m/s) ’

1.00 1.02 + 0.003 2.1 1.00 + 0.003 0.4

1.28 1.29 £ 0.005 1.0 | 1.27 £ 0.003 0.3

1.54 1.56 £+ 0.006 1.5 1.54 + 0.004 0.0

1.88 1.93 + 0.011 29 | 1.89 + 0.005 0.9

2.23 2.25 £ 0.010 0.9 | 223 + 0.008 0.2

2.72 2.72 £ 0.012 0.0 | 275+ 0.013 1.2

3.12 3.13 £ 0.014 0.2 | 3.11 £ 0.010 0.2
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Table 3 Result of thickness measurement

Thickness Improved transducer Conventional transducer
o) Measured (mm) Error (%) Measured (mm) Error (%)
10.0 10.19 + 0.037 1.9 9.93 + 0.106 0.7
6.0 6.06 = 0.046 1.1 6.05 = 0.017 0.8
3.0 3.07 + 0.026 2.5 3.07 + 0.061 23
1.0 0.96 + 0.021 3.8 0.96 + 0.017 43
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