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Abstract

When coupling acoustic emission sensors to curved shells by means of fluid coupling media,
as often done in pressure equipment applications, disadvantages arise. Due to fluid coupling, the
in-plane movements are not transferred to the sensor, and due to the coupling to a curved surface
the repetitive accuracy is relatively low. The investigation dealt with the idea to build a simple
sensor by gluing a piezo-ceramic directly to the vessel. To protect the simple sensor from electri-
cal noise, a simple case was also glued to the shell, such that a shield was built around the ce-
ramic by this case and by the tested shell itself. To compare with a sensor using the same piezo-
ceramic, a simple sensor was built. This simple sensor was coupled by gluing, and also, in a
separate test, with silicon grease to the test specimen. The response of the investigated arrange-
ments to narrow-band pulses was recorded and plotted versus the centre frequency of the pulses.
The ratio of the sensitivity to the in-of-plan waves to the sensitivity to the out-of-plane wave was
evaluated using pencil lead breaks. In addition, the sensitivity to electrical noise of the arrange-
ments was checked.
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1. Introduction

Recent investigation [1-6] showed that the ratio of amplitude of the in-plane wave (S0) to the
out-of plane (A0) wave is a good parameter for the evaluation of acoustic emission (AE) signals
measured on shell structures like pressure vessels. The in-plane wave (S0) in this context is the
first symmetrical mode of the Lamb waves and the out-of-plane wave is the first asymmetrical
mode of the Lamb waves.

To evaluate this ratio, it is necessary to detect the in-plane wave and to separate it from the
out-of-plane wave.  When using the usual AE sensors, coupled by some fluid to the vessel, the
sensitivity to the in-plane wave is relatively low. Since in the case of the in-plane wave the in-
plane movement at the surface is larger than the out-of-plane movement, a connection of the
sensor to the vessel, which can carry shear forces, is desirable. This can be achieved by a sensor,
which is glued to the surface of the structure, or even better by gluing the piezo-ceramic itself
directly to the structure.

2. Tested Arrangements

2.1 Commercial sensor VS150 coupled by silicon grease
As a reference a commercial sensor (Vallen VS150) was coupled by silicon grease, as usual

when testing pressure vessels. This sensor was not coupled to the vessel by gluing, because in
this case it would not be possible to remove it without damage. Like in all the arrangements
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tested here, at the location of the sensor the painting was removed and the surface was ground
almost flat (as far as possible with simple means).

2.2 Directly glued piezo-ceramics
All the painting was removed from the metallic surface before gluing the piezo-ceramic to

the surface. The glue and the gluing procedure were similar to the ones, which are used when
applying strain gauges. Afterwards, for shielding the sensor from electrical noise, a case was
glued to the surface of the tested plate in such a way that the piezo-ceramic is enclosed by a me-
tallic shield (Fig. 1). A cable connected to the case by a BNC-connector and a short piece of bare
wire, which touches the upper electrode of the piezo-ceramic, builds the electrical contact to the
piezo-ceramic. The whole procedure of applying this kind of arrangement is as simple as apply-
ing strain gauges. No damping was applied to achieve high repetitive accuracy, but, because of
this arrangement only narrow-band resonance sensors can be built. The resonance frequency of
the arrangement can be corrected by adding mass at the top of the piezo-ceramic.  The tested
configuration is shown in Table 1.

Fig. 1. Directly glued piezo-ceramics.

Table 1: Tested configuration with directly glued piezo-ceramics
Abbreviation Form of piezo-ceramic Dimensions
CD54-dir Circular disc D5 x 4 mm

2.3 Simple self made sensor
To determine the influence of some layers between the piezo-ceramic and the tested plate, a

simple sensor based on the same piezo-ceramics as above was built. The whole arrangement was
the same as above, only the piezo-ceramic was glued to the sensor case instead of gluing it di-
rectly to the tested plate (Fig. 2). This case is called CD54-sen because the same piezo-ceramic
as in the configuration CD54-dir was used. When the sensor is glued to the vessel a ��gl� and
when it is coupled by silicon grease a ��sil� is added to the name of the sensor to describe the
arrangement (CD54-sen-gl, CD54-sen-sil).

                     
Fig. 2. Simple self-made sensor.
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3. Test Procedures

All the tests were performed on an old vessel with an outside diameter of about 600 mm and
a wall thickness of 5 mm. There were cut-outs in the vessel, so that pencil lead breaks could be
performed in in-plane direction at the edge of the shell. The arrangement of the different sensors
is shown in Fig. 3.

Fig. 3. Sensor arrangement for the different tests (drawing of shell simplified).

3.1 Sensitivity tests with narrow band pulses
For this test, narrow-band pulses were generated using a reference pulser (PANAMETRICS

V103 ultrasonic transducer). The narrow-band electrical pulse has the modulated sine waveform
(Fig. 4) with 10 oscillations and maximum peak-to-peak amplitude of 2 V. The centre frequency
of the pulse was changed from 100 kHz to 1 MHz in steps of 10 kHz.

The maximum amplitude of the signal received at the tested sensor was plotted against the
centre frequency of the electrical pulse (Fig. 5). When a pulser is coupled to the surface, like
here, only a very small in-plane wave component is generated. Therefore, the results of this test
are dominated by the sensitivity of the tested sensor to the out-of-pane wave.

y x( )

x

Fig. 4. Narrow band electrical pulse for input to V103 (voltage vs. time).

Due to the coupling with silicon grease to the vessel surface, which was not perfectly plane,
the response of the VS150 is worse than when it is coupled to a perfectly flat surface.  The sensi-
tivity of all the arrangements with the circular disc CD54 is relatively high, but it should not be
directly compared to the commercial sensor VS150, which is much better with respect to other
properties.
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Fig. 5. Results of the tests.

When the data for the directly glued piezo-ceramic (CD54-dir) is compared to that of CD54
sensor, glued to the vessel and using the same piezo-ceramic (CD54-sen-gl), the peak sensitivi-
ties at the resonance frequencies are almost identical. Between the two resonance frequencies
and in the high frequency range the directly glued piezo-ceramic is more sensitive than the CD54
sensor. When silicon grease is used for coupling the sensor (CD54-sen-sil), the sensitivity at high
frequencies further decreased and also the sensitivity at the first resonance frequency decreased.

3.2 Ratio of the sensitivity to in-plane waves to the sensitivity to out-of-plane waves
To determine the sensitivity of the tested sensors to in-plane waves, pencil-lead breaks were

performed at the edge of the shell (Fig. 3). To generate in-plane as well as out-of-plane waves
the pencil-lead breaks were performed one quarter of the wall thickness from the surface. At the
selected sensor locations, which are about 500 mm from the source of the pencil-lead breaks the
in-plane wave can be easily distinguished from the out-of-plane wave and the amplitudes of the
generated signals due to both waves can be evaluated.

Time (µs)

Fig. 6. Evaluation of the amplitude of the in-plane and out-of-plane waves.
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Table 2: Sensitivity to in-plane and out-of-plane waves (pencil-lead breaks).
Sensor and

Configuration
Number of
pencil-lead
breaks

Min/average/max
amplitude of in-
plane wave [mV]

Min/average/max
amplitude of out of
plane wave [mV]

Min/average/max
ratio of amplitude:
in-plane to out-of-
plane waves

VS150 5 2.8/3.16/3.5 6/7.3/9 0.33/0.44/0.47
CD54-dir 5 14/15.6/17 18/23.6/27 0.56/0.67/0.83
CD54-sen-sil 5 3.5/3.6/4 6/9/12 0.29/0.42/0.58
CD54-sen-gl 5 8/9/10 8/9.2/10 0.8/1.0/1.25

Considering the arrangements with the CD54 ceramic, the following conclusions can be
drawn: The best sensitivity is reached with the directly glued piezo-ceramic (CD54-dir). Using a
simple sensor based on this ceramic and gluing it to the surface (CD54-sen-gl) decreases the sen-
sitivity, but the ratio of the sensitivity to the in-plane wave to that to the out-of-plane wave im-
proved. When the same sensor is coupled by silicon grease (CD54-sen-sil) the sensitivity as well
as the amplitude ratio decreased.

3.3 Noise tests
To achieve comparable numbers for the sensitivity to noise, especially to electrical noise is

not simple. Here, two tests were used: At first the RMS-level of the sensors was recorded. Be-
cause always a VS150 was used at the same time and it had an almost constant RMS level, these
values can be compared. To check for the sensitivity to electrical noise, electrical pulses with
amplitude of 10 V in the same form as used for pulsing a V103 in Sec. 3.1 were applied to the
vessel. A galvanic isolated waveform generator was used, with the plus pole connected to the
tested vessel and the minus pole was not connected at all. The vessel itself was connected to the
ground of the AE measurement equipment.

Table 3: Results of noise tests.
Configuration RMS-Level µV Electrical noise test
VS150 0.3 Hits up to 37dB from 800kHz to 1 MHz, from

100kHz to 800kHz no hits above 35 dB
CD54-dir 1.5 Hits of 45 dB at 150kHz, increasing amplitude with

frequency and 57dB max. at 850kHz
CD54-sen-sil 1.1 Similar to VS150
CD54-sen-gl 1.1 Similar to VS150

Table 3 shows that the RMS noise of the self-made sensor is twice the RMS noise of the
VS150 (+6dB). The arrangement using the directly glued piezo-ceramic is relatively sensitive to
electrical noise. Using a closed sensor case improves this. If the ground connection of the vessel
is removed, the sensitivity evaluated in the electrical noise test of all the arrangements increased,
but, in this case, VS150, which is isolated from the vessel, performs much better than the rest.

This noise tests are very sensitive to small changes in the configuration (small gaps in the
cases, etc.) so that the results can only give some hints on what is going on.

4. Conclusions

Direct gluing of piezo-ceramics to a test specimen improves the overall sensitivity, especially
the sensitivity to the in-plane wave. The disadvantage of this arrangement is, beside the relatively
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complicated application procedure, the high sensitivity to electrical noise. A considerable im-
provement to the sensitivity to the in-plane waves can also be reached, when the sensor is glued
to the vessels surface instead of liquid coupling. In most cases, direct gluing of a sensor to the
test vessel seems to be the better alternative, but sensors need to be robust so that they could be
removed after gluing them to the vessel. All the tests described here were performed with simple
arrangements. Thus, modification of the procedures, especially the sensor case design, likely
improves the results.
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