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ABSTRACT

For acoustic emission (AE) measurements on small pressure vessels, it is important to perform proper
location calculation for low and high amplitude events. The rate of AE events, which can be properly
located, is also important. Therefore, a test was developed to evaluate the amplitude of the weakest
properly locatable event, and to evaluate the rate of properly locatable events as a function of the
amplitude. For the test, electrical signals were generated by a digital signal generator and transformed
to mechanical waves by a piezoelectric reference source. The test is used to adjust the acquisition
parameters of the AE equipment.

NOMENCLATURE

rate frequency of pulses within the sequence
test number of sequences with predefined parameter variation
amplitude at source amplitude of the electrical signal in dB with 1 µV reference at the piezoelectric

source
amplitude of event amplitude of the electrical signal in dB with 1 µV reference at first hit sensor

INTRODUCTION

At the Institute of Pressure Vessel and Plant Technology, experiments on small water-filled pressure
vessels, welded and non-welded ones, were performed. Weld failures and cracks at proof tests and crack
propagation at cyclic loading have been investigated [1-3]. When acoustic emission (AE) measurement
is used at such vessels, source location is necessary for the separation of signals coming from the
phenomenon to be investigated from those coming from other sources.

At these vessels acoustic waves are reflected many times and run around the vessel more than once.
Therefore, the signals need very long time to diminish. Use of low threshold levels in this situation leads
to very long duration of the signals, in addition to the problems with regard to noise. The consequence is
that the acquiring channels are busy for long time intervals, and simple location calculation for
subsequent hits is not possible. In this situation, it is necessary to optimize the set-up: It must be possible
to perform location calculation for low amplitude events, and for a reasonable rate of AE events of high
amplitude hits. Therefore, a test for determining the amplitude of the smallest locatable event and the
rate of locatable AE events (rate of hits) depending on the amplitude was required.

The intention was to use it as a standard tool in addition to pencil-lead breaks and auto-calibration.
Therefore, it must be possible to automate the test with standard components, and to extract the results
with the standard software used in AE testing.
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TEST FOR DETERMINING THE QUALITY PARAMETERS

A fully digital signal generator was used to generate well-defined, precisely repeatable electric pulses.
By using the second channel of the signal generator for triggering the pulses, sequences consisting of a
predefined number of pulses with a predefined rate can be generated. A computer program running on a
PC was used to set the parameters of the signal generator, to transmit the parameters to the analog inputs
of the AE-equipment (AMS3 from Vallen Systeme), and to trigger the sequence of pulses. The
generated events with the parameters were recorded at the AE equipment.

In one test, the amplitude and the rate of pulses were varied within predefined ranges, and one sequence
was executed with each parameter combination. The minimal amplitude for proper location and the
maximal rates for proper location depending on the amplitude are extracted from diagrams, which can
simply be drawn by means of the AE-software. With the used signal generator it is possible to control by
software a range of 40 dB in the amplitude without having too much noise. For reaching higher dynamic
in the amplitude, attenuators have to be used. The maximal amplitude of the signal generator, which is
10V, gives the maximum strength of the signal.

The piezoelectric source, which converts the electrical signal into a mechanical wave, and the coupling,
which transfers the wave to the vessels, are the parts, which cause problems for the repeatability and
comparability of the test. Two options for selecting the piezoelectric source seem to be suitable: The
first is to select the same type as for the sensors and performing the tests similar to the reciprocity
calibration method [4] used for sensor calibration. The second method is to use a broad band reference
source. For the tests described in this paper, the second method was chosen, applying a V103 transducer
from Panametrics. Coupling was done in the same way as for the sensors.

In some tests, the piezoelectric source was coupled in the neighborhood of locations from were the
investigated signals are expected to come from (region of the failure, crack etc. - here called failure
region). In other tests the piezoelectric source were coupled near locations from were the noise is
expected (noise location).

Waveform of the test signals (pulse)

It must be expected, that the spectrum of the test signal influences the result. For tests, which address the
influence of the frequency, small band signals are used. In the case of the test described here, the
variation of the frequency was avoided and a broad band signal was used. Therefore, a signal was
constructed with a spectrum of rectangular form from 0.1 to 1 MHz (Fig. 1). The signal is based on the
cosine function, and the signal length is ten times the period of the lowest frequency content (equation
below). A phase shift was used to shift the maximum amplitude of the pulse to 0.25 times the signal
length and having zeros at the beginning and the end of the signal.
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The test signal was digitized at 2048 points and transferred to the signal generator with a precision of 14
bits. The resulting frequency for the signal generator is 20.48MHz, large enough for this spectrum.
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Fig. 1: Test signal (pulse) in time (top) and frequency (bottom) domain.

Numbers for characterizing the test results

The number of properly located events at one sequence (10 pulses) determines whether proper location
is possible for the used parameter combination of the sequence. The area in which an event must be
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located, i.e. is properly located, must be chosen according to the goal of the acoustic emission
measurements. In the experiments described below, a tolerance of ±10cm in x- and y-direction from the
location of the source was specified. This is a rather large area for the investigated vessels, but in the
planned experiments it is only important that the events are located in the correct region. A filter was
used, to filter out the properly located events, and the number of properly located events is plotted
versus the parameters, which are the amplitude and the rate (Fig. 2).

If ten events are properly located in one sequence (one parameter combination), the test is passed for this
parameter combination. In this plot, the minimal amplitude at source for proper location is the amplitude
of pulses at the utmost left clusters with 10 properly located events. The maximum rate for proper
location depending on the amplitude at source is the largest rate with 10 properly located events at the
corresponding amplitude. In the performed tests it seemed to be appropriate, to build a mean value, if for
a parameter combination 8 or 9 events were properly located.

When AE-measurements are performed for monitoring cracks or failures only the amplitude at the
receiver is known. Therefore, for the interpretation of location quality, it is sometimes more useful to
use the amplitude at the receiver (Fig. 3). According to this diagram, similar numbers as above can be
extracted with the amplitude of the recorded event instead of the amplitude at source.

A very good impression of the quality of the location calculations is given by the location plot y vs. x of
the located hits (Fig. 4) for all sequences performed in one test.

Fig. 2: Number of properly located hits versus amplitude at source and rate of pulses.
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Fig. 3: Number of properly located hits versus amplitude of event and rate of pulses.

Fig. 4: y versus x of located events at one test with the source at x=2 and y=26.
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There are three additional numbers, which are considered for the evaluation:
• Total number of events (located and not located ones) in the test.
• Total number of located events in the test
• Total number of properly located events in the test

Optimization of the acquisition parameters using the test above

There are two important acquisition parameters, which determine how the hits are built from the
incoming signal. The threshold level determines the sensitivity of the arrangement. The time span for
which the channel is blocked by one hit is determined by the rearm time together with the threshold
level.
To find a good combination of both parameters, the test described above was performed, for some
combination of the two parameters. The pulse amplitudes of the test ranged from 100 to 130dB in steps
of 6 dB and the rate of the pulses range from 2 to 128Hz increased from one step to the next by a factor
of two. Therefore, 42 sequences á 10 pulses were used in one test.
The piezoelectric source was coupled near to an artificial notch, which is the expected failure region.
The most important location for noise was the nozzle for the pressurization. The piezoelectric source
was coupled to this region for another test. The results of some of the tests are listed in Table 1.

Table 1: Tests for optimization of the acquisition parameters.

Investigated
acquisition
parameters

Min. amplitude
for proper
location [dB]

Max. rate for proper
location  [Hz]
Amplitude at source:

Max rate for proper
location [Hz]
Ampl. of event:

Thres
-hold
[dB]

Rearm
time
[ms]

source receiver 112dB 130dB 45 dB 63 dB

Number
of
events
located
in
failure
region

Number
of
events

Number
of
located
events

27.7 0.41 106 39 32 16 32 16 261 2050 261

27.7 1.18 106 39 64 16 32 12 266 1187 266

27.7 3.021 106 39 48 16 32 16 269 543 269

27.7 5.99 106 39 32 16 32 12 249 393 249

27.7 11.98 106 39 32 12 32 12 252 362 252

27.7 24.013 106 39 32 16 32 12 254 368 254

29.6 3.021 112 45 64 16 48 16 244 437 245

31.2 3.021 112 45 64 16 64 16 263 458 263

33.7 3.021 112 45 64 16 64 16 242 380 242

36.4 3.021 118 51 64/118Db 32 64/51dB 54 212 393 212

27.7 3.021 Test with source at noise location (near nozzle) 0 520 154

The results show a slight decrease of the maximal rates for proper location when the rearm time is
increased. An exception is the rearm time of 0.41ms, for which this rates are slightly decreased. When
looking at the number of events it can be seen that the number of events can be decreased from 2050 to
543 by increasing the rearm time to 3.021ms, without reducing the number of properly located events. A
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further increase of the rearm time reduces the number of events further, but the number of located events
decreases also slightly and the maximum rates for proper location decrease also slightly. Increasing the
threshold levels leads, as expected, to a reduction of minimal amplitude for proper location, but also to
an increase of the maximal rate for proper location. Within these tests, it was not possible to decrease the
threshold to a level at which a serious decrease of the maximal rate for proper location occurs.
An additional test, with the source at the expected noise location, shows that events from that location
are not mapped into the failure region.

CONCLUSION

A test for the quality of AE arrangements, which focus on the location calculation, was developed. The
most important problems considering repeatability and comparability of the procedure are the
piezoelectric source and the coupling of the source to the vessel. The preparation of the surface, where
the source is coupled, is also important. In the case of the tests described here, a reference source was
used, and it was coupled to the vessel in the same way as the sensors were coupled. The problem, that
the user must perform the test in relatively short time when preparing experiments, was solved by fully
automating the procedure, by controlling a digital signal generator with PC-software, and gaining the
resulting indicators in a simple way from standard AE-diagrams. A limit for the automation of the
procedure is the limited dynamic range of the signal generator, which can be solved by inserting
attenuators manually into the cable. The maximum amplitude of the signal generator is another limit.

Indicators were developed, which quantify the weakest properly locatable event, and the maximum rate
of locatable AE events, depending on the amplitude. With these indicators, it is possible to adjust the
arrangement, acquisition and the location parameters and to test proper filters. The adjustment of the
acquisition parameters with this test was shown.
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