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Abstract: This paper aims to present the newly designed acoustic emission AE
instrument for the in-situ monitoring of corrosion damages of aircraft structures. The work
was theoretically based on the combination of modal AE theory and AE parameter analysis
technique. Previous research had shown that identification of corrosion AE and background
noise by modal acoustic emission(MAE) technique was possible and that evaluating calendar
damages of aircraft main structures using AE testing was also possible. The instrument uses
advanced DSP, FPGA and PCI technology to form a compact and robust apparatus to give
reliable information on corrosion conditions of the structures under supervision.
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1 Introduction: Corrosions, such as pitting and exfoliation, are always of a great concern
because they can cause significant damages to metals and structures. People wish to monitor
and detect corrosion at its early stage, best on its initiation, and then are able to take proper
measures to prevent its development and effectively protect structures from being corroded[1,2].
Present author has recently made intensive studies on the source mechanism of acoustic
emission(AE) related with corrosion, and the relationship between the two of AE and corrosion
extent. It is the author’s wish to use AE technique for the early detection of corrosion damages.
The source mechanism of acoustic emission from pure corrosion activity is much debatable,
but it is generally accepted that the most plausible source is the nucleation of hydrogen gas
bubble from solution, or the breakage of a local passivation film. Experiments based on
corrosion test and on accelerating corrosion test had proven the existence of AE signals
produced by corrosion process and some relationships between AE and corrosion extent were
found. It has shown that corrosion-produced acoustic emission signals are characteristic of
some typical features as follows[3,4]:
(1) AE occurs only at certain stage of corrosion process. It can be explained by the existence of
a specific threshold value of anode polarization potential, above which (pitting) corrosion will
take place and below which, on the contrary, no pitting shall occur. This special potential is
called the breakdown voltage of passivation film, or the critical potential of pitting nucleation.
During the early stage of corrosion test after the specimen was partly put into the solution, the
system was very “quiet”, even though the threshold value Vt of AE measuring system was set
to 28dB 0 dB ref. to 1µV on the input of amplifier . The situation was changed after 72 hours,
when AE signals were increased and the threshold value Vt had to be finally set 6 dB higher to
34dB.
(2) Corrosion-produced AE is burst type, similar to simulated AE signals. Noises, on the other
hand, can be either burst type, or continuous one.
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(3) There is a distinct time difference for corrosion produced AE to reach AE transducers and
this can be used to locate corrosion site.
(4) Corrosion-produced AE signal have wider frequency range, normally extending to 800kHz,
or even higher.
(5) Parameter analysis can also be used to differentiate corrosion-produced AE and noises, the
former have a wider range of amplitude distribution (greater than 60dB).
According to author’s experimental results, corrosion damages can be divided into three
stages[3,4]. The first one is the initially rapidly developing stage in which corrosion damage
develops very rapidly, and correspondingly, corrosion AE is to increase abruptly. The second
one is the stable stage, in which corrosion rate is to decrease and corrosion develops slowly.
Correspondingly, corrosion AE in this stage is to increase very slowly. It is recommended that
early prevention measures against corrosion can shorten first stage and prolong the second
stage, and hence to prolong the life of the structure under discussion. The third stage is that
corrosion again increases rapidly and the same for corrosion produced AE signal, which means
that the calendar life of the material is about to end soon. The above-mentioned findings and
conclusions can help us to realize the importance of early detection of corrosion, and also they
form the basis for using corrosion detector to observe the trend of corrosion.
2 The Design of AE Corrosion Detector: There are two-fold considerations in the design of
the detector both from the view-point of application and from AE instrument itself.
Considering the former factor, the basic idea is to design the instrument as a task-oriented one
of corrosion monitors, and on the same time to be able to expand its function as a
general-purpose AE instrument. From the view-point of AE instrument itself, present AE
apparatus should not only be able to perform AE parameter analysis, but also be able to catch
transient AE waveform and perform waveform analysis. Modern electronic and
micro-computer technology have made them possible. The instrument uses FPGA(field
programmable gate arrays) as its key part to complete functions of filter and waveform
analyzer. It is also composed of signal conditioner and high speed A/D converter,
programmable real time high frequency band-pass and low frequency band-pass filters and AE
feature extracting circuit, memory, digital signal processing circuit(DSP) and PCI circuit. All
the circuits and components are mounted in a board card, which was accommodated by a Slot
PCI-CardBox connected with a notebook computer. The instrument can realize any
combinations of high and low pass filters in real time and supply AE parameter and ratios of
related AE parameters. By doing so, it can supply information about corrosion initiation time
and corrosion rates. Hence, so developed AE instrument can be used in other field, such as
leakage detector, stability monitor of bridge and rocks, or as a general-purpose AE facility used
in the laboratory. The card of the detector is shown in Fig.1.
Although it is easy to use waveform to differentiate corrosion produced AE and noises, it is, on
the other hand, difficult to realize it for a practically acceptable AE system because waveform
catching will need much memory and is difficult to be handled automatically. A combination of
waveform analysis and parameter analysis will overcome these difficulties[5]. Because the
pitting corrosion is mainly to produce the flexural wave which is low-frequency predominant,
and related extensional wave produced at the same time by the same corrosion source, on the
other hand, has much smaller amplitude but with wider frequency range, so a

Fig.1 card of corrosion detector
specific circuit was designed in present system, which consists of two band-pass filters with
high and low center frequencies, respectively. According to experimental results, it is more
reasonable to arrange the two band-pass filters as 20 -70kHz, and 100-1000kHz respectively.
Because the wideband transducer used at present has itself an upper frequency limit of
approximately 1000 kHz, the high frequency band pass filter can be designed as a high pass
one with low frequency limit of 100 kHz instead of a band pass filter. The schematic block
diagram of the filtering circuit is shown in Fig.2, where the centering frequencies of the filters
are program controlled and the trigger signal is to guarantee that the same AE event shall be
processed by two or more channels of the detector. The main advantage of so specially
designed AE signal processing circuit is to increase the effectiveness of the system and on the
same time to simplify it. Normally, the output from higher frequency band pass filter is
designated HF, and correspondingly the output from the other filter is designated LF, the
micro-processor will give an output data A if the ratio of LF/HF is over a specific value of TH,
which is decided by test and is called the threshold value. Present corrosion detector will
supply an output of A with time and the value of A during unit time will be an indicator of
corrosion extent.
The detector has user-friendly interface and operation menu written mostly in Chinese. The
main viewing window is shown in Fig.3, where, real time waveforms of original AE signal
from wide-band transducer, AE by high frequency band-pass filter and low frequency
band-pass filter, from top to bottom, respectively, together with the parameter of LF/HF are
shown. In most cases, one needs only to concern about the change of LF/HF. Only those values
of LF/HF which are over a pre-determined level (threshold level) can be picked up and stored
in the memory. One main advantage of the detector is that all the measuring parameters are easy
to be set by using the user-friendly menu. Fig.4 shows the window for setting the center
frequency of the two band-pass filters, the sampling frequency, alarm level and parameters to

be used in the test, either HF/LF or LF/HF.
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Fig.2 schematic block diagram of the filtering circuit

Fig.3 The main viewing window of the detector
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Fig.4 Window for setting related measuring parameters
3 Applications and Conclusive Remarks: So developed corrosion detector is compact
and robust and needs only a notebook computer and PCI card-box and is therefore very
suitable for field applications. The applications are still on progress so far.
The corrosion detector described in the paper is, on one hand, is a combination of MAE
waveform analysis and AE parameter analysis. The former is based on the understanding of
corrosion-produced AE mechanism. The detector is, on another hand, is a combination of
task-oriented instrument and general purpose AE facility. The author hopes that so designed
detector can find its wide applications in the future.
References:
1 P J Van de Loo, D K Ronemeijer, Acoustic emission tank testing: How to discriminate
between the onset of corrosion and further stage of degradation?, European Conference on
Acoustic Emission Testing, TUA, Austria, Wien, May 6-8, 1998
2 F J Xue, W P Dong On the economical effectiveness of in-situ inspection of corrosion
conditions of oil storage tank, Proc. of 9th National Acoustic Emission Symposium, Sept.
2001, Chengdu, China
3 R S Geng, G Q Fu, Studies on the Source Mechanism of Acoustic Emission Produced by
Pitting Corrosion Chinese J. of Acoustics, Vol.22 No.2, 2003:97-102
4 R S Geng, Corrosion-related Acoustic Emission and Its Identification, Proceeding of 10th
APCNDT Sept. 2001 Brisban Australia. Idn:1143
5 H L Dunegan, Use of Plate Wave Analysis in Acoustic Emission Testing to Detect and
Measure Crack Growth in Noisy Environments, Proceedings of Structural Materials
Technology-An NDT Conference, Feb. 20-23, 1996, San Diego California.

