
AE Sensor with Integrated Acoustic Emission System
Second Generation  2G.PoE,  2G.WiFi,  2G.PoE.L,  2G.WiFi.L

Working principle:  Sensors with integrated acoustic
emission systems have been developing by KERT for
three years.  Now the second generation of these sen-
sors is presented. The sensor housing contains an ana-
log section, a digital signal processing unit and a web
server. The analogue part amplifies the sensor signal
and forms the logarithmic envelop for data reduction.
AE parameters such as arrival time, rise time, duration, peak amplitude and energy
are extracted from the envelope by the digital signal processing unit. In parallel to
the parameter extraction, the waveform of the envelope can be recorded. The web
server  generates  dynamic  web  pages  to  control  the  sensor  and  to  display  the
measurement results. The sensor is either wireless (type WiFi) or via Ethernet cable
(type PoE) connected to a data network.

Advantages:
In a network every computer (desktop, notebook, smartphone) can control the
sensor without having to install additional software.
Web applications are independent of the operating system (Windows, Linux,
Android or macOS).
The preferred browser (Chrome, Firefox, Opera, Internet Explorer or Edge) can
be used.
The network connection allows very versatile structures.
Acoustic emission systems constructed according to the client server model are
inexpensive and reduce the length of the cables for many applications.

Type  WiFi: The  data  transmission  takes  place  in  the
2.4 MHz band. A lithium accumulator of standard size
25500  takes  over  the  power  supply.  An  obvious
advantage is that no cable is necessary. The maximum
hit rate over all channels is  between 1.5 and 20 kHits/s,
depending  on other  traffic  in  the  2.4 MHz band.  The
lithium battery allows operating times of at least 8 hours.
24 hours are achieved at low hit rates. The power con-
sumption of one sensor is less than 1.64 W.

Type PoE: An Ethernet  cable is  used for both power
supply  and  data  transmission. The  maximum  hit  rate
over all channels amount to 300 kHits/s. The power con-
sumption of one sensor is less than 0.88 W.

Type L: Sensors with the type designation L at the end
have  a  submicrosecond  precise  time  synchronization.
Together with a so-called Mid Device, it is possible to
set  up sensor  networks  that  allow location  of  the  AE
sources. Here the Mid Device creates the dynamic web
pages.
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Software: The firmware of the sensors is proprietary. The evaluation algo-
rithms,  the  alarm thresholds  and  the  representation  of  the  measurement
results  are  realized  in  HTML5 browser  scripts.  These  scripts  are  open
source and can be customized by the user. Normally, HTML5 programming
is  not  necessary  because  the  existing  example  scripts  cover  a  wide  range  of
applications.

Application example tank floor test:  The tank floor test is a typical example of
the use of mobile acoustic emission systems. The aim is to locate weak points in the
tank bottom, which otherwise can only be detected after emptying and cleaning the
tank. In the lower part of the tank shell, sensors are installed in two rows on top of
each other in order to filter out and locate events from the ground area. If one uses
conventional  detection  systems  with  central  signal  processing  unit,  the  sensor
cables  must  reach  around  the  storage  tank.  Due  to  the  relocation  of  important
system components into the sensors, only cable lengths are needed that correspond
to the sensor distances.

   left:    Arrangement of sensor chain
             and Mid Device on the tank

With a tank diameter of 25 m, the sensor type 2G.PoE.L reduces the total cable
length for a 32-channel system from 2240 m to 200 m. Depending on the network
structure, the sensor type 2G.WiFi.L achieves a reduction from 2240 m to 80 m or
does not require any sensor cables. The comparison refers to a system with purely
central signal processing.

Improvements over the first generation: 
The sensor dimensions could be significantly reduced.
The  robustness has  been  increased by using internal  antennas  or  industrial
Ethernet connectors.
The logarithmic envelope is used as the universal data reduction method.
The energy consumption of all sensor types has been at least halved.
The number of possible center frequencies has been increased to three (70, 140
and 290 kHz) .
For the  type  L, a  special  synchronization method has been implemented to
measure  the  time-of-arrival  differences  between  adjacent  sensors  with  an
accuracy of less than a microsecond.

Starter Kits: For the two basic types AE-PoE and AE-WiFi there is a starter kit
without location. These include an indoor sensor, a PoE injector and two Ethernet
cables or an accumulator and a charger.  Detailed instructions describe using the
sensor with a notebook as an access point.
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