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Abstract 

Next to recurring inspections with acoustic emission, like integrity tests or corrosion screening, more 
and more requests come up for permanent monitoring of valuable and sensible plants or parts. 
Monitoring should enhance the functionality of plants, moving parts, machines and structures. The 
goal of monitoring is to detect and identify potential damages early and to increase so the potential to 
initiate suitable countermeasures or to trigger other NDT methods for detailed inspection. Acoustic 
emission supports monitoring activities with suitable measurement systems to detect and locate 
damages. Based on advanced data analysis and the expertise of the plant experts, changes in the plant 
condition or damage indications can be detected. Therefor the AE measurement system has to monitor 
the condition of the plant continuously to detect changes of the condition and raise alarms in case of 
significant changes. Reliable measurement instrumentation (hard- and software), self-monitoring 
sensor network and programmable 24/7 data processing and analysis software is mandatory for such 
applications. Another major point to be solved is the availability of IT infrastructure like interfaces for 
cloud access and remote access to the AE system. Some application examples will be shown how 
permanent monitoring is supported by acoustic emission measurement systems. One example explains 
permanent monitoring of ball bearings in a 500kW motor and another example shows monitoring of 
crane components. Our contribution summarizes the requirements for hard- and software, remote 
access and data processing from the point of view of the AE system.        
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1 Introduction 

Acoustic emission is established since many years as technique for non-destructive testing and is used 

in many applications. In the industrial environment, pressure equipment, pipelines and tanks are tested 

with acoustic emission (AE) [1]. The focus is on integrity tests, leakage and corrosion screening. The 

cyclic tests are scheduled in predefined intervals. In addition to these applications, the need for 

continuous monitoring of structures and processes increases for some time. The requests cover high-

quality components in machines such as gearboxes and motors, industrial plants such as pipelines, 

valves and cranes, as well as civil structures and bridges. The plants have been in operation for 

decades and are exposed to erosion, material aging and fatigue, corrosion and deformation processes 

[4]. In order to ensure the availability of the equipment, operators often choose different inspection 

and maintenance strategies. Acoustic emission can be an excellent tool to detect changes in the 

condition of the plant [5]. Davies [2], Nakasa [3], Alleveto [1] and others also showed that AE is a 

suitable technique for permanent monitoring. The goal of permanent monitoring is to determine the 

current system status of the plant, to monitor it further and to detect changes at an early stage. This 

enables the operator to identify potential damage of the plant at an early stage and to initiate suitable 
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countermeasures. Based on this knowledge, prevention of accidents, downtime reduction of the plant 

and optimisation of downtime intervals is possible. Using the four levels for damage identification of 

Rytter [9], AE can support in “Detection” and “Location” of potential defects. To estimate “Severity” 

and “Life time prediction”, the expertise of the owner and operator of the plant is required. 

Tscheliesnig [5] has shown that individual results of cyclic integrity tests show higher probability of 

occurrence compared to permanent monitoring. During integrity tests, more or less ideal measurement 

conditions are available, sources for noise are reduced, and the test pressure is higher than operation 

pressure. Permanent monitoring is different, because during the observation the usual operation 

conditions of the plant and potential noise sources are present. The advantage of acoustic emission is 

that the background noise can be identified and thus be taken into account in the evaluation. The usual 

operation conditions and their impact on acoustic emission need to be evaluated in advance before 

final commissioning and start of the monitoring project. On the basis of these tests it is possible to 

estimate threshold values for alarms which can be used in the following monitoring [5]. Before 

installing a permanent application it should be evaluated in advance whether the entire plant is to be 

monitored or if the focus is on critical parts. The focus on these hot spots is very attractive from an 

economic point of view and simplifies data analysis. The identification of the hotspots of a plant is 

often based on the experience of the operator or can be determined via simulation calculations [5]. 

2 Requirements on acoustic emission systems for permanent monitoring 

The choice of a suitable acoustic emission system is very much dependent on the particular 

application. The acoustic emission system should be able to monitor the plant permanently and to 

record its acoustic emission with a suitable sensor network. Due to the permanent run time of the 

plant, it is necessary to observe the plant 24 hours on 7 days of the week. The acoustic emission 

system and data analysis must therefore automatically record and analyze the measured data, 

recognize changes of the condition of the plant, extract damage-relevant features and raise alarms if 

predefined thresholds are exceeded. This requires reliable measuring technology and a suitable sensor 

network. Depending on the application, the sensor network must also be able to withstand a 

permanent outdoor installation and, among other things, have a appropriate robustness, water 

tightness and UV resistance. If sensors are permanently installed, they are often difficult to access 

after installation. The removal or modification of the sensors is therefore costly and time-consuming 

[6]. The sensor mounting quality should be constant over the entire period of the project, which 

means, the contact pressure or the adhesive must not change. The requirement for long-term stability 

is unique for a permanent installation against the inspections [7]. An extensive possibility for digital 

filtering of the measured data is advantageous in order to eliminate possible interferences in the 

measured data. In addition, the analysis software must be flexibly adapted to the current application. 
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Recurring tasks besides data acquisition and analysis must run automated and independent. This 

includes, among other things: 

 Control and observation of the acoustic emission system 

 Alarm management 

 Execution of scheduled tasks like sensor mounting verification 

 Remote access and e mail notification 

 Logging of results 

3 Vallen Automation Manager Software 

The Vallen Automation Manager Software is an automation tool for Vallen Systeme measurement 

technique. The software tool is installed together with the Vallen AE-Suite Software on the operation 

PC and is the central instance to observe other software modules and programs. These include i. a. the 

Vallen Acquisition Software for recording the measured data, VisualAE for analysis of the 

measurement data and as an option the control of server access or sending data into the cloud. The 

processing steps of Vallen Automation Manager Software are divided into Events, Tasks and Actions. 

Events can be triggered either by alarm processors in VisualAE, timer, watchdogs or manually. 

Watchdogs are programmable functions which react on increased activity or exceeding defined 

thresholds. In case of an Event, the Vallen Automation Manager Software executes a previously 

defined Task, which can consist of one or more Actions. Examples of Actions are start and stop of 

data acquisition, switching to a new data file or sending an e-mail [8]. A schematic process diagram 

and the interaction between Vallen Automation Manager Software, sensor network and remote access 

to the system are shown in Fig. 1. 
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Figure 1: Schematic process overview of the Vallen Automation Manager Software 

 

3 Examples for permanent monitoring application and their individual solutions 

3.1 Monitoring of crane components 

In a pilot study, a container crane is permanently monitored with acoustic emissions over a period of 9 

months. The so-called "tension bars" were identified as weak points by the operator. The project 

started in 2017, and so no results can be published at the current stage, but the focus of this 

publication is on acoustic measuring solutions. The crane is used ermanently and has been in 

operation for several decades. The target of permanent monitoring with acoustic emission is to detect 

possible damage at an early stage in order to carry out event-driven inspection and maintenance and to 

minimize downtimes against regular inspections. 

3.1.1 System and sensor network 

The operator of the container crane has identified the tension bars as hot spots, which have to be 

monitored continuously. Due to this information, the monitoring can be concentrated on the hot spots 

and optimized planning of the sensor network and the analysis software could be done. One of the 

challenges of the sensor network in this project is the outdoor application itself and the request for 

watertight and UV resistant sensors and cables. The tension bars consist of 2 or 3 steel bars. The 

individual bars are connected with pins. When a ship comes in, the crane is in boom up position and 

the tension bars are folded up. The moving parts are a challenge during installation of the sensor 

network and cabling. Each section of the tension bars has to be monitored separately, because the pin 
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connections can block the acoustic wave propagation. Potential damages on the tension bars should be 

located. The acoustic emission system (AMSY-6) and the PC are installed in the control room of the 

crane with appropriate power supply and UPS. The acoustic emission measuring system is connected 

to the internet via a mobile network and is able to send messages or be controlled via remote access. 

3.1.2 Analysis- and Vallen Automation Manager Software  

During commissioning, the influence of the usual operating noise on the acoustic emission results is 

recorded and integrated into the analysis and alarming with the help of an experienced service 

provider. The Vallen Automation Manager Software then controls the data acquisition, the analysis of 

the measured data, the alarm management and the automatic notification e.g. via e mail. Another 

important task of the Vallen Automation Manager Software is a cyclic check of the sensor network. 

The coupling of the sensors, the functionality of the measuring chain (sensors and system) and the 

wiring (cable break) are validated automatically. 

3.2 Bearing monitoring 

Each rotating machine emits "noise" due to friction, defects and/or imbalance. The example shows the 

monitoring of a ball bearing in a 500kW motor with acoustic emission. The motor is part of the 

cooling circuit of a power station and therefore a safety-relevant component. The trigger for the 

observation was the failure of a ball bearing in this motor in the past. The acoustic emission 

measurement was chosen in order to obtain more detailed information about the change in the 

condition of the ball bearing and thus to detect a potential new damage at an early stage. 

3.2.1 System and sensor network 

Two AE sensors with a resonance frequency of 150 kHz are used for the bearing monitoring. The 

bearing of the motor is not freely accessible. Because of this, waveguides are mounted on the bearing 

shell. The sensors are glued to the waveguides and additionally fixed with magnetic holders. The 

sensors are mounted on both sides of the bearing next to the drive shaft. In addition to the AE sensors, 

two temperature sensors are used. One temperature sensor is mounted on the waveguide of channel 2 

and measures the temperature close to the bearing; the second sensor is next to the acoustic emission 

system and measures the surrounding temperature. The temperature profile in the bearing should be 

compared with the acoustic emission in order to identify possible correlations. The signals from the 

temperature sensors are recorded with the parametric channels of the AMSY-6. The motor is located 

in a hall, which means that there are no special requirements for the equipment related to weather 

resistance. 
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Figure 2: 500 kW Motor, the sensor positions are marked with channel 1 (red) and channel 2 (green). 

  

3.2.2 Analysis- and Vallen Automation Manager Software 

Data analysis is done from remote and is spatially separated from the acoustic emission system. Direct 

remote access to the system is not possible for IT security reasons. However, cyclic data upload to a 

FTP server is possible. The Vallen Automation Manager Software creates a new file every 24 hours, 

in which the measurement data are stored. The data from the previous day is uploaded on the FTP 

server of the operator and can be downloaded from remote for analysis. In addition, the Vallen 

Automation Manager Software activates the acquisition of TR data every 12 hours for a short period 

of time. TR data are waveform data and can be used for frequency analysis. The duration of the TR 

data record is selected in such a way that the data volume is sufficient for the analysis and is suitable 

for the data exchange via FTP server. The measured data are downloaded each day via the FTP server 

and analyzed offline. For a better illustration, average values (60 minutes) of the RMS are calculated 

and combined with the data of the previous days to one time series of measurement data (Fig. 3). 
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Figure 3: RMS values of channel 1 are showed in red and channel 2 in green. RMS values are average values 
over 60 minutes (Y-aches) and plotted vs. time (X-aches). The second Y-aches (right side) show in blue the 
temperature close to the bearing and in purple the surrounding temperature. 

 

3.2.3 Description of the measured results 

Fig. 3 shows the acoustic emission data of the two channels and data of the temperature recording 

over the entire observation period of 2 months. The acoustic emission data are shown as RMS values, 

measured in μV. The red curve shows the RMS values of sensor 1 (CHAN 1) and the green curve 

shows the RMS values of sensor 2 (CHAN 2). Both curves show a very similar pattern and high 

consistency in volatility. They differ in amplitude, which is due to the coupling of the sensors via the 

waveguides to the bearing. The absolute values of the measurement data, and above all their volatility, 

have not yet been sufficiently clarified and must be evaluated more in detail based on potential source 

mechanisms for acoustic emission in bearings. The approach to correlate the RMS values with the 

temperature is not reflected in the measured data. The temperature data of the sensor at the bearing is 

shown as a blue curve with the unit °C. The measurement data of the surrounding temperature are 

shown as a purple curve. The temperature scale is shown on the right y-axis of the diagram in Fig 3. 

The measured temperature at the bearing is, as expected, higher than the surrounding. Both 

temperature curves are almost constant since the motor runs at full power (18th of Oct.) until switching 

of the motor on 18th of December. The small temperature rise of the blue curve (T_Bearing) on 13th of 

November is due to renewing the grease of the bearing. The acoustic emission data are a snapshot 

during the lifetime of the bearing. The characteristics of the acoustic emission data at the beginning of 
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the lifetime are, unfortunately, not known, which is why no statement about the change in the 

condition can be made. 

3 Conclusion 

The two examples show that the acoustic emission measurement technology already fulfills the 

requirements for permanent monitoring applications. The combination of automated software and 

analysis tools, reliable measurement hardware and self-checking sensor networks also offer sufficient 

flexibility for a wide range of tasks. Another point is that the acoustic emission system can and must 

run autonomous, but the framework conditions for successful operation have to be agreed between all 

participation parties (equipment supplier, asset owner and experienced service provider) in advance. 

An experience service provider is required for installation, commissioning and maintenance of the 

application. A reliable power supply must be ensured and a communication infrastructure for remote 

access to the system and/or to the data must be established with the operator. The online analysis has 

to be set up by experienced service providers in such a way that the influences of the usual operating 

conditions of the plant on the acoustic emission results are known in such a way that they can be 

separated from the useful data. Based on this, the thresholds for alarms must be defined to trigger 

alarms in case of relevant events and not in case of usual operation activities or noise. 
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