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The global industrial vibration sensor market is expected to 
grow at a compound annual growth rate (CAGR) of above 
11% during the period of 2018-2022, according to a new 

market research study by Technavio.
Technavio has published the new report in its industrial 

automation library.
The report categorises the global industrial vibration sensor 

market by end-user, including process industries and discrete 
industries. It also determines the geographic breakdown of the 
market in terms of detailed analysis and impact, which includes 
key geographies such as Asia-Pacific, the Americas and Europe, the 
Middle East and Africa.

The high growth rate of smart factories will create a huge 
opportunity for sensing technologies in various industries. The 
advantage of using sensing technologies is that they ensure 
the accuracy of the specifications and maintain consistency in 
production. Sensing technologies also help in ensuring the safety 
of the equipment as well as the industrial environment, which leads 
to higher production rates and lower wastage and ensures better 
quality control and minimal downtime.

According to a senior research analyst at Technavio: “For 
industrial production and manufacturing units, vibration 
sensing technologies have become indispensable. Engineers 
must pay more attention to the hazards of high-frequency and 
low-frequency vibrations, where high precision is necessary. 
The sensors possess characteristics such as high resolution, fast 
response time, high sensitivity and the ability to take real-time  
measurements.”

With developments in laser interferometry, good opportunities 
have emerged for vibration sensors that are used in covering a variety 
of motion quantities and different shock and sinusoidal parameters. 
High-performance vibration sensors help in achieving high accuracy 
of measurements. The demand for vibration and shock measurements 
is increasing due to international traceability. The high demand 
for sensing technology is also due to the recommendations and 
regulations on industrial operations ensuring the quality, condition 
and safety of products.

As a substitute for vibration sensors, a wide variety of vibration 
analysis and monitoring equipment is available. Software 
that can perform vibration analysis is also available along  
with sensing technologies and other measuring devices. Some of 
the common devices that are available are sensor tags, vibration 
recorders, vibration meters and vibration measurement systems. 
This availability of other vibration measuring systems and software 
will reduce the revenue generated by industrial vibration sensor 
manufacturers. The development of interferometry, such as a multi-
component exciter combined with multi-axial laser interferometry, 

is expected to drive the global industrial vibration sensor market in 
the forecast period.

SpotSee opens new office 
in Latin America
SpotSee, a global supplier of shock and vibration monitoring 

through low-cost connectivity and data and parent to 
established brands such as ShockWatch®, SpotBot™, ShockLog® and 
OpsWatch, has announced the opening of a brand new office in 
Sorocaba, located just outside of São Paulo, Brazil. The office was 
opened to better serve SpotSee’s clients that have operations in Latin  
America.

“Central and South America are important regions for us,” said 
Tony Fonk, President and CEO, SpotSee. “With an office dedicated 
to serving these regions, SpotSee can provide specialised support 
to clients that have operations across the Americas. It is one more 
example of our focus and dedication to customers in the markets 
and languages in which we do business.”

The office in Sorocaba is dedicated to providing sales and technical 
support to Latin America. Roberto Pinheiro will be in charge of the 
new facility as Central and South America General Manager, giving the 
new facility an experienced leader from the beginning.

The Brazil office will aim to provide a better overall experience 
to SpotSee customers and users in Latin America. With a permanent 
presence in South America, SpotSee is strengthening its global 
presence and positioning itself as a partner for global customers 
that operate in this region.

New report on the global industrial 
vibration sensor market

The office is located in Sorocaba            Image courtesy of Rob Sabino
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Large-scale metallic wear 
debris monitoring system
Poseidon Systems LLC has completed the delivery and 

commissioning of 362 metallic wear debris monitoring systems 
for Vestas V82 wind turbines operating in the USA. The systems are 
now providing real-time gearbox monitoring capabilities, alerting 
the customer to faults in their earliest stages of development.

For this deployment, Poseidon collaborated with Brüel & Kjær 
Vibro (BKV) to provide the customer with an integrated wear debris 
and vibration monitoring solution. The resulting system leveraged 
the strengths of both technologies to provide unparalleled wind 
turbine gearbox monitoring capabilities.

This deployment is a direct result of a technology demonstration 
co-funded by Poseidon Systems and the New York State Energy 
Research and Development Authority (NYSERDA). As part of 
this demonstration, Poseidon demonstrated gearbox monitoring 
systems on Vestas turbines at a wind farm in Upstate New York. 
Based on the success of this demonstration, the site owner elected to 
include metallic wear debris monitoring as part of future condition 
monitoring system deployments.

Metallic wear debris monitors are key components in an 
effective gearbox condition monitoring solution. Proprietary 
data analysis and remote monitoring of the sensors by Poseidon 
Systems allows customers to identify issues early on and minimise 
unscheduled outages and repair costs. A scheduled maintenance 
event can eliminate weeks of downtime and associated lost revenue 
when compared to an unplanned maintenance event. Furthermore, 
by providing a real-time assessment of fault severity, the technology 
can be used to safely extend gearbox life until repairs can be made.

Fibre-optic pipe 
monitoring technology
Southern California Gas Co (SoCalGas) has announced that it 

has broken ground on what it claims is a first-of-its-kind fibre-
optic cable installation that will allow the company to monitor the 
condition of its high-pressure transmission pipelines in real time.

The fibre-optic technology is being installed along a new, seven 
mile section of natural gas pipeline in Bakersfield, California, 
and will serve as an early warning system to detect unauthorised 
construction work that could damage the pipeline and changes in 
pressure in the line that could indicate a leak. 

The technology uses fibre-optic cables that run along a pipeline 
and transmit data across long distances. The system operates on 
the principle that light signals vary when a fibre-optic cable is 
exposed to vibration, stress or abnormal changes in temperature – 
all indicators of a possible natural gas leak or an impact to a natural 
gas line. The fibre-optic system can pinpoint within 20 ft where a 
potential problem may be developing. 

When a threat is detected, information is sent along the fibre 
cable to a remote monitoring station within seconds, where operators 
interpret signal changes to determine the source of potential intrusions, 
including heavy equipment operation, unexpected earth movement 
or other physical impacts such as structural stress from broken water 
mains. 

Access to continuous, real-time measurements and area-specific 
data can give SoCalGas crews and first responders more time to 
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plan, allocate resources and take effective actions to mitigate 
potential leaks and damage to pipelines. 

SoCalGas is one of the first natural gas utilities in the 
USA to use the technology in natural gas transmission and  
high-pressure pipeline system operations. The company plans to 
install fibre-optic cable along all new and replacement pipeline 
segments that are 12 inches or more in diameter and at least one 
mile long.  

Incorporating fibre-optics into its transmission pipeline 
and distribution systems is part of SoCalGas’s commitment to 
upgrading and modernising its more than 101,000 miles of natural 
gas pipelines in order to provide customers with safe, reliable and 
affordable energy. 

Condition monitoring 
starter kit
Acceed has become a distributor for Adlink’s starter kit for 

preventative machine monitoring. The kit consists of an 
acceleration sensor with a retention magnet and a 3 m connection 
cable, the USB-2405 data recording module (24 bit, four channels) 
as well as the Phoenix GM Lite graphic evaluation software. 

The USB-2405 DSA module is fast and intuitively operable. 
Thanks to USB laptop connection, the power supply is also 
secured. The four-channel module is suitable for the digitisation 
of oscillations from vibration or acoustic measurements with the 
connection of microphones or acceleration sensors. 

The software analyses the data recorded from rotating 
components, monitors the machine status based on the oscillation 
bandwidth and can emit alarms when defined thresholds are 
exceeded in accordance with the configuration used. The alarm 
thresholds can be set freely or in accordance with standards using 
ISO 10816 (Mechanical vibration – Evaluation of machine vibration 
by measurements on non-rotating parts). Software configuration 
is fast and simple using graphic analysis blocks that are compiled 
for the desired function. This also enables more complex multi-
task analyses to be carried out without specific programming 
knowledge. One sensor is already included in the starter kit and three  
further sensors can be connected in parallel to the four-channel 
device.

CorrosionRADAR secures 
investment
CorrosionRADAR, a UK firm that develops remote sensors for 

monitoring corrosion in oil and gas pipelines, has secured over 
£350,000 of investment.

£250,000 of the investment comes from Mercia Fund Managers, 
an early-stage technology investor, with a further £104,000 provided 
by Innovate UK through its investment accelerator pilot programme.

The investment will support CorrosionRADAR with developing 
its technology and business to secure commercial partners for 
initial field tests.

CorrosionRADAR, a spin-out from Cranfield University, is 
seeking to address the well-known industry problem of monitoring 
corrosion in pipelines, particularly corrosion under insulation 
(CUI) or in buried pipes.

CorrosionRADAR technology is permanently embedded and 
can accurately pinpoint the location of corrosion at any point along 
the full length of a pipeline.

These unique capabilities support predictive maintenance 
programmes for the management of industrial assets, allowing 
business owners to make real-time decisions.

The main aim of the technology is to help companies reduce 
maintenance costs, while sustaining high standards in terms of safe 
and environmentally friendly operations.

The business was established by an international team of four 
scientists and business professionals, including Dr Prafull Sharma 
and Professor Hoi Yeung, who developed the original technology, 
and COO Dr Mehrdad Silatani, who has significant experience in 
innovation and technology management.

It is led by CEO Dr Chiraz Ennaceur, who has more than 15 
years’ experience in taking new technologies from the research 
stage to product development.

Dr Ennaceur said: “CorrosionRADAR is addressing an unmet 
industrial challenge in a global market.

“Our vision is to support industry moving from reactive to 
predictive corrosion management using cutting edge technologies 
from distributed sensing technology to Industrial Internet of 
Things (IIOT) and advanced analytics.

“The CorrosionRADAR team is committed to creating a game-
changing solution for tackling corrosion management and we are 
looking forward to working with Mercia, which is supporting us 
through this exciting journey.”

Dr Brijesh Roy, investment manager at Mercia, said: “There is a 
significant and growing market for CorrosionRADAR to address the 
key issue of corrosion-related failures for customers that currently 
have unmet needs and an appetite to adopt new technologies.

“The experienced team has considerable expertise and strong 
industry links, which, when coupled with their ambition, makes us 
confident in their ability to really scale the business.

“According to the European Corrosion Congress, the oil & gas 
industry spends around £3.5 billion managing corrosion every year.
This provides a significant opportunity for CorrosionRADAR to 
solve this vital gap in the market.”

Robert Evans, Technology Transfer Manager at Cranfield 
University, said: “We are delighted that this technology has been spun 
out into a new company and we hope that it will be the inspiration for 
many more innovative technology start-ups at the university.”

In 2016, CorrosionRADAR won Cranfield University’s 
VentureFest competition to fund new start-ups and secured a pre-
seed investment of £15,000, which has been used to support its 
product development to date.

Acceed has become a distributor for Adlink’s starter kit for 
preventative machine monitoring
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Aptean TabWare 
introduces predictive 
maintenance into EAM
Aptean, a leading global provider of mission-critical 

enterprise software solutions, has introduced a predictive 
maintenance (PdM) module into its TabWare Enterprise Asset 
Management system to provide manufacturers with earlier visibility  
regarding events, reducing maintenance workloads, costs and plant 
downtime.

By using Industry 4.0 technologies and strategies through a 
combination of big data and the Industrial Internet of Things 
(IIoT), TabWare enables manufacturers to gather more meaningful 
information using data from assets for analysis and subsequent 
predictive maintenance activities. PdM moves TabWare users from 
a preventative maintenance approach to a proactive condition-
based approach. Benefits of PdM include:
n	Lower cost to repair. PdM gives manufacturers the ability to 

foresee and plan work with a longer lead time, resulting in more 
efficient inventory and resource utilisation;

n	Greater relevance of data. TabWare PdM isolates maintenance 
data from operational data to help manufacturers focus on 
critical issues; and

n	Increased efficiency and reduced maintenance costs. Deploying 
PdM could reduce maintenance workloads by 25%, plant 
downtime by 70% and maintenance costs by one third of what 
they were prior to implementation, according to statistics from 
several industry sources.

Taking advantage of PdM is fast and easy and causes little to no 
disruption during implementation. PdM uses predefined common 
scenarios that provide out-of-the-box solutions to maintenance 
issues and seamlessly integrates into an existing TabWare system. 
Maintenance engineers now have the opportunity to take 
advantage of data that does more than report what has already  
happened.

TabWare PdM can be visualised as part of an integrated 
information funnel that creates meaningful data to extend the life 
of an asset, leading to better production as a whole.

Before introducing PdM, enterprise asset management (EAM) 
systems would receive alarms about events already underway. 

Now, as data is captured by wired and wireless sensors and stored 
in a historian, information is filtered through the manufacturing 
execution system (MES) and PdM module as it is quickly 
transformed into actionable intelligence.

Configuring the PdM module with the EAM system can 
allow early signals of maintenance failure to be detected as asset 
performance begins to decline, ultimately helping companies to 
develop an accurate predictive maintenance strategy.

Using industry-standard protocols, predictive maintenance 
functionality makes it easier to monitor the condition and 
operational characteristics of an asset to know when to perform a 
service based on the wear and tear of parts, as opposed to waiting 
for equipment to fail altogether.

Trailcon selects Digi 
SafeTemps for condition-
based monitoring
Digi International®, a global provider of Internet of Things (IoT) 

products and services, has announced that Trailcon Leasing 
has signed a multi-year agreement to implement Digi SafeTemps™ 
to modernise its fleet with precise usage tracking for optimised 
maintenance and increased efficiency.

Trailcon Leasing, which recently celebrated its 25-year 
anniversary, is a Canada-based leader in trailer rental, leasing and 
maintenance solutions, serving some of North America’s largest 
companies. It has more than 7000 trailers and five locations across 
Canada supporting its nationwide business of leasing, renting and 
servicing operations, which includes a mobile repair fleet of nearly 
100 licensed trailer technicians, the largest in the nation.

With this agreement, Trailcon is implementing Digi’s 
advanced, technology-supported solution to fulfil its main 
objective of providing exceptional service to its customers, 
which include many of Canada’s largest for-hire carriers,  
private fleets and major grocery and retail chains, with a high-
performing, reliable fleet of equipment. The selection of SafeTemps 
allows Trailcon to offer benefits from improved maintenance 
procedures based on precise distance and usage tracking – features 
that also guarantee accurate invoicing and increased efficiency for 
customers.

Additionally, Trailcon customers can opt to access SafeTemps’ 
real-time, in-transit global positioning system (GPS) and 
temperature tracking capabilities via separate arrangement with 
Digi. In addition to tracking the location of shipments, Digi 
SafeTemps measures air temperature in the trailer to give Trailcon 
customers interested in this service a view of their inventory’s status 
and, in the case of perishable goods, insight into the safety of their 
products.

The Digi Smart Solutions range addresses the day-to-day issues 
of maintaining product quality and safety while lowering costs 
and achieving overarching goals of higher customer satisfaction 
and brand reputation with solutions specifically optimised for 
food service, transportation and logistics and healthcare and 
pharmacy. Designed to deliver real-time insights, the Digi Smart 
Solutions range provides an efficient subscription-based service 
that continuously and wirelessly monitors task management 
activities and the temperature of perishable, high-value goods. The 
range also provides centralised oversight of food safety processes, 
improves operational efficiencies and provides chain of custody  
verification.

Tabware PdM integrated information funnel
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Application of ultrasound technology 
in condition monitoring
C Probst and P Holstein

Christian Probst and Peter Holstein are with SONOTEC 
Ultraschallsensorik Halle GmbH, Nauendorfer Street 2, 06112 
Halle/Saale, Germany. Tel: +49 (0)345 13317 556; Email: 
c.probst@sonotec.de

The most important applications of vibration-based measurement technologies are related to the monitoring of rotating 
and reciprocating machinery. Vibration analysis and technical acoustic investigations are predominantly carried out in 
the frequency range up to 20 kHz. However, many technical and physical processes generate sound and vibration at higher 
frequencies. Most current ultrasound testing instruments enable users to access relatively simple parameters, such as sound 
level, recorded and converted by narrowband sensors and electronics. This limits the informative value of ultrasound 
measuring results, since most physical processes generate ultrasound in a broad frequency range. Therefore, an approach 
has been developed for broadband monitoring of processes up to frequencies of about 200 kHz.Vibration and ultrasound 
can be considered closely related to one other. Ultrasound provides early indications of bearing distress and material wear, 
which are useful for analysing the trend of machinery state. Vibration and ultrasound can be used in combination with 
one another. An important prerequisite for the exploitation of the complete physically-based information in acoustical 
broadband signals is the use of proper sensors. Therefore sensors have been developed on the basis of new piezoelectric 
composite materials. The physical and construction principles enable acoustic measurements in a wide frequency range. 
The frequency characteristic of the sensors can be linearised to a certain extent. This will be demonstrated by means of 
some significant applications, such as friction, process monitoring of a wafer dicing machine and the diagnostics of bearing 
damage. The novel sensors are part of a new modular and scalable measurement concept that includes data acquisition 
and treatment, the use of algorithms in real time and improved calculations and predictions.

1. Introduction
The increasing importance of maintenance is due to the ever-
growing automation of technical processes. With the increasing 
level of automation and complexity of machines and facilities, the 
technical and organisational conjunction of plants, and thereby 
the cost of failures, will be enlarged. This leads to increased 
requirements in terms of the availability and productivity of 
machines and facilities. Additionally, the requirements concerning 
safety at work and environmental protection will be increased in 
the same way.

Various strategies for maintenance have been developed 
over recent years in order to meet these requirements. At the 
beginning of maintenance evolution, a repair was only carried 
out after damage had occurred and downtimes were often non-
critical. The machines were of a simple design and/or oversized. 
During the second generation of maintenance, from about 1960 
to 1980, time-scheduled maintenance was established to meet 
the increasing requirements in productivity. During the third 
generation of maintenance (since the 1980s) the availability and the 
reliability of machines and facilities have been the most important 
factors of production. Economic pressure constraints demand the 
optimisation of not only the costs associated with production but 
also the costs associated with maintenance. This has resulted in the 
introduction of condition-based maintenance (CBM). With CBM, 
a repair is only carried out if it is really necessary, depending on the 
actual condition of the process or machine[1,2].

2.  Condition monitoring as a tool of 
condition-based maintenance

The objective of condition-based maintenance or predictive 
maintenance (PdM) is to initiate a timely maintenance measure. 
‘Timely’ means early enough to keep the repair expenditure as 

small as possible before greater damage occurs that requires 
increased effort, yet as late as possible to minimise the downtime of 
a machine and to maximise the usage of parts up to the end of their 
lifecycle. It is a major challenge to ensure the latest moment of safe 
use. As a result of this, the first strategy is often used in practice. 
The aim of condition-based strategy is therefore to minimise 
maintenance costs through early fault detection and repair[3]. The 
early identification of defect indications is the essential mission of 
ultrasound-based diagnostic methods.

Condition monitoring is generally defined as the usage of 
appropriate technologies to ascertain the actual operating state of a 
machine. The operational state is the superposition of process and 
machine condition. In the past, the operator or service technician 
had to carry out condition monitoring using only senses, such as 
hearing, seeing or feeling.

Today, because many machines and processes are running 
unmanned and facilities are becoming more and more complex, 
a monitoring technique is needed. In addition, such a technique 
could offer many new possibilities to monitor parameters 24 
hours a day, without interruption. This means that unmanned 
machines and systems can be remotely controlled with relative 
ease. Various parameters, such as temperature, pressure, 
flow, oil quality or vibration, can be monitored in order to  
detect the operating state of a machine[3]. Said parameters can be 
supplemented by further parameters, such as the drive spindle 
current or force. The last two parameters mentioned are often 
made available to the operator of machine tools on the machine 
ex-factory.
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As most of the errors on machines with rotating parts lead to 
vibrations, most information about the state of a machine (the 
machine’s health) as well as the process parameters (the operating 
characteristics) can be captured through condition monitoring by 
means of vibration measurement[3]. This means that it is possible 
to monitor both the machine’s state and the process state with 
just one technology. This capability to optimise productivity and 
maintenance simultaneously can significantly improve the overall 
efficiency of plants.

3. Ultrasound in the field of maintenance
Due to the previously described advantages, vibration measurement 
is, in practice, the first choice of means for monitoring machines 
with rotating parts. Vibration sensors with a linear frequency 
response of up to 20 kHz are typically used for measuring vibrations. 
Since the acoustic processes that can be used for maintenance 
cover a further frequency range of up to 1 MHz, special sensors 
are necessary. These ultrasonic sensors are used if the frequencies 
to be tested are too high, but also if the deflections are too 
small, for vibration sensors[4]. Furthermore, the analysis in the  
ultrasound range offers the advantage that the multitude of 
machine noise in the audible range does not interfere with the  
measurement.

The use of ultrasound methods is classified by the authors as 
a complementary approach to vibration analysis. The causes for 
the generation of sound emissions in the ultrasound range differ 
from those for the generation of vibrations. The most important 
impacts that must be recorded in maintenance are ultimately 
based on friction. Such operations are, for example, lubrication 
monitoring or dry running detection, leakage flows and technical 
friction processes on plain bearings or brakes. However, other 
causes of sound emission, such as turbulence, cavitation or 
discharge processes, also extend the scope to processes that do not 
originate in machines with rotating parts. For all of these causes, 
the advantages of ultrasound methods are used to detect damage or 
process change as early as possible. As shown in Figure 1, the type of 
signal detection and thus the use of ultrasound in maintenance can 
be divided into the two categories of airborne sound and structure-
borne sound.

In the case of airborne sound, applications such as leak 
detection on compressed air systems, active leak testing on 
cabins and containers or the detection of partial discharges are 
already known. Structure-borne sound applications such as steam 
trap testing, bearing diagnostics and valve testing are already 
established. Ultrasonic sensors based on piezoelectric composite 

materials have been developed and used for structure-borne sound 
applications for process monitoring. With flat frequency response 
and high sensitivity, these new sensors are suitable for broadband 
applications.

4.  The new hand-held ultrasound 
detector SONAPHONE

In 2016, SONOTEC Ultraschallsensorik Halle GmbH launched a 
new test device. The device is designed for ultrasonic inspection 
tasks in the field of maintenance. The main differences between 
this and previously available devices are the wide frequency range 
of the sensors and the modular concept of the digital measuring 
device. In addition, all of the functionalities of established 
mobile devices such as smartphones and tablets are integrated in 
the novel hand-held ultrasound detector. With the new 
SONAPHONE, a frequency range of 20-100 kHz can be detected 
and evaluated. The device will be provided with application-specific 
apps, which will assist the maintenance engineer during testing, as 
well as during data evaluation and test documentation.

The SONAPHONE has been developed as a mobile hand-
held testing device for all of the aforementioned maintenance 
applications. At the moment, the platform is designed for the 
synchronous recording and processing of two signals: ultrasound 
and temperature signal (implemented in the structure-borne sound 
sensor) can be time-synchronously recorded.

For the airborne sound applications, such as leakage detection, 
tightness testing and partial discharge detection, different accessories 
(Figure 2, top right) have been developed for the airborne sound 
sensor to match the requirements. Thus, the receiving characteristics 
of the sensor can be modified with respect to the detection range 
and aperture angle. For the structure-borne applications, such as  
steam trap testing or bearing inspection, accessories have also been 
developed (Figure 2, bottom right). The structure-borne sound 
sensor can be equipped with a magnetic holder or waveguides 
of different lengths. It can also be screwed directly onto the test  
point.

With regard to the application of condition monitoring, the 
hand-held device is to be used for a mobile, recurring test in 
the form of a comparison measurement or trending over many 
measurements. This means that the state monitoring takes place 
at specific predetermined times and can be described as a state 
estimation by a snapshot.

Figure 1. Overview of maintenance applications with ultrasound

Figure 2. SONAPHONE hand-held ultrasound detector (left); 
airborne sound sensor with accessories (top right); and structure-
borne sound sensor with waveguide (bottom right)



Condition Monitor | Issue 372 | March 2018 7

Feature

5.  New broadband ultrasound sensors for 
condition monitoring

The motivation and background for developing the new sensor 
technology is described in detail in several articles, for example[5,6]. 
New ultrasound transducers for condition monitoring applications 
have been developed on the basis of piezocomposite material, which 
is central to the complementary use of lower and higher frequencies 
in an integrative application philosophy. Several benefits could be 
obtained through the use of the technology. The sensor frequency 
response curve is relatively smooth and unwanted resonances are 
suppressed. This means that the frequency characteristics can 
be linearised to a certain extent, enabling the exploitation of the 
spectral properties of signals and the application of advanced 
time-frequency analysis in real time. An additional important 
aspect arises from the increased number of degrees of freedom 
in transducer design; for example, flexible or special curved 
transducers become possible.

In Figure 3, two electrical impedance curves are shown. The blue 
curve represents a conventional piezoceramic-type transducer and 
the red curve represents a new piezocomposite-type transducer. 
The difference between the two curves illustrates the suppression 
of unwanted resonances for the piezocomposite transducers. In 
contrast, the piezoceramic type shows many resonances caused by 
different vibration modes of a ceramic disc such as the main part of 
the transducer.

The piezocomposite material used in this work was manufactured 
using ‘dice-and-fill’ technology (Figure 4). This demanding 
manufacturing technique was established in SONOTEC in 2008. 
Piezoceramic plates (for example lead zirconate titanate (PZT)) are 
partially cut by a wafer dicing machine in two directions under an 
angle of 90°. The gaps are filled with polyurethane or epoxy resin. 
After hardening, the plate is ground to its final thickness. Finally, the 
composite is metallised and polarised.

This manufacturing process is complex and features several steps 
with different difficulties. This results in a variety of possibilities, 
enabling new transducer properties. Variations are possible through 
changes in the type of piezoceramic, type of plastic matrix, pitch 
and arrangement of piezoceramic pillars, gap width, thickness of 

the plate, shape of the plate and macroscopic pitch of transducer 
elements.

The advantages of the novel sensors based on piezocomposite 
materials can also be illustrated by simple experiments. Figure 5 
shows spectrograms and frequency spectra that were generated 
during a friction experiment. The experiment consisted of two 
different sensors, which were fixed on a steel tube. A conventional 
high-frequency vibration sensor was compared with one of the new 
broadband ultrasonic sensors. A stimulation with sandpaper was 
used as the source of structure-borne sound. In the spectrograms, 
this reciprocation is recognisable between two and seven  
seconds.

The frequency spectra are each calculated from a time window 
within this time range. Both the spectrograms and the spectra 
clearly show the differences between the two types of sensor. The 
vibration sensor has significant resonances above 60 kHz, but 
the ultrasonic sensor does not. From the broadband excitation 
by friction, the relatively smooth frequency characteristics of the 
novel sensors can be displayed particularly well. The possibility of 
linearisation of this characteristic can be derived from this.

6. Application examples
6.1 Wafer dicing saw
The aim of this example is to present the opportunity to use novel 
ultrasound sensors for condition monitoring of the processing 
of ceramic parts using precision wafer dicing machines. The 
motivation is the general optimisation of the dicing processes, 
especially of so-called ‘hard-to-cut’ materials, or condition 
monitoring of the processing of very expensive parts.

The drive spindle of the dicing machine was equipped with 
ultrasound sensors based on piezocomposites. The thickness 
resonance frequency of these sensors is about 1 MHz. The signals 

Figure 3. Impedance of a conventional sensor with a piezoceramic 
disc and a new sensor with a piezocomposite disc

Figure 4. ‘Dice-and-fill’ processing technology of piezoelectric composites

Figure 5. Spectrogram and spectrum of vibration sensor (left) and 
novel ultrasound sensor (right)
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were acquired with the data acquisition card 
DT 9847-2-2 (Data Translation) and analysed 
using MATLAB from Mathworks. A sampling 
rate of 216 kHz was applied. Figure 6 shows 
two of the novel sensors, as well as the drive 
spindle of the dicing machine equipped with 
the sensors.

The example of the wafer dicing 
machine is an interesting application 
because of the special drive spindles that 
are used in these machines. The high-speed 
spindles with a rotational speed of up to  
60,000 r/min are air-bearing spindles with brushless motors. 
Hence, there is no direct mechanical coupling between the rotating 
and stationary parts within the process. Additionally, the air 
bearing permanently causes acoustic emission by the blowout of  
air.

A standard dicing process of three ceramic discs fixed in one row 
was analysed (Figure 7). The process needs about six seconds for 
each cut line. First, the drive spindle moves down (z-axis direction). 
The actual cutting process follows as the second step. At first glance, 
the time signal does not provide any valuable information for 
process control. Therefore, time-frequency signal processing has to 
be applied.

Within the spectrogram (Figure 7, right) the whole dicing process 
is displayed. Some fixed low frequencies were measured constantly. 
These are an effect of the rotating spindle with a fixed rotational 
speed of 30,000 r/min and the turbulences at the air bearing outlet 
superpositioned by effects from cooling water spray. At the beginning 
and at the end of the cut (step 1 and step 3) 
the very high acceleration of the z-axis results 
in high amplitudes over a width frequency 
range of a maximum of 5 kHz. During the cut  
(step 2) the processing of the three discs results 
in reproducible changes of the spectrum at 
different frequencies. The highest amplitudes 
were generated around 20 kHz, which is a good 
indication that condition monitoring in the 
ultrasonic frequency range could work well. 
With this result it is possible to monitor changes 
in the processing parameters – for example, the 
higher the feed speed, the higher the amplitude 
in the ultrasonic frequency range.

In the following example, results are shown 
for a test series for feed speed optimisation. 
While increasing the feed speed from one cut 
line to the next, a ceramic plate was processed. 
At present, the value of spindle driving current 
provides the only information about the process 
state. Due to the very small changes in spindle 
drive current compared to the changes in feed 
speed, the monitoring results are insufficient. 

Much more information can be acquired with the ultrasound 
sensors placed at the drive spindle. Figure 8 shows a photograph 
of the partly cut plate. A broken ceramic lamella is visible in the 
middle of the last cut line. Six cut lines prior to this, the first 
traces of damage can be observed at the bottom of the cutting 
grooves, meaning that the dicing process was already in a critical 
state.

This raises the question of whether or not is it possible 
to detect this critical state of process. The following results  
(Figure 9) show that this will be possible with the use of a spectral 
time-frequency data evaluation. In the frequency spectrogram, first 
hints can be found at the lower frequency range, up to 5 kHz. 

Figure 6. Novel sensors for condition monitoring (left) and 
equipped dicing machine (right)

Figure 7. Schematic workflow and time signal (left) and frequency spectrogram (right)

Figure 8. Photograph of partly processed ceramic plate

Figure 9. Time signal (top left); spectrogram (top right); and zoom of spectrogram (bottom)
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The higher friction at the critical process state, and especially the 
breakage of the lamella, causes changes in the frequency spectrum 
of the signals.

At the measuring time of 2.3 s, some resonance lines are 
interrupted. This transient event was detected by the sensors 
and could be caused by the breakage of the ceramic lamella, 
as shown in Figure 8. The geometric position of the breakage 
can be approximately assigned to the transient event seen in the 
spectrogram. A precise assignment is not possible at the moment 
because there is no trigger signal from the moving machine axis 
that can be used for synchronising the measurment time axis. Also, 
a detailed interpretation of the physical and technical effects has to 
be part of further studies and will be published in future articles. 
In conclusion, it can be stated that the novel ultrasound sensors 
based on piezocomposites can be used very effectively for condition 
monitoring of dicing processes.

6.2 Ball bearing defect detection
A bearing test stand was used for investigations of bearing diagnosis 
with the new SONAPHONE ultrasonic detector. Ball bearings 
of type 6002 were prepared with various test faults for damage 
simulation. Figure 10 shows an example of the hatched area in 
the ball raceway of the outer ring. Both the raceway of the inner 
ring and the balls can be prepared by laser engraving. The aim of 
this method is to use a reproducible preparation technique. This is 
important so that the condition at the beginning of the intended 
wear can be produced as often as needed.

During operation, this simulated bearing damage generates 
vibrations and structure-borne sound. Figure 11 shows an up-and-
down run on a new ball bearing (left) as well as on a prepared 

bearing (right). The defective bearing can be differentiated from 
the new bearing by means of the sound level difference as well as by 
optical evaluation of the spectrogram. In the case of the prepared 
bearing, even ultrasound is detected over the complete frequency 
range of the SONAPHONE up to 100 kHz. Figure 11 shows screen 
shots of the DataViewer software running on a PC. The sound level 
is displayed at the top and the spectrograms of the measuring time 
are shown at the bottom.

The robustness of the broadband ultrasound technology can 
also be shown in the present example for bearing diagnosis. It can be 
seen in the spectrograms that there are frequency ranges in which 
almost no sound energy is emitted. Through the use of classical 
narrowband testing technology, the result depends highly on the 
superposition of the frequency ranges of the maximum sensitivity 
of the test technology and the frequency characteristics of the 
bearing damage. The approach of the broadband measurement 
technique and broadband data evaluation leads to a remarkable 
improvement in reliability during ultrasonic testing in the technical 
diagnosis.

7. Conclusions
The application of ultrasound in maintenance was classified within 
the environment of modern maintenance methods at the beginning 
of this article. In the area of condition monitoring in particular, 
the ultrasound technique makes a significant contribution to 
the early detection of errors. The development of a new testing 
device and first application examples were briefly presented. The 
advantages of the broadband measuring process, including the use 
of novel ultrasound sensors with piezocomposite material at the 
heart of the transducers, were described. The broadband data 
analysis and the resulting increased robustness of the test results 
were highlighted.

Acknowledgements
Parts of this work have been supported by the Federal Ministry 
of Education and Research UMKlaD (BMBF, programme: kMU-
innovativ, project: 01IS15051A).

References
1.  https://www.ba-leipzig.de/fileadmin/upload_ba/allgemein/

Antrittsvorlesung_Morning_110629.pdf, 27.04.2015.
2. J Moubray, Reliability-Centered Maintenance, Second Edition, 

Butterworth Heinemann, 1997. ISBN 0-7506-3358-1
3. C Ugechi, E Ogbonnaya, M Lilly, S Ogaji and S Probert, 

‘Condition-based diagnostic approach for predicting the 
maintenance requirements of machinery’, Engineering, Vol 1, 
No 3, pp 177-187, 2009. DOI: 10.4236/eng.2009.13021

4.      R X Perez and A P Conkey, Is My Machine 
OK? A Field Guide to Assessing Process 
Machinery, Industrial Press, 2012. ISBN 
978-083113440-2

5.     C Probst, P Holstein, D Surek and A 
Tharandt, ‘Acoustic emission sensors 
based on piezocomposites or machinery 
engineering applications’, Proceedings of 
the International Conference on Acoustics 
AIA DAGA, Meran, 2013. ISBN 978-3-
939296-05-8

6.     P Holstein, C Probst, H-J Münch, A Klepel 
and A Tharandt, ‘Application of acoustic 
emission in machinery and process 
monitoring’, Proceedings of the 31st 
Conference of the European Working Group 
on Acoustic Emission (EWGAE), 2014.

Figure 10. Ball bearing outer ring, test fault engraved by a laser 
beam

Figure 11. Up-and-down run at the test bench. New bearing (left) and bearing with damage 
(right)



Condition Monitor | Issue 372 | March 201810

Abstracts

Condition monitoring paper abstracts
The following papers have been published recently in a variety of peer-reviewed academic and scientific journals. Titles, authors, volume, 
issue and page references have been given, along with the abstract where available.

Railroad bridge monitoring using wireless smart sensors

F Moreu et al Structural Control and Health Monitoring, Vol 
24, No 2, 2017

Railroads carry more than 40% of the freight, in terms of tons per 
mile, transported in North America. A critical portion of the railroad 
infrastructure is the more than 100,000 bridges that occur, on average, every 
1.4 miles of track. Railroads have a limited budget for capital investment. 
Therefore, decisions on which bridges to repair/replace become critical 
for both safety and economy. North American railroad workers regularly 
inspect bridges to ensure safe operation that can meet transport demands, 
using inspection reports to decide which bridges may need maintenance, 
replacement or further investigation. Current bridge inspection practices 
recommend observing bridge responses under live load to help to assess 
the condition of a bridge. However, measuring bridge responses under train 
loads in the field is a challenging, expensive and complex task. This research 
explores the potential of using wireless smart sensors (WSSs) to measure 
bridge responses under revenue service traffic that can be used to inform 
bridge management decisions. Wireless strain gauges installed on the rail 
measure real-time train loads. Wireless accelerometers and magnetic strain 
gauges installed in the bridge measure associated bridge responses. The 
system is deployed and validated on a double-track steel truss bridge on the 
south side of Chicago, Illinois, owned by the Canadian National Railway. A 
calibrated finite element model of the bridge with known train input load 
estimated the responses of the bridge at arbitrary, unmeasured locations, 
showing the possibility of applying the system for decision-making 
processes. These results demonstrate the potential of WSS technology to 
assist with railroad bridge inspection and management practice. ©2016 John 
Wiley & Sons Ltd.

Guaranteeing robustness of structural condition monitoring to 
environmental variability

K Van Buren et al Journal of Sound and Vibration, Vol 386, pp 
134-148, 2017

Advances in sensor deployment and computational modelling have allowed 
significant strides to be made recently in the field of structural health 
monitoring (SHM). One widely used SHM strategy is the performance of 
vibration analysis, where a model of the structure’s pristine (undamaged) 
condition is compared with vibration response data collected from 
the physical structure. Discrepancies between model predictions and 
monitoring data can be interpreted as structural damage. Unfortunately, 
multiple sources of uncertainty must also be considered in the analysis, 
including environmental variability, unknown model functional forms and 
unknown values of model parameters. Not accounting for these sources of 
uncertainty can lead to false positives or false negatives in the structural 
condition assessment. To manage the uncertainty, the authors propose a 
robust SHM methodology that combines three technologies. A time series 
algorithm is trained using ‘baseline’ data to predict the vibration response, 
compare predictions to actual measurements collected on a potentially 
damaged structure and calculate a user-defined damage indicator. The 
second technology handles the uncertainty present in the problem. An 
analysis of robustness is performed to propagate this uncertainty through 
the time series algorithm and obtain the corresponding bounds of variation 
of the damage indicator. The uncertainty description and robustness 
analysis are both inspired by the theory of info-gap decision making. Lastly, 
an appropriate ‘size’ of the uncertainty space is determined through physical 
experiments performed in laboratory conditions. The authors’ hypothesis is 
that examining how the uncertainty space changes throughout time might 
lead to superior diagnostics of structural damage as compared to only 
monitoring the damage indicator. This methodology is applied to a portal 
frame structure to assess if the strategy holds promise for robust SHM. 
©2016 Elsevier Ltd. (Publication approved for unlimited public release on 28 
October 2015, LA-UR-15-28442, unclassified.)

A fast online diagnostic method for open-circuit switch faults in SiC-
MOSFET-based T-type multi-level inverters

J He et al IEEE Transactions on Industry Applications, 
Vol 53, No 3, pp 2948-2958, 2017

Online condition monitoring is of paramount importance for multi-level 
power converters used in safety-critical applications. A novel online non-
intrusive diagnostic method for detecting open-circuit switch faults in 
silicon carbide (SiC) metal-oxide-semiconductor field-effect transistors 
(MOSFETs)-based T-type multi-level converters is introduced in this 
paper. The principle of this method is based on monitoring the abnormal 
variations of the DC-BUS neutral-point current in combination with 
the existing information on instantaneous switching states and phase 
currents. Advantages of this method include faster detection speed and 
simpler implementation compared to other existing diagnostic methods in 
literature. Moreover, this diagnostic method is immune to the disturbances 
of an inverter’s DC-BUS voltage unbalance and load unbalance. In this 
method, only one additional current sensor is required for measuring the 
DC-BUS neutral-point current; therefore, the implementation cost is low. 
Simulation and experimental results based on a lab-scale 20 kVA adjustable 
speed drive with a three-level SiC T-type inverter validate the effectiveness 
and robustness of this novel diagnostic method. ©1972-2012 IEEE.

Proactive fault-tolerant IGBT-based power converters for mission-
critical applications in MW range

V N Ferreira et al Conference Proceedings – IEEE Applied Power 
Electronics Conference and Exposition – APEC, 
pp 2341-2348, 2017

Mission-critical application is a general term for any system whose loss could 
cause downtime in crucial operations for a company. Given the importance 
assumed by power converters in many critical systems, this research is 
conducted in the framework of reliability engineering applied to a well-
established medium-voltage power converter in the industry environment. 
Condition monitoring techniques are used to detect changes in parameters 
of the insulated-gate bipolar transistor (IGBT) power modules, aiming 
to detect die and package degradation during operation. The main goal 
is to anticipate degradation failures in power modules in such a way that 
the power converter can be reconfigured before a fatal fault can occur. 
This fully proactive approach prevents the uncertainty related to different 
failure modes of power semiconductor devices. The premature detection of  
a failure event allows for better equipment availability management. ©2017 
IEEE.

Contact force monitoring and its application in vacuum circuit  
breakers

J Tang et al IEEE Transactions on Power Delivery, Vol 32, 
No 5, pp 2154-2161, 2017

Condition monitoring of circuit breaker (CB) operating mechanisms is one of 
the most important aspects of predictive maintenance. This paper proposes a 
contact force monitoring scheme for a 10 to 35 kV vacuum CB. With specially 
designed force sensors and a signal processing method, the instances of contact 
touch and separation can be accurately found. With the indirectly measured 
instances of contact touch and separation, the opening speed, closing speed 
and open gap over the travel of each phase can be measured. The accuracy 
of the author’s online monitoring scheme is compared with the conventional 
offline methods that can directly obtain the instances of contact touch and 
separation by measuring the connectivity of the contacts. The results show 
that the accuracy of the scheme proposed in this paper is satisfactory and it can 
meet the engineering requirements of online condition monitoring of CBs. By 
introducing a set of new force sensors, some additional information that is 
useful for the overall condition assessment of a CB operating mechanism can 
also be extracted; this will help new ways to improve CB condition monitoring 
systems to be found. ©1986-2012 IEEE.
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Load monitoring using surface response to excitation method

S Tashakori et al Conference Proceedings of the Society for 
Experimental Mechanics Series, Vol 7, pp 209-
214, 2017

The surface response to excitation (SURE) method is a low-cost alternative 
to the electromechanical impedance method developed for structural 
health monitoring (SHM) applications. This method uses one piezoelectric 
transducer to excite the surface of a structure with a sweep sine wave. At 
least one piezoelectric sensor or scanning laser vibrometer monitors the 
dynamic response of the surface to the excitation. The spectrum of the 
dynamic response is collected at the optimal operating conditions. Any 
significant change in the spectral characteristics may indicate defects, 
improper loading or loose fasteners. In this study, the performance of the 
SURE method was evaluated when the conventional piezoelectric elements 
and scanning laser vibrometer were used for monitoring the presence of 
loads on the surface. In order to determine the accuracy and reliability of 
both monitoring approaches, two tests were performed. In the first test, one 
piezoelectric transducer was used as an exciter and another one was used as 
a sensor. In the second test, a scanning laser vibrometer was used to measure 
the surface vibrations. Although the piezoelectric element collected the 
data with better resolution, the results obtained with the scanning laser 
vibrometer were acceptable and can be used when attaching piezoelectric 
elements to the surface is not allowed. ©2017 The Society for Experimental  
Mechanics Inc.

Supporting group maintenance through prognostics-enhanced 
dynamic dependability prediction

J I Aizpurua et al Reliability Engineering and System Safety, Vol 
168, pp 171-188, 2017

Condition-based maintenance strategies adapt maintenance planning 
through the integration of online condition monitoring of assets. The 
accuracy and cost-effectiveness of these strategies can be improved by 
integrating prognostics predictions and grouping maintenance actions, 
respectively. In complex industrial systems, however, effective condition-
based maintenance is intricate. Such systems comprise repairable assets that 
can fail in different ways, with various effects, and are typically governed 
by dynamics, which include time-dependent and conditional events. In this 
context, system reliability prediction is complex and effective maintenance 
planning is virtually impossible prior to system deployment and hard 
even in the case of condition-based maintenance. Addressing these issues, 
this paper presents an online system maintenance method that takes into 
account the system dynamics. The method employs an online predictive 
diagnosis algorithm to distinguish between critical and non-critical 
assets. A prognostics-updated method for predicting the system health is 
then employed to yield well-informed, more accurate, condition-based 
suggestions for the maintenance of critical assets and for the group-based 
reactive repair of non-critical assets. The cost-effectiveness of the approach 
is discussed in a case study from the power industry. ©2017 The authors.

Improving the reliability of industrial multi-MW wind turbines

J Zhou et al Insight: Non-Destructive Testing and Condition 
Monitoring, Vol 59, No 4, pp 189-195, 2017

Although wind turbine gearboxes are designed to remain in service for 20-25 
years, this is not normally the case due to defects initiating and developing 
prematurely. A large number of gearboxes fail after seven to eight years in 
service. In offshore wind farms, gearbox failures have been reported after 
only one to two years in service, leading to noteworthy production losses. 
Reliability issues associated with wind turbine gearboxes are yet to be 
resolved. Within this paper, the quality of materials used for manufacturing 
wind turbine gearbox gears and bearings has been evaluated. The damage 
mechanisms affecting gearbox materials have been investigated based 
on metallographic analysis carried out on failed samples removed from 
in-service industrial wind turbines. Finite element analysis (FEA) has been 
carried out in order to simulate damage initiation and propagation under 
in-service conditions. The results have been compared with the experimental 
observations made on the failed field samples and have been found to be in 
good agreement. The applicability of acoustic emission in remotely detecting 
and identifying defects in different wind turbine gearbox components has 
been assessed following measurements in the field. ©2017 BINDT.

Feature extraction of GIS partial discharge signal based on S-transform 
and singular value decomposition

D Dai et al IET Science, Measurement and Technology, Vol 
11, No 2, pp 186-193, 2017

Partial discharge (PD) detection and recognition are of great significance to 
the condition monitoring of a gas-insulated switchgear (GIS). In the current 
work, ultra high-frequency (UHF) signals induced by PD current pulses 
are measured and used to represent a PD source. For PD classification, 
feature parameters need to be extracted from UHF signals. Therefore, 
this study proposes a new feature extraction method that is based on 
S-transform (ST) and singular value decomposition (SVD). PD UHF signals  
generated by four kinds of artificial defect are collected and analysed. 
ST is used to acquire the joint time-frequency information of the PD 
UHF signal. SVD is used to acquire the time-frequency characteristics of 
the UHF signal. Based on the distribution difference of time-frequency 
characteristics of different kinds of PD, a 24-dimensional feature vector is 
finally extracted. A support vector machine optimised by the particle swarm 
optimisation algorithm is employed as a classifier to recognise the four 
kinds of PD. The results show that the proposed feature extraction method 
can effectively identify the four kinds of designed PD, even with few samples 
and strong background noise. ©2017 The Institution of Engineering and  
Technology.

Comprehensive diagnostics of induction motor faults based on 
measurement of space and time dependencies of air gap flux

G Mirzaeva et al IEEE Transactions on Industry Applications, 
Vol 53, No 3, pp 2657-2666, 2017

Condition monitoring of induction motors is important for their efficient 
and reliable operation. Most of the existing electrical techniques of condition 
monitoring and fault diagnosis are based on current, voltage, vibration and/
or flux measurements external to the motor. This paper proposes an online 
fault diagnostic system, which is based on measurements of internal main 
air gap flux density of an induction motor by an array of Hall-effect flux 
sensors. Such instrumentation is justified for large specialised induction 
motors with particularly high reliability requirements. The fundamental 
theory behind the air gap flux density as a function of time and space, and 
its distortions introduced by various faults, is reviewed in this paper. Based 
on this theory, this paper proposes a comprehensive condition monitoring 
approach to diagnose induction motor faults, including stator turn-to-turn 
shorts, rotor bar damage and static and dynamic eccentricity, which may be 
present individually or at the same time. Moreover, the proposed approach 
not only detects each fault at an early stage but also determines its exact 
location and severity. The principles proposed in this paper are illustrated 
by extensive simulations and are experimentally validated on a prototype 
online condition monitoring system based on National Instruments’ real-
time platform. ©2017 IEEE.

Comprehensive overview of computational intelligence techniques for 
machinery condition monitoring and fault diagnosis

W Zhang et al Chinese Journal of Mechanical Engineering 
(English Edition), Vol 30, No 4, pp 782-795, 
2017

Computational intelligence is one of the most powerful data processing tools 
for solving complex non-linear problems and thus plays a significant role in 
intelligent fault diagnosis and prediction. However, only a few comprehensive 
reviews have summarised the ongoing efforts of computational intelligence 
in machinery condition monitoring and fault diagnosis. The recent 
research and development of computational intelligence techniques in 
fault diagnosis, prediction and optimal sensor placement are reviewed. 
The advantages and limitations of computational intelligence techniques 
in practical applications are discussed. The characteristics of different 
algorithms are compared and application situations involving these 
methods are summarised. Computational intelligence methods need to be 
further studied in depth to understand the algorithm mechanism, improve 
algorithm efficiency and enhance engineering application. This review 
may be considered as useful guidance for researchers in selecting a suitable 
method for a specific situation and pointing out potential research directions. 
©2017 Chinese Mechanical Engineering Society and Springer-Verlag Berlin  
Heidelberg.
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Radiochemical ageing of highly-filled EPDM seals as revealed by 
accelerated ageing and ageing in service for 21 years

P Pourmand et al Polymer Degradation and Stability, Vol 144,  
pp 473-484, 2017

Highly-filled ethylene propylene diene monomer (EPDM) rubber used in 
cable transit seals in nuclear power plants were exposed to γ radiation at 
a high dose rate at 23°C in media with different oxygen partial pressures 
(1–21.2 kPa). The motivation of this study was threefold: highly-filled 
polymers are replacing halogen-containing polymers and these materials 
have rendered less attention in literature; there is a need to find efficient 
tools to make condition monitoring and extrapolation possible. Several 
profiling methods were used: IR microscopy, micro-indentation, micro-
sample extraction/gravimetry and non-invasive nuclear magnetic resonance 
(NMR) spectroscopy, and three different deterioration processes were 
identified: polymer oxidation, migration of low-molar mass species and 
anaerobic changes in the polymer network. Infrared (IR) microscopy, micro-
indentation profiling and the portable NMR method confirmed diffusion-
limited oxidation in samples irradiated in air. The inner non-oxidised 
part of the blocks showed a pronounced change in the indenter modulus 
by migration of primarily glyceryl tristearate – migration was accelerated 
by the presence of oxygen in the surface layer – and anaerobic changes in 
the polymer network. For extrapolation or for condition monitoring, it is 
best to use the data obtained by indenter modulus profiling and to use the 
correlation between indenter modulus and strain at break to quantify the 
sample status. Non-invasive NMR profiling provided useful data but was 
less precise than the indenter modulus data to predict the strain at break. 
©2017 Elsevier Ltd. All rights reserved.

Reliability improvement of power converters by means of condition 
monitoring of IGBT modules

U M Choi et al IEEE Transactions on Power Electronics, Vol 
32, No 10, pp 7990-7997, 2017

Power electronic systems have gradually gained an important status in a wide 
range of industrial applications, such as renewable generation, motor drives, 
automotive and railway transportation. Accordingly, recent research makes 
an effort to improve the reliability of power electronic systems to comply with 
more stringent constraints on safety, cost and availability. The power devices 
are one of the most reliability-critical components in power electronic systems. 
Therefore, the condition monitoring of such devices plays an important 
role in improving the reliability of power electronic systems. This paper 
proposes a condition monitoring method involving insulated-gate bipolar 
transistor (IGBT) modules. In the first section of this paper, the structure of a 
conventional IGBT module and a related parameter for condition monitoring 
are explained. Then, a proposed real-time on-state collector-emitter voltage 
measurement circuit and condition monitoring strategies under different 
operating conditions are described. Finally, experimental results confirm the 
feasibility and effectiveness of the proposed method. ©2016 IEEE.

Condition monitoring of IGBT module bond wire fatigue using short-
circuit current identification

P Sun et al IEEE Transactions on Power Electronics, Vol 
32, No 5, pp 3777-3786, 2017

Finding and replacing a defective insulated-gate bipolar transistor (IGBT) 
module promptly by monitoring the ageing state of the IGBT can improve 
the reliability of a power converter and reduce the loss caused by IGBT 
failure. A method for detecting the condition of bond wires in an IGBT 
module by identifying the short-circuit current of an IGBT module is 
presented in this paper. It is based on the fact that parasitic parameters of an 
IGBT module are affected by the local damage induced by ageing over time, 
and these changes can be easily detected through monitoring the difference 
in the short-circuit current. The study results indicate that the short-circuit 
current of an IGBT module decreases with module ageing over time and 
the difference of short-circuit current caused by junction temperature is 
much smaller than that caused by fatigue in bond wires on a specific gate 
driving voltage. Therefore, the IGBT module in the power converter can be 
diagnosed by detecting the difference of the short-circuit current without 
considering the effects of junction temperature. Finally, a confirmatory 
experiment is carried out and the correctness of the method proposed in 
this paper is verified. ©2016 IEEE.

A smart electrostatic sensor for online condition monitoring of power 
transmission belts

Y Hu et al IEEE Transactions on Industrial Electronics, 
Vol 64, No 9, pp 7313-7322, 2017

Online condition monitoring of power transmission belts is essential to 
keep industrial belt-driven equipment functioning smoothly and reliably. 
This paper presents a smart electrostatic sensor that monitors belt motion 
through the detection of static charge on the belt. A theoretical model is 
established using the method of moments for calculation of induced charge 
on strip-shaped electrodes placed in the vicinity of a belt moving both 
axially and transversely. The sensor unit converts the induced charge into 
proportional voltage signals using charge amplifiers and measures belt speed 
and vibration through cross correlation and spectral analysis, respectively. 
The performance of the smart electrostatic sensor is validated against a 
photoelectric rotary encoder and a laser displacement sensor. Comparative 
experimental results show that the belt speed can be measured with a relative 
error within ±2% over the range of 1.7-15.5 m/s. The electrostatic sensor 
is capable of measuring the frequencies of transverse vibration accurately. 
Although absolute displacement cannot be measured due to the uncertain 
level of charge on the belt, the measurement results of relative vibration 
magnitudes for different modes and at different belt speeds are reasonably 
accurate. ©1982-2012 IEEE.

A joint vibration and arcing measurement system for online condition 
monitoring of on-load tap changer of the power transformer

J Seo et al IEEE Transactions on Power Delivery, Vol 32, 
No 2, pp 1031-1038, 2017

Vibration measurement has been adopted in some utilities in Australia, 
Canada and several European countries for online condition monitoring 
of the power transformer’s on-load tap changer (OLTC). By comparing 
measured vibration signals at different stages, it might be possible to assess 
changes of the OLTC’s condition. However, there are still considerable 
difficulties in correlating vibration signals to the events of OLTC operation, 
which may impair the capability of vibration measurement for OLTC 
condition monitoring. Therefore, arcing measurement is proposed in this 
paper to complement the vibration measurement. Arcing is provoked 
when the OLTC switching contact closes at a fixed tap position and can 
lead to electromagnetic signals flowing through transformer windings, 
finally reaching earth. The arcing measurement is achieved by using a 
high-frequency current transducer (HFCT) clamping on the transformer’s 
grounding cable. The joint vibration and arcing measurement can provide 
a better means for interpreting events involved in OLTC operation and 
facilitating improved OLTC condition monitoring. Since HFCT-measured 
arcing signals can be coupled with noise, a probabilistic wavelet transform 
is thus employed in this paper to extract arcing signals from noise. Field 
measurements on two different types of OLTCs are performed using the 
joint vibration and arcing measurement system to validate the proposed 
methodology. ©1986-2012 IEEE.

Fault prognosis for power electronics systems using adaptive parameter 
identification

J Poon et al IEEE Transactions on Industry Applications, 
Vol 53, No 3, pp 2862-2870, 2017

This paper presents the design, implementation and experimental validation 
of a method for fault prognosis of power electronics systems using an adaptive 
parameter identification approach. The adaptive parameter identifier uses 
a generalised gradient descent algorithm to compute real-time estimates 
of system parameters (for example capacitance, inductance and parasitic 
resistance) in arbitrary switching power electronics systems. These estimates 
can be used to monitor the overall health of a power electronics system and 
to predict when faults are more likely to occur. Moreover, the estimates can 
be used to tune control loops that rely on the system parameter values. The 
parameter identification algorithm is general in that it can be applied to a 
broad class of systems based on switching power converters. The authors 
present a real-time experimental validation of the proposed fault prognosis 
method on a 3 kW solar photovoltaic interleaved boost DC-DC converter 
system for tracking changes in passive component values. The proposed 
fault prognosis method enables a flexible and scalable solution for condition 
monitoring and fault prediction in power electronics systems. ©2017 IEEE.
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Real-time remote monitoring of an air compressor using MTConnect 
standard protocol

N K Verma et al 2017 IEEE International Conference on 
Prognostics and Health Management, ICPHM, 
pp 109-116, 2017

An intelligent condition-based monitoring system needs to have a 
communication subsystem for consensus among the devices of that 
system. Development of such a communication system has to follow 
an industry-oriented universally acceptable standard protocol. Having 
universal acceptability, MTConnect is potentially an effective, efficient 
and sustainable protocol for this purpose. This paper presents real-time 
remote monitoring of a reciprocating air compressor based on MTConnect 
standard protocol for communicating the data related to air compressors 
between device and clients or applications. The acoustic and vibration data 
from air compressors are communicated to two clients (web browser and 
MS Excel) from a dedicated MTConnect agent. The data obtained by the 
client has a time stamp, which notifies the client of the instant at which that 
particular data was acquired from the device. ©2017 IEEE.

A multi-nets ANN model for real-time performance-based automatic 
fault diagnosis of industrial gas turbine engines

M Tahan et al Journal of the Brazilian Society of Mechanical 
Sciences and Engineering, Vol 39, No 7, pp 
2865-2876, 2017

When a robust mathematical model of a piece of process equipment is 
available, model-based diagnostic methods can be used to identify the 
occurrence of faults in a system. However, these methods are less effective 
when the non-linearity, complexity and modelling uncertainties of the 
system increase. In recent years, a new discipline involving the use of 
artificial intelligence-based methods has emerged, allowing the behaviour 
of the system to be studied using operational data. While single-learner 
artificial neural network (ANN)-based models demonstrate a satisfactory 

level of capability in assessing the health of gas turbines, this article 
investigates the application of a multiple-networks artificial neural network 
(multi-nets ANN) model using a multiple-views multiple-learners approach 
to provide a real-time performance-based automatic fault detection 
(AFD) system in gas turbine engines. Towards this end, a number of key 
performance variables, which are commonly measurable on most industrial 
gas turbine engines, were monitored and their associated ANNs were 
trained for healthy conditions. Two back-propagation training algorithms, 
namely the Levenberg–Marquardt and Bayesian regularisation algorithms, 
and the k-fold cross-validation technique, were employed to train the 
optimal networks using a training dataset. Using the trained multi-nets 
ANN model, two case studies were conducted pertaining to the detection of 
a drop in compressor flow capacity and compressor fouling in an industrial  
18.7-MW twin-shaft gas turbine engine. The ability of all of the trained 
networks of the multi-nets model to detect these faulty conditions was 
investigated. The results obtained showed that among the four trained 
networks in the multi-nets model, the associated network for gas generator 
rotational speed was able to track these incidents earlier. The findings 
demonstrated the capabilities and performance of the proposed multi-nets 
model with regard to AFD in industrial gas turbines. ©2017 The Brazilian 
Society of Mechanical Sciences and Engineering.

Multi-attribute decision making in selection of the most significant 
condition monitoring methodology for rotating machinery

A Sen et al International Journal of Mechanical 
Engineering and Technology, Vol 8, No 3,  
pp 254-263, 2017

This paper deals with various condition monitoring methodologies, detailed 
analysis and evaluation of the accurate methodology through a data-based 
analytical approach of quantitative decision making, which is used for 
evaluating the most appropriate condition monitoring methodology using 
the analytical hierarchy process (AHP) for a 525 MW turbo-generator set. 
©2017 IAEME Publication.
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Full copies of the original patent documents can be obtained from:
n The British Library Patent Express, 25 Southampton Buildings, London WC2A 1AW. Fax: +44 (0)171 412 7930.
n US Patent Office, Scientific Library, 15th and East Streets, NW Washington, DC 20231, USA.
n The Japanese Patent Office, 4-3 Kaksumigaseki 3-chome Chiyoda-ku, Tokyo 100, Japan.

US 20170221284 
Vehicle fluid replacement monitoring system and method
Date: 03.08.2017
Applicant:  Toyota Motor Engineering & Manufacturing North 

America Inc
Inventor: Sean L Helm
A computing device for a vehicle fluid replacement monitoring 
system is provided. The computing device includes one or more 
processors for controlling operation of the computing device and 
a memory for storing data and program instructions usable by the 
one or more processors. The one or more processors are configured 
to: execute instructions stored in the memory to receive an 
indication of a ‘fluid empty’ condition in a fluid reservoir; receive 
an indication of a ‘fluid present’ condition occurring in the fluid 
reservoir after the ‘fluid empty’ condition; acquire, responsive to 
receiving the indication of the ‘fluid present’ condition, information 
relating to the ‘fluid present’ condition; and store, in a memory, the 
information relating to the ‘fluid present’ condition.

US 20170220027 
Automatic monitoring of the alignment and wear of vibration 
welding equipment
Date: 03.08.2017
Applicant: GM Global Technology Operations LLC
Inventor: John Patrick Spicer
A vibration welding system includes vibration welding equipment 
having a welding horn and anvil, a host machine, a check station 
and a welding robot. At least one displacement sensor is positioned 
with respect to one of the welding equipment and the check station. 
The robot moves the horn and anvil via an arm to the check station, 
when a threshold condition is met, ie a predetermined period of 
time has elapsed or a predetermined number of welds have been 
completed. The robot moves the horn and anvil to the check station, 
activates the at least one displacement sensor, at the check station, 
and determines a status condition of the welding equipment by 
processing the received signals. The status condition may be one of 
the alignment of the vibration welding equipment and the wear or 
degradation of the vibration welding equipment.

WO/2018/006798 
Wireless sensing-based temperature detection method and 
system
Date: 11.01.2018
Applicant: Shenzhen University
Inventor: Kaishun Wu
A wireless sensing-based temperature detection method and system. 
The method is utilised to acquire, by a wireless signal acquisition 
device, a wireless signal transmitted from a transmitter and 
evaluate channel state information to achieve the goal of detecting 
ambient humidity. The method comprises acquiring, by a wireless 
signal acquisition device arranged in a specific layout, a wireless 
signal transmitted from a transmitter. The wireless sensing-based 
temperature detection method has advantages of using existing 
wireless networks and equipment without adding another specific 
detection apparatus, providing a high level of coverage.

WO/2018/006934 
Gear select modules with intention detector
Date: 11.01.2018
Applicant: SA Fico Triad
Inventor: Marc Dominguis Botella
Gear select modules (GSMs) are proposed. The GSMs comprise a 
GSM controller, an intention detector to detect a gear shift movement 
intention of a driver, a haptic human machine interface (HMI) 
in communication with the GSM controller and a gear shifting 
mechanism. The GSM controller is configured to autonomously 
instruct the haptic HMI to control the gear shifting mechanism 
between detection of the gear shift change intention and until the 
GSM controller receives an actuation signal from a transmission 
control module (TCM). Automatic powertrain command systems 
with the proposed GSMs are also proposed and also vehicles with 
the proposed automatic powertrain command systems.

WO/2018/006849 
Wind turbine and method of operating wind turbine
Date: 11.01.2018
Applicant: Envision Energy (Jiangsu) Co Ltd
Inventor: Matthew Summers
A wind turbine, a wind turbine farm and a method of operating 
a wind turbine are disclosed. The wind turbine comprises a wind 
turbine tower and a nacelle with a rotor. A yaw control system 
is used to yaw the nacelle relative to the wind turbine tower in 
order to correct any yaw errors. A first parameter is measured 
on the wind turbine and used to determine a first yaw angle for 
maximum power production. A second parameter is measured 
on a unit positioned separately from the wind turbine and is then 
transmitted to the wind turbine. The second parameter is used to 
determine a second yaw angle for maximum power production. 
A yaw error is determined using the first and second yaw angles 
and a corrective yaw action is triggered if the yaw error exceeds a  
threshold.

US 20170250638 
Pneumatic energy harvesting and monitoring
Date: 31.08.2017
Applicant: The Boeing Company
Inventor: James William Fonda
An apparatus including a pneumatic system; an energy-harvesting 
unit configured to generate electrical energy from a compressed 
gas in the pneumatic system; a battery connected to the energy-
harvesting unit; a sensor disposed to detect a first parameter 
regarding operation of the energy-harvesting unit; and a controller 
connected to the sensor and the energy-harvesting unit. The sensor 
and the controller are powered by the energy-harvesting unit. 
The controller is configured to control the energy-harvesting unit 
and to process measurements for the first parameter detected by 
the sensor. The controller is further programmed with a learning 
system configured to diagnose an operational condition of the 
energy-harvesting unit based on the measurements for the first 
parameter and to issue a command to the controller based on the 
operational condition.
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US 20170219208 
Methods and systems for monitoring burner flame conditions in 
a furnace
Date: 03.08.2017
Applicant: Exxon Mobil Research and Engineering Company
Inventor: Limin Song
Systems and methods for using at least one sensor for monitoring 
a condition in a furnace are disclosed. The at least one sensor can 
be an optical fibre acoustic sensor. The at least one sensor can be 
coupled to at least one processor that can be configured to receive 
at least one measurement from the sensor, convert the at least one 
measurement into a digital format and determine a condition 
associated with at least one burner based at least in part on the 
digital format. The digital format can be, for example, a sound 
waveform or a frequency spectrum.

WO/2017/144153 
Method for monitoring the condition of wheelsets of a rail 
vehicle
Date: 31.08.2017
Applicant:  Plasser & Theurer Export Von Bahnbaumaschinen 

Gesellschaft MBH
Inventor: Herbert Wörgötter
In order to monitor the condition of wheelsets of a rail vehicle, the 
wheelsets having suspension systems, using a working device that 
generates a tilting moment, a change in the suspension travel of the 
suspension system, caused by a wheel-load reduction, is permanently 
measured by a wheel-load reduction sensor. When a pre-set 
switching mark has been reached, the wheel-load reduction sensor 
automatically controls a drive unit of the working device in order 
to prevent a further increase in the tilting moment and/or controls 
the traction. This facilitates more economical use of the rail vehicle, 
since with the wheel-load reduction sensor the working device no 
longer has to be permanently restricted to extreme situations.

WO/2018/006912 
Ultrasonic flow meter with improved ADC arrangement
Date: 11.01.2018
Applicant: Apator Miitors APS
Inventor: Jens Drachmann
Transit-time-based ultrasonic flow meter with analogue-to-digital 
conversion for measuring ultrasonic signals, wherein the accuracy 
of measurements is improved by making several measurements 
with different input offset, reference voltage, frame offset or sample 
rate in an analogue-to-digital conversion stage.

WO/2017/146877 
Systems and methods for monitoring and diagnosing transformer 
health
Date: 31.08.2017
Applicant: General Electric Company
Inventor: Balakrishna Pamulaparthy
The present invention provides monitoring and diagnosis of 
transformer health, wherein electrical current sensing elements 
and a dissolved gas analysis (DGA) apparatus are coupled to 
the transformer and to a diagnostic apparatus. The diagnostic 
apparatus is configured to detect a through-fault in the transformer 
by executing an electrical current flow analysis based on electrical 
current values received from the electrical current sensing elements. 
The diagnostic apparatus also uses DGA data provided by the 
DGA apparatus to detect an abnormal gas-related condition in the 
transformer. A transformer health-related signal, and/or a control 
signal that is based on the transformer health data, is transmitted by 
the diagnostic apparatus.

US 20170248004 
Real-time tension, compression and torque data monitoring 
system
Date: 31.08.2017
Applicant: Baker Hughes Incorporated
Inventor: Louis D Garner
A data monitoring system includes a data monitoring tool 
incorporated into a work string proximate a bottom hole assembly. 
The data monitoring tool detects at least one wellbore condition 
and at least one force experienced by the data monitoring tool.

WO/2017/144785 
Method, system and a computer program product for condition 
monitoring of a fibre web or paper finishing machine
Date: 31.08.2017
Applicant: Valmet Technologies Oy
Inventor: Tatu Pitkänen
The invention relates to a method for condition monitoring of a 
fibre web or paper finishing machine, said fibre web or paper 
finishing machine including one or more subentities (of which at 
least some have one or more rotating machine element equipped 
with a sensor assembly measuring force or pressure and a 
counterpair for said machine element). In the method, the machine 
element is made to rotate against the counter-pair, a measurement 
signal is generated between the machine element and the counter-
pair with the sensor assembly and a cross-directional profile of 
force or pressure generated between the machine element and 
the counter-pair is formed from the measurement signal. Said 
condition monitoring is vibration monitoring. In the method, a 
reference profile is additionally formed for the cross-directional 
profile, the reference profile being the cross-directional profile of 
force or pressure under non-vibrating conditions or formed from 
a measurement signal that is as free as possible of disturbances, 
the cross-directional profile, formed from the measurement signal 
and representing force or pressure generated between the machine 
element and its counter-pair and the reference profile are analysed 
by comparing them with each other to detect periodic variation in 
the cross-directional profile and visual information is produced 
from the analysis for condition monitoring. The invention also 
relates to a corresponding system, a rotating machine element for 
the method or the system and a computer program product.

EP 3215815 
System for determining sensor condition
Date: 13.09.2017
Applicant: Intel Corp
Inventor: Rita Chattopadhyay
The present disclosure is directed to a system for determining sensor 
condition. A sensor signal generated by a sensor to communicate 
the current condition of an aspect being monitored by the sensor 
may also be employed to determine the condition of the sensor 
itself. For example, a device capable of determining whether the 
sensor condition is normal or malfunctioning (for example erratic, 
stuck, etc) may comprise a monitoring module (MM) to receive 
the sensor signal. The MM may comprise a sensor condition 
determination module (SCDM) to determine sensor condition. 
The SCDM may include a feature extraction engine to determine 
various characteristics of (for example to ‘extract features’ from) 
the sensor signal and a model to determine sensor condition based 
on the extracted features. The model may include a support vector 
machine (SVM) taught to determine sensor condition utilising 
sampled sensor signals correlated with annotations of sensor 
condition.
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WO/2017/151447 
Magnetic add-on system with vibration and acoustic sensing 
capabilities for tool condition monitoring
Date: 08.09.2017
Applicant: The Regents of the University of California
Inventor: Raunak Bhinge
A magnetically attachable sensor assembly for sensing cutting tool 
operation. The magnetically attachable sensor assembly comprises 
an acoustic and vibration sensing apparatus, or sensor package, 
disposed in a housing having a portable, magnetic form factor for 
portability and easy clamping/attachment to a number of different 
surfaces.

WO/2017/152617 
Centralised ship ballast water treatment platform
Date: 14.09.2017
Applicant: Wuhan University of Technology
Inventor: Xiangshao Kong
Disclosed is a centralised ship ballast water treatment platform, 
comprising a middle control area and a plurality of extended 
treatment areas, wherein the extended treatment areas are arranged 
in a centrosymmetric form around the middle control area. The 
middle control area is used for controlling and monitoring the 
overall operating condition of the platform and for the daily living 
of staff. Each of the extended treatment areas comprises a ballast 
water transfer pipeline, a mooring rope, a crane, a water pump, a 
water storage tank and a ballast water treatment system. A water 

quality-monitoring device tests whether the quality of ballast water 
treated by the ballast water treatment system reaches a standard 
and the treated ballast water is discharged into a sea area via a 
drain port. The centralised ship ballast water treatment platform 
can reduce the building and operation costs of ocean-going ships, 
reduce compartment spaces and reduce the impact of ship ballast 
water on the ecological environment to the minimum; moreover, 
when a ship is docked at an anchorage, ballast water can be replaced, 
thereby greatly increasing working efficiency.

WO/2017/145069
Road monitoring method and system
Date: 31.08.2017
Applicant: Tracker Connect (Pty) Limited
Inventor: Illezé Wessels
This invention relates to a method and system for monitoring road 
condition, by providing, for a portion of a road, an approximation 
of a roughness figure in accordance with a roughness index. 
The method comprises receiving speed data of a first vehicle 
travelling along each of the portions of the road and receiving, 
from a measuring device carried on the first vehicle, measured 
acceleration data of the device perpendicular to the road surface. 
The acceleration data is processed to provide a parameter value 
relating to the acceleration data for each of the portions of the 
road. A first speed-based conversion equation and the speed data 
are utilised to convert said parameter into the approximation of a 
roughness figure for each of the portions of the road, in accordance 
with the roughness index.

#EWSHM2018
BINDT is organising the 9th European Workshop on Structural Health Monitoring 
(EWSHM), taking place in the landmark glass skyscraper that is Beetham Tower, 
home of the Hilton Hotel, Manchester.

There will be multiple paper sessions in parallel, as well as poster presentations.

For further information, contact:
Conferences and Events Department, BINDT, Midsummer House, 

Riverside Way, Bedford Road, Northampton NN1 5NX, UK. 
Tel: +44 (0)1604 438300; Fax: +44 (0)1604 438301;  

Email: ewshm2018@bindt.org; Web: www.ewshm2018.com 

The British Institute of Non-Destructive Testing

The programme will include:

l	 Physical principles monitoring (mechanical, acoustic, optical, electric, etc)

l Signal processing (FFT, wavelet, PCA, pattern recognition, feature  
 extraction, etc)

l Multifunctional materials and structures (self-sensing materials,  
 novel energy storage systems, energy harvesting, self-diagnostic  
 structures, bio-mimetic, etc

l Modelling and simulation (digital twins, integration of data-driven and  
 physics-based methods, multi-physics multi-scale modelling  
 approaches, etc)

l Sensors and sensor networks (NEMS/MEMS, bio-inspired sensor networks,  
 remote and wireless communication, self-diagnostic networks, etc)

l SHM application (aerospace, marine, civil engineering, railway,  
 automotive, energy, medicine, etc)

l Emphasis on full-scale structural demonstration and applications.

EWSHM started in 2002 and has grown significantly over the years, becoming 
the strong counterpart to the International Workshop on SHM (IWSHM) held in 
Stanford, California, USA. The two recent conferences in Nantes (2014) and Bilbao 
(2016) were highly successful, involving almost 500 delegates and 20 industrial 
companies, and it is anticipated that the EWSHM2018 will prove to be just as 
popular. 


