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Prophesee SA, a developer of advanced neuromorphic 
vision systems, has introduced its first commercial 
implementation of the company’s breakthrough event-

based vision technology for machines. The Onboard™ reference 
system is aimed at developers of vision-enabled industrial 
automation systems such as robots, inspection equipment and 
monitoring and surveillance devices. It features a Prophesee-
enabled VGA-resolution camera combined with a Qualcomm 
Snapdragon™ processor and can be quickly integrated into a 
production camera system design.

Market forecasters estimate the overall industrial machine 
vision market to be valued at US$7.91 billion (approximately 
£5.9 billion) in 2017 and it is expected to reach US$12.29 billion  
(approximately £9.1 billion) by 2023, at a compound annual 
growth rate (CAGR) of 7.61% between 2017 and 2023, according 
to Research and Markets). Factors driving this growth include 
the increasing need for quality inspection and automation, the 
growing demand for artificial intelligence (AI) and Internet of 
Things (IoT)-integrated machine vision systems, the increasing 
levels of adoption of Industry 4.0 technologies, the development 
of new connected technologies, the growing demand for predictive 
maintenance and government initiatives to support smart 
factories.

The Onboard reference system provides a guide for developers 
to optimally implement Prophesee’s neuromorphic vision 
technology for a variety of uses, including area monitoring, high-
speed counting, vibration measurement or real-time arc welding 
monitoring. Based on the company’s proprietary technique, 
which uses a bio-inspired approach based on capturing events 
that change in the field-of-view of individual pixels (and avoiding 
the transmission of redundant data), machine vision systems 
that utilise Prophesee’s image data acquisition and processing 
solutions save computational power, bandwidth, memory and  
energy.

The event-based approach also enables sensors to achieve much 
higher dynamic ranges than are commonly associated with high-
speed vision and it allows cost-efficient sensors and systems to 
record events that would otherwise require conventional cameras 
to run at 10,000 frame/s or more.

“Our technology has been under development for several years 
and we are excited to demonstrate the first tangible implementation 
of it that developers can use for their specific product requirements,” 
said Luca Verre, CEO and Co-Founder of Prophesee. “We are 
confident that the inherent efficiency of event-based sensing 
will make it possible for companies to deploy machine vision 
more widely and no longer have to deal with large amounts of 
(redundant) data when using cameras at high frame rates to achieve 

high-speed vision. The combination of performance and efficiency 
will help to speed up production lines, improve quality monitoring 
and facilitate better and safer human/machine collaboration in 
production environments.”

The solution is also well suited for monitoring and surveillance. 
The vision sensor’s high dynamic range allows operation in difficult 
lighting environments, while producing much less data than a 
traditional frame-based approach and reducing the computational 
burden of scene analysis processing.

Prophesee’s solutions are aimed at improving a wide range 
of industrial uses, including accelerating quality assessment on 
production lines, reducing recalibration for high-speed inspection 
systems, positioning, sensing and movement guidance for robots to 
enable better human collaboration and equipment monitoring (for 
example for damage caused by vibration, kinetic deviations, etc), 
making the system an asset for predictive maintenance and reduced 
machine downtime.

SKF signs deal with BP
SKF has signed a three-year, multi-million pound contract with BP 

to supply condition monitoring services to its UK offshore assets.
As well as collecting data from a range of rotating equipment,  

including fans, motors and generators, SKF will provide analytics, 
reports and recommendations to better inform BP’s decisions 
concerning the efficient and effective use of equipment.

Anecdotal evidence suggests that just 1% of offshore operators 
use the vast volume of data they collect to aid their decision-making 
process.

The contract is already capturing and documenting significant 
efficiency gains through close collaboration between the BP and 
SKF teams.

Ian Peverill, Head of Service at SKF, said: “Using accurate data 
to drive decision making and avoid repeat issues is good for our 
clients and for the industry as a whole. Ultimately, this helps drive 
out waste and increases reliability.

“Recently, our technology was able to detect the underlying 
cause of bearing vibration and provide recommendations to 
prevent failure of a critical motor. Our data analytics software can 
even propose alternative solutions that would be longer lasting and 
better suited to the conditions.”

While the agreement between BP and SKF covers a defined 
equipment list, SKF can also supply ‘non-routine’ services to BP on 
demand, such as electric motor monitoring or dynamic balancing 
of rotating equipment.

Prophesee introduces event-based vision 
technology for machines
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FLIR thermal imaging 
camera enables recording of 
thermal distributions and 
variations in crop canopies
The Canberra node of the Australian Plant Phenomics Facility 

(APPF), CSIRO Agriculture and Food, Canberra, offers a high-
resolution aerial thermography solution for the rapid measurement 
of crop canopy temperature in the field. Research has shown canopy 
temperature imaging to provide an excellent method for measuring 
crop stress through stomatal responses and, as such, infrared 
imaging is becoming a popular technology within the crop science 
community.

Dr Xavier Sirault, Senior Research Scientist at CSIRO Agriculture 
and Food and Director of the CSIRO node of the Australian Plant 
Phenomics Facility, said there are a number of research centres 
around the world that either have or are using the technology on 
a range of broad acre and horticultural crops (for example maize, 
rice and grapes). However, none of these have operationalised the 
deployment of the technology at scale, to date.

Thermal imaging using airborne thermography has become 
an established technology for phenotyping plants for differences 
in stomatal behaviour. Dr Sirault explained: “Infrared technology 
has been used extensively in the research conducted by the CSIRO 
node of the APPF. It has been applied to the study of stomatal 
responses in crops and for phenotyping plants for differences in 
stomatal behaviour, for example for the genetic study of salinity or 
drought tolerance and/or water use efficiency traits. The technology 
is routinely used as part of the ongoing services provided by the 
National Collaborative Research Infrastructure Strategy (NCRIS) to 
screen tens of thousands of genotypes in breeding populations every 
year for variations in canopy temperature (surrogate for transpiration  
rate).”

Canopy temperature is a strong indicator of how well a plant is 
managing its water use through stomatal responses to environment 
conditions. The high-resolution and high-throughput capability of 
the HeliPod™ thermal imaging system allows for small differences 
in temperature to be detected between plant varieties, making it a 
powerful phenotyping tool for large-scale experiments.

Agriculture research is vital to managing climate change and 
ensuring that the food supply can keep up with the growing global 
demand. 

“Currently, we are screening over 5000 plots per year using 
this technology and the demand from the research community 

FLIR SC645 is a fixed-mount thermal imaging camera for research 
and development applications



Condition Monitor | Issue 375 | June 2018 3

News & Views

and industry has been increasing steadily. Some of our industry 
partners today would not consider doing any experiments without 
deploying this capability. In the long term, genetic loci controlling 
transpiration rate in plants will be unravelled and this will allow 
for the development of new crop varieties that are more resilient to 
climatic changes,” Dr Sirault added.

The imaging platform consists of a fully STC-certified helipod 
that can be fitted to any R44 helicopter. The pod carries an 
advanced imaging payload consisting of a high-resolution FLIR 
SC645 infrared camera and a 30 MP RGB camera, with a fully 
integrated IMU and GPS. The imaging system is controlled by an 
on-board industrial PC, which is operated through a touchscreen 
monitor from within the cockpit. Provided with the imaging service 
is the ChopIt tool, a high-throughput processing pipeline developed 
in house by the APPF, which delivers normalised and calibrated 
canopy temperature data on a plot-by-plot basis.

RSK makes two 
acquisitions
UK-headquartered RSK has acquired Nottingham-based Non 

Destructive Testing (NDT) Services and Birmingham-based 
Copeland Wedge Associates (CWA) for an undisclosed amount. 
The firm dipped into its £140 million funding package from 
Permira Debt Managers to finance the deal, having bought ground 
investigation firm Central Alliance in March together with another 
three companies earlier this year.

20-strong NDT Services is a specialist pile testing engineering 
service provider and contractor to the construction industry. It 
also offers vibration monitoring and reporting services during site 
development.

40-strong CWA is a civil and structural engineering services firm 
that has also developed offerings in earthwork design, infrastructure 
and master planning, geotechnical and environmental appraisals 
and structural surveys. The firm works on a range of projects from 
small-scale developments to larger urban regeneration projects.

Azima releases next-
generation data collector
Azima Inc has announced the release of the TRIO C8, a next-

generation hand-held vibration data collector engineered to 
meet the exacting specifications of predictive maintenance (PdM) 
professionals and machine reliability engineers serving heavy 
industry.

The TRIO C8 is the result of 36 months of intensive product 
research into the form factor requirements of maintenance 
and reliability personnel on the plant floor – the last mile of the 
Industrial Internet of Things (IIoT). The TRIO C8 is designed to 
maximise the screen view while maintaining a very small product 
footprint. The product’s eight-inch screen is easy to read both 
inside and outside, even in the snow, sleet and rain. Weighing 
33% less than its predecessor, the TRIO C8 dispenses with 
cumbersome shoulder straps and can be carried in a super-
convenient belt pouch.

Announcing the product’s release, Burt Hurlock, CEO of Azima, 
said: “In-house predictive maintenance experts no longer have to 
choose between portability and viewability. TRIO C8 delivers the 
best of both worlds.” 

Michael DeMaria, Azima’s Senior Director of Product 
Development, added: “The next generation of hand-held vibration 
data collectors has arrived. Tablets are like smartphones. All new 
and existing customers should keep pace with advancing technology 
and upgrade to the TRIO C8.”

Azima is a tech-enabled services company that maximises 
industrial productivity all over the world. Azima supports 
and delivers predictive maintenance and condition-
based monitoring programmes in 12 different industries, 
including oil & gas, food and beverage, manufacturing, 
pharmaceutical and biotechnology, power generation and water  
treatment.

Azima supports in-house machine reliability and PdM 
programmes with best-in-class vibration data collectors. 
Azima PdM hardware is safe, smart and simple to use. 
Azima claims that its hardware empowers users to perform 
three times the machine tests with ten times the accuracy 
of other vibration analysis tools available on the market  
today.

Last year, Azima hardware was used to conduct millions of 
machine tests on hundreds of thousands of industrial assets all over 
the world. 

Azima’s TRIO C8 maximises portability and viewability

The FLIR SC645 IR camera, with a 640 × 480 detector, allows 
both high-resolution and high-throughput canopy temperature 
sensing to be carried out from the air, within the crop canopies
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VIBSCANNER 2 – setting 
new standards
VIBSCANNER 2, a new high-speed data collector, increases 

the efficiency of vibration-based condition monitoring of 
machines and plants, claims Bavarian manufacturer Prüftechnik. 
The company has developed and produced the new device 
according to the motto: ‘Keep it smart and simple’. The result, 
Prüftechnik claims, is a vibration measurement instrument on the 
pulse of time – one that makes route data acquisition much more 
efficient.

As a result of its ground-breaking measuring principle and 
parallel data acquisition, VIBSCANNER 2 collects all relevant 
health information for the machine at the push of a button. 
Prüftechnik claims that measurement times are up to four times 
faster than the industry standard, making it possible for employees 
on site to take care of additional maintenance tasks.

The design of the device is such that even new or untrained 
personnel can effectively perform a measurement without any 
prior training. The intuitive graphical user interface, the integrated 
radio-frequency identification (RFID) reader and the VIBCODE® 
technology assist the employee in taking repeatable and error-free 
measurements.

Depending on the filter setting, VIBSCANNER 2 measures 
parameters, spectra and time waveforms synchronously on three 
axes. In combination with a triaxial sensor, the high-speed data 
collector provides even more condition information for each 
measurement location at the push of a button. This creates an 
overall image of the health of a machine without affecting the 
measuring time.

Automatic machine recognition using RFID technology 
assists the user in always knowing what the next step is. When 
scanning an RFID tag, the device displays the next measurement 
location, along with the position and direction, and ensures that 
no measurement location is overlooked, mixed up or incorrectly 
processed. Through the encoded measurement specifications, 
measurement locations that are fitted with a VIBCODE sensor 
provide repeatable measurement results that are essential for reliable 
machine condition check-ups, not forgetting that the automatic  

r/min determination based on the vibration signal makes the use of 
an r/min sensor superfluous.

VIBSCANNER 2 is a metrological evolution from many 
different angles. The touch display is shock-proof, high-contrast 
and glove-enabled. The ergonomic design ensures fatigue-free work 
and is suitable for those who are both right- and left-handed. Due 
to the long battery life of ten hours, the measurement task becomes 
truly carefree.

Using the OMNITREND® Center PC software makes 
VIBSCANNER 2 the omni-functional solution for complete 
offline condition monitoring of machines. Route data is 
transferred as a data file from the software to the device of 
the employee on site (for example via email). The employee 
simply loads the route onto the device via a USB cable and can 
begin measuring immediately. While the employee efficiently 
performs the measurement route, the maintenance specialist 
has time to carry out in-depth analysis using the monitoring 
software. Prüftechnik claims that VIBSCANNER 2 increases 
the efficiency of work processes in a fast, easy and all-in-one  
fashion to guarantee the reliability and availability of the user’s 
assets.

Singapore LTA awards 
three contracts
Singapore’s Land Transport Authority (LTA) has awarded three 

contracts to upgrade the power supply and track circuit systems 
along the North-South and East-West Lines (NSEWL).

The first two contracts carry a combined value of  
S$500 million (approximately £274 million) and were awarded to 
Meiden Singapore. 

The deals cover various upgrades and renewals of the NSEWL’s 
power supply system.

A consortium comprising Siemens and ENGIE Services 
Singapore was awarded the third contract, which is valued at 
S$73 million (approximately £40 million). It involves a series of 
replacement works relating to the NSEWL’s track circuit system.

Chua Chong Kheng, Infrastructure and Development Deputy 
Chief Executive for LTA, said: “We are deeply committed to 
improving the reliability of the NSEWL, our oldest and most heavily 
utilised rail lines. 

“We expect the new power supply and track circuit systems to 
significantly reduce the number of power and track circuit-related 
faults.”

The NSEWL’s new power supply system features a voltage-
limiting device fault identification system that can isolate 
power faults to specific stretches in order to facilitate recovery  
service. It is able to reduce the number of power-related faults by 
automatically switching the power source during an outage.

The system will also enable real-time monitoring and help to 
identify potential faults along the network. The new track circuit 
system can detect the location of trains on the line and the presence 
of broken rails. It is also able to use its built-in condition monitoring 
system to address possible track circuit failures.

Furthermore, LTA will increase the capacity of the traction 
substations and intake power substations at Yasin, Bishan and 
Stamford. 

The initiative is expected to enable LTA to operate a greater 
number of trains on the line. 

The upgrade works are scheduled to begin this year and are 
expected to be completed by the early 2020s.

The VIBSCANNER 2 collects all relevant health information for 
the machine at the push of a button       Image courtesy of Prüftechnik
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Banner introduces wireless 
condition monitoring 
system
Banner Engineering, a provider of technology for industrial 

automation, has announced its wireless condition monitoring 
solution with machine learning for more intuitive predictive 
maintenance (PdM).

The QM42VT wireless vibration monitoring sensor from 
Banner continuously measures root mean square (RMS) velocity, 
high-frequency RMS acceleration and temperature. This enables 
the sensor to identify problems with a machine before they become 
severe and result in unplanned downtime. It also allows facility 
managers to plan maintenance more efficiently and reduce labour 
costs by eliminating manual checks.

Using a proprietary machine learning algorithm, Banner’s 
condition monitoring solution collects data from the sensor to 
establish the vibration baseline of a machine and automatically set 
warning and alarm thresholds.

When a threshold has been exceeded, the wireless node can provide 
local indication, send the vibration and temperature data to the gateway 
for long-term collection and analysis and send a text or email alert. The 
solution serves as a simple ‘check engine light’ for machines; however, 
data on a variety of vibration characteristics can also be collected over 
time for more in-depth analysis of machine performance.

The sensor is ideal for a variety of machine monitoring 
applications, including motors, pumps, blowers and many other 
types of machine throughout a facility.

Manufactured with a robust zinc alloy housing, the sensor 
provides reliable performance in harsh environmental conditions. 
The sensor can be easily mounted using a standard bracket, a 
magnetic bracket or two-sided thermal transfer mounting tape to 
accommodate diverse applications.

Monico brings mCore to 
market
Monico has jumped aboard the Industrial Internet of Things 

(IIoT) wave with mCore, a condition monitoring platform 
that also serves as a protocol translator and edge device gateway. 
mCore is designed for remote monitoring, telematics and edge 
analytics for heavy industrial mobile applications. The mCore 
platform was unveiled in March at the Gas Compressor Association 
(GCA) Expo & Conference in Galveston, Texas.

Monico said that it made cybersecurity a key focal point of 
the mCore, which contains high assurance boot (HAB), serialised 
X.509 certificates for bidirectional authentication and other forms 
of hardware encryption.

mCore also incorporates a quad core 1 GHz processor, with each 
core containing one NEON math coprocessor with the capability of 
handling 1.8 billion floating point calculations per second. Together, 
the processor can handle seven billion calculations per second.

The device incorporates a rugged design, capable of withstanding 
high-vibration and high-shock environments. Its enclosure is IP66/
IP67 rated and is dust and water resistant.

According to Monico, more versions of the device are planned 
for the future.

Enging introduces 
new motor condition 
monitoring solution
Enging has introduced a new motor condition monitoring (MCM) 

solution which, it says, is a real-time monitoring system focused 
on the predictive maintenance (PdM) of industrial electric motors.

Enging has developed an approach that allows users to effectively 
monitor electric motors. Enging’s MCM solution just needs to acquire 
the electric signals (voltage and currents) that supply the electric 
motor, which are available at the motor control centre (MCC).

These analogue signals are acquired by a dedicated data acquisition 
board and sent to a gateway device that collects data from the different 
motors. The information is then sent to a cloud service or to a 
central server, where it is processed. Afterwards, any user with access 
permissions can see what is happening in real time with the different 
devices. Most importantly, if something abnormal is detected, this 
intelligent platform sends an email to defined users, warning about 
the condition of the device, the fault type, its location and the severity 
level. All of this information can also be integrated with supervisory 
control and data acquisition (SCADA) systems or any other platform.

At the core of this system is an algorithm that integrates technological 
developments in condition monitoring and fault diagnosis of electric 
motors using electric signals. This algorithm allows for the detection 
of failures in all parts that comprise electric drives.

The algorithm computes several fault indices associated with the 
different fault categories. Since it is sensitive, incipient faults can 
therefore be detected at an early stage.

CERTIFICATION OF CONDITION  
MONITORING PERSONNEL

The British Institute of NDT (BINDT) and the PCN 
Scheme offer third-party certification of condition 
monitoring personnel that conforms to the specifications of ISO 18436 and 
CMGEN.
Condition monitoring technologies qualifying for Categories 1, 2, 3 
and 4 include:
Vibration Analysis (VA), Acoustic Emission (AE), Lubrication Analysis (LA, 
tribology) and Infrared Thermography (IRT).

Examinations are conducted at a network of Authorised Examination 
Centres listed in PCN document PSL/4-CM, which can be viewed and 
downloaded from www.bindt.org 

Training in these technologies, leading 
to examination, may be obtained 
from a network of Accredited Training 
Organisations listed in PCN document 
APP-LIST-CMM, which can be viewed and 
downloaded from www.bindt.org 

For more information about BINDT, PCN, certification, CM technologies or 
examinations, please contact the Certification Services Division of BINDT 
via email: pcn@bindt.org or call: +44 (0)1604 438300.

PCN Certification – Standardised 
qualification assured
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Built-in sensors automate 
lubrication
Schaeffler has developed a system that automates the lubrication 

of linear recirculating ball bearing and guideway assemblies 
using built-in lubrication and vibration sensors, thus eliminating 
the need for manual lubrication. The system, called DuraSense, 
provides individual linear axes with the precise level of lubrication 
they need, based on their loads and other factors. Up to six carriages 
can be monitored on one axis.

The system prevents both insufficient lubrication and over-
greasing, extending the lives of machines and reducing failure 
rates. It can also detect relubrication system failures caused, for 
example, by leaking hoses or blocked lubricating nipples. It does 
not need complex monitoring using pressure sensors, such as those 
used in centralised lubricating systems. It will protect even heavily 
interconnected systems against costly downtime.

If a monorail guidance system moves only short distances 
and experiences low forces, the system reduces the frequency of 
lubricating impulses. If load conditions become more severe, it 
increases the frequency. If a carriage becomes contaminated by 
foreign bodies or fluids, the built-in vibration sensors detect this 
through solid-borne sound transmission and trigger a lubricating 
impulse, flushing out the contamination along with the lubricant.

Without this function, Schaeffler says that the guidance system 
would continue to operate with contamination remaining in the 
rolling contact until the next planned lubrication. This could result 
in severe damage.

The DuraSense system can also help to determine the remaining 
useful life in linear recirculating ball, roller bearing and guideway 
assemblies. After these assemblies have been in operation for an 
extended period, material fatigue can occur close to their surfaces. 
The measuring system detects this and increases the frequency of 
the relubricating impulses. The axis, therefore, runs smoothly and 
the quality of the product remains constant for longer.

Even though the linear guidance system continues to operate 
in this condition, the shorter intervals between the lubricating 
impulses can be sensed and used to predict the remaining useful 
life of the guidance system. This calculation, which will in future 
be available as a digital service, allows maintenance work to be 
scheduled based on actual operating data and the condition of the 
system.

The DuraSense system                  Image courtesy of Schaeffler
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Diagnosis of a rolling bearing defect in 
a fan and root cause analysis
Hower Fan and Zhou Xiang

Hower Fan has a master’s degree and is Service Manager of SKF 
(China) Sales Co Ltd in condition monitoring and root cause 
analysis of rotating machinery. Email: hower.fan@skf.com
Zhou Xiang is also with SKF (China) Sales Co Ltd, Nanjing 
210000.

The fan is one of the most critical machines in a power plant and the key to its reliability lies in the timely detection 
of bearing defects. This paper presents an approach to detecting bearing defects by SKF acceleration enveloping and 
eliminating them in time, thus avoiding unplanned shutdown of the fan due to bearing failure. The root cause of bearing 
failure is also analysed.
Keywords: fan, rolling bearing, acceleration enveloping, bearing defect, RCFA.

1. Introduction
In a combined-cycle power plant, there is one fan with an  
SKF 2222 KM bearing at its drive end. This SKF 2222 KM bearing has 
18 rolling elements arranged in a double row, with a rolling element 
diameter of 23.81 mm, pitch diameter of 154.83 mm and a contact 
angle of 10.59°. The non-drive end of the fan is equipped with an  
SKF 22222 bearing, which has 18 rolling elements arranged in 
a double row, with a rolling element diameter of 23 mm, pitch 
diameter of 144 mm and a contact angle of 8.42°. The fan is directly 
driven by a variable frequency motor, which is connected to it 
via a spring coupling. Figure 1 shows a schematic diagram of the 
structural arrangement of the fan. 

The drive-end bearing of the fan failed after operating for 
only one year, which is far shorter than its design life. Therefore, 
comprehensive vibration testing was conducted on the fan to detect 
bearing defects so as to avoid unplanned shutdowns due to bearing 
failure and to identify the root cause of the failure of the bearing for 
the purpose of eliminating recurring bearing faults.

2. Detection of a rolling bearing defect – 
acceleration enveloping

2.1 Rolling bearing defect frequency
A rolling bearing consists of four components: inner ring, outer 
ring, rolling element and cage. So, the rolling bearing defect is 
characterised by the ball-pass frequency of the inner race (BPFI), 
the ball-pass frequency of the outer race (BPFO), the ball-spin 
frequency (BSF) and the fundamental train frequency (FTF), the 
specific value of which depends on the geometrical dimensions and 
the rotational speed of the bearing. The calculation formulae are 
given below:

 BPFI = Nb / 2 × S (1+(Bd /Pd) × cos A)
 BPFO = Nb / 2 × S (1−(Bd /Pd) × cos A)

 BSF = (Pd /2Bd) × S × (1−(Bd /Pd) × cos A)2

 FTF = S/2 × (1−(Bd /Pd) × cos A)

where Nb is the number of balls, S is the shaft speed, Bd is the ball 
diameter, Pd is the pitch diameter and A is the contact angle.

2.2 Characteristics of a rolling bearing defect
The basic principle of spectrum analysis is to identify faults by 
their characteristic frequencies. Signals collected by a vibration 
condition monitoring programme may contain various vibration 
sources. Faults such as imbalance, misalignment and looseness 
usually have a characteristic frequency lower than ten times the 
rotational frequency, but a relatively high vibration amplitude. 
Other faults, such as poor lubrication and early defects in gear and 
rolling bearings, often have a relatively high frequency.  

Early defects in the rolling bearings may cause cyclic impact at an 
interval determined by the geometrical dimensions and the rotational 
speed together. The frequency of such faults is the bearing defect 
frequency, as shown in Figure 2. Furthermore, such cyclic impact 
may stimulate resonance. Cyclic impact is a kind of modulated 
signal as reflected on the spectrum where the resonant frequency 
is the centre frequency and the defect frequencies are distributed on 
both sides of this centre frequency as a sideband, as shown in Figure 
3. The sideband corresponds to the bearing defect frequencies. In 
conclusion, early defects of a bearing are presented in the form of 
a sideband that is often accompanied by resonant frequency. As a 
consequence, it is difficult to directly determine the bearing defect 
frequencies on the spectrum through conventional analysis.

Figure 1. Structural arrangement of the fan

Figure 2. Original impact signal
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2.3 Overview of acceleration enveloping
The conventional analysis is to identify fault frequencies in a broad 
band, in which some high-frequency vibrations with low energy will 
be overwhelmed by low-frequency vibrations with large amplitude 
and therefore cannot be identified. A typical example is vibration 
caused by early defects of a bearing. In contrast, the use of acceleration 
enveloping can effectively solve the problems encountered in the 
diagnosis of early bearing faults with conventional spectrum analysis. 
The process of acceleration enveloping is detailed below:
1. Filter out the low-frequency vibrations with a high energy with 

appropriate band-pass filters and select the proper acceleration 
signals (primarily intended to reflect the impact vibrations due 
to early defects). Figure 4 shows the signals after such filtering 
and the spectrum.

2. The amplitude-modulated signals, after being rectified, cause 
a distortion in the carrier waveform of the original signal 
and a doubling of the carrier frequency. In addition, there are 
harmonics and DC components. Each frequency component 
is accompanied with sidebands, which go through no changes 
during rectification and the sidebands still correspond to the 
bearing defect frequencies, see Figure 5. 

 3. In the waveform of modulated signals after low-pass filtering 
with a properly set analysis bandwidth, the cycle and modulated 
frequency remain the same. The frequency characteristics of the 
modulated signal obtained by fast Fourier transform (FFT), ie the 
defect frequencies of the rolling bearing, are shown in Figure 6. 

The acceleration enveloping removes the limitation of a 
conventional analysis approach, in that the bearing defect 
frequencies can only be identified according to the bandwidth of the 
sideband and provides a simplified, reliable basis for the diagnosis 
of rolling bearing defects. 

3. Results of vibration testing
3.1 The first test
On 4 February 2010, comprehensive vibration testing of the 
fan was performed at 1151 r/min. The test results showed that 
the BPFO of the SKF 2222 KM bearing at 1151 r/min was 
146.5 Hz. No defect frequency of the drive-end bearing was found 
from the velocity spectrum, as shown in Figure 7. However, the 
acceleration envelope spectrum showed an obvious BPFO of 
the drive-end bearing and associated harmonics, as depicted in 
Figure 8. In addition, the time domain plot of the acceleration 
envelope indicated that the fan suffered a regular impact with 
BPFO. Analysis concluded that the outer ring of the bearing had 
an obvious defect and needed to be replaced as early as possible. 
Obviously, if only velocity testing had been carried out, it would 
have led to an incorrect conclusion that the drive-end bearing was 
in good condition.

3.2 The second test 
Unfortunately, the tight production schedule resulted in the 
power plant owner failing to replace the defective bearing. On  
1 June 2010, a second comprehensive vibration testing of the fan 
was carried out at 1392 r/min. The test results showed that the  

Figure 3. Spectrum of impact signal

Figure 4. Amplitude-modulated signal and spectrum

Figure 5. Modulated signal and spectrum

Figure 6. Envelope curve and spectrum
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SKF 2222 KM bearing had a BPFO of 177.23 Hz and a BSF of 
73.70 Hz. Still, the velocity spectrum showed no obvious defect 
frequencies, as shown in Figure 10. However, the acceleration 
envelope spectrum indicated the previously identified BPFO and 
also BSF, as shown in Figure 11. Analysis concluded that the bearing 
defect had escalated and both the outer ring and the rolling element 
were defective, so it was suggested that the customer replace the 
bearing as soon as possible.

4. Root cause analysis of bearing failure
According to the analysis, the power plant dismantled and inspected 
the drive-end bearing of the fan and found severe damage on the 
outer ring and the rolling elements, as shown in Figures 12 and 13. 

The bearing failure modes included spalling on the outer 
raceway, severe spalling on the surface of the rolling elements and 
friction marks on the circumferential surface of the outer raceway. 

It was believed that they were attributable to the excessive preload 
within the bearing as a result of improper internal clearance 
introduced during bearing installation.

For bearings with a tapered inner ring, special installation 
tools should be used and the axial drive-up should be accurately 
controlled. Otherwise, if the clearance after installation is too small, 
there will be increased friction during running, leading to a bigger 
preload, fatigue spalling and, finally, a shorter service life of the 
bearing. 

5. Conclusion
Acceleration enveloping is an effective way to identify bearing 
defects, especially early defects. However, to eliminate recurring 
bearing faults, it is necessary to find the root cause. In the 
replacement of the bearing, the power plant strictly controlled the 
internal clearance of the bearing. The bearing has been operating 
well since 2010 after being mounted and has suffered no recurring 
faults, contributing to considerable savings in maintenance costs 
and also increased plant availability.
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Figure 7. Velocity spectrum of the drive-end bearing of the fan

Figure 8. Acceleration envelope spectrum of the drive-end bearing 
of the fan

Figure 9. Time-domain waveform of the drive-end bearing of the fan

Figure 10. Velocity spectrum of the drive-end bearing of the fan

Figure 11. Acceleration envelope spectrum of the drive-end 
bearing of the fan

Figure 12. Spalling on the outer ring

Figure 13. Severe spalling on the surface of the ball
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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.

Experimental and numerical study for detection of rail defects

G Montiel-Varela et al Engineering Failure Analysis, Vol 81, pp 
94-102, 2017

Condition monitoring methodologies have become an important aspect of 
maintenance programmes for any type of structure, contributing towards the 
prevention of catastrophic accidents. Natural frequency analysis is a useful 
methodology to evaluate the integrity condition of structural elements, such 
as rotor beams, rails and almost every machine component. In this work, two 
techniques were applied for the condition monitoring of rails: numerical, 
using the finite element method (FEM), and experimental analysis. Sections 
of a 115RE rail had been characterised in the field for integral track section 
cracks and in the laboratory for integral and artificial crack conditions at 
different depths, in free-free boundary conditions. Numerical simulation 
was used to compare and validate the experimental analysis. The changes 
in natural frequencies were observed as a function of the crack depth. A 
sensitivity analysis of natural frequency variation due to the influence of the 
crack depth and the section dimensions was performed in order to explore 
the behaviour in modes of vibration. In addition, this monitoring technique 
can potentially be used as a criterion to assess whether or not it is necessary 
to eliminate the crack by gridding or replace the entire rail section. Finally, 
the finite element simulation was validated through natural frequency 
measurements in the railway network. ©2017 Elsevier Ltd.

Energy harvesting and wireless data transmission system for rotor 
instrumentation in electrical machines

D X Llano et al IET Power Electronics, Vol 10, No 11, pp 1259-
1267, 2017

It is desirable to measure rotor parameters, such as currents and temperatures, 
in an electrical machine for design verification and condition monitoring 
purposes. A Bluetooth module that sends data from the rotor was previously 
reported in the literature, but this module was battery powered and therefore 
the duration of the tests was limited. This study presents a solution to this 
problem with the development of a rotor-mounted power supply system that 
can harvest energy from the magnetic field inside the machine by fixing an 
external loop to the rotor and making use of the induced voltage in the loop. 
A full-bridge rectifier, boost converter and battery-charging module were 
developed to supply sufficient power to a bespoke Bluetooth transmission 
system and associated sensor circuitry. ©2017 The Institution of Engineering 
and Technology.

Vibration monitoring, fault detection and bearing replacement of a real 
wind turbine

H D M de Azevedo 
et al

Journal of the Brazilian Society of Mechanical 
Sciences and Engineering, Vol 39, No 10, pp 
3837-3848, 2017

Wind turbines are growing rapidly in size and diameter. Nowadays, most 
wind turbines being installed are around 100 m in height and 80-120 m in 
diameter. Another important characteristic of wind farms is that they are 
usually far from urban centres. These particulars play an important role when 
analysing operation and maintenance costs and their impact in the wind 
farm project. In remote centres, it becomes crucial to predict and prevent 
unnecessary maintenance breakdowns and costs. An efficient solution to 
prevent faults on wind turbines is the use of condition monitoring. Faults 
can be prevented by analysing data from sensors placed around the wind 
turbines to measure mainly oil quality, temperature and vibration. In this 
paper, accelerometers were placed on the main components of a real wind 
turbine and a vibration-based condition monitoring methodology was 
applied using signal processing techniques, such as Fourier transform, and 
envelope analysis with Hilbert transform. A bearing fault was discovered 
and the vibration characteristics were analysed before and after the bearing 
replacement. ©2017 The Brazilian Society of Mechanical Sciences and 
Engineering.

Reducing dimensionality of multi-regime data for failure prognostics

O Bektas et al Journal of Failure Analysis and Prevention, pp 
1-8, 2017

Over the last decade, the prognostics and health management literature 
has introduced many conceptual frameworks for remaining useful life 
predictions. However, estimating the future behaviour of critical machinery 
systems is a challenging task due to the uncertainties and complexities 
involved in the multi-dimensional condition monitoring data. Even 
though many studies have reported promising methods in data processing 
and dimensionality reduction, the prognostics applications require the 
integration of these methods with remaining useful life estimations. This 
paper describes a multiple linear regression process that reduces the 
number of data regimes under consideration by obtaining a set of principal 
degradation variables. The process also extracts health indicators and useful 
features. Finally, a state-space model based on frequency domain data is 
used to estimate remaining useful life. The approach presented is assessed 
with a case study on a turbofan engine degradation simulation dataset and 
the prediction performance is validated by error-based prognostic metrics. 
©2017 The author(s).

Distributed event-triggered feedback consensus control with state-
dependent threshold for general linear multi-agent systems

X Liu et al International Journal of Robust and Nonlinear 
Control, Vol 27, No 15, pp 2589-2609, 2017

This paper considers the distributed event-triggered consensus problem for 
multi-agent systems with general linear dynamics under undirected graphs. 
Based on state feedback, the authors propose a novel distributed event-
triggered consensus controller with a state-dependent threshold for each 
agent to achieve consensus, without continuous communication in either 
controller update or triggering condition monitoring. Each agent only needs 
to monitor its own state continuously to determine if the event is triggered. 
It is proven that there is no Zeno behaviour under the proposed consensus 
control algorithm. To relax the requirement of the state measurement of 
each agent, the authors further propose a novel distributed observer-based 
event-triggered consensus controller to solve the consensus problem in 
the case with output feedback and prove that there is no Zeno behaviour 
exhibited. Finally, simulation results are given to illustrate the theoretical 
results. ©2016 John Wiley & Sons Ltd. 

Prognosis of bearing acoustic emission signals using supervised 
machine learning

M Elforjani and  
S Shanbr 

IEEE Transactions on Industrial Electronics, 
2017

The acoustic emission (AE) technique can be successfully utilised for condition 
monitoring of various machining and industrial processes. To keep machines 
functioning at optimal levels, a fault prognosis model is required to predict the 
remaining useful life (RUL) of machine components. This model is used to 
analyse the output signals of a machine while in operation and helps to set an 
early alarm tool that reduces the premature replacement of components and 
wasteful machine downtime accordingly. Recent improvements indicate the 
drive towards the incorporation of prognosis and diagnosis machine learning 
techniques in future machine health management systems. With this in mind, 
this work employs three supervised machine learning techniques: support 
vector machine regression (SVMR), multi-layer artificial neural network 
(ANN) modelling and Gaussian process regression (GPR), to correlate AE 
features with corresponding natural wear of slow-speed bearings throughout a 
series of laboratory experiments. Analysis of signal parameters, such as signal 
intensity estimator (SIE) and root mean square (RMS), was undertaken to 
discriminate individual types of early damage. It was concluded that a neural 
network model with a back-propagation learning algorithm has an advantage 
over other models in estimating the RUL for slow-speed bearings if the proper 
network structure is chosen and sufficient data is provided. ©2017 IEEE.



Condition Monitor | Issue 375 | June 2018 11

Abstracts

Jet engine gas path analysis based on take-off performance snapshots

A Putz et al Journal of Engineering for Gas Turbines and 
Power, Vol 139, No 11, 2017

Current engine condition monitoring (ECM) systems for jet engines include 
the analysis of on-wing gas path data using steady-state performance models. 
Such data, which are also referred to as performance snapshots, are usually 
taken during cruise flight and take-off. Using steady-state analysis, it is assumed 
that these snapshots have been taken under stabilised operating conditions. 
However, this assumption is reasonable only for cruise snapshots. During 
take-off, jet engines operate in highly transient conditions, with significant 
heat transfer occurring between the fluid and the engine structure. Hence, 
steady-state analysis of take-off snapshots is subject to high uncertainty. Due to 
this, take-off snapshots are not used for performance analysis in current ECM 
systems. The authors quantify the analysis uncertainty by transient simulation 
of a generic take-off manoeuvre using a performance model of a medium-
sized two-shaft turbofan engine with high bypass ratio. Taking into account 
the influence of the preceding operating regimes on the transient heat transfer 
effects, this take-off manoeuvre is extended backwards in time to cover the 
aircraft turnaround, as well as the end of the last flight mission. The authors 
present a hybrid approach for thermal calculation of both the fired engine 
and the shutdown engine. The simulation results show that take-off derate, 
ambient temperature, taxi-out (XO) duration and the duration of the preceding 
aircraft turnaround have a major influence on the transient effects occurring 
during take-off. The analysis uncertainty caused by the transient effects is 
significant. Based on the simulation results, the authors propose a method 
for the correction of take-off snapshots to steady-state operating conditions. 
Furthermore, it is shown that the simultaneous analysis of cruise and corrected 
take-off snapshots leads to significant improvements in observability. ©2017 
ASME.

An algorithm for the simulation of faulted bearings in non-stationary 
conditions

G D’Elia et al Meccanica, pp 1-20, 2017

In the field of condition monitoring, the availability of a real test-bench is not 
so common. Furthermore, the early validation of a new diagnostic technique 
on a proper simulated signal is crucial and a fundamental step in order to 
provide feedback to the researcher and to increase the chances of getting 
a positive result in the real case. In this context, the aim of this paper is to 
detail a step-by-step analytical model of a faulty bearing that the reader could 
freely and immediately use to simulate different faults and different operating 
conditions. The vision of the project is a set of tools accepted by the community 
of researchers of condition monitoring for the preliminary validation of new 
diagnostic techniques. The tool proposed in this paper is focused on ball 
bearings and is based on the well-known model published by Antoni in 
2007. The features available are the following: selection of the location of the 
fault; stage of the fault; cyclostationarity of the signal; random contributions; 
deterministic contributions; effects of resonances in the machine; and 
working conditions (stationary and non-stationary). The script is provided 
for the open-source Octave environment. The output signal is finally analysed 
to prove the expected features. ©2017 Springer Science+Business Media BV.

Non-invasive online condition monitoring of output capacitor’s ESR 
and C for a flyback converter

K Yao et al IEEE Transactions on Instrumentation and 
Measurement, Vol 66, No 12, pp 3190-3199, 2017

Since electrolytic capacitors are primarily responsible for breakdowns in 
power electronics converters and have a high failure rate, their reliability is 
of tremendous concern. Consequently, emphasis should be placed on an 
appropriate monitoring system, as well as a fault diagnosis system. In this 
paper, an original and accurate online scheme applied to estimate the output 
capacitor of the flyback converter is put forward. By analysing the voltage 
ripple of the electrolytic capacitor’s output in detail, an online mathematical 
model for the equivalent series resistance (ESR) and capacitance (C) is 
derived. A trigger circuit and an isolated amplification circuit are designed 
to catch the output voltage ripple values at certain instants of switching cycle, 
which are sent to a digital signal processor for the calculation of ESR and C. 
The proposed scheme is non-invasive, as no extra current sensor is needed. 
In order to verify the feasibility of the scheme, a prototype of the online 
monitoring system is built and experiments are conducted. ©2017 IEEE.

Online condition monitoring of servo motor drive systems by HHT in 
Industry 4.0

M C Tsai and P J Ko Journal of the Chinese Institute of Engineers, 
Transactions of the Chinese Institute of 
Engineers, Series A/Chung-kuo Kung Ch’eng 
Hsuch K’an, Vol 40, No 7, pp 572-584, 2017

Industry 4.0, the current trend of automation and data exchange in 
manufacturing technologies, includes  the development of cyber-physical 
systems, the Internet of Things (IoT) and cloud computing, which create what 
has been called a ‘smart factory’. In order to prevent digital manufacturing 
production lines in smart factories from shutting down, the development 
of self-diagnostic techniques is a significant issue in Industry 4.0. Thus, 
this paper presents a novel online condition monitoring method that is 
based on the measured line current of a brushless DC motor drive system. 
The characteristic component of line current is extracted by the time-
frequency signal processing method, namely the ensemble empirical mode 
decomposition (EEMD)-based Hilbert-Huang transform (HHT). The 
mean value of the characteristic component of current utilised for health 
monitoring is then obtained. For the sake of increasing the reliability of the 
results, gauge repeatability and reproducibility is employed to evaluate the 
reliability of the computed mean value of the characteristic current. A healthy 
reference index, defined from the characteristic intrinsic mode function, is 
proposed for decision-making during online monitoring. Theoretical analysis 
and experiments are conducted to evaluate the effectiveness of the proposed 
health monitoring approach. ©2017 The Chinese Institute of Engineers.

Defect detection of helical gears based on time-frequency analysis and 
using multi-layer fusion network

H Ebrahimi Orimi 
et al

Nondestructive Testing and Evaluation, Vol 32, 
No 4, pp 363-380, 2017

Condition monitoring of rotary devices, such as helical gears, is an issue 
of great significance in industrial projects. This paper introduces a feature 
extraction method for gear fault diagnosis using wavelet packets due to its 
higher-frequency resolution. During this investigation, the mother wavelet 
Daubechies 10 (Db-10) was applied to calculate the coefficient entropy of 
each frequency band of the fifth level (32 frequency bands) as features. In 
this study, the peak value of the signal entropies was selected as an applicable 
feature in order to improve frequency band differentiation and reduce the 
dimension of the feature vectors. Feature extraction is followed by the fusion 
network, where four differently structured multi-layer perceptron networks 
are trained to classify the recorded signals (healthy/faulty). The robustness 
of fusion network outputs is greater than that of perceptron networks. The 
results provided by the fusion network indicate a classification of 98.88% 
and 97.95% for healthy and faulty classes, respectively. ©2016 Informa UK 
Limited, trading as Taylor & Francis Group.

Intelligent health monitoring of machine bearings based on feature 
extraction

M Chalouli et al Journal of Failure Analysis and Prevention, Vol 
17, No 5, pp 1053-1066, 2017

Finding reliable condition monitoring solutions for large-scale complex 
systems is currently a major challenge in industrial research. Since fault 
diagnosis is directly related to the features of a system, there have been many 
research studies aimed towards developing methods for the selection of the 
relevant features. Moreover, there are no universal features for a particular 
application domain, such as machine diagnosis. For example, in machine 
bearing fault diagnosis, these features are often selected by an expert or 
based on previous experience. Thus, for each bearing machine type, the 
relevant features must be selected. This paper attempts to solve the problem 
of relevant feature identification by building an automatic fault diagnosis 
process based on relevant feature selection using a data-driven approach. 
The proposed approach starts with the extraction of the time domain 
features from the input signals. Then, a feature reduction algorithm based 
on a cross-correlation filter is applied to reduce the time and cost of the 
processing. An unsupervised learning mechanism using K-means++ selects 
the relevant fault features based on the squared Euclidean distance between 
different health states. Finally, the selected features are used as inputs to a 
self-organising map producing the health indicator. The proposed method 
is tested on roller bearing benchmark datasets. ©2017 ASM International.
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BetoScan 2.0 – a tool for proactive lifecycle assessment

R Moryson and  
H G Herrmann

Bautechnik, Vol 94, No 10, pp 730-735, 2017

Infrastructure is subject to particular stress loads and a continuous ageing 
process. Increasing traffic volumes, higher overall weights and climatic 
changes have intensified these stress levels over recent decades. The resulting 
increase in maintenance costs requires an optimised use of resources by public 
authorities. The basis for all maintenance management is comprehensive 
information on the condition of the structures, which is recorded, evaluated 
and documented according to recognised standards (for example DIN 1076, 
RI-EBW-PRÜF). The current guidelines define multi-year test intervals with 
many methods of condition monitoring based on hand-held inspection. 
However, damage processes can have an effect over a long period of time, 
with an increased expenditure on personnel and technical effort for testing 
and maintenance. These results are usually summarised in key figures, 
which stand for a specific structure and allow an objective comparison. 
New automated multi-modal condition monitoring systems, for example 
BetoScan, equally support building inspectors, such as operators. They 
enable flexible damage diagnostics through a faster test process, higher 
reproducibility of the results and a greater amount of information. Thus, 
BetoScan can support concepts of proactive substance conservation 
with the goal of early detection and elimination of damage processes.  
©2017 Ernst & Sohn Verlag für Architektur und technische Wissenschaften GmbH 
& Co KG, Berlin.

Optimising the reprofiling policy regarding metropolitan train wheels 
based on a semi-Markov decision process

Z Jiang et al Proceedings of the Institution of Mechanical 
Engineers, Part O: Journal of Risk and 
Reliability, Vol 231, No 5, pp 495-507, 2017

In this article, the authors present a maintenance model for metropolitan 
train wheels, subjected to diameter or flange thickness overruns, that includes 
condition monitoring with periodic inspection. A dynamic (x, r) policy based 
on condition monitoring information is presented, where x is the wheel flange 
thickness threshold that triggers preventative reprofiling and r is the recovery 
value for the wheel flange thickness after preventative reprofiling. The problem 
is modelled as a semi-Markov decision process that considers wear in terms of 
the diameter and flange thickness, simultaneously. The problem is formulated 
in a two-dimensional state space; this space is defined as a combination of 
the diameter state and the flange thickness state. The model also considers 
imperfect wheel maintenance. The model’s objective is to minimise the 
maintenance cost per unit time that is expected in the long run. A policy-
iteration algorithm is applied as the computational approach to determine 
the optimal reprofiling policy and an example is used to demonstrate the 
effectiveness of the method. ©2017 Institution of Mechanical Engineers.

A review of electrostatic monitoring technology: the state-of-the-art 
and future research directions

Z Wen et al Progress in Aerospace Sciences, Vol 94, pp 1-11, 
2017

Electrostatic monitoring technology is a useful tool for monitoring and 
detecting component faults and degradation, which is necessary for 
system health management. It encompasses three key research areas: 
sensor technology; signal detection, processing and feature extraction; and 
verification experimentation. Recently, it has received considerable attention 
for condition monitoring due to its ability to provide warning information 
and non-obstructive measurements online. A number of papers in recent 
years have covered specific aspects of the technology, including sensor 
design optimisation, sensor characteristic analysis, signal denoising and 
practical applications of the technology. This paper provides a review of 
both the recent research and the development of electrostatic monitoring 
technology, with a primary emphasis on its application for the aeroengine 
gas path. The paper also presents a summary of some of the current 
applications of electrostatic monitoring technology in other industries, 
before concluding with a brief discussion on the current research situation 
and possible future challenges and research gaps in this field. The aim of 
this paper is to promote further research into this promising technology by 
increasing awareness of both the potential benefits of the technology and the 
current research gaps. ©2017 Elsevier Ltd.

Online fault detection technique for voltage transformers

T Lei et al Measurement: Journal of the International 
Measurement Confederation, Vol 108, pp 193-
200, 2017

Conventional voltage transformers (CVTs) are still widely used as transducers 
in power networks, due to their high reliability, insulation capability, low drift 
over time and temperature. Their rugged construction is very often used as 
justification for skipping periodical tests and calibrations that require putting 
them offline, thus avoiding a time-consuming and expensive procedure. For 
this reason, in recent years, a growing interest has been addressed concerning 
the study of online diagnostic and calibration procedures. The typical 
approach is based on the frequency response analysis that permits, under 
sinusoidal excitation, the detection of possible deterioration in the behaviour 
of CVTs. The real interest is in being able to check the CVT fleet already 
installed and operating on the grid without requiring that it be disconnected 
from the grid. As is well known, distribution grid voltage features a non-
negligible harmonic distortion, which may allow online evaluation of the 
frequency response of the transformer to be carried out by simply connecting 
a reference transducer. Unfortunately, with the harmonics being much lower 
than the fundamental, this approach cannot be employed in a straightforward 
way due to the the non-linear behaviour of the CVT. This paper proposes an 
innovative condition monitoring technique for CVTs based on a simplified 
Volterra model. This opens the door to a new approach to the on-site 
characterisation of CVTs, exploiting the actual voltage of the grid and thus 
not requiring its disconnection. ©2017 Elsevier Ltd.

A health condition model for wind turbine monitoring through neural 
networks and proportional hazard models

P Mazidi et al Proceedings of the Institution of Mechanical 
Engineers, Part O: Journal of Risk and 
Reliability, Vol 231, No 5, pp 481-494, 2017

In this article, a parametric model for health condition monitoring of wind 
turbines is developed. The study is based on the assumption that the health 
condition of a wind turbine can be modelled through three features: rotor 
speed; gearbox temperature; and generator winding temperature. At first, 
three neural network models are created to simulate the normal behaviour 
of each feature. Deviation signals are then defined and calculated as an 
accumulated time series of differences between neural network predictions 
and actual measurements. These cumulative signals carry health condition-
related information. Next, through the non-linear regression technique, the 
signals are used to produce individual models for considered features, which 
mathematically have the form of proportional hazard models. Finally, they 
are combined to construct an overall parametric health condition model that 
partially represents the health condition of the wind turbine. In addition, a 
dynamic threshold for the model is developed to facilitate and add more insight 
in terms of the performance monitoring aspect. The model for monitoring the 
health condition of a wind turbine has the capability of evaluating the real-time 
and overall health condition of the wind turbine, which can also be used for 
maintenance purposes in electricity generation in electric power systems. The 
model also has the flexibility to overcome current challenges, such as scalability 
and adaptability. The ability of the model to illustrate changes in real time and 
overall health condition with respect to the anomalies considered is verified 
by testing using actual and artificial data. ©2017 Institution of Mechanical  
Engineers.

Non-dispersive infrared sensor for online engine oil condition 
monitoring (Nicht-dispersiver infrarotsensor für die 
Ölzustandsüberwachung in verbrennungsmotoren)

M S Rauscher et al Technisches Messen, Vol 84, No 1, pp 60-67, 
2017

In this article, a compact optical sensor for online oil condition monitoring 
in combustion engines is presented. It is based on the principle of non-
dispersive infrared (NDIR) spectroscopy and measures the absorption 
in seven different spectral regions. By calibrating with a linear regression 
model, it allows the measurement of important oil condition parameters, 
such as water content, oxidation, sulphation and base number, to be carried 
out. The results obtained from a sample dataset of three different engine 
oil types show good agreement with reference values from a laboratory  
analysis. ©2017 The authors.
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Analysis of anisotropy in turned surfaces using vision-based 3D surface 
topography

B S Prasad et al Materials Performance and Characterisation, 
Vol 6, No 1, pp 318-332, 2017

Anisotropy in machined surfaces has a significant effect on the functional 
performance of an engineering surface. Complexity in surface topography 
directly affects the functional performance of a component in terms of 
properties such as load bearing, friction, wear, surface roughness and 
fluid retention. The anisotropic and isotropic nature of surfaces can be 
disregarded for 2D surface characterisation, but they are of fundamental 
importance to 3D surfaces for characterisation, which is a result of cutting 
motion. Thus, the machined surfaces consist of fluctuations, peaks and 
valleys. The surface topography of the workpiece can be viewed more 
precisely under micro-scale magnification. In the present work, an attempt 
has been made to investigate the effect of the tool condition in machining 
processes on different workpiece surfaces and to investigate the effect 
of the resulting 3D surface topography on friction and wear properties 
of machined components. 3D surface topography parameters, such as  
Sa , Sq , Ssk , Sku and Sdr , are extracted using commercial software (TalySurf 10). 
Subsequently, these parameters are used to compare and analyse the specific 
functional performances of the tool. The encouraging results of this work 
pave the way for the analysis of the machined surface and the development 
of real-time and reliable tool condition monitoring systems. ©2017 ASTM 
International.

Image compression and reconstruction of transmission line monitoring 
images using compressed sensing

L Zhao et al 8th International Conference on Mechanical 
and Aerospace Engineering, ICMAE 2017, pp 
371-375, 2017

In order to ensure the safe and effective operation of transmission lines, 
condition monitoring is widely applied to discover the dangerous points of 
the lines and monitor the surrounding weather conditions. Since transmission 
lines run across fields, adopting a mobile communication network to carry 
out the data transmission is very convenient. Operational costs are directly 
proportional to the flow of data transmission. In order to reduce operational 
costs, the compressed sensing technology is applied to image compression 
and image reconstruction in this paper. The proposed method uses a sparse 
random matrix to sample transmission line images on sensing nodes, as well 
as reconstructing the image in the monitoring centre using the generalised 
orthogonal matching pursuit (gOMP) algorithm. The proposed method 
carries out the compression of image information transmitted under the 
precondition of ensuring the image quality, to reduce the data flow for image 
information to further reduce the operating cost of the system. ©2017 IEEE.

Fault detection of wind turbine gearbox based on deep autoencoder 
network

H Liu et al Transactions of China Electrotechnical Society/ 
Diangong Jishu Xuebao, Vol 32, No 17, pp 156-
163, 2017

In order to achieve fault detection of a wind turbine gearbox, a deep 
autoencoder network model from a deep learning method based on 
supervisory control and data acquisition (SCADA) data and vibration 
signals of a wind turbine gearbox is proposed in this paper. The use of a 
deep autoencoder network as one of the typical deep learning methods can 
allow the underlying rules and distribution characteristics of the data to 
be obtained through learning features of the original sample by layer-wise 
intelligent learning to form a more abstract and high-level representation. 
Firstly, a restricted Boltzmann machine was used to pre-train parameters 
and the back-propagation algorithm was used to optimise these parameters 
and build the deep autoencoder model in this paper. Then, through encoding 
and decoding condition variables of a gearbox, the reconstruction error was 
computed as the gearbox condition monitoring variable. In order to effectively 
monitor the trend change of the reconstruction error, the adaptive threshold 
was chosen as the decision criterion of a gearbox fault. Finally, by utilising 
the recorded data before and after a fault for simulation, the results showed 
the validity of the deep autoencoder model on gearbox fault detection. 
©2017 The editorial office of Transactions of China Electrotechnical Society.  
All rights reserved.

Chemical sensing strategies for real-time monitoring of transformer 
oil: a review

C Sun et al IEEE Sensors Journal, Vol 17, No 18, pp 5786-
5806, 2017

Power transformers are a central component in the field of energy 
distribution and transmission. The early recognition of incipient faults in 
operating transformers is substantially cost effective as it is able to lessen the 
number of impromptu blackouts. A standout among the most responsive 
and dependable strategies utilised for assessing the health of oil-filled 
electrical equipment is dissolved gas analysis (DGA). Nowadays, there is 
an expanding requirement for better non-intrusive diagnostic and online 
monitoring tools to survey the internal state of the transformers. Chemical 
sensors are viewed as a key innovation for condition monitoring of 
transformer health, coordinating the non-invasiveness with typical sensor 
features, such as cost, usability, portability and integration, with the data 
networks. Low-cost chemical sensor-based DGA techniques are expected 
to drastically augment the diagnostic abilities, empowering deployment 
on a broader range of oil-filled power assets. The recent development 
involves both specific sensors, designed to detect individual dissolved gas 
in transformer oil, and non-specific sensors, operated in near ambient 
conditions, with the potential to be applied in a DGA system. In this paper, 
the general background to and operating guidelines of DGA are presented 
to address the origin of the gas formation, methods for detection and the 
interpretation of the results by data analytics. The recent significant interest 
and advancements in chemical sensors to DGA applications are reviewed. 
Future research perspectives and challenges for the development of novel 
DGA chemical sensors are also discussed. ©2001-2012 IEEE.

Wireless health monitoring system for rotor eccentricity fault detection 
in induction machines

I Ouachtouk et al Advances in Electrical and Electronic 
Engineering, Vol 15, No 3, pp 376-382, 2017

Condition monitoring and fault detection of induction machines has become 
an important area of research. Many techniques have been applied in this field, 
including vibration, thermal, chemical and acoustic emission monitoring, but 
motor current signature analysis monitoring techniques are usually applied 
to detect the various classes of induction machine faults, such as rotor, 
short winding, eccentricity, bearing fault, etc. This paper presents a wireless 
detection system for rotor eccentricity faults in induction machines based on 
the LabVIEW platform. Moreover, it is demonstrated that eccentricity faults 
generate a series of low-frequency components, in the form of sidebands 
around the fundamental frequency and its harmonics. In addition, the 
amplitudes of those components increase in proportion to the load and 
fault severity. Power spectral density techniques and short-time frequency 
transform spectrograms of current signals are used to detect the presence of 
these fault signatures. ©2017 Advances in Electrical and Electronic Engineering.

Measurement and analysis of partial discharge using an ultra high-
frequency sensor for gas-insulated structures

G Wang and G-S Kil Metrology and Measurement Systems, Vol 24, 
No 3, pp 515-524, 2017

Although gas-insulated structures have a high degree of reliability, the 
unavoidable defects are the primary reason for their failures. Partial 
discharge (PD) has been regarded as an effective indication for condition 
monitoring and diagnosis of gas-insulated switchgears (GIS), to ensure 
their reliable and stable operation. Among various PD detection methods, 
the ultra high-frequency (UHF) technique has the advantage of online 
monitoring and defect classification. In this paper, seven types of artificial 
electrode system, fabricated for the simulation of real insulation defects in 
gas-insulated structures, are presented. A real-time measurement system was 
developed to acquire defect patterns in the form of a phase-resolve partial 
discharge (PRPD) intensity graph, using a UHF sensor. Furthermore, the 
discharge distribution and statistical characteristics were extracted for defect 
identification using a neural network algorithm. In addition, a conversion 
experiment was proposed by detecting the PD pulse simultaneously using 
a non-induction resistor and a UHF sensor. A relationship between the 
magnitude of the UHF signal and the amplitude of the apparent charge was 
established, which was used for the evaluation of PD using the UHF sensor. 
©2017 Polish Academy of Sciences. All rights reserved.
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US 20170320363 
Method for monitoring tyre condition
Date: 09.11.2017 
Applicant: Mobiletron Electronics Co Ltd
Inventor: Wen-Chuan Hung 
A method for monitoring a tyre condition includes the following 
steps: sense a rotational speed of a tyre of a moving vehicle; when 
the sensed rotational speed reaches a predetermined rotational 
speed range, obtain a condition of the rotating tyre through at least 
one sensor to generate a piece of first condition data; compare the 
first condition data with a plurality of pieces of pavement feature 
data to obtain the corresponding one; process with the obtained 
piece of pavement feature data and the first condition data to filter a 
pavement feature out of the first condition data, generating a piece 
of second condition data; determine whether the condition of the 
tyre is abnormal based on the second condition data; and send out 
a warning message when the condition of the tyre is determined as 
abnormal, whereby the road security is improved.

IN 201717017959 
Power generator for piston instrumentation
Date: 10.11.2017 
Applicant: Federal Mogul LLC 
Inventor: Jonathan Owen Neuendorf
A piston assembly for monitoring at least one operating condition 
of an internal combustion engine and/or piston during use of the 
piston in the engine, for example during an engine test, is provided. 
The piston assembly includes an electronic instrumentation unit 
coupled to the piston for collecting data related to the operating 
conditions. Instead of a battery or wireless power transfer system, 
the piston assembly includes a thermoelectric module to provide 
energy to the electronic instrumentation unit. One side of the 
thermoelectric module is coupled to an undercrown surface of the 
pistons, which is typically hot due its proximity to the combustion 
chamber. The opposite side of the thermoelectric module is 
cooled by a cooling fluid such as a spray of cooling oil. The 
temperature flux at the thermoelectric module is converted into  
electrical energy and used to power the electronic instrumentation 
unit.

IN 1148/KOL/2015 
Automatic real-time damage detection system for conveyor belt
Date: 13.10.2017
Applicant: Steel Authority of India Limited 
Inventor: Singh Ranjeet Kumar
The present invention relates to an automatic real-time damage 
detection system for a conveyor belt, comprising: at least two 
detectors fixed on the structure of the conveyor belt; at least two 
proximity sensors, outputting contact and non-contact condition 
signals from a corresponding metallic target; and a relay logic and 
PLC for transmission of signals and protection from faults and 
monitoring through an interface from a remote place, wherein 
the detectors are mounted with a feed plate, a horn rod, a counter 
weight, a sensing metallic target and an extended shaft idler with an 
adjustable bracket.

US 20170292363 
Condition monitoring of electric motor
Date: 12.10.2017
Applicant: Halliburton Energy Services Inc
Inventor: Neelesh V Deolalikar
A method and system for monitoring the operation of a motor may 
include initially determining a no-load torque versus temperature 
characteristic of the motor over a range of operating temperatures. 
After a period of operation, a no-load torque value and temperature 
of the motor may be determined. Motor temperature may be 
measured by a local thermistor or the like. The motor torque may 
be determined from the measured motor current. The motor 
torque and temperature may then be compared to the initial torque 
versus temperature characteristic to determine a change in load of 
said motor due to the breakdown of motor oil, worn bearings or a 
similar condition. In some embodiment, the method and system 
may be used with a downhole tool for drilling a well, such as a 
rotary steerable system.

US 20170292327 
Lateral motion control of drill strings
Date: 12.10.2017
Applicant: Hanno Reckmann 
Inventor: Hanno Reckmann
A method of drilling a borehole in an earth formation includes 
deploying a drilling assembly, including a drill bit and a drill string, 
and performing a drilling operation according to one or more 
operational parameters to advance the drilling assembly through 
the formation, wherein performing the drilling operation includes 
rotating the drill bit and at least a portion of the drill string. The 
method also includes, during the advancing, monitoring a downhole 
condition, determining whether the downhole condition indicates 
at least one of a cuttings accumulation in the borehole or wear of a 
downhole component and, in response to the downhole condition 
indicating the cuttings accumulation or the wear, adjusting at least 
one operational parameter to induce or adjust an oscillating motion 
in the drill string, the oscillating motion causing at least one of a 
reduction in the cuttings accumulation or a reduction of wear of the 
downhole component.

US 20170305212 
Method and system for tyre pressure monitoring system (TPMS) 
with time-encoded wireless tyre condition sensing device and 
synchronisation
Date: 26.10.2017 
Applicant: Chung I Lin 
Inventor: Chung I Lin 
The present invention disclosed herein is a tyre pressure monitoring 
system (TPMS) with a time-encoded wireless tyre condition 
sensing device and synchronisation in which each transmitter ID is 
assigned its own timing parameter through the controlling device, 
wherein each timing parameter has a different time delay to prevent 
any launch time transmission overlap and the main controller can 
function to sync the transmitters to prevent or correct any clock 
rate or clock frequency errors generated by the transmitters.
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IN 201737031117 
Sensing module for monitoring conditions of a pump or pump 
assembly
Date: 13.10.2017
Applicant: ITT Manufacturing Enterprises LLC 
Inventor: Bradley C Decook
A sensing module for configuration on a vibrating machine or 
structure, such as a pump or pump assembly, is provided. The 
sensing module includes an outer shell configured with a recessed 
portion and encapsulated electronics having a multicoloured light 
array arranged inside the outer shell. The multicoloured light array 
responds to signalling containing information about a condition 
being sensed or monitored by the sensing module and provides, 
along a projection axis, at least one beam of light containing 
information about the condition. The signalling is received from 
one or more of the other encapsulated electronics, including an 
accelerometer or temperature-sensing device. The sensing module 
includes a domed lens configured in the recessed portion of the 
outer shell and configured to project the at least one beam of light 
along the projection axis with a visibility of 360° for viewing from 
afar by an observer visually monitoring the sensing module.

US 20170320182 
Method and apparatus for efficient use of CNC machine shaping 
tool including cessation of use no later than the onset of tool 
deterioration by monitoring audible sound during shaping
Date: 09.11.2017 
Applicant: Massachusetts Institute of Technology 
Inventor: Hyunsoo Jeong 
A CNC machine shaping tool is efficiently used by monitoring 
human audible sound during shaping. A sound information set is 
created for a tool shaping a workpiece. Shaping sounds are recorded 
and sliced into short-term units. A human operator assigns tool 
condition labels to each slice. Short-term units are combined into 
mid-term units. Noise is reduced by profiling. Mid-term sound-
related features of time and frequency domains are extracted. 
Dimensionality is reduced by robust principal component analysis. 
The principal component set is balanced, for example by SMOTE. 
A classifier and principal components are selected. An information 
set of patterns of values of selected principal components for the 
tool is created. In an industrial setting, shaping sounds are recorded, 
noise reduced and select principal component vector values are 
compared to the tool condition labelled patterns of values in the 
information set to identify tool condition before deterioration.

WO/2017/196875 
Digital signalling schemes for line multi-plexed UART flow 
control
Date: 16.11.2017
Applicant: Qualcomm Incorporated
Inventor: Lalan Jee Mishra
Systems, methods and apparatus for line-multiplexed serial 
interfaces are disclosed. A method performed by a transmitting 
device includes asserting a stop condition on a wire of a serial data 
link by driving the wire to a first voltage level for a first period of 
time that is less than a duration of the stop condition, monitoring 
the wire after the first period of time, determining that flow control 
has been asserted when the wire remains at a second voltage level 
for a second period of time that exceeds a minimum period of time 
defined for flow-control pulses and after the first period of time has 
elapsed, refraining from transmitting data on the wire while flow 
control is asserted and transmitting data on the wire when flow 
control is deasserted.

WO/2017/188027 
Tyre pressure monitoring system and monitoring device 
Date: 02.11.2017 
Applicant: Autonetworks Technologies Ltd
Inventor: Makoto Saburi
This tyre pressure monitoring system comprises a plurality of 
detection devices that detect the air pressure in the tyres of a vehicle 
and a monitoring device that wirelessly communicates with the 
detection devices and monitors the air pressure of the tyres. The 
monitoring device stores a plurality of tyre positions in association 
with detection device sensor identifiers related to the tyre positions. 
The monitoring device transmits, to each tyre position, a first 
request signal including a corresponding sensor identifier and a 
second request signal not including the sensor identifier. When a 
detection device receives a first request signal including the sensor 
identifier of the detection device, the detection device transmits a 
response signal. When a detection device receives a second request 
signal, the detection device unconditionally transmits a response 
signal. The monitoring device detects the presence of a tyre rotation 
by determining whether a single response signal corresponding to 
each request was respectively received.

WO/2017/190069 
Automated fluid condition monitoring multi-sensor, transceiver 
and status display hub
Date: 02.11.2017 
Applicant: Bryan Gorr
Inventor: Bryan Gorr
Systems and methods may provide for automation of how fluids 
are monitored. These systems and methods may provide a battery-
operated, wireless, automated configurable solution to enable insight 
into various parameters of importance, through a plurality of sensors. 
By embedding sensors in the fluid tanks, data may be automatically 
collected at chosen intervals and wirelessly sent to status display screens 
that can be located anywhere within a facility. This may eliminate the 
manual, time-consuming and expensive process of traditional fluid 
checks. Thus, fluid condition checks may be wirelessly automated to 
allow consistent monitoring of accurate fluid readings to control costs,  
including reduction in part yield, quality reduction and decreased 
re-work, decrease in required additives to stabilise fluids (biocides, 
stabilisers and defoaming agents) and high fluid waste (using more 
than is needed because no awareness of amount is used) and disposal 
costs.

WO/2017/182158 
Method for monitoring the condition of a conveyor belt and 
conveyor belt monitoring system 
Date: 26.10.2017 
Applicant: ContiTech Transportbandsysteme GmbH 
Inventor: Jack Wallace
A method for monitoring the condition of a rip detection insert 
embedded in a conveyor belt, the rip detection insert having 
a plurality of rip detection wires comprising a magnetically 
permeable material; the method including the steps of: inducing a 
magnetic field within the rip detection wires of the rip detection 
insert; measuring at least one magnetic characteristic of the rip 
detection insert; monitoring the at least one magnetic characteristic 
of the rip detection insert for changes in the magnetic characteristic; 
determining whether the rip detection insert has been damaged 
when a change in at least one magnetic characteristic of the rip 
detection insert deviates beyond a predetermined threshold for the 
rip detection insert; and filtering out a region of the rip detection 
insert containing the damage to the rip detection insert.
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US 20170331413 
Motor drive controller and motor drive control method
Date: 16.11.2017
Applicant: Minebea Mitsumi Inc
Inventor: Takamichi Kitano
A motor drive controller including a monitoring unit monitoring 
whether or not a use state of a motor to be controlled satisfies a 
predetermined condition and an output information switching 
unit switching information to be outputted to the outside from 
an information output path from motor driving information 
indicating a drive state of the motor to monitoring information 
indicating the use state if the use state satisfies the predetermined  
condition.

IN 201721034456 
A smart automatic tool selection system for ultrasonic assisted 
turning
Date: 13.10.2017
Applicant: Dr Navneet Khanna 
Inventor: Dr Navneet Khanna
This invention presents the automation of a tool selection 
system for the ultrasonic-assisted turning (UAT) process. This 
system is designed to reduce the idle time during machining and 
human errors by automatic selection of horn-tool combination, 
frequency and amplitude based on the workpiece material to be 
machined. Automatic selections are carried out by the controller 
based on the optimal data stored in it. Automatic positioning of 
required horn-tool combination is carried out by an automatic 
tool changing arm and ensured by radio frequency identification 

(RFID). The required frequency and amplitude are generated from 
a frequency generator and a vibrometer mounted on the tool post 
measures these vibrations and amplitudes for any rectification. 
Data of cutting forces is measured by a dynamometer placed 
beneath the tool post and can be viewed in real time. This real-
time analysis of cutting forces shall be helpful in tool condition 
monitoring. As the value of cutting forces crosses a predefined 
limit, machining will stop and the cutting tool will be replaced. 
The controller ensures the synchronised working of the whole  
system.

US 20170331322 
System for the monitoring and maintenance of remote 
autonomously powered lighting installations
Date: 16.11.2017
Applicant: Clear Blue Technologies Inc
Inventor: John Tuerk
A system of monitoring and/or maintaining remotely-located 
autonomously-powered lights, security systems, parking meters 
and the like is operable to receive data signals from a number of 
the devices and provide a comparison with other similar devices 
in the same geographic region to detect a default condition of a 
particular device and/or assess whether the defect is environmental 
or particular to the specific device itself. The system includes 
memory for storing operating parameters and data and outputs 
modified control commands to the devices in response to sensed 
performance, past performance and/or self-learning algorithms. 
The system operates to provide for the monitoring and/or control of 
individual device operating parameters on an individual or regional 
basis, over preset periods.

#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. 
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