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Condition Monitor
UK DiMOS project funded by
Innovate UK reaches key milestone

T

he Innovate UK-funded Digital Monitoring of Ships
(DiMOS) project is now actively collecting data from a
number of critical installations, both on land and at sea.
The DiMOS project bridges the gap between conventional
learning artificial intelligence (AI) systems and intelligent
expert-led condition monitoring systems by building the typical
machinery failure profile knowledge and the local risk needs into
the system at start-up. This is then optimised by gaining the local
detailed knowledge of operational behaviour during the early
commissioning phase.
Innovate UK, a government funding and support group, drives
productivity and economic growth by supporting businesses to
develop and realise the potential of new ideas, including those from
the UK’s world-class research base, and recognises the benefits to
society by leading developments in this domain. As a result, around
£1.5 million has been assigned to the completion of this initiative.
DiMOS can report that, given the unusual circumstances that
prevail at this time, it is on target and now receiving data. As a
result, it is now in development of the prescriptive maintenance
planning platform tools for machinery systems. This will be
achieved via the use of real-time sensor data and AI-based models
to prescribe maintenance based on the monitored condition. This
is derived from machinery reliability templates supported by local
failure mode effects and criticality analysis (FMECA) data and the
detailed minutiae of data flowing into the model architecture. The
risk level, scheduled maintenance and timing and cost management
at the asset level are therefore considered.
DiMOS itself is formed from a number of expert UK
stakeholders, namely Vibtek Ltd, CMServices Global Ltd, TWI
and Brunel University, and represents a true partnership between
industry, academic research and government initiative. This project
is now part way through its scheduled two years and is on target to
be completed by the end of 2020.
DiMOS has been particularly successful in securing industry
stakeholders who recognise the need to reduce vulnerability by
gathering intelligence without the need for additional, or the
diversion of existing, staffing. The need to work remotely has
come sharply into focus as a result of the current COVID-19 crisis,
where such benefit is real. Working with industry, offshore and
marine operators, DiMOS is now collecting data periodically and
in real time from a wide number of assets considered typical in
these industries, such as pumps, fans, compressors, gearboxes and
hydraulic systems. In the main, it is collecting vibration data via
installed sensors and data collection routes, but is also incorporating
process, environmental and other key data fields that can be used
to provide a complete picture of condition, a diagnostic and
prognostic capability. Using feature extraction techniques, DiMOS
is building a platform that can look at the component, its machine

and the parent plant, to assess condition, any deviations from what
is expected and the significance of any deviation to deliver the most
suitable advisory output. Coupled with the combined experience
of the diagnostic standard and the signatures of typical failure
modes, the DiMOS deliverable will provide a balanced yet specific
prescriptive advisory output specifically designed to be actioned by
the maintenance crew as part of its normal duties.
The real benefits of this type of platform are derived from the
elimination of measurably unnecessary tasks, focusing engineering
resources on tasks that actually add value and improve the throughlife cost of asset ownership, while also adding the early warning
capabilities of impending machinery failure surveillance.
This is an ambitious project that will result in a set of tools that
can be deployed to deliver a meaningful and real step change in the
maintenance and reliability of critical machinery.

Kevin Reigrut joins
Dynamic Infrastructure

K

evin Reigrut, former Maryland Transportation Authority
(MDTA) Director, has joined the board of advisors of New
York-based start-up Dynamic Infrastructure. The company is
implementing what it claims is the world’s first deep learning
solution, which creates visual ‘medical records’ for critical assets
such as bridges and tunnels and their defects, allowing operators
and owners to claim control over future risks and unexpected
maintenance events. During his tenure in the top position at the
MDTA, Kevin led the construction, management, operation
and improvement of the tolled transportation network of the
state.
Kevin brings with him over 25 years of experience in public
policy, legislative affairs and project and programme management.
During these years, he conducted detailed research and analysis
and supported integrated programme management, planning
and budgeting. He also served as Chief of Staff for Congressman
Andy Harris. As part of this role, he planned, budgeted and
executed Harris’s legislative, policy, communications, outreach and
constituent service requirements. Primary legislative responsibilities
included foreign policy and relations, aviation, labour, homeland
security and emergency management.
“Kevin Reigrut’s addition to the board is a vote of confidence
in our company and its unique product,” said Saar Dickman,
Co-Founder and CEO of Dynamic Infrastructure.
“I am proud to join Dynamic Infrastructure’s board of advisors.
Dynamic Infrastructure’s revolutionary artificial intelligence-based
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solution can lead to huge savings for departments of transportation
and private infrastructure companies in maintenance costs, freeing
up much-needed resources to repair and improve our ageing
infrastructure,” said Kevin.
Dynamic Infrastructure is already conducting projects in the USA,
Germany, Switzerland, Greece and Israel with different transportation
infrastructure stakeholders. The company’s clients operate a total of
30,000 assets, ranging from departments of transportation to publicprivate partnerships (PPPs) and private companies.
The Dynamic Infrastructure technology provides live cloudbased analysis of the bridge or tunnel and automatically alerts
when changes are detected in maintenance and operation
conditions before defects evolve into large-scale failures. Dynamic
Infrastructure’s service quickly creates ‘medical records’ for every
bridge, tunnel and elevated highway based on existing images
taken through periodic condition inspections, including images
from smartphones, drones and laser scanning. The proprietary
technology compares old and archived images to new ones,
detecting maintenance and operation issues, defects and anomalies.
As with MRI for humans, the ‘medical records’ serve as the basis
for the alerts on changes in meaningful maintenance conditions.
The diagnostics can be easily accessed through a simple browser
and can be instantly shared with peers and contractors to speed-up
maintenance workflows and increase return on investment.
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A

ker Solutions and Cognite have been awarded a US$2 million
(approximately £1.6 million) grant from the California Energy
Commission for a project called ‘NextWind Real-Time Condition
Monitoring’.
The project aims to develop a holistic digital solution that will
enable condition monitoring of a floating wind farm and its impact
on the environment via live data streaming.
Both companies are based in Norway and specialise in
developing digital representations of industrial processes. They
were selected for the grant award as part of the California Energy
Commission’s Electric Program Investment Charge (EPIC).
The EPIC provides grants for companies applying research and
projects designed to help develop next-generation wind energy
technology.
Projects must include objectives that increase the
competitiveness, performance and reliability of wind generation,
while reducing costs and effects on the environment and wildlife.
A digital twin of physical offshore wind assets will be developed
to assess conditions and integrity management. The real-time
information it provides will enable analysis of data to help reduce
operating expenses and maintenance costs by improving production
efficiencies.
Making this data available to a wide range of users will allow for
additional understanding of environmental and wildlife impacts to
help reduce mitigation.
In April 2018, the Redwood Coast Energy Authority selected a
consortium, which includes Aker Solutions, Principle Power and
EDPR Offshore, to enter into a public-private partnership to pursue
the development of the proposed Redwood Coast offshore wind
project.
The 150 MW floating offshore wind farm is being planned 30 km
off the coast of Humboldt Bay, California, and is expected to come
online in the mid-2020s.
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Flygt launches monitoring
system

W

astewater solutions company Flygt, a Xylem brand, has
launched a pump monitoring system that offers precise
station diagnostics and predictive analytics, ensuring the extended
lifetime of a facility’s pumps.
Dubbed the Flygt MAS 801, the pump monitoring system is
intended for wastewater use cases such as flood mitigation and
stormwater projects, providing predictive analysis to detect pump
failures before infrastructural damage can occur, enabling water
utilities to save energy, time and money.
The MAS 801 features a three-axis vibration sensor, realtime measurement, moisture and temperature sensors and a
sensor for ensuring maintenance cycle control. The system
also includes a pump electronic module (PEM) that connects
each of the pump’s sensors through a Flygt SUBCAP power
cable, simplifying how data is handled and improving data
readings.
The system offers engineers and other technical personnel
accurate data that will reportedly avoid equipment stoppages, while
reducing system component wear and extending the lifetime of the
pump.

AVT Reliability introduces
router enabling contactless
data collection

P

lant reliability specialist AVT Reliability® has enhanced its
Machine Sentry® suite of cloud-based condition monitoring
tools with the launch of its long-range low-energy Bluetooth®
router, Gateway.
Easy to install and simple to use, Machine Sentry Gateway
removes the need for manual data collection from MSF-1 sensors.
This improves workforce safety and frees up valuable time for
operatives on the plant floor.

Machine Sentry Gateway enables contactless data collection
It can connect up to 100 vibration sensors to the Internet via
Ethernet, Wi-Fi or 3G/4G cellular networks and extends Bluetooth
connectivity up to 50 m (160 ft). An IP65 rating makes it suitable
for both indoor and outdoor use.
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Frederic Thomas, Managing Director at AVT Reliability,
said: “Machine Sentry Gateway is the most user-friendly online
condition monitoring system on the market today. Power over
Ethernet means set-up is flexible and it can be easily deployed, and
scaled up if required, anywhere on a plant.”
The Machine Sentry platform allows data to be stored securely in
the cloud, where it can be managed from any location by authorised
personnel on one easy-to-use interface and using a standard web
browser. Vibration data collected from Machine Sentry sensors is
then analysed by ADA™, the Automated Diagnostic Assistant.
Frederic added: “AVT Reliability strives to stay one step ahead
in digital condition monitoring approaches. We believe Machine
Sentry Gateway seals our reputation for bringing truly gamechanging products to the UK, European and American markets.”
This new addition is the first of many developments AVT Reliability
has pending, all designed to improve the transition and experience of
users to a truly innovative and sustainable Industry 4.0 solution.

sensemetrics signs IIoT
partnership with YieldPoint

C

alifornia-based Industrial Internet of Things (IIoT) and cloud
technology company sensemetrics has entered the underground
mining market via a co-development and go-to-market partnership
with Canadian instrumentation company YieldPoint.
The two companies will initially target mineral and metal mines
in the Americas and Australasia.
Under the agreement, YieldPoint’s d-Tech line of digital
sensors has been integrated with the sensemetrics cloud platform.
This solution can enable underground mine operators to rapidly
respond to changing conditions, accurately predict and prevent
risk, improve safety conditions, save thousands of hours of highvalue engineering time and reduce overall operational costs.
The partnership is designed to address the complexities inherent
in the underground mining environment. Easily accessible resources,
such as those close to the surface that are easy to extract, are becoming
increasingly scarce. Conventional open-pit mining methods are not
cost-effective when mining deep orebodies and the deeper the mines,
the higher the risks associated with the operation.
Geotechnical instrumentation has become a fundamental
component of underground mine engineering, allowing mine
operators to monitor a variety of metrics, such as strain, pressure,
load, stress, vibration and other parameters, all of which are critical
to the optimal and safe operation of the mine and its workers.
The amount of geotechnical instrumentation needed in an
underground mine can range based on the geometry and complexity
of the mine, as well as seismicity and varying geological conditions.
In more challenging operating environments, the risks are much
greater and the demand for geotechnical instrumentation is increased
but can be challenging to manage from a cost and maintenance
perspective. This is where the approach that sensemetrics and
YieldPoint have jointly developed can be of the greatest benefit.
Many of sensemetrics’ existing customers either already have
underground operations or are planning to develop them in the
near future. At the same time, it has been acknowledged that the
underground mining environment differs from the traditional
distributed condition monitoring applications in open-pit mines
where adoption of sensemetrics has already been very successful.
The new agreement calls for the two companies to co-develop
products for an initial period of three years. After that, the
agreement will automatically renew.
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Trial of monitoring service
for auxiliary marine
machinery

M

itsui O.S.K. Lines Ltd (MOL) has announced that it will launch a
trial of a new monitoring service for auxiliary marine machinery,
jointly developed with Asahi Kasei Engineering Corporation.
The service is based on the V-MO, a vessel vibration visualisation
monitor that measures vibrations in auxiliary machinery on board
a vessel (such as pumps that assist the main engine) and monitors
its condition. This leads to earlier detection of potential failure
resulting from abnormal vibration.
In a joint research project with Asahi Kasei Engineering on the use
of vibration sensors to detect abnormalities in rotary machinery, which
started in November 2017, the project team monitored different types
of essential auxiliary marine machinery on two newbuilding vessels
and another in-service vessel (targeting about 20 pieces of auxiliary
equipment) over two years. The project showed positive effects in
detecting early signs of failure that could result in an engine stoppage
and in managing failure tendencies on the three vessels involved. Thus,
MOL is determined to start a trial service with an eye towards practical
application.
MOL will also conduct trial services on ten other types of vessel
(targeting about 80 pieces of auxiliary marine machinery) in addition
to the above three vessels, verify the comprehensiveness of the vibration
diagnosis technology and confirm vessel-specific service content based
on MOL’s expertise in vessel operation, maintenance and ICT.
Once the system is in practical use, it will be linked to MOL’s
Fleet Optimal Control Unified System (FOCUS) project.
MOL aims at practical use by March 2021 after the trial service
is completed; at that time, Asahi Kasei Engineering will offer
the service to other shipping companies and ship management
companies as well as MOL.
MOL positions this project as part of the Ishin Next – MOL
Smart Ship project and the knowledge and expertise gained through
the development of this technology will be fed back to various
types of ship. The project also reflects MOL’s proactive stance in
the development of vessel-related Internet of Things (IoT) and safe
operation technologies.

Vaisala takes its worldleading humidity
measurements to the cloud

V

aisala, a global leader in weather, environmental and industrial
measurements, has introduced a new cloud-based Vaisala Jade
Smart Cloud system for professionals who want to access high-quality
measurement data anywhere, at any time. The data can be viewed on
the go, on either a mobile device, such as mobile phone or tablet, or on a
PC or laptop. The Jade Smart Cloud is ideal for any structural moisture
or ambient humidity measurement monitoring needs on the go,
because it keeps users updated on critical measurements continuously.
Typical applications for the Vaisala Jade Smart Cloud system are,
for example, concrete moisture measurements on construction sites
and ambient humidity measurement monitoring in data centres,
museums or other public buildings and livestock production facilities.

4

“Cloud-based monitoring makes the actual operations more
efficient, as time is no longer wasted in set-up and pairing of hardware
with software, or frequent visits to the various measurement sites,”
explained Lars Stormbom, Product Manager at Vaisala.
In addition to streamlined work, the system brings benefits in
terms of providing regular automated software updates without any
downloads and increased collaboration by making it easy to share
live or stored data with colleagues and customers. Additionally, the
cloud-based system increases data safety and control.
“All measurement data is stored safely in the cloud, where it can be
viewed through the web browser on mobile devices. Cloud data can be
accessed in real time using a computer or a smartphone and downloaded
for further analyses. All data is stored in a tamper-proof format in the
cloud, with a timestamp of the measurement,” Lars continued.
The system consists of CWL100 wireless data loggers with
probes, a CA10 access point and the Jade Smart Cloud software
licence. When measuring concrete moisture, probes can be placed
directly inside boreholes or they can be mounted on the wall.
“There are already more than 100,000 borehole measurements
made annually with Vaisala instruments. With the Jade Smart
Cloud, we are providing the same measurements our customers
already trust, in a smart new way that just simply makes life easier,”
Lars concluded.
Vaisala Jade Smart Cloud uses Vaisala proprietary LoRa-based
radio protocol. Data encryption is used end to end and the data is
saved securely in the cloud.
Vaisala Jade Smart Cloud will be available in the European
Economic Area in June 2020 in Finnish and English.

MHS introduces IoT-based
predictive maintenance
solution

M

HS, a single-source provider of material handling automation
and software solutions, has announced the launch of MHS
Insights, a condition-based maintenance solution that monitors
assets through Internet of Things (IoT) sensors and system data to
provide timely maintenance recommendations and strategic health
assessments.
MHS Insights integrates readings from multiple data sources
with predictive models, historical readings and detailed knowledge
of failure modes. This provides service organisations with precise
condition-based predictive alerts on potential failures, rated with a
red, yellow or green level of urgency. These proactive maintenance
and component replacement recommendations come well ahead of
the point at which alarms would activate in the control room.
By detecting emerging failure risks early, businesses can
turn unplanned downtime into strategically planned repairs
that minimise system disruption and help maximise reliability.
Condition-based maintenance can also avoid unnecessary routine
preventative maintenance tasks based on arbitrary schedules,
instead providing asset-specific information.
Facilities can integrate MHS Insights with the company’s
computerised maintenance management system (CMMS) solution,
for a seamless, effective package to optimise maintenance spend and
system performance. MHS Insights alerts can auto-populate work
orders and part orders, saving time and costs on administrative
tasks and arming technicians with original equipment manufacturer
(OEM)-specific recommendations and equipment information to
expedite service.
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The evolution of maintenance
management optimisation within a
modern shipping fleet with multiple vessel
managers, both in-house and external
D C Shorten

Paper presented at CM 2019, the Sixteenth International
Conference on Condition Monitoring and Asset
Management, 25-27 June 2019, Glasgow, UK.

This paper describes a process of evaluation pertinent to a typical shipping company, where a single policy for maintenance
management strategy is required to be applied to the technical management of a large extended fleet. As it is normal for
technical management to be provided using internal and multiple external commercial providers, a single policy for all is
preferred as a means of quality assurance. This paper details a process to identify the key required outcomes and the stages
used to establish a meaningful global maintenance management strategy that will be applied to all vessels and is aligned
to context. A methodology where the technical management stakeholders can participate in the evolution of a companyrelevant maintenance management culture, which will create both a highly reactive and proactive intelligence-led
organisation, is also detailed. The resulting organisation will dedicate more time to targeting the elimination of failures,
an investment in resources, as opposed to the management of breakdowns, a costly use of resources. This paper is intended
to provide a useful process that is applicable across many other industries where the aspiring company may believe that it
does not have the resources or is too risk averse to step away from normal day-to-day operational behaviours, as would be
required to deliver a significant and yet highly beneficial maintenance culture change.

1. Introduction

1.3 Why a maintenance optimisation study?

1.1 Basis for change

Germanischer Lloyd and Fraunhofer CML[2,3] conducted a largescale study involving 100 ship management companies across the
globe to identify what they were doing to improve their operation
and what they considered to be best practices in the industry.
The companies stated that crewing (88%), technical management
(62%), financial management (50%), quality and safety (27%) and
procurement (12%) were the biggest challenges of ship management
in the medium-term future.
The issues facing many shipping companies are similar in that
they may own and operate their own vessels, they may own and rely
upon a technical management company to manage their ships or
they may do both. This asset management scenario is quite unusual
compared to most other industries as, in the main, most companies
are the owner, operator and beneficiary of investment return as well
as the custodian of risk in the event of commercial issues arising from
machinery failures. Ship ownership, operation and management are
unique in that this is somewhat fragmented and unclear.
The basis for such a study is simple, as it is clear that vessel
reliability is a key contributor to overall profitability, irrespective of
how direct the input is as an owner or owner/manager. Hence, this
is why it is preferred to have a consistent management approach to
all assets within a company’s portfolio.
Performing a maintenance strategy study allows the needs of
the business to be considered across all aspects of maintenance
operations and sets universal standards that may apply to any asset

Change is one of the hardest elements of business management,
with culture change probably being the hardest of all, as it requires
all elements of the business to accept potentially significant shifts
in well-embedded behaviours[1]. Loyalty to these behaviours may
have been developed over many years and, in some individuals, this
loyalty may be irreversible. Yet, for the benefit of the business as a
whole, especially in times of change, this kind of change may well
be the differentiator between a business surviving the impacts of
changes happening around it and a business failing to do so.

1.2 How to proceed with change management
focused upon reliability
In order to arrive at a chosen destination, a route has to be planned
and, though it seems obvious, it is necessary to know the point
from which you are beginning. Within change management,
knowing your current position is critical. The issue to overcome,
however, is that everyone has a different personal perception of
the current position. This leads to a significant risk of conflict, as
entities within the business set up lines of defence to protect their
positions. As with all conflict, the balance of power comes down
to leadership and the ability of an organisation to clearly set out
its objectives, make these clearly relevant and attractive to all
stakeholders and to engage each stakeholder in the change process.
As a consequence, the first activity to perform is a maintenance
optimisation study to establish where the various stakeholder
interests lie and which existing business processes they are
expected to work within to successfully discharge their individual
responsibilities.
Condition Monitor | Issue 399 | June 2020
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within the portfolio, irrespective of the entity directly responsible
for day-to-day engineering management.

1.4 Bringing information together
Within any organisation of a size necessary to manage multiple ship
operations, it is necessary to understand the existing state of the
organisation. It does not matter how effective the current structure
may appear to each stakeholder within the organisation, as a higherlevel review is required to understand how each functional entity
operates and interacts. Questions should be asked concerning the
elements that form the predominant stakeholder groups and how
these groups interact and behave in regard to one another. It can be
viewed as one might view a machine with many interacting moving
parts. At every point of interaction there will be friction, creating
losses in efficiency. By mapping the interaction and developing an
understanding of an appropriate level of tolerance to each loss, it is
possible to develop a strategy to make sufficient improvements to
reduce frictional losses to a tolerable level.
In all organisations there will be systems and procedures that are
documented and systems and procedures that are performed. These
may be subtly or grossly different when reviewed critically. Such a
review aligns to the process of quality management system (QMS)
auditing. The issue with a maintenance QMS is that there is no
directly applicable standard against which to perform an audit. The
ISO 55000, ISO 55001 and ISO 55002 asset management standards
are the nearest such standards; however, these do not look at
maintenance specifically, but consider it as a subset of the corporate
asset management base. Currently, the shipping industry does not
see these standards as sufficiently attractive in the same way as an
ISO 9001 QMS, for example, which is really now a ‘must have’ for
all companies. Yet the fundamental principles of these standards
are extremely relevant to reducing internal frictional losses and
developing additional assurance levels within an organisation.

1.5 System components and locations
For all maintenance strategy reviews, the first step is to develop a
model for the major stakeholders. This will vary from company
to company, but in its basic form will tend to mirror the following
stakeholder groups:
n Corporate management – shareholder value;
n Technical management;
n Procurement and cost control; and
n Quality management and regulatory compliance.
n
n
n
n

These can be further segregated by, as a minimum:
Geographical office locations;
Office or field-based staff;
Primary, secondary or third-tier contractor relationships; and
Seniority and influence.

Each has a primary function and may have conflicting
elements when compared to another. It is an understanding of
these relationships and of how to best align stakeholder needs that
will result in real optimisation progress. For this to happen, each
stakeholder group has to be involved and has to also agree that the
issue exists and that the chosen solution is acceptable.
As a consequence, the process of optimisation can be
summarised thus (E = Element):
n E1 – understand the current system requirements (QMS, SMS,
maintenance manuals);
n E2 – understand the real operational requirements/behaviours
and examine gaps with regard to E1;
n E3 – develop a means to objectively collate opinions regarding
E1 and E2;
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n E4 – identify and develop solutions to modify and improve areas
of high friction;
n Perform group workshops to consolidate a collective learning
of the elements and to facilitate the creation of detailed
improvement plans;
n Gain agreement and assign improvement initiatives to all
stakeholders; and
n Measure the effectiveness of initiatives and reassess.
While there may be specific activities developed for any given
scenario, these basic steps are considered universally applicable.

2. Scenario – ship owner with in-house
and externally managed fleet
2.1 Commercial perspective of the shipping
investor
The simple hard fact for shipping companies is that their business
is to make profit that can be shared among its shareholders. This
can be achieved broadly in one of two ways: (a) vessels are traded to
make money by operating them in the transit of goods, passengers
or services; or (b) revenue is generated by the sale and purchase of
the ship, with the acquisition being made when vessel price is low
and disposal when the value is high.
In any given period, if the sale and purchase profitability is
greater than the trading income and revenue, then the ship will be
sold. Profit is derived for the shareholder either way, thus everything
is for sale. Some companies have businesses where vessel sale and
purchase is common and a day-to-day part of the business, while
others trade in more stable markets where sale and purchase events
are less frequent. But many shipping companies are critically aware
that the cost of ownership is based upon their ability to make money
for the shareholder via the trading of assets and asset capability and
will act accordingly based upon the opportunities of the day.
This element of the shipping industry has a massive impact
upon the logic behind investment in reliability and performance.
As a consequence, this affects all decisions around funding for
maintenance and is especially evident when considering any
investment in reliability improvement. If you consider most landbased industries, when they look at profit derived from operating
machinery assets, they will invest happily if they can see a return on
investment that achieves measurably long component life, minimal
disruption to operation and the lowest through-life cost of operation.
This is the conventional asset management approach, where all
maintenance activities are considered against costs and benefit over
the whole of the life. Justification for condition monitoring (CM) and
condition-based maintenance (CBM) can be objectively reviewed
and, where clear benefit is justified, the investment can be made. Save
for exceptional circumstances, life is expected to be from installation/
acquisition to scrappage/disposal. Net present values are regularly
assessed and comparisons with alternative scenarios considered prior
to making any investment decision.
Where the shipping scenario differs is that, unless there is a clear
decision to manage an asset over a long period of ownership, the
investment argument is difficult, simply as a result of the methods
by which a return on investment can be summarised.
Add to this another raw reality that ship classification standards
have become a minimum standard of compliance, which you are
either ‘in’ or ‘out of ’ at any time, and there is little external influence
to operate at any higher or best practice level.
For example, procurement of spare parts will be impacted and
it will become likely that spares will be acquired from non-original
equipment manufacturer (OEM) sources that may well meet the
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initial broad specification requirements, but have shorter lives. One
example of this is diesel injector spares, where it is in the author’s
experience that such spares cost more over the time of ownership,
even though the unit cost is lower. If, however, this is not easily
documented, then it may not be easy to offer a robust justification
to amend a procurement policy that favours non-OEM injectors in
this way.

2.2 Book value and depreciation
Every ship has a net present value (NPV), which changes over time
in relation to the market and to the general condition of the ship.
Thus, financiers normally operate a depreciation curve, which they
adjust to take account of market variation. Market value varies and
changes often significantly during vessel life, rendering any vessel
potentially suitable for sale and purchase at any time.
Under this regime, engineering best practice cannot be applied
at all costs and there is a need to balance potential revenue from hire
charges and the opportunity that profit from sale and purchase may
provide. As a result, the astute company operates its maintenance
spend according to NPV, meaning that maintenance above base
compliance levels, if evident at all, can be highly variable from year
to year and ship to ship.

2.3 A need for optimisation?
Client satisfaction can be impacted when a fleet’s market
performance is negatively impacted by uncontrolled reliability
issues. Off-hire costs due to breakdowns, spare part delays and
process management issues remain the maintenance manager’s
biggest threat. Main engine spares, compliance demands, hull
maintenance, cargo gear and main engine technical issues in general
all contribute to the potential for already narrow margins to erode
the profitability. Often the marine engineering department will
strive to deliver a ‘best practice’ function but without ‘best practice’
resources. Optimisation seeks to align the needs of the business as a
whole and to generate a clear ‘line of sight’ that meets the needs of
the primary stakeholders.

3. Maintenance system
3.1 Maintenance system audit and intelligence
gathering
The first thing to look at will be all control documents and
procedures that are expected to be followed. In a company operating
to ISO 9001 there will be maintenance management policies and
procedures, a maintenance management system, procedures for
vessel management and procurement and well-defined roles and
responsibilities. A maintenance management strategy audit of
these documents should be undertaken to assess what expectations
the documented company procedures create. By auditing the
existing quality, safety and maintenance management policies, an
understanding of what is considered to be normal practice or the ‘as
described’ practice is sought. With this in place, a series of personnel
interviews with members of the key stakeholder groups can be
performed to determine what is considered to be ‘as practised’ and,
by virtue of this exercise, what gaps exist between the two.

3.2 Maintenance system ‘as described’
Using mind mapping techniques, for example, general themes can
be documented and developed to identify how the management
system controls the maintenance function. The headline functions
can start to be divided into groups, such as inventories, roles
and responsibilities, planning forms, planned work, unplanned
maintenance and inspections and CM.
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Issues and conflicts can be identified and opportunities for
friction reduction exposed and documented. This part of the
exercise is predominantly performed as a desktop review, by looking
at the operational procedures and how they feed in to the QMS and
high-level business objectives, as well as how they may conflict with
the frictionless delivery of the business objectives. This review will
form the basis for many questions that need to be raised with each
stakeholder in the ‘as practised’ review.

3.3 Maintenance system ‘as practised’
Human nature is very significant here, as structured systems
must work for each individual, otherwise they will be routinely
circumnavigated and subcultures will evolve. It is very likely in the
majority of shipping companies that the ‘as practised’ activities will
vary at some level from the ‘as described’. In some ways this is to
be expected, as variability between vessels will exist and the local
engineering teams are expected to manage to a greater or lesser
degree without input from shoreside. However, where there are
material inconsistencies, either as a result of systems and procedures
that significantly increase friction so much that the local team need
to build their own, or by wilful adherence to the belief that ‘we know
better’, then these need to be highlighted and an assessment made
regarding how such excursions impact upon operational efficiency
and reliability as a whole.
Cultures exist within companies that may be deeply entrenched
and these need to be undone by careful evolution of the improved
culture. Evidence of misaligned cultures may be seen by the
presence of: customised forms; local CM and data collection
activities or a lack of them; stock management and critical spares
procedures; and spares management in general. Also, the use of
informal asset registers and maintenance management system
documentation variance will be evident. Issues in this area can be
particularly relevant when crews are not rotated using ‘back to back’
persons experienced with the vessel. In fact, where engineers come
to a vessel for the first time and are met with procedures that are
different from their last ship it can lead to frustration and mistrust.
The interviews here are intended to tease out often difficult
and entrenched positions and highlight where the frictions exist
between the ‘as described’ plan and the performance of each role
and, in addition, the frictions that occur between stakeholders who
are also equally trying to get the job done but may be frustrated by
misaligned objectives.

4. Maintenance management maturity
assessment
4.1 M3 assessment
As a means of creating some degree of objectivity around personnel
data gathering, a system to assess each individual’s beliefs in regard
to the maturity of the maintenance management system is used.
This is presented prior to the interviews but is reviewed after the
interviews have been concluded.
M3 is a modified version of the Institute of Asset Management
(IAM) toolset, a gap analysis between best practice and current
operations[4]. It has been modified by Optimain Limited for the
purposes of this initiative in order to tease out areas that work well
and areas that may benefit from improvement.
It asks the respondents to score 31 attributes of maintenance
management from 0-4, with criteria ranging from 0 = no evidence,
does not exist, to 4 = fully implemented and mature.
The results from each respondent are then reviewed individually
and also in stakeholder groups across the business, according to
the definitions allocated in that instance, for example engineering
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Feature
office, engineering ship, purchasing, compliance, location, roving
superintendents, etc, and of course as a company group. What
this does is to not only identify the collectively agreed issues but
also issues that are perceived specifically for each group. Thus, it is
important to define the groups according to the needs of the study
and also to the needs of the organisation.
M3 comprises 31 questions pertinent to maintenance
management maturity on board ships. It is grouped into processand people-orientated activities under the areas listed in Table 1.
Table 1. The activities that M3 is grouped into
Asset strategy and delivery
Documentation, controls and review
Systems, integration and information management

Process

Communication and participation
Personnel, structure capability and authority
Competency and training

People

M3 is not conclusive; it simply highlights in an objective
manner issues that can be ranked and discussed further to identify
optimisation opportunities and objectives and to form the basis for
discussion and, ultimately, agreement.

4.2 M3 results
Of key interest are areas where there is a large spread or difference
in the type of responses, as these suggest frictional resistance
and conflict between groups that can be assessed further. Also of
interest are the areas where there is clear agreement, suggesting low
internal friction between stakeholder groups, which should also be
highlighted as areas where stakeholders find similarity.
Higher friction typically occurs where functional directives
clash, for example in the authority for quality standards in spares
procurement between engineering and purchasing functions.
General areas where behavioural improvements are typically
highlighted are:
n Policy alignment;
n Asset lifecycle;
n Critical equipment differentiation;
n Training and familiarisation; and
n Data/information quality and accessibility.
n
n
n
n
n

In more detail, dissatisfaction is centred upon:
Ship and shore systems alignment;
Uncontrolled maintenance scheduling activities;
Significant administration due to proliferation of forms;
An inability to interrogate historical data efficiently; and
Criticality policies for spares.

The outcomes of the M3 feed into the stakeholder workshops for
discussion and solution management.

5. Condition monitoring assessments
5.1 CM provider input
At this stage it is useful to broaden the stakeholder discussion to
bring in experience from any CM provider. This may be via the oil
and vibration analysis providers, as they will be able to highlight
machinery issues that are consistently unresolved and also highlight
friction between the provision of CM data and the engineering teams.
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CM providers have a unique and valuable contribution to
make to the optimisation process as they are often external
bodies that will experience friction in delivering the CM activity
to the company. They will be able to highlight issues that remain
consistently unresolved. Their output represents an evidence
resource to highlight where maintenance is not meeting its intended
outcomes[5].
There will be many shipping companies that do not yet operate
any formal CM activities; where this is the case it will be evident
within the policy review, stakeholder interviews and M3 analysis
that this area of engineering intelligence gathering is not widely
undertaken. The question that must then be formed and considered
will likely centre upon the potential benefit of incorporating a CM
element into the maintenance management function.
It is useful to note that companies that can demonstrate a mature
maintenance management function cite root cause analysis and
CM data review as means they use to deliver further optimisation
opportunities.

6. Defining the emergent maintenance
management culture
6.1 Why and what is wrong?
Within the workshop, the findings of the earlier interviews and
desktop studies are then presented to the collective stakeholder
group. This can be presented as a series of findings with key points
highlighted for further discussion. Once the group has had time to
review this, it is necessary to reach a point where it is possible to
gain formal agreement from it with the study findings thus far. If
the presentation has been managed well, as part presentation and
part training opportunity, then objections should have been raised
and dealt with by the facilitator as the presentation progressed. At
this point, it is necessary to define a short list of key issues that need
to be resolved.
Some of these issues may need to be resolved with stakeholders
that are outside of the group or may indeed be issues that are
not within the area of control of the company but may require
additional strategy development to nullify, to an acceptable extent,
their impacts. However, issues that can be addressed within the
group can be then ranked in order of criticality.

6.2 Strengths, weaknesses, opportunities and
threats (SWOT) analysis
There are a number of management tools that can be deployed to
analyse the findings of the group, but the one that is most routinely
accepted and understood is SWOT analysis. This seeks to further
tease out the background to the issues and the solutions that may
have been proposed thus far. It is another tool to embed acceptance
and support in the final, as yet undiscovered, solutions set.

6.3 Risks and rewards
For any change to improve the efficiency of an operation, there
will be risks, real or perceived, which means that there must also
be sufficient rewards to justify the effort required to make change.
The rewards should not simply be for the benefit of the shareholder
but should be such that the lives and working experiences of each
member are meaningfully improved. Instances such as reducing
unnecessary paperwork or the elimination of unnecessary jobs are
all means to improve the day-to-day experience of the individual.
In fact, it would be fair to say that if you concentrate efforts on
improving the lives of the individuals you will, as a result, improve
the benefit to the shareholder. This is a significant contributor to
successful change and should not be underestimated.
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7. Revised maintenance system
7.1 Maintenance system ‘as agreed’
The final part of the workshop is to agree and timetable the actions
that will define the ‘as agreed’ maintenance system. It may be that there
needs to be further working groups set up to determine the appropriate
solution to any area identified as critical for revision. However, once all
change elements are identified they have to be set out as objectives.
These need to be specific, measurable, achievable, realistic and timely
(SMART) objectives and fully agreeable and committed to by the
group. A timeline for completion should be agreed and persons given
individual responsibilities upon which they are agreed and committed.
Means of measuring the improvements should also be considered and
implemented without overburdening any individual.

8. Conclusions
The management of change is never easy, especially in a culture as
mature as shipping. However, technological advances and market
pressures demand that all areas of the business respond to the
needs of change in a positive manner. It is not sufficient to simply
continue to do what we do and expect to maintain a successful place
in a competitive market. Therefore, it is the companies that develop
an optimising culture and are able to self reflect and adjust in real
time that lead and ultimately succeed. By defining the intended
outcomes of the internal fleet, the company can build into its
technical management ethos the necessary behaviours that it wants
to see from its technical managers and also suppliers. Agreements
will be made with high-level objectives, which do not need to

prescribe how they are achieved. Every company must develop itself
according to its own needs, but ultimately remain highly flexible
and open to change. This means that the high-level objectives and
management information required can be delivered without any
contract being overtly challenging.
The current move towards data-led decision support, artificial
intelligence and machine learning will create further opportunities
for improvements but, unless companies are prepared for these
advancements, they will lose out by either over-reliance upon OEMs
to provide the solution or by the market shifting to companies who
have the right culture, flexibility and willingness to see change for
what it is – a constant.
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The British Institute of NDT (BINDT) and the PCN Scheme offer third-party certification of condition monitoring personnel that conforms
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For more information about BINDT, PCN, certification, CM technologies or examinations,
please contact the Certification Services Department of BINDT via email: cm.admin@bindt.org
or call: +44 (0)1604 438300.

PCN Certification – Standardised qualification assured

Condition Monitor | Issue 399 | June 2020

9

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.
An approach to insulation condition monitoring and life assessment in
emerging electrical environments
G C Montanari et al

IEEE Transactions on Power Delivery, Vol 34,
No 4, pp 1357-1364, 2019

On the broken rotor bar diagnosis using time-frequency analysis: is one
spectral representation enough for the characterisation of monitored
signals?
P A Panagiotou et al

IET Electric Power Applications, Vol 13, No 7,
pp 932-942, 2019

Distributed generation, DC transmission and distribution and power
electronics for AC/DC/AC conversion provide advantages such as increased
control and flexibility in electric power management; however, these
advantages also introduce challenges that must be managed. An electrical
environment in which voltage is not strictly sinusoidal implies that a new
approach for the design and maintenance of electrical insulation systems
has to be devised. Non-sinusoidal voltage supply often causes increased
failure probability and, thus, reduced reliability and life expectancy of an
electrical asset. This research addresses the implications of the transient and
steady waveform distortion introduced by electronic power systems and
DC supply for which electrical insulation was designed and tested through
consolidated criteria based on sinusoidal voltage supply. Based on condition
monitoring, a health index definition is proposed that allows the condition
of the insulation of an electrical apparatus to be assessed as a function of
operation time and, based on the ageing and life models, the evaluation of
maintenance actions and of the feasibility and extent of life extension plans
to be carried out. ©1986-2012 IEEE.

This work enhances the knowledge of the diagnostic potential of broken
bar faults in induction motors. Since a series of studies have been published
over the years regarding condition monitoring and fault diagnostics of
these machines, an investigation into the reason why different techniques
sometimes render different results is essential. In this context, an investigation
is provided with regard to the optimal window that should be adopted for
the implementation of effective time-frequency analysis of the monitored
signals. On this agenda, this study attempts to set lower and upper bound
limits for proper windowing from a digital signal processing point of view.
This is achieved by proposing a formula for the lower limit, which is derived
according to the specific frequencies put under inspection and which are
the fault-related signatures. Finally, a discussion on the upper bound is put
forward and results from finite element simulations are examined with
the discussed approach in both the transient regime and the steady state,
while experimental results verify the simulations with satisfactory accuracy.
©2019 Institution of Engineering and Technology. All rights reserved.

An industrial digitalisation platform for condition monitoring and
predictive maintenance of pumping equipment

Maximal information coefficient-based two-stage feature selection
method for railway condition monitoring

M Short and J Twiddle

T Wen et al

Sensors (Switzerland), Vol 19, No 17, 2019

This paper is concerned with the implementation and field testing of an edge
device for real-time condition monitoring and fault detection for large-scale
rotating equipment in the UK water industry. The edge device implements a
local digital twin, processing information from low-cost transducers mounted
on the equipment in real time. Condition monitoring is achieved with
sliding-mode observers employed as soft sensors to estimate critical internal
pump parameters to help detect equipment wear before damage occurs.
The paper describes the implementation of the edge system on a prototype
microcontroller-based embedded platform, which supports the Modbus
protocol. IP/GSM communication gateways provide remote connectivity to the
network core, allowing further detailed analytics for predictive maintenance to
take place. The paper first describes validation testing of the edge device using
hardware-in-the-loop techniques, followed by trials on large-scale pumping
equipment in the field. The paper concludes that the proposed system
potentially delivers a flexible and low-cost industrial digitalisation platform for
condition monitoring and predictive maintenance applications in the water
industry. ©2019 The authors. Licensee MDPI, Basel, Switzerland.
Corrosion in low-voltage distribution networks and perspectives for
online condition monitoring
A Van Deursen et al

IEEE Transactions on Power Delivery, Vol 34,
No 4, pp 1423-1431, 2019

The low-voltage distribution grid is an essential link for the integration of
distributed renewable sources and such grids are expected to experience
stronger loading and load variation in the near future. At the same time,
part of the low-voltage network is an ageing infrastructure. Distribution
system operators are therefore becoming increasingly interested in being
able to diagnose their low-voltage assets. This paper describes corrosion
phenomena that are observed in aluminium conductors after damage is
inflicted to a section of cable. Such damage is suspected to initiate longterm degradation. Short-duration intermittent current peaks are observed
in laboratory experiments and similar peaks are now also recorded in the
field. By registering these events, the perspectives for online monitoring
are investigated by installing a large number of measurement devices on
connections in service. The research aims to gain a better understanding of
the relationship between the current peaks and cable circuit failures, as well
as underlying degradation mechanisms. ©1986-2012 IEEE.
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IEEE Transactions on Intelligent Transportation
Systems, Vol 20, No 7, pp 2681-2690, 2019

Feature classification is a very critical step in railway condition monitoring
and the extracted features are used to classify the type and level of a fault.
To achieve better accuracy and efficiency in the classification, the extracted
features must be properly selected. In this paper, the maximal information
coefficient is employed in two different stages to establish a new feature
selection method. By using this two-stage feature selection method,
strong features with low redundancy are reserved as the optimal feature
subset, which results in the classification process having a more moderate
computational cost and a good overall performance. A case study focusing
on the rolling bearing is carried out to evaluate this proposed two-stage
selection method and prove its advantages over other methods. The results
show that the proposed selection method can achieve a satisfactory overall
classification performance with low computational cost. ©2000-2011 IEEE.
Modelling and experimental validation of EM wave propagation due to
PD in XLPE cables
J Joseph et al

IET Science, Measurement and Technology,
Vol 13, No 5, pp 692-699, 2019

Monitoring of electromagnetic (EM) waves due to partial discharge (PD) is a
promising tool for the condition monitoring of cables. This study presents the
development of a modelling scheme for simulation of EM wave propagation due
to PD occurring at cavities in the cross-linked polyethylene (XLPE) insulation.
Simulation models for generation and propagation of PD pulses through the
cable geometry are developed. A model based on the finite element method
is developed to simulate the PD current along cylindrical voids in the cable
insulation. The initial fields due to the PD currents in the voids are simulated
using the FEM model. The propagated EM fields inside and outside the surface
of the cable occurring inside the voids caused by partial discharge are analysed
by a finite difference time-domain model. The analysis of the propagated EM
fields due to a Gaussian-shaped PD pulse identifies the dominant components
of propagated electric and magnetic fields along the geometry of the cable.
Furthermore, the propagated EM fields at the cable sheath caused by different
void dimensions are simulated and experimental validation of the propagated
magnetic field is conducted by measurement using a high-frequency current
transformer sensor installed around an earth wire from the sheath of an 11 kV
XLPE cable. ©2019 The Institution of Engineering and Technology.
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Engine oils in the field: a comprehensive chemical assessment of engine
oil degradation in a passenger car

Application of surface replication combined with image analysis to
investigate wear evolution on gear teeth – a case study

N Dörr et al

H Chang et al

Tribology Letters, Vol 67, No 3, 2019

For the understanding of oil degradation in a combustion engine, in
particular zinc dialkyl dithiophosphate (ZDDP) deterioration and its
impact on wear expressed as iron content, a field test was carried out with
a passenger car, which covered a distance of 19,800 km and represented an
entire oil change interval. Condition monitoring of the SAE 5W-30 engine
oil used in the turbocharged petrol engine combined the use of conventional
and advanced analytical methods. The conventional data collected from the
oils used revealed the progress of additives (antioxidants, base reserve and
ZDDP), oil degradation products (oxidation, nitration, sulfation and acids)
and contaminations (water, soot, wear and fuel dilution). High-resolution
mass spectrometry was included to identify ZDDP additive compounds and
their fate during the field test, as well as their correlation with wear formation.
Dialkyl dithiophosphates as the main ZDDP compounds were rapidly
degraded and were no longer detected after 6000 km. Dialkyl thiophosphate
as an intermediate ZDDP degradation product was formed and largely
depleted within the first 6000 km. Dialkyl phosphates, phosphoric acid
and sulphuric acid as organic and inorganic ZDDP degradation products
were generated early and reached high levels at the end of the field test. The
presence of intact ZDDP and its degradation products, notably phosphoric
and sulphuric acid, correlated with the iron content of the oil. Wear largely
remained at a low level, as long as intact ZDDP was available for tribofilm
formation. The lack of ZDDP, along with the formation of inorganic acids
from ZDDP, resulted in an increase in the wear rate by a factor of four.
©2019 Springer Science+Business Media LLC, part of Springer Nature.
Prognosis of a wind turbine gearbox bearing using supervised machine
learning
F Elasha et al

Sensors (Switzerland), Vol 19, No 14, 2019

Deployment of large-scale wind turbines requires sophisticated operation
and maintenance strategies to ensure the devices are safe, profitable and
cost-effective. Prognostics aims to predict the remaining useful life (RUL)
of physical systems based on condition measurements. Analysing condition
monitoring data, implementing diagnostic techniques and using machinery
prognostic algorithms will bring about accurate estimation of the
remaining life and possible failures that may occur. This paper proposes the
combination of two supervised machine learning techniques (a regression
model and a multi-layer artificial neural network model) to predict the
RUL of an operational wind turbine gearbox using vibration measurements.
The root mean square (RMS), kurtosis (KU) and energy index (EI) were
analysed to define the stages of bearing failure. The proposed methodology
was evaluated through a case study involving vibration measurements of
a high-speed shaft bearing used in a wind turbine gearbox. ©2019 The
authors. Licensee MDPI, Basel, Switzerland.
Safety analysis of plugging and abandonment of oil and gas wells in
uncertain conditions with limited data
A O Babaleye et al

Reliability Engineering and System Safety,
Vol 188, pp 133-141, 2019

Well plugging and abandonment are necessary to ensure safe closure of a
non-producing offshore asset. Little or no condition monitoring is carried
out after the abandonment operation and data are often unavailable to
analyse the risks of potential leakage. It is therefore essential to capture
all inherent and evolving hazards associated with this activity before its
implementation. Current probabilistic risk analysis approaches, such as
fault tree, event tree and bowtie methods, are able to model potential leak
scenarios; however, these approaches have limited capability regarding the
handling of evolving well conditions and data unavailability. Many of the
barriers of an abandoned well deteriorate over time and are dependent on
external conditions, making it necessary to consider advanced approaches to
model potential leakage risk. This paper presents a Bayesian network-based
model for well plugging and abandonment. The proposed model is able to
handle evolving conditions of the barriers, their failure dependence and also
uncertainty in the data. The model uses advanced logic conditions, such as
noisy-OR and leaky noisy-OR, to define the condition and data dependency.
The proposed model is explained and tested on a case study from the well
plugging and abandonment failure of the Elgin platform. ©2019 Elsevier Ltd.
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Wear, Vol 430-431, pp 355-368, 2019

Gear wear is a critical degradation process in many applications and
monitoring it is important to ensure the safe operation of machines. The
case study presents a novel approach to obtain comprehensive and highresolution wear information for monitoring the evolution of gear wear.
This is achieved through the combination of a moulding method and noncontact imaging-based measurements in two and three dimensions and
without gearbox disassembly and tooth removal. Optical and laser scanning
confocal microscopy and image processing tools were employed to provide
quantification of surface roughness, wear severity and wear depth on gear
teeth during a lubricated endurance test. Also, a detailed qualitative analysis
on the progression of the two main wear mechanisms (abrasive wear and
fatigue pitting) was provided, alongside an evaluation of the diagnostic
capabilities offered by the proposed methodology. The insights on gear wear
offered in this case study also represent a valuable guideline for researchers
and engineers in the field of gear condition monitoring. Moreover,
the proposed wear analysis technique can be used to characterise and
understand wear phenomena in other conditions and geared transmissions.
©2019 Elsevier BV.
Root‐cause analysis of wear‐induced error motion changes of machine
tool linear axes
G W Vogl et al

International Journal of Machine Tools and
Manufacture, Vol 143, pp 38-48, 2019

Manufacturers require online methods that give up-to-date information
regarding system capabilities to predict the performance of machine tools.
Use of an inertial measurement unit (IMU) is attractive for on-machine
condition monitoring, so methods based on spatial filters were developed to
determine rail wear conditions of linear guideways of a carriage from its IMUbased error motion. Rail wear-induced changes in translational and angular
error motions as small as 1.5 μm and 3.0 μrad, respectively, could be resolved.
A corresponding two-part root-cause analysis procedure was developed
to determine the rail locations of error motion degradation, as well as the
most probable physical location of damage that causes the detected error
motion changes. Another analysis method determined the root cause of nonlocalised damage along each rail. These approaches support the development
of smart machine tools that provide actionable intelligence to manufacturers
to provide early warnings of system degradation. ©2019 Elsevier BV.
A novel method for autonomous remote condition monitoring of
rotating machines using a piezoelectric energy harvesting approach
M Khazaee et al

Sensors and Actuators, A: Physical, Vol 295,
pp 37-50, 2019

This paper presents a novel autonomous method for condition monitoring
of rotating machines during operation based on radio-frequency (RF) pulse
transmission using energy harvesting from operational vibration. An energy
harvesting unit is designed to generate and rectify the energy harvested from
the machine vibration using a voltage multiplier (VM) circuit and to store
the energy into a capacitor. Then, the energy harvesting unit runs a smart
system consisting of a microcontroller and the RF transmitter designed
to send a pulse at specific capacitor voltage. A pulse-based condition
monitoring approach is introduced, which monitors the state of the
machine during the operation. In order to estimate the power output of the
piezoelectric harvester for a realistic vibration signal, the Fourier transform
concept for signal decomposition is incorporated into the well-known
electromechanical distributed parameter model. Using experimental data,
performance of this autonomous condition monitoring system is tested for
a water pump at different conditions. To do so, acceleration data from a
centrifugal water pump are acquired with an accelerometer, which are then
decomposed into a series of harmonics using a fast Fourier transform. Then,
using an analytical distribution model, a bimorph energy harvester with
two piezoceramic layers is optimised to generate maximum power from
the water pump vibration. Consequently, condition monitoring of the water
pump is performed using the presented pulse-based approach. Results of
this study show that the fault diagnosis can be performed autonomously
by applying the pulse-based method presented in this work and by using
the piezoelectric harvesting device as an energy source. ©2019 Elsevier BV.
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A multi-sensor information fusion for fault diagnosis of a gearbox
utilising discrete wavelet features

Optimal condition-based and age-based opportunistic maintenance
policy for a two-unit series system

T Praveen Kumar et al

J Wang et al

Measurement Science and Technology, Vol 30,
No 8, 2019

Gearboxes are widely employed in automobiles and industrial machines
to transmit power and torque. Gearboxes operate under various working
conditions for prolonged hours, increasing the chance of gearbox failure.
Major faults in gear systems are caused by wear, scoring, pitting, tooth
fracture, etc. Gearbox failure leads to an increase in machine downtime and
maintenance costs. The nature and location of such failures can be identified
with precision using condition monitoring techniques. In this study,
machine condition data are acquired from the gearbox using a vibration
accelerometer, microphone and acoustic emission sensors under different
operating conditions, including three loading conditions (0 N, 5 N and 10 N)
and three r/min variations (500, 750 and 1000). The wavelet features are
extracted from the acquired vibration, sound and acoustic emission signal
and prominent features are identified. To automate the process of fault
diagnosis, machine learning algorithms (artificial neural network, support
vector machine and proximal support vector machine) are utilised. Dualand multi-sensor fusion is implemented with the help of prominent features
to intensify the accuracy of classification. The performance of the individual
signals and dual- and multi-sensor fused models in gearbox fault diagnosis
are compared and discussed in detail. ©2019 IOP Publishing Ltd.

Computers and Industrial Engineering, Vol 134,
pp 1-10, 2019

A new optimal maintenance policy that considers information relating to
condition monitoring and age is considered for a two-unit repairable system.
Unit 1 is the core component of the system and is subject to soft failure,
observed only through inspections. Unit 2 is subject to hard failure and the
age information representing usage of unit 2 is available. Unlike previous
maintenance models, where maintenance actions could be initiated only at the
inspection intervals, it is assumed that a corrective maintenance action would
be carried out immediately after failure of unit 2. Furthermore, preventative
maintenance is performed on the units if the deterioration level of unit 1 or the
usage of unit 2 exceeds a certain maintenance threshold for that unit. When
one of the two units is correctively or preventatively maintained under this
maintenance strategy, there is an opportunity to maintain the other unit. The
maintenance problem is formulated and solved in the semi-Markov decision
process framework. A formula for the average maintenance cost is derived
and the optimal thresholds for preventative and opportunistic maintenance
of the two units are determined, minimising the expected average cost in the
long run. A practical example of a two-unit wind turbine system is provided
and a comparison analysis with other maintenance policies shows that the
performance of the proposed policy is outstanding. ©2019 Elsevier Ltd.

Multi-frequency acoustic signal under short-circuit transient and its
application in the condition monitoring of transformer windings

Condition monitoring and predictive modelling of
delamination applied to remote stationary and mobile assets

Y Shi et al

J Latif et al

IEEE Transactions on Power Delivery, Vol 34,
No 4, pp 1666-1673, 2019

coating

Structural Health Monitoring, Vol 18, No 4,
pp 1056-1073, 2019

The large current flowing through transformer windings during external
short-circuit events causes strong vibration and the tank emits multifrequency sound. This paper theoretically and experimentally investigates
the transient acoustic signal and proposes the monitoring of the winding
condition with the spectrum of the acoustic signal. A two-wire model is first
built as a basic unit of the winding structure. The dynamic equation of the
model is constructed based on the principle of least action. The coupling
action between the electromagnetic force and the motion of the wires is
described as the second-order term of the wire spacing in the equation.
The solution shows that the spectrum of the winding vibration contains
the half-power frequency and its multiples in some cases. If the winding is
loosened and deformed, the motion space and vibration amplitude would
be enlarged and the natural frequency of the winding would decrease. As a
result, the vibration spectrum would contain the half frequency and its odd
multiples. Then, the acoustic signal of a 110 kV transformer is measured on
a multiple short-circuit test platform. The acoustic time-frequency spectra
are consistent with the theoretical analysis. The half-frequency ratio (HFR)
of the acoustic spectrum rises, along with the increase of short-circuit
time. After 21 short circuits, the HFR rises obviously, indicating serious
deformation of the winding, while no obvious change is found in the shortcircuit reactance (SCR). The results prove that the HFR of the acoustic
signal is a more sensitive indicator than SCR, which can characterise the
cumulative process of a short circuit on the winding. ©1986-2012 IEEE.

The ambiguous nature of meteorological parameters in uncontrolled
environmental conditions makes it difficult to determine the structural
integrity of stationary and mobile assets. The weather conditions for large
vehicles at The Tank Museum, Bovington, UK, which are operating in
controlled and uncontrolled environmental conditions, are investigated
through weather history and corrosion monitoring techniques applied to
large military vehicles by using the linear polarisation resistance method.
Corrosion initiation and propagation was found on several occasions during
the operation of large vehicles within an uncontrolled environment due to
critical levels of metrological parameters, including salinity, relative humidity
and rainfall. Comprehensive solutions have been proposed to detect damage
initiation at the earliest possible stage to prompt maintenance professionals
to take necessary actions to avoid damage. Early detection techniques will
help to prolong the service life of large vehicles or metal structures that are
operating or installed remotely. The analysis of diffusion of salt particles
into coatings during the summer and winter seasons is also presented by
estimating the salt concentration by taking the linear relationship between
wind speed and salt deposition rate based on ISO classification of airborne
salinity. The proposed solutions can be applied to valuable assets operating
in coastal, non-coastal and near-sea regions to predict and estimate the
damage. The research will directly impact the maintenance and reliability
of automotive, oil and gas pipeline, aerospace and defence applications
through the remote condition monitoring technique. ©2018 The author(s).

Neural network-controlled primitive fault analysis and monitoring of
a wind turbine gearbox

Implementation of a diagnostic technique to solve vibration problems
in the sugar industry: some case studies

B Raja Mohamed Rabi
and K Kannabiran

M B Joshi et al

International Journal of Recent Technology and
Engineering, Vol 8, No 2, pp 764-768, 2019

The problem of minimising the operational and maintenance costs of
wind energy conversion systems (WECS) is considered in this paper. A
continuous condition monitoring system is designed to reduce these costs.
Hence, preliminary identification of the degeneration of the generator health,
facilitating a proactive response, minimising downtime and maximising
productivity are made possible. The inaccessibility of wind generators situated
at heights of 30 m or more also creates problems in condition monitoring and
fault diagnosis. This opens up the research on condition monitoring and fault
diagnosis in WECS (blades, drive trains and generators). Different types of
fault, their generated signatures and their diagnostic schemes are therefore
discussed in this paper. The paper aims to validate the application of neural
networks for the analysis of wind turbine data, so that possible future failures
may be predicted and rectified earlier. ©2019 BEIESP.
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International Review of Mechanical
Engineering, Vol 13, No 6, pp 318-325, 2019

The predictive maintenance technique has been accepted worldwide for
the maintenance of rotating machines in process industries. Among a vast
number of machine condition monitoring techniques, vibration monitoring
and analysis is distinct and is the most widely used method in detecting
mechanical faults in common rotating machinery. The sugar industry,
in which a variety of rotating machines are linked together in order to
carry out sugar production, is an important industry in many countries.
Implementation of a diagnostic technique through vibration monitoring
and analysis can lead to effective predictive maintenance. This paper deals
with a review of the state-of-the-art of vibration condition monitoring and a
prognosis technique applied to the rotating machines in the sugar industry.
It also focuses on case studies of fault diagnosis and rectification of rotating
machines of this industry. ©2019 Praise Worthy Prize Srl.
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Railway point machine prognostics based on feature fusion and health
state assessment

Estimation of remaining useful life of rolling element bearings using
wavelet packet decomposition and artificial neural network

V Atamuradov et al

A Rohani Bastami
et al

IEEE Transactions on Instrumentation and
Measurement, Vol 68, No 8, pp 2691-2704, 2019

This paper presents a condition monitoring approach for point machine
prognostics to increase reliability, availability and safety in the railway
transportation industry. The proposed approach comprises three steps: (1)
health indicator (HI) construction by data fusion; (2) health state assessment;
and (3) failure prognostics. In Step 1, the time-domain features are extracted
and evaluated by hybrid and consistency feature evaluation metrics to select
the best class of prognostics features. Then, the selected feature class is
combined with the adaptive feature fusion algorithm to build a generic HI
point machine. In Step 2, health state division is accomplished through the
use of a time-series segmentation algorithm using a fused HI. Fault detection
is then performed using a support vector machine classifier. Once the faulty
state has been classified (ie incipient or starting fault), single spectral analysis
recurrent forecasting is triggered to estimate the remaining useful life of
the component. The proposed methodology is validated on in-field point
machine sliding-chair degradation data. The results show that the approach
can be effectively used in railway point machine monitoring. ©2018 IEEE.
Condition monitoring of wind turbine blades and tower via an
automated laser scanning system
A U Dilek et al

Engineering Structures, Vol 189, pp 25-34, 2019

During its service life, a wind turbine has to withstand very challenging
loads and severe environmental factors, which can cause some deterioration
and cracks on structural components. Yearly periodic controls may not be
sufficient to diagnose a fault at an early stage. Therefore, wind turbines are
very important systems that have to be monitored continuously. This work
focuses on developing an automated scanning system for infrared (IR) laser
vibrometers to conduct the tests and measurements, which are required to
perform condition monitoring in a more accurate and efficient manner.
Unlike visible green or red lasers, an IR laser is reflected by most surfaces
(especially by blade material) with a very high intensity without needing
preparation or surface enhancement on the target. However, IR lasers cannot
be guided by refracting or reflecting the beam by lenses and mirrors, as with
conventional laser scanners. This work proposes a new methodology based
on mounting the laser source on a motorised platform and then rotating
the platform rather than guiding the laser beam using optical systems. The
tests performed using wind turbine models show that the proposed system
is capable of guiding the laser to the desired measurement points with very
high precision and efficiency. The results of the analyses also show that some
important dynamic characteristics of the system, such as eigenfrequencies
and mode shapes, can be extracted very accurately. ©2019 Elsevier Ltd.
Health assessment method for electronic components subject to
condition monitoring and hard failure
S Zhao et al

IEEE Transactions on Instrumentation and
Measurement, Vol 68, No 1, pp 138-150, 2019

In this paper, a health assessment method for electronic components subject
to condition monitoring (CM) is presented, which can be used to estimate
the conditional reliability characteristics given the current operational
age and the corresponding degradation state. The degradation process is
characterised by a continuous-time Markov chain, which is incorporated
into Cox’s proportional hazard model to describe the hazard rate of the time
to failure. The two main challenges encountered in the health assessment of
electronic components subject to CM and hard failure, ie the large number of
degradation states and the general deteriorating transition mechanism, can
be properly addressed by the proposed method. To illustrate the effectiveness
of the proposed method, a case study of power metal-oxide-semiconductor
field-effect transistors is performed as a representative example of a general
electronic application. The method for the model parameter estimation is
developed and applied using the degradation and failure data obtained from
an accelerated testing experiment, on the basis of which the conditional
reliability function, the mean residual life and other health characteristics
can be explicitly calculated using the proposed discretisation technique. The
precise accuracy of the health assessment demonstrates the effectiveness and
advantages of the proposed method applied to a real electronic component
subject to CM and hard failure. ©1963-2012 IEEE.
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Iranian Journal of Science and Technology –
Transactions of Electrical Engineering, Vol 43,
pp 233-245, 2019

Rolling element bearings (REBs) are usually considered among the most
critical elements of rotating machines. Therefore, accurate prediction
of the remaining useful life (RUL) of REBs is a fundamental challenge in
the improvement of the reliability of the machines. Vibration condition
monitoring is the most popular method used for diagnosis of REBs and this
fact also motivates the use of recorded vibration data in RUL prediction.
However, it is necessary to extract appropriate features from a vibration signal
that represent actual damage progress in the REB. In this paper, a wavelet
packet transform is used to extract signal features and an artificial neural
network is applied to estimate the RUL of the REB. To obtain more accurate
results, a method is proposed to find the appropriate mother wavelet, optimal
level and optimal node for signal decomposition. The desired features were
extracted from the decomposed wavelet coefficients. To reduce random
fluctuations, which is essential in real-life tests, a preprocessing algorithm
was applied on the raw data. A multi-layer perceptron neural network was
selected and trained by preprocessed input data as well as non-processed
input data and the results were compared. A series of accelerated life tests
were conducted on a group of radially loaded bearings and vibration signals
were acquired in the whole lifecycle of the tested REBs. Comparison of the
experimental results with the output of the trained neural network shows
that the proposed method has an enhanced prediction capability. ©2018
Shiraz University.
Restoration of a low-informative image for robust debris shape
measurement in online wear debris monitoring
H Wu et al

Mechanical Systems and Signal Processing,
Vol 114, pp 539-555, 2019

As a significant technique in machine condition monitoring, wear debris
analysis enables the investigation of the running condition of a machine
with respect to debris features, including size, quantity and morphology. In
particular, being capable of providing more comprehensive morphological
information, three-dimensional debris features are regarded as essential and
are often acquired through a video-based debris imaging process. However,
captured debris images often suffer degradation due to debris motion
blur and lubrication contamination, which hinder reliable debris feature
extraction. To address the image degradation issue, a new method of wear
debris image restoration is developed to reduce the effect of blur. In order to
avoid the expensive computation involved in blind deconvolution methods,
the debris image is restored using localised boundary features. Based on the
fact that the debris area and background area indicate distinctive brightness,
a step edge model is applied to describe the original debris boundary.
Localised kernels on each side of the debris are then determined. Next,
restorations are conducted with the estimated kernels to produce sharper
debris profiles with respect to different motion features. Final restoration is
conducted by fusing the restored profiles according to the maximum local
sharpness. Experimental results have demonstrated that this method allows
reliable feature extraction from blurred images to be achieved, improving
the robustness of video-based wear debris analysis. ©2018 Elsevier Ltd.
Fluid sensing using quartz tuning forks – measurement technology and
applications
T VoglhuberBrunnmaier et al

Sensors (Switzerland), Vol 19, No 10, 2019

The authors provide an overview of recent achievements using quartz tuning
forks for sensing liquid viscosity and density. The benefits of using quartz
crystal tuning forks (QTFs) over other sensors is discussed on the basis of
physical arguments and issues arising in real-world applications. The path to
highly accurate and robust measurement systems is described and a recently
devised system considering these findings is presented. The performance of
the system is analysed for applications such as the mixing ratio measurement
of fuels, diesel-soot contamination for engine oil condition monitoring and
particle size characterisation in suspensions. It is concluded that using
properly designed systems enables a variety of applications in industry and
research. ©2019 The authors. Licensee MDPI, Basel, Switzerland.
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Full copies of the original patent documents can be obtained from:
n The British Library, 96 Euston Road, London NW1 2DB, UK.
n US Patent and Trademark Office, 600 Dulany Street, Madison East, Concourse Level, Alexandria, VA 22314, USA.
n The Japanese Patent Office, 3-4-3 Kasumigaseki 3-chome Chiyoda-ku, Tokyo 100-8915, Japan.
US 20200064221
Pump efficiency of a fluid pump
Date: 27.02.2020
Applicant: IOT Diagnostics LLC
Inventor: Rex A Wetherill

GB 2576246
Method and apparatus for oil condition monitoring
Date: 12.02.2020
Applicant: RAB Microfluidics RES and Development Company Ltd
Inventor: Oluwarotimi Alabi

Systems and methods for monitoring a condition of a pump. One
or more characteristics of a fluid flow of a fluid are monitored in
a flow path of the pump to determine a fluid leakage flow rate.
The fluid leakage flow rate is compared to a nominal flow rate
for the pump. The efficiency of the pump is determined based
on the comparison of the fluid leakage flow rate to the nominal
flow rate. The pump efficiency is compared to a pump efficiency
threshold and the condition of the pump determined based on the
comparison.

A microfluidic system for monitoring lubricant oil condition,
comprising a microfluidic device with at least one channel
configured to allow a lubricant sample laminar flow through the
channel, at least one separating device to separate at least one
component from the oil and a detector to detect/measure at least
one property of the removed component after separation. The
channel may comprise a plurality of inlets and outlets, firstly to
receive the oil and, secondly, to receive a solvent. The separated
component may be a metal, a carboxylic acid, an a-alkane insoluble
and/or sulphur. The detector may comprise a spectrometer, a
camera, a CCD, a conductivity sensor, a capacitance sensor and/
or a metal responsive to a chemical analyte, preferably a UV
spectrometer. The separation device may be a magnet, a metalbased sulphur removal device or, preferably, a diffusion extractor,
which may be a H-filter. Also included is a method of monitoring
the condition of lubricant oil using such a microfluidic system.

EP 3608503
Well and overburden monitoring using distributed acoustic
sensors
Date: 12.02.2020
Applicant: BP Exploration Operating Company Ltd
Inventor: Thiruvenkatanathan Pradyumna
A method for detecting a flow condition within a wellbore can
comprise receiving a first signal from a sensor, wherein the signal
comprises an indication of an acoustic signal received at one or
more depths within the wellbore and is indicative of the acoustic
signal across a frequency spectrum. The method can include:
receiving a second signal comprising an indication of a pressure
or flow within the wellbore; determining a plurality of frequency
domain features of the acoustic signal across the frequency
spectrum; comparing the plurality of frequency domain features
to an overburden event signature; determining a presence of
an overburden event at one or more depths within the wellbore
based on the plurality of frequency domain features matching the
overburden event signature at one or more depths in the wellbore;
correlating the overburden event with the pressure or flow; and
determining a presence and location of the overburden event
within the wellbore based on the presence of the overburden event
and the correlation of the overburden event with the pressure or
flow.
US 20200065691
Model development framework for remote monitoring
condition-based maintenance
Date: 27.02.2020
Applicant: Otis Elevator Company
Inventor: Teems E Lovett
Embodiments include techniques for developing a model
framework for remote unit monitoring condition-based
maintenance. The techniques include collecting data associated
with unplanned service requests and generating one or more
models from the collected data. The techniques also include
predicting unplanned service requests based at least in part on the
one or more models and transmitting an output of the prediction
of the unplanned service request.
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WO/2020/030812
Systems and methods for condition monitoring
Date: 13.02.2020
Applicant: Green Running Ltd
Inventor: Raza Rizvi
A method for monitoring the status of an apparatus comprises
processing in a processor a cyclic signal emitted and/or received
by said apparatus, by sampling at least part of a plurality of cycles
of the cyclic signal at n points to provide n measured values;
comparing the n measured values to a predetermined distribution
of values at said n points representing a first state of the apparatus;
and, if the n measured values fall outside predetermined criteria
relating to the predetermined distribution, providing an indication
that the apparatus is not in the first state.
EP 3602752
Condition monitoring device for an electrical machine
Date: 05.02.2020
Applicant: ABB Schweiz AG
Inventor: Jouni Ikaheimo
In aspects, the present invention provides a condition monitoring
device for monitoring a condition of an electrical machine. The
condition monitoring device comprises a housing affixed on a
frame of the electrical machine and one or more sensors within the
housing, for measuring one or more parameters of the electrical
machine and one or more magnetic coils electrically connected to
an electrical energy storage unit located in the housing. The one
or more magnetic coils are located within a cavity in the stator
core through an aperture in the frame of the electrical machine
and form an inductive circuit with one or more windings of the
electrical machine for supplying current to the electrical energy
storage unit.

Condition Monitor | Issue 399 | June 2020

Patent Summaries
US 20200030235
Hydrogen generator cooperating with cloud monitoring system
and cloud monitoring system thereof
Date: 30.01.2020
Applicant: Hsin-Yung Lin
Inventor: Hsin-Yung Lin

EP 3611521
Apparatus for monitoring a condition of an electrical power
transmisison medium
Date: 19.02.2020
Applicant: General Electric Technology GmbH
Inventor: Robert Stephen Whitehouse

A hydrogen generator electrically coupled to a cloud monitoring
system comprises a hydrogen generating device, a monitoring
device, a network device and a controlling device. The device
monitors the machine condition of the hydrogen generating device
and generates a condition signal. The network device selectively
transmits machine information, including the condition signal,
to the cloud monitoring system. The controlling device receives
an operating parameter from the cloud monitoring system via
the network device and controls the hydrogen generating device
according to the operating parameter. The hydrogen generator
monitoring system of the present invention collects the relevant
data of the user using the hydrogen generator and tracks the
health status of the user to perform big data analysis.

There is provided an apparatus for monitoring a condition of an
electrical power transmission medium, the apparatus comprising:
a signal source for transmitting a signal to travel along the
electrical power transmission medium; and a monitoring
device configured to detect one or more reflected signals in the
electrical power transmission medium, wherein the monitoring
device is configured to use the or each detected reflected signal
to determine a change in capacitance of the electrical power
transmission medium.

US 20200033411
Condition monitoring system, condition monitoring method,
condition monitoring programme and storage medium
Date: 30.01.2020
Applicant: Panasonic Intellectual Property Management Co Ltd
Inventor: Shin Tabuchi
The condition monitoring system includes an acquisition unit
and a generation unit. The acquisition unit acquires waveform
data from a measuring device to measure an electrical signal that
is either the output or input of a converter. The waveform data
represents a waveform of the electrical signal. The generation unit
generates, based on the waveform data, analysis data to monitor
the condition concerning the converter. The generation unit
obtains, by frequency analysis, a plurality of combinations, each
including a value of a frequency and a value of a feature quantity
that is either intensity or phase, based on the waveform data when
a value of the drive frequency varies and thereby generates analysis
data having at least three variables, including the frequency, the
feature quantity and the drive frequency.
US 20200056947
System for position and/or line monitoring in an energy guide
chain
Date: 20.02.2020
Applicant: igus GmbH
Inventor: Richard Habering
A monitoring system for monitoring the condition of an energy
guide chain and/or a cable guided in an energy guide chain.
Energy guide chains are used for guiding cables, hoses or the like
between a base and a moving end displaceable along a travel path
and, in so doing, form a mobile run connected to the moving
end, a stationary run with a connection end for the base and a
deflection arc between the two runs. A monitoring device with at
least one sensing component arranged on the energy guide chain.
The monitoring device evaluates a signal generated using the
sensing component in order to monitor the occurrence of a fault
condition during operation of the energy guide chain. The sensing
component includes an electrical indicator conductor guided by
the energy guide chain and extending along the greater part of
the length of the mobile run, to monitor the condition of a cable.
In this case it includes two electrical indicator conductors guided
by the energy guide chain, one end of which is connected to the
monitoring device while the other end is short circuited.
Condition Monitor | Issue 399 | June 2020

EP 3605857
Information configuration apparatus, monitoring apparatus
and method and communication system
Date: 05.02.2020
Applicant: Fujitsu Ltd
Inventor: Song Lei
Information configuration apparatus and method, monitoring
apparatus and method and a communications system. The
information configuration apparatus includes: a first transmitting
unit configured to transmit configuration information to user
equipment, the configuration information comprising grouping
information on physical resources and/or beam pairs transmitting
at least one control channel corresponding to at least one control
channel. The grouping information, including physical resources
corresponding to control channels and/or beam pairs transmitting
control channels, is transmitted at the network equipment side and
transmission states of the physical resources and/or the beam pairs
corresponding to the grouping of the control channels are monitored
at the UE side according to the contents of the configuration
information or according to the contents of the configuration
information and other configuration information, so as to obtain
transmission states corresponding thereto, and a beam recovery
mechanism is triggered in response to the transmission failure of
the physical resources and/or the beam pairs corresponding to
any group of the control channels, thereby flexibly and punctually
dealing with various cases of transmission failure.
GB 2576168
System and method for monitoring fault conditions in a pan line
of a longwall mining system
Date: 12.02.2020
Applicant: Caterpillar Global Mining Europe GmbH
Inventor: Euan Russell Kirkhope
A system for monitoring a condition of a pan line associated with a
longwall mining system includes multiple pan segments arranged in
a successive manner. Adjacently located pan segments are movably
coupled by an interconnecting joint. An underside of each pan
segment defines an opening, the axis of which is parallel to a plane
of the associated pan segment. The system also includes a fibreoptic shape sensing system that has a fibre-optic cable disposed
along the multiple pan segments and located within the opening
of each pan segment. A controller coupled to the fibre-optic cable
detects a shape of the fibre-optic cable, identifies a position of
each pan segment based on the detected shape of the fibre-optic
cable and determines if a fault exists in the interconnecting joints
between adjacently located pan segments based on the identified
positions of respective ones of the adjacently located pan segments.
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WO/2020/036859
Tyre sensor device
Date: 20.02.2020
Applicant: Revvo Technologies Inc
Inventor: Sunjay Dodani
A tyre sensor device for monitoring a condition of a tyre includes
a plurality of sensors, including a temperature sensor and an
accelerometer. The tyre sensing device further includes memory
configured to store data received by the plurality of sensors and
one or more processors coupled with the memory. The one or
more processors are configured to perform one or more initial
processing operations on the data received by the plurality of
sensors. The tyre sensor device further includes an antenna,
coupled with the one or more processors, configured to wirelessly
communicate with one or more external devices.
WO/2020/035439
Assembly and method for predicting the remaining service life
of a machine
Date: 20.02.2020
Applicant: Siemens Aktiengesellschaft
Inventor: Christoph Bergs
On the basis of condition data of a machine, a plurality of basic
simulations independent of one another are carried out, which
determine respective remaining service life predictions for the
machine. The remaining service life predictions and characteristic
data, which describe properties of the machines, are fed to a neural
network. The neural network outputs weights for the remaining
service life predictions. A final prediction is calculated from

the remaining service life predictions with computer assistance,
by weighting the remaining service life predictions relative to
one another in accordance with the weights. A hybrid model is
thus produced, which results from the combination of the basic
simulations with the neural network. Unlike before, the remaining
service life can be predicted not only for a small number of machines
for which a specific simulation model has been manually created.
Instead, the hybrid model also enables condition monitoring for any
further types and configurations of machines that merely belong to
the same machine class. The basic simulations can therefore also be
applied to previously unknown machines. It is no longer necessary
to spend time manually creating a finite element modelling (FEM)
simulation and possibly a CAD model. The neural network decides,
in a data-driven manner, how strongly each of the basic simulations
should be used as machine experts.
US 10578585
Method and apparatus for monitoring contaminants in a fluid
flow
Date: 03.03.2020
Applicant: Joseph Gerardi
Inventor: Joseph Gerardi
An apparatus and method is disclosed to monitor the condition
of a fluid flow, including particulate matter and air or gas content
fluid in the fluid flow, as well as fluid quality. The apparatus
includes a sensor array with an ultrasonic transducer, an inductive
sensor and a fluid quality sensor. It also includes a cyclonic
separator. The method includes sensing and sizing particulate
matter, distinguishing air bubbles from the particle matter and
assessing the quality of the fluid.

The British Institute of Non-Destructive Testing Condition Monitoring Series

Infrared Thermography Handbooks
Published by the British Institute of Non-Destructive Testing on behalf of its
Condition Monitoring Group (COMADIT)

Volume 1: Principles and Practice by Norman Walker
This book will provide guidance on the subject of infrared thermography (IRT),
namely heat transfer theory, equipment selection, applications and operational
factors and as such can be used as an information source to support IRT operations.

Volume 2: Applications by A N Nowicki
This book is aimed at thermographers who have attained at least Level 1
accreditation in IRT. It is recommended that the reader also has some operational
experience in order to have the required level of knowledge to understand the
terminology and diagnostic descriptions included.
Volume One: Principles and Practice – BINDT Members: £60.00; Non-Members: £65.00
Volume Two: Applications – BINDT Members: £60.00; Non-Members: £65.00
Both Volume One and Two – BINDT Members: £100.00; Non-Members: £110.00

Order online via the BINDT Bookstore at:
www.bindt.org/shopbindt
Available from: The British Institute of Non-Destructive Testing, Midsummer House, Riverside Way, Bedford Road,
Northampton NN1 5NX, UK. Tel: +44 (0)1604 438300; Fax: +44 (0)1604 438301; Email: info@bindt.org

16

Condition Monitor | Issue 399 | June 2020

