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Executive Summary

Executive Summary
The fourth year of the EPSRC Centre
for Innovative Manufacturing in
Through-life Engineering Services
has been one of focus on three
main core projects, the diagnosis
and assessment of the No Fault
Found problem, the degradation of
components and development of
methods to establish their remaining
useful life and further development of
self-healing in electronic and
electro-mechanical systems. Work
has also continued in Systems
Engineering for Through-life and
the one year feasibility study into
the degradation of linear machines
is coming to a conclusion with the
building of a desk top demonstrator
rig. Work is also underway on a gear
damage demonstrator.
There has been a step change in
the rate of publications as projects
become mature and results flow.
Also a number of initial PhD projects
are coming to an end and we have
retained key students as staff on the
core projects both at Durham and
Cranfield. As research has become
more mature we have taken the
opportunity to develop key tools to
take research outputs into industry
and create value for our members.
I am very happy to announce the
membership of Babcock International
to the core team with representation
on both the Centre Executive and the
Centre Advisory Board. They have
made a commitment to the Centre
through until 2018 and we are currently
identifying key projects to take forward
with them as well as helping them gain
benefit from the three PhD students
they support.

Strong technical interaction with
new industry partners has led to
the design and build of test rigs to
evaluate the degradation of aerospace
heat exchangers exploiting our
environmental test chamber and
high resolution state of the art infrared thermography camera system.
This system has also led to winning
contracts with dstl to evaluate damage
in complex shaped composite forms
which also required the development
of new testing methods.
Strong progress in the area of data
analytics, including collaborations with
Rolls-Royce and Warwick Analytics
has led to the development of a
project called the Mind Palace. The
project aims to develop a service to
support design and service engineers
which extracts knowledge from
multiple data sources and a displays it
through a visualization engine to show
the relationship between degradation
mechanisms and components.

6

The Operations Excellence Institute
has now become well established
and the training packages that have
been developed are now being
rolled out to mixed qualification
level teams as a key STEM outreach
undertaking. A series of highly
interactive student led activities
and practical projects are used to
improve students’ appreciation of the
different skill sets and knowledge held
by colleagues within a work place,
better preparing them for their future
employment. Activities covered in
the training include production line
design using simulation software, 3D
printed system assembly, product
design with particular emphasis on
maintenance and manufacturability,
hands on assembly tasks including
decisions on production flow and
build and experience of virtual reality
and its uses in design and simulation
of maintenance tasks and training.
We have also received funding for a
new PhD student sponsored by the
UK MOD in Augmented Reality (AR)

“Training packages have been
developed for mixed qualification
level teams as key STEM outreach”
for maintenance. This is a significant
contribution to our AR Centre of
Excellence.
Throughout the past year we have
been developing our ideas on a
Through-life Engineering Services
strategy for the United Kingdom. First
mooted at a dinner last summer in the
library at the Institution of Mechanical
Engineers a focused workshop
was held in parallel to our annual
conference to gather views on key
topics from our senior industrial think
tank, the Knowledge Hub. This then
led to a much larger workshop where
around seventy participants from
industry, the civil service, academia
and others spent a day at the Royal
Academy of Engineering in London.
The EPSRC Centre commissioned a
report on the sector and this formed
the basis for gathering both ideas
and commitment to the development
of a national initiative. Strong interest
has been shown in leading this
by both Rolls-Royce and the High
Value Manufacturing Catapult and a
launch event was held at the Houses
of Parliament in early September
with follow on regional events at the
planning stage.

Professor Rajkumar Roy

Director, EPSRC Centre for Innovative
Manufacturing in Through-life
Engineering Services

As we enter our fifth year we look
forward to growing our academic
and industrial ties and successfully
competing to bring more resource to
generate new knowledge in this critical
field.
Professor Rajkumar Roy
Director, EPSRC Centre for Innovative
Manufacturing in Through-life
Engineering Services
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Core projects

Reduction of No-Fault-Found (NFF)
Through System Design
Project Team:
Researchers:
Tabassom Sedighi, Wakil Ahmad,
Rohit Kavade, Mohammad Samie,
Jonathan Pelham,
Isidro Durazo-Cardenas, Piotr Sydor,
Laura Lacey, Samir Khan

Academic Supervisors:
Chris Hockley, Ian Jennions,
Peter Foote, Andrew Starr

Industrial Partners:
Rolls-Royce, Jaguar Land Rover,
UK Ministry of Defence (MOD),
BAE Systems,
Copernicus Technology Ltd,
Cassidian Test & Services Ltd

Introduction / NFF
Project description
Faults where the root cause cannot
be determined, called Fault Not
Found (FNF) Retest-OK (RTOK)
Cannot duplicate (CND) or more
often No Fault Found (NFF) reduce
the availability of equipment and cost
time and effort at the user or operator
interface. There is also a significant
cost throughout the support chain
which is very difficult to establish.
Despite research and some good
practice many organisations are
still wasting huge amounts of time
and effort. NFF costs a typical US
commercial carrier approximately
$250k per year per aircraft, and costs
the US Department of Defence (DoD)
between $2bn - $10bn annually.
Causes range from the technical, such
as intermittency or from vibration or
other stresses to software. Yet other
causes are organisational, procedural,
process and testing effectiveness and
human factors.

Research Activity with the
MOD, Chris Hockley and
Laura Lacey
A major area of NFF research has
been conducted for MOD this year to
look at these issues together with an
assessment of levels of NFF recorded
in the MOD’s maintenance data
system (LITS). Based on in 2008-9
for the Harrier aircraft which showed
under-recording by approximately
300%, Air Command at RAF High
Wycombe sponsored visits to five
RAF stations and six different fleets
of aircraft in order to conduct detailed
analysis through questionnaires and
interviews.
Access to LITS maintenance data
for some of these fleets was also
provided. Under-recording of NFF
is often because engineers are
reluctant to admit defeat, want to show
something has been done, and want
to put a positive spin on the diagnosis.
It is expected that the full report will
be ready for the RAF by late summer
and will provide a fundamental new
perspective on dealing with NFF in
the MOD. It is expected to provide
opportunities to advise on procedural
changes, to provide training on the
impact and effects of NFF, to carry out
further focussed research with MOD
personnel and to improve operational
availability whilst at the same time
reducing maintenance costs.

Estimating the extent of
NFF in RAF Fleets –
Jonathan G. Pelham

We are exploring a number of
approaches to estimate the extent and
burden of NFF from LITS maintenance
data. We have established a
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benchmark against which to compare
the results of three different methods.
The methods we are currently
exploring are Natural Language
Processing, Named Entity Recognition
(making use of the Rolls-Royce Text
Recognition Algorithm), and a Root
Cause Analysis engine created by a
partner.
We will be evaluating these methods
against the benchmark to assess
their accuracy and also assessing the
complexity and difficulty of each in the
chosen problem space. The use of
these three different methods on data
provided by partners will allow us to
offer a reliable estimate of the amount
of NFF existing in their operations.

“NFF estimated to cost US
Department of Defence between
£2bn and £10bn per year”
Intermittent Faults in
Electronics
Modelling Intermittency – Tabassom
Sedighi (PhD Project)
This project is focused on the design
of a NFF rate/burden predictor. This
is based on work that correlates
in-service NFF events and the root
cause of faults associated with key
characteristics of electronic equipment
in a study entitled Predicting the
Burden of NFF in Avionics. Its overall
impact will be at the design phase or
in assessing a proposed modification
to equipment which results in immunity
to NFF throughout its operational
life. The main focus of this project is
intermittent fault detection (IFD) and
prediction (IFP).
For years, several methods have
been introduced for detecting
possible issues in dynamic systems
to guarantee normal functionality. In
practice, the designer selects one
out of several fault detection (FD)
methods, based on the specifications
of the system and the nature of
possible faults. Among all the methods
for online fault diagnosis, one of the
particular interesting techniques is the
model-based FD observer approach.
Its effectiveness has been shown in
detecting sensor, actuator and system
component faults.
Nevertheless, finding systematic
design methods for systems subjected
to unknown disturbances and model
uncertainties has proven to be difficult.
The philosophy behind this criterion
is that a FD observer should be
robust to disturbances but sensitive
to faults where the occupancy of

faults can be alarmed by use of an
adaptive threshold. Hence the value of
threshold gives an explicit bound on
the fault-free case and thus provides a
valuable guideline for robust threshold
selection.

attempted to use Bayesian Networks
(BNs), and their extension for timeseries modelling known as Dynamic
Bayesian Networks (DBNs), to provide
a unified framework for fault prediction
and analysis of complex systems.

The next step is the accurate
prediction of where faults are likely to
occur which can help direct test effort,
reduce costs, and improve the quality
of software. Fault prediction is an
important topic in software engineering
and fault prediction modelling is an
important area of research and the
subject of many previous studies. Fault
prediction models have the potential
to improve the quality of systems
and reduce the costs associated with
delivering those systems. The quality
of data used in fault prediction has
significant potential to undermine the
efficacy of a model. Collecting good
quality data is very hard. Collecting
data is made more challenging
because large datasets are usually
necessary for reliable fault prediction.
A number of recent studies have

The BNs are able to integrate
information from different sources,
including experimental data, historical
data, and prior expert opinion.
This is particularly useful for the
reliability assessment of fault tolerant
systems, where failures in test and
field operations, traditionally used as
a source of information for system
evaluation, is prohibitively expensive
or even impossible. This is because
the state of knowledge about large
complex systems is a collection
of heterogeneous and diverse
sources of information, comprising
generally sparse data on individual
subcomponents. How to deal with the
uncertainty in prognosis and how to
balance the decision making strategy
is another benefit of using a BN.
A BN will be obtained to forecast the
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Reduction of No-Fault-Found (NFF)
Through System Design
failure probability by designing the
safety limit threshold. By monitoring
the operation data the prognosis BNs
for failure prediction can be driven
and hence a performance warning
will be provided when the predicted
failure probability meets the threshold
of safety limits. We thus provide an
effective decision making tool for
making maintenance decisions taking
the lifecycle costs and existing data
failures into account.
With methods such as Bayesian
network architectures relying heavily
on historical data in their training,
there becomes a requirement to
analyse all available data/ information
to aid increased knowledge within
the prognostic system by means of
fusing the data to form a best informed
result. If a prognostic system, whether
Bayesian network or other, can
make use of historical data, heuristic
information, sensor readings, etc.,
then the prognostic system can make
a better informed decision than if the
data/ information was not available.
The project aims to demonstrate the
development of such diagnostic and
prognostic methodologies and to
examine performance in detection on
a real-world test bed. At this stage,
the test bed consists of an aircraft fuel
system simulation rig which mimics the
components of an aircraft fuel system.

“The possibility for in-service
intermittent detection built
into future systems is an
important area for research.”
12

Mechanically-induced
Intermittent Conditions in
Connectors
Syed Wakil Ahmad (PhD Project)
There are various occurrences and
root causes that result in NFF events.
This project attempts to tackle the
challenging and important area of
intermittent fault detection and health
monitoring in electronics interconnections. Intermittent faults for electronics
sockets, wire-harnesses, wires and
printed circuit boards (PCBs) have
been investigated as a fundamental
cause of NFF. Intermittent faults could
be detectable with high accuracy
and with minimum false alarms which
are common in existing intermittent
continuity tests or health monitoring
systems. When a fault is present
continuously it is not difficult to isolate
and repair; however this is not true for
faults that occur intermittently. Component degradation can cause these
faults to worsen with time, until they
eventually cause a hard fault.
The experimental work focuses on
mechanically-induced intermittent
conditions in connectors. This work
illustrates a test regime which can
be used to repeatedly reproduce
intermittence in electronic connectors
whilst subjected to vibration. A
novel algorithm is used to detect an
intermittent fault in the interconnector.
It sends a sine wave as a carrier and
demodulates the received signal to
get intermittent information from the
interconnection system. This algorithm
has been simulated to capture an
intermittent fault signature using

Pspice electronic circuit simulation
software. A simulated algorithm is
implemented for practical verification
however measurements are done
using an oscilloscope. The results
of this experiment provide an insight
into the limitations of existing test
equipment and requirements for future
intermittent fault detection techniques.
The possibility for in-service
intermittent detection built into future
systems is an important area for
research. Direct Sequence Spread
Spectrum (DS-SS) is designed for insitu / online intermittent fault detection.
This technique is low power and high
bandwidth and could also be used to
detect system degradation. It spreads
a DC or narrow band signal to a wider
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band and looks like Additive
White Gaussian Noise (AWGN).
De-spreading removes the
spreading and it brings the signal
back to its original form. Problems in
the interconnection system modify
the received de-spreaded signal.
Degraded interconnections limit the
bandwidth and also weaken the DS-SS
signal and this could be investigated
to measure system degradation.
An intermittent open circuit or short
shows spikes in the AWGN when
extracted from de-spreading. Another
advantage of using DS-SS is that
one can use it for multi-nodes with
different orthogonal codes and there
will not be any interference and it can
simultaneously monitor multi-points for
intermittent fault detection.

Core projects

Reduction of No-Fault-Found (NFF)
Through System Design
Classification of Intermittency
by Component and System
– Mohammad Samie

NFF Benchmarking Tool

Despite ground-breaking advances
in electrical/electronic engineering
and related scientific disciplines,
systems are still suffering from many
reliability issues. The situation is
getting worse as the technology trend
to shrink down the size of systems
while increasing functionality and
complexity has led to difficulties in
diagnosing system faults mainly due
to intermittent nature of component
failure. The vision to develop insitu health monitoring technology
integrated with smarter infrastructure
systems, as viable products, is clearly
bold and adventurous. There are many
significant challenges, but assuring
systems are reliable and available,
especially in harsh environments, is
the most critical for future technology.
In this context, this project intends to
classify properties and characteristics
of intermittent faults from various
electrical/electronic components and
systems, to successfully diagnose
intermittent faults, and to provide
intelligent reasoning on intermittent
fault progression. This will significantly
enhance overall performance of
systems by reducing NFF issues
raised from various intermittent
failures such as loose connections,
dry solder joints, damaged wiring and
environmental degradation.

Following an extensive research
programme into NFF in published work
and current industry best practices,
some key aspects of the knowledge
and understanding that existed
were established. The findings have
been used as building blocks in the
creation of a NFF benchmarking tool.
These fundamental issues included
the acknowledgement that NFF is a
collection of complex related issues
rather than merely a single issue.
The issues relate to a breakdown
in the processes of identification,
localization, root cause identification
and effective diagnosis of faults.
There are also complex organizational
and human factors issues that are
just as prevalent in the causes that
produce high levels of NFF as there
are purely technical causes; these
organizational, process and human
factors issues are generally often
easier to solve providing they can be
identified and recognised. Perhaps
the main conclusion though, was that
to address NFF issues one has to
impact the effectiveness with which the
underlying process steps are being
performed.

– Piotr Sydor, Rohit Kavade,
Isidro Durazo-Cardenas

Benchmarking provides a structured
way of doing such assessment
where the results are most likely to be
accepted and the identified mitigation
strategies adopted. Benchmarking
can also identify the areas that are
most sensitive to attention and
improvements, thus enabling a
continual improvement process within
the organisation.
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For the NFF benchmarking tool
development, a workshop approach
was used throughout with experts
brought together to develop and test
the logic at several stages. The key
purpose was defined as: to achieve
a minimum level of non-value added
activity in the timely diagnosis and
resolution of complex system fault
indications with the minimum amount
of time and other resources expended
to:
• Confidently restore the customer’s
operation,
• Robustly isolate and remove the
cause of the fault indication,
• Learn lessons and prevent future
impacts.
As a result of a combined literature
review and the use of expert
knowledge, a generic process model
for maintenance activities from fault
perception to fault resolution has been
created. This process model includes
the on-platform and off-platform
activities which, if not executed
correctly, are believed to be the key
sources of a NFF problem, or would
lead to an increased likelihood of
generating one.
The developed tool will help
understand the short comings of
existing diagnostic practices, and
hence provide the foundations for
improvements in field practice. It
will also contribute to establishing
National NFF standards in the UK.
The tool will be expanded further
to other automotive and aerospace
organizations. Note that the British
Standards Institution (BSI) is an
industrial partner on the EPSRC
Centre and works to develop
standards in the through-life
engineering services domain.

“A generic process model for maintenance
activities from fault perception to fault
resolution has been created”
Publications and MSc Theses
MSc Theses:
García, B (2014); Enterprise Modelling
For No Fault Found
Hussain, S. (2014); Estimating the
Cost of No Fault Found
Kavade, R. (2014); No Fault Found in
Automotive Maintenance
Vautravers, A. (2014); Optimisation
of Sensor Placement for a UAV Fuel
System to Reduce NFF Events
Publications:
Journal Papers:
Ahmad, W.S., Perinpanayagam, S.,
Jennions, I.K., Samie, M.; A Novel
Intermittent Fault Detection Algorithm
and Health Monitoring for Electronics
Interconnection, IEEE Transactions
on Components, Packaging and
Manufacturing Technology (Under
review 2015)
Khan, S., Phillips, P. and Jennions, I.;
Evaluating the impact of intermittent
variations using sensitivity analysis.
International Journal of Condition
Monitoring. Special Issue Mathematical Modelling for Condition
Monitoring., 2014
Khan, S., Phillips, P., Hockley, C.,
Jennions, I.; “No Fault Found Events
Part 1: Procedural, Cultural and
Commercial Practices”, Reliability
Engineering and System Safety,
Volume 123, March 2014, Pages 183195

Conference Papers:
Hockley, C., Sydor P.; The Hidden
Delta for Maintenance Effectiveness
Joint Conference: MFPT 2015 and
ISA’s 61st International Instrumentation
Symposium, 2015
Sedighi, T.; Foote, P., Khan, S.;
Intermittent Fault Detection on an
Experimental Aircraft Fuel Rig: Reduce
the No Fault Found Rate International
Conference on System and Control
2015, 2015
Ahmad W., S.; Khan, S.; Jennions,
I.; Perinpanayagam, S. & Phillips P.
Experimental studies into intermittent
faults and degradation in electrical
connectors The 3rdInternational
Conference on Through-life
Engineering Services, 2014
Phillips, P.; Multi-physics modelling and
simulation of an electrical connector
The 3rdinternational Conference on
Through-life Engineering Services,
2014
Hockley, C.; Solving the cost of No
Fault Found in the UK Ministry of
Defence The Machine failure and
Prevention technology Conference,
2014

Khan, S., Phillips, P., Hockley, C.,
Jennions, I.; “No Fault Found Events
Part 2: Technical Root Causes,
Testing and Diagnostics”, Reliability
Engineering and System Safety,
Volume 123, March 2014,
Pages 196-208
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Characterisation of ‘In-Service’ Component
Feedback for System Design
and Manufacture
Researchers:
Pavan Addepalli,
Lawrence Tinsley, Nicolau Morar,
Caxton Okoh,
Ebiakpo Kakandar
Academic Supervisors:
Rajkumar Roy, Jörn Mehnen,
Yifan Zhao
Industrial Partners:
Rolls-Royce Plc,
Bombardier Transportation

Introduction
Advances in the production of high
value components makes it is
necessary to understand the service
needs of such complex engineered
parts. Service knowledge and
performance are key factors that
contribute to the effective maintenance
and continued operation of systems.
Understanding key degradation
mechanisms (such as cracking,
fatigue, corrosion and wear), knowing
how to identify and characterise
them, being able to predict remaining
useful life (RUL) and to restore those
components to their ‘as-designed’
functionality are all essential to
through-life product support.
The project entails the process
of taking a component at various
intervals during service, and
performing an assessment of its
health and integrity using traditional
and advanced non-destructive
testing (NDT) techniques, to provide
an estimate of its RUL. Additionally,
the through-life characteristics of
components are studied, including
modelling of component degradation
as a result of design features and
manufacturing parameters, where

physical tests are impractical.
This project originally involved
mapping the inspection and
assessment flows of a used
component where decisions are
traditionally made by comparing the
component to design specifications.
New NDT techniques to assess
component integrity and degradation
are being explored to provide
estimates of RUL. This research
in RUL also covers a quantitative
assessment of the degradation of
large populations of components over
time, thus enabling the development
of statistical models.
Industrial systems employing RUL
prediction modelling are supported
by service knowledge, design and
manufacturing specifications, and
data from the maintenance repair
workshops to provide a realistic
16

assessment of component health.
This research thus aims to achieve a
shift in maintenance approach to a
one-click decision process, supported
by a knowledge database and an
automated NDT inspection system.

Initial Research
NDT of ‘in-service’ components using
active thermography
The primary focus of the current
project has been in the development
of pulsed active thermography as a
novel method to characterise subsurface degradation occurring in
aero-engine components. Together
with thermography, 3D X-CT, 3D laser
scanning and eddy current methods
are also being employed in complete
characterisation and validation of the
inspection results. The data obtained
from all these methods is used to

develop image fusion and post
processing techniques to classify
and establish a system capable of
autonomous sentencing of parts
employing a semantic database
system.
As part of the thermographic
inspection, the data acquisition
and the data analysis stages of the
inspection have been automated
using an industrial robot and
algorithms using Matlab, Visual
Basic and C++. The team has had
increasing success in completely
automating damage detection and
characterisation where the damage
is autonomously identified and an
estimated size calculated.
DFMEA, Data Mining, and
trend mapping
The team have worked towards
the development of a ‘Service led
Design DFMEA’ system architecture.
The core partner has facilitated the
complete mapping of the design,
manufacture, and service activities for
the Trent 900 High Pressure Nozzle
Guide Vane, the output of which has
been presented in IDEF models. The
reported activity and function maps
are seen as an essential tool to help
understand the inputs, constraints,
mechanisms, and outputs at each
stage of the process thus assessing
the knowledge flow throughout. This
level of understanding of the ‘AS-IS’
condition is seen as a pre-requisite
for the development of the proposed
system architecture and the proposed
service design and support strategy.

Summary of Initial Progress
• Integration of thermographic
inspection system and the robot,
with preliminary mosaicking of
multiple data cells for large part
inspection
• Development of an algorithmic
framework to analyse active
thermography images of different
types of component degradation
• Development of a prototype
thermographic borescope for
inspecting inaccessible areas
– supported by Bombardier
Transportation
• Used existing terminology
recognition tools to analyse
database entries of service.
Compiled a master reference index.
Developed an index of physics of
failure (deterioration mechanisms)
and commodity features they
impact, based upon 63,000 textual
database entries of perceived risk
and actual evidence (Use Case 1).
• Developed a user friendly interface
for terminology recognition tools
that aids semi-skilled analysts and
provides feedback to a semantic
dataset. Developed a tool that
allowed terminology recognition
semantic analysis to be applied to
textual data imported from datasets
into Excel (Use Case 3).
• Validated the Use Case 3 tool
in an actual scenario. The
tool was applied to a Marine
Sector Maintenance records /
correspondence. Within five days
of provision 17 additional service
events were recognised within
the existing data records for one
active service investigation leading
to an improved quality of root
cause analysis. This resulted in
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the production of an improved
confirmed event dataset.
• Mapped the Design, Manufacture
and Overhaul (MRO) internal and
external functions for the Trent 900
High Pressure Nozzle Guide Vane
(T900HPNGV) as is and presented
as full models in IDEF formats.
• Completed automated data capture
routines using a robot to carry out
pulsed thermographic inspection.
Mounted the thermography unit
on the robot to carry out large
part multiple inspections in a predefined grid pattern automatically.
• Developed a routine using the
image processing toolbox of
MATLAB to post-process the RAW
data acquired from the automated
inspection routine to highlight
damage zones.
• Produced a report focussing on
the challenges and opportunities
presented in the field of
thermography (Document No. TES03-03-2014), together with a market
survey to identify and upgrade the
in-house capabilities (Document
No. TES-03-04- 2014).

Core Projects

Characterisation of ‘In-Service’ Component
Feedback for System Design
and Manufacture
Progress in the last year
There has been continual work in the
areas of degradation characterisation
using NDT methods, automation
of data capture and analysis for
thermographic inspection, the
development of overall understanding
of the remaining useful service life of
components and understanding the
effects of manufacturing processes on
various degradation mechanisms. The
current research has delivered results
in the area of thermography where
the damage was characterised by
novel algorithms developed in-house.
There is also a new stream of work
focussing on the fatigue modelling of
railway brake discs currently underway,
alongside work on developing a
framework to predict remaining
useful life based on key degradation
that might lead to identifying a
reliable model capable of preventing
associated failure of the system.

Degradation characterisation
autonomously using
thermography
The following are the activities the
centre has taken up over the last year:
• The centre now houses a new stateof-the-art, cooled, mid-wavelength,
high-speed, research grade thermal
camera with its in-house legacy
system. The system, now fully
integrated with the existing system,
is capable of inspecting components
at 200Hz acquisition frame rate
which is a significant improvement
from the original 28Hz.
• A new induction heating system
has been added. Currently work is
underway to integrate the induction

heater as an alternate excitation
source to the current flash based
system. This upgrade will allow
detection of surface cracks in
conducting materials.
• A new eddy current inspection
system has been acquired by the
centre to help carry out traditional
NDT in-house. This will help
validate results obtained from
the thermography system for
components made of conducting
materials.

The new state-of-the-art infrared camera

Experimental setup of eddy current
thermography (ECT)
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Algorithm development for
thermography assessment
In collaboration with a major
aerospace industry partner a student
group project investigated the use of
advanced thermography-based NDT
techniques to assess degradation
for industrial composites. Four new
algorithms based on the correlation
analysis between the observations
of temperature cooling profile and its
linear fitting have been developed.
Image enhancement and fusion
techniques are then followed to
achieve the best visualisation of
primary and secondary subsurface
damage in one image. Infrared
Damage Enhancement and Analysis
(IDEA), new in-house software, has
been developed and its capabilities
include a) better visualisation for the
subsurface damage in a relatively
easy-to-use method (e.g. intensity
image or 3D surface) and b) automatic
and quantitative measurement for the
properties of the damaged areas.

“Infrared Damage Enhancement and
Analysis (IDEA), a new
in-house software has been developed”
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Characterisation of ‘In-Service’ Component
Feedback for System Design
and Manufacture
Capturing degradation of
Thermal Barrier Coatings
(TBC) using pulse
thermography
Pulsed thermographic nondestructive testing has been used
to exploit a series of thermograms
containing the temperature
absorption profile of a part
subjected to pulse flash heating,
and transform this qualitative data
set into a quantitative measure of
thermo-physical material properties
of the part. As part of this work,
an extensive parametric study has
been carried out to identify the
optimum data capture and analysis
parameters so that experiments
can be conducted with the ideal
settings for accurate and reliable
measurements. Proving the accuracy
and reliability of results is a key
aspect of the research when working
with methods that are not currently
developed to industrial standards.
This data analysis technique
enables the capture of the material
state of the component, effectively
plotting the change in material state
over time in correlation with the
component’s real state of material
degradation. These developments
provide a diagnostic process to
identify and exploit key trends in the
component’s life cycle behaviour via
pulse thermographic NDT, enabling
capture of the remaining useful life
of components throughout their life
cycle.
This method is being applied to capture the degradation of thin coatings,
and has resulted in the identification
of measurable changes in high value
components for one of our sponsors.

Close-up infrared image of high value
component

An example of pulsed thermographic data
capture of a component sample (dark
blue)

High temperature furnace used for artificial ageing of samples

“This method is being applied
to capture the degradation
of thin coatings”
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Assessing the influence of
manufacturing processes on
component degradation

A picture of the characterisation process
using change in material property to estimate remaining useful life of a component

A typical pulsed thermography
experimental setup

A high value component from the
aerospace industry showing damage
(crack)

Since our last annual report, two
experimental studies were performed
in order to investigate the relationship
between degradation, laser drilling
process parameters, and fatigue
lifetime of turbine nozzle guide vane
cooling holes. First, an experimental
investigation on laser drilling induced
defects was performed. Statistical
techniques were used for the design
of experiments and post-experiment
analysis. The control factors and
their levels were selected under
the similar range of values used in
commercial laser drilling standards
practiced in industry. The main laser
drilling process variables affecting
the recast layer and micro cracks
were determined. Further, the range
of recast layer thickness and micro
cracks were quantified under the
experimental settings tested.
Second, the effects of laser
drilling induced defects on the
fatigue strength degradation at
high temperature and corrosive
environment was performed.
Corrosion-fatigue (CF) tests were
performed in a servo-hydraulic
environmental fatigue rig. The results
show that the thick recast layer
thickness has a detrimental effect
on the corrosion-fatigue strength
degradation. The laser drilling
parameters setting with thick recast
layers ≥50 µm had low cycle fatigue
life limit compared to thin recast layers
(≤45 µm).
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Further, it was found that relative to
baseline specimens and EDM drilling,
the laser drilling causes a reduction
of high temperature CF strength by
around ~20% and ~35% under the
range of stress values tested. This
strength degradation is found to
correlate directly to the thickness and
cracks in the recast layer induced
during the laser drilling processing.
The knowledge gained in this research
provides a valuable aid for improving
the surface integrity of laser drilled
components and better in-service life
expectancy.

Core Projects

Characterisation of ‘In-Service’ Component
Feedback for System Design
and Manufacture
Study of design, material
and manufacturing
influences on fatigue life of
components
Extending on the experimental
work, there has been modelling
work to study the degradation of
machine parts at the component
level. Certain factors that form the
main cause for degradation are
design, manufacturing process,
material and the in-service use
conditions. This research aims to
study the effects and interactions of
these factors; design, material and
manufacturing process influence
on the fatigue life of a machine
component. A case study approach
is adopted which involves the
integration of a Computer Aided
Engineering (CAE) and design
of experiment methodology. The
machine component of study
is the solid brake disc of an
automobile. Stress and thermal
fatigue life determination are
performed for different designs,
material and manufacturing
configurations of the brake disc
using finite element analysis with
a view to studying the relative
influence of these factors on
the fatigue life of the brake disc.
The results obtained will then be
validated experimentally.

snapshotof
ofthe
theresearch
research activities
activities on
on manufacturing
manufacturing process
process parameters
parameters influences
influences on the
AAsnapshot
on
the
degradation
of
HP
NVG
cooling
holes
degradation of HP NVG cooling holes

Study of design, material and manufacturing influences on fatigue life of
components

Extending on the experimental work, there has been modelling work to study the
degradation of machine parts at the component level. Certain factors that form the main
cause for degradation are design, manufacturing process, material and the in-service use
conditions. This research aims to study the effects and interactions of these factors; design,
material and manufacturing process influence on the fatigue life of a machine component. A
case study approach is adopted which involves the integration of a Computer Aided
Engineering (CAE) and design of experiment methodology. The machine component of
study is the solid brake disc of an automobile. Stress and thermal fatigue life determination
are performed for different designs, material and manufacturing configurations of the brake
Flow diagram for the study of manufacturing, material and design influence on brake
disc using finite element analysis with a view to studying the relative influence of these
disc fatigue
factors
on thelife
fatigue life of the brake disc. The results obtained will then be validated
experimentally.
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Study of design, material and
manufacturing influences on
fatigue life of components
Extending on the experimental work,
there has been modelling work to
study the degradation of machine
parts at the component level.
Certain factors that form the main
cause for degradation are design,
manufacturing process, material and
the in-service use conditions. This
research aims to study the effects
and interactions of these factors;
design, material and manufacturing
process influence on the fatigue life of
a machine component. A case study
approach is adopted which involves
the integration of a Computer Aided
Engineering (CAE) and design of
experiment methodology. The machine
component of study is the solid brake
disc of an automobile. Stress and
thermal fatigue life determination
are performed for different designs,
material and manufacturing
configurations of the brake disc using
finite element analysis with a view to
studying the relative influence of these
factors on the fatigue life of the brake
disc. The results obtained will then be
validated experimentally.

Improving understanding of
the use of existing service
knowledge in facilitating design for through-life service
Information extraction, the use of
a recognition tool in Excel with the
knowledge of ontology to support data
mining of degradation mechanisms
and statistical techniques has
been used to quantify concepts.
A relationship extraction was also
performed with the recognition tool
based on the subject-verb-object
method. An algorithm to split text into
rows was implemented.

Modelling and simulation of failed
parts on an assembly was modelled
in Excel and a back-solving algorithm
for parameter estimation using VBA by
integrating reliability Weibull analysis
to predict failure rate and prognostics
performance metrics to quantify
residuals was developed.

Research impacts

The ability to autonomously inspect
and sentence a part, mainly in the
aerospace maintenance, repair and
overhaul (MRO) shops has a major
potential for impact. This could help
identify faulty components at a much
earlier maintenance stage that could
yield a significant cost saving, while
We engaged a PHP application to
still projecting under-exploited NDT
demonstrate through-life maintenance
techniques into the MRO environment.
of engine events by scripting database
This research currently is developing
SQL statements to create, retrieve,
the fundamental knowledge and
update and delete data to present
capability that will help identify
activities on a timeline. A dashboard
degradation such as delaminations,
format was created to visualise
fatigue cracks, corrosion and imminent
through-life of events along a timeline.
coating spallation indication. It is
anticipated that this knowledge to
The research has developed a
characterise ‘in-service’ damage
technique to predict the remaining
together with automation could
useful life of individual NGVs based
become an attractive option in the
on failure rates of the total NGV ring
maintenance shops by significantly
assembly. The renewal theory is
reducing the inspection time without
applied to estimate the remaining
compromising the quality and reliability
life of a part of the population. In this
of maintenance data that is currently
case, a population of individual NGVs
used to sentence the component.
‘in-service’ is selected. When any
individual NGV fails at inspection point
(Age), it is replaced by a pristine NGV.
In order to examine the population
development, the age distribution is
essential. The NGVs are supposed to
survive and fail independently of each
other by considering only a single
NGV.
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Improvement of System Design Process for
Whole Life Cost Reduction
Project Team:
Researchers: Piotr Sydor
Academic Supervisors: Phil John,
Essam Shehab, Tim Mackley
Industrial Partners: Rolls-Royce

Introduction
The aero-engine system design
process is a complex and arduous
task which, beyond any doubt,
significantly influences whole-life cost
(WLC); in particular the through-life
maintenance and support cost within
the overall WLC. Thus, in the era of
service based contracts, such as
“Total Care” and “Power by the Hour”,
the decisions and architectural choices
in the early stages of the product
development lifecycle are critical and
increasingly important to the aeroengine manufacturers. The resulting
need for practical solutions to enhance
the systems engineering design
processes of high-value complex
systems has been addressed in the
ongoing research work.
The aim of this research project is
to investigate improvements to the
system design process to achieve
WLC reduction as a part of optimised
Through-life system support. The
existing methods and paradigms in
system design are reviewed in this
project, followed by an investigation of
the impact that the design decisions
at the system level have on the WLC.
It is known that the requirements and
architectural choices made in the
early stages of product development
are critical to later design and
realisation decisions. Therefore, these
should provide the lowest risk option
compatible with the achievement of
the overall business and customer
requirements, taking into account past
experience and the perceived levels

of challenge relative to established
product pedigree. Key activities in this
research are to identify risk factors
in the early design stage mainly
associated with a product requirement
setting process, and then, as a result
of design decisions, analyse the
incurred in-service costs. While this
research focuses primarily on WLC
reduction, much of it also applies to
improvement of the design processes
in general.
A specific application of interest to
industry addressed by the research
is the derivation of a design process,
to support evaluation of the WLC of
high value complex systems and,
specifically, how the process would
conduct Option Assessment for
System Architectures to achieve
through-life success.

Progress in the last year
Two conference papers have
been presented at TESConf 2014.
“Improvement of system design
process: towards whole life cost
reduction” by Sydor et al., and “An
Aerospace Requirements Setting
Model to Improve System Design” by
Tomas et el.
Furthermore, a project poster was
accepted along with the award of a
fully funded place at the Academic
Research Showcase for the Annual
Systems Engineering Conference
(ASEC 2014) organised by the
International Council on Systems
Engineering (INCOSE) UK Chapter.
The presented poster won “The Best
Poster Award”.
Two successful individual MSc
programmes supervised by the project
core team have been completed
in 2014 to support and expand this
research. The first MSc project,
26

carried out by Xavier Tomas Centrich,
focused on risk assessment and risk
visualisation in the early design stage.
The second MSc project, carried out
by Yina Zhu, focused on information
management and analysis of global
data to determine how much aircraft
life cycle cost (LCC) is driven by
disruptive and unplanned events
related to aircraft engine faults and
failures. Further to that, in May 2015 a
new MSc programme was launched
to investigate methods to analyse
gas turbine service requirements and
the associated risks, carried out by
Leire Ruiz Estebanez.
It has been noted that in some areas
of engineering (e.g. construction) no
clear distinction is made between
WLC and LCC. However, based on a
review of good engineering practice,
literature search and the outcome
of direct interviews with the key
Industrial Partner, it is assumed in
this work that LCC is incurred from
a system entry into service (EIS),
throughout the growth, maturity
and finally the retirement (decline,
disposal and obsolescence) of a
system, whereas WLC includes the
cost associated with acquisition,
such as design, development and
manufacturing costs and further
spans over entire system’s life. Study
of WLC and LCC taxonomy has also
been published as a part of an earlier
project deliverable.

“The aero-engine system design process is a
complex and arduous task which signifcantly
influences whole life cost”

Publications
MSc Thesis:
Tomas Centrich, X. (2014); An
Aerospace Requirements Setting to
Improve System Design
Zhu, Y. (2014); Aiming To Reduce
Aircraft Life Cycle Cost from the
Operational Data
Conference papers:
L. Ruiz Estebanez, E. Shehab, P.
Sydor, T. Mackley, P. John, A. Harrison,
An Integrated Aerospace Requirement
Setting and Risk Analysis Tool for Life
Cycle Cost Reduction and System

Design Improvement, Accepted for 4rd
International Conference on ThroughLife Engineering Services (TESConf
2015), Cranfield University,UK, 03–04
November 2015.(Accepted)
C. Hockley, P. Sydor, The Hidden Delta
for Maintenance Effectiveness, 2015
Joint Conference: MFPT 2015 and
ISAs 61st International Instrumentation
Symposium, 11-14 May 2015,
Huntsville, AL, USA
P. Sydor, E. Shehab, T. Mackley, P.
John, A. Harrison, Improvement of
system design process: towards
whole life cost reduction, Procedia
CIRP, 3rd International Conference
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on Through-Life Engineering Services
(TESConf 2014), Cranfield University,
UK, 04–05 November 2014.
X. Tomas Centrich, E. Shehab, P.
Sydor, T. Mackley, P. John, A. Harrison,
An aerospace requirements setting
model to improve system design,
Procedia CIRP, 3rd International
Conference on Through-Life
Engineering Services (TESConf 2014),
Cranfield University, UK,
04–05 November 2014.
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Self-Healing Technologies for Electronic and
Mechanical Components and Subsystems
Academic Supervisors:
Alan Purvis, Ashutosh Tiwari
Industrial Partners: BAE Systems,
National Instruments, Rolls-Royce

Introduction
This project considers new strategies
for self-maintenance, fault-detection
and reporting that rely upon selfhealing technologies. This design
philosophy requires that the
engineering system or sub-system
is provisioned with resources and
decision making capabilities for selfinitiated fault detection and corrective
action in order that it becomes able to
look after itself in the face of random
and predictive in-service failures. Both
transient upset and permanent fault
events are under investigation. Our
research approach seeks to identify
build design strategies capable of
active fault repair (i.e., isolation of
faulty resources by disabling it or else
substituting with redundant healthy
resources), for example introducing
detect-repair operations into logic
gates or self-adaptive tuning circuits
for energy harvesters. We are pursuing
electro-mechanical and electronic
sub-components with demonstrators
focused on energy harvesting,
redundant transistor circuits and
gate logic, built-in fault detection,
self-configuring logic, memory
mapped state machines, and n-bar
mechanisms.

Initial Research
Over the course of 2012-2013, we
developed a core understanding of
the emergent area of self-healing
technologies and created basic
technological demonstrators for

the evaluation of early theoretical
concepts. Activities centred upon
identification/configuration of
appropriate software and hardware
tools that support the design and
investigation of novel self-healing
mechanisms for electronic systems
and electro-mechanical energy
harvester devices. We further
developed our understanding of key
drivers and performance metrics
specific to the electronics domain,
resulting in a review journal paper
(under preparation). Our work in this
domain covers several fronts: selfrecovery algorithms, self-repair, selftest, self-reconfiguration and advanced
fault masking. We have published the
article “Self-healing and self-repairing
technologies” that discussed the
technical challenges facing design
for self-healing and why this is a
potentially important area for throughlife support of high-value systems.
For self-healing in the mechanical
domain, fault- tolerant n-bar
mechanisms were investigated in
“Theoretical design of a self-rectifying
4-bar linkage mechanism”, by
combining an analytical model of
the known system kinematics and
a self-healing algorithm. Built-in
correction can be initiated to restore
correct movement. In the electronics
domain a self-recovery algorithm was
investigated for reconfigurable field
programmable gate arrays (FPGAs),
in which the self-restoring property of
the algorithm is exploited to initiate
automatic recovery of the correct logic
circuit in the event of single or multiple
simultaneous random upsets. The
recovery mechanism is based on the
similar principle of that of biological
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cell interactions, which are highly
localised by nature and protected by
many local copies of DNA information.
The algorithm was implemented using
a convergent rule set derived using
our previous research on convergent
cellular automata and implemented
as a hardware demonstration of a
self-recovering binary adder logic
unit. An interactive GUI allows fault
insertion and observation of the
self-recovery process. This work was
presented in the paper “Demonstration
of a Self-recovering ALU Using a
Convergent Cellular Automata”. A
further demonstration platform was
constructed to show how look-up
tables (LUTs) residing within logic
design could be protected by data
error detection and correction (EDC)
codes. Data protection through EDC
is in itself not a new concept, however
we applied this idea to protect
hardware finite state machines (FSMs)
that were redesigned into LUT form. By
minimising other logic not associated
with the LUT, the FSM becomes fault
resilient via EDC codes. Examples of
this work were presented in “Creating
a Self-configuring Finite State Machine
out of Memory Look-up Tables”.
We pursued a number of application
areas with our core partners
including avionic sub-components
for commercial and defence
aircraft, autonomous aircraft and
vehicles. Numerous related areas
were explored with other potential
collaborators including heavy vehicles
for mining, advanced mechatronics
for manufacturing and resilient power
modules. A fact-finding mission
to the USA East Coast exposed
our research concepts to leading

“A demonstrator using
thin-film piezoelectric
sensors has been
developed”
research and development centres in
complexity, electronics and robotics.
We also identified two further novel
applications for this technology
in the areas of plastic electronics
(involving the CPI CATAPULT Centre)
and resilient networks. An Innovation
Award was been awarded to support
further exploratory work in the plastic
electronics area.
Early intellectual property was
protected in the form of a UK patent
(“Self-repairing electronic data
systems”, GB2468269) that covers
technology relating to our convergent
cellular automata research.

Mapping of self-repair methods for reconfigurable FPGA chips. Methods exist for
production test and repair and in-service operation (survey paper in preparation).

Progress in the Last Year
A review article “On the concepts of
self-repairing systems” presented
our latest views on the design of
self-healing technology with a focus
on mechanical systems. A book
chapter “Building dependable
electronics systems for Autonomous
Maintenance” for Through-life
Engineering Services: Motivation,
Theory, and Practice has been
published hat focuses on design
strategies for electronic devices
including augmentations to existing
fault masking methods and emerging
work on self-reconfiguration of
programmable chips. A further book
chapter “Autonomous Maintenance
for Through-life Engineering” extends
the concept of ‘design for self-healing’
with a discussion on the main steps
(cause of fault / detection / diagnosis
/ corrective action) and how these can
be accounted for during the design
stage so as to integrate self-healing or
repair characteristics.

Finally, we have analysed self-healing
concepts for micro-electromechanical
systems (MEMS). This is being
currently trialled through the creation
of a self-healing MEMS piezoelectric
energy harvester structure, modelled
‘in-silica’ using state of the art multiphysics software. A demonstrator
using an array of thin-film piezoelectric
sensors has also been developed and
is currently under investigation for
self-healing capabilities through the
use of a reconfigurable circuit system.
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Our key findings have been based
upon the following research activities:
1. Establishing key performance
metrics to form a consistent basis
for comparison
2. Mapping out the distinguishing
features of fault masking, fault
detection and self-repair.
3. Evaluation of cost/performance
trade-offs, in particular for masking
and repair strategies:
a. Modelling of failure rate behaviour
for different transistor and gate
level designs by analysing input/
output behaviour in the presence
of random faults.
b. Reliability analysis of fault resilient
design including combined
probability of failure.
4. Investigating self-repair for MEMS.
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Key Research Achievements
Design strategies for
self-healing electronics
Starting from established methods
for fault masking, we have developed
advanced designs that achieve
enhanced resilience against stuck-at
fault conditions whilst offering fault
detection. This feature is not present
in conventional fault masking designs
since they are normally intended
to absorb fault events in a passive
manner. Progression towards selfhealing capability requires detection
and monitoring of fault events so that
event information can be fed into the
MRO scheduling activity, for example,
to better inform predictive maintenance
activity. This is particularly important
in the logging of permanent errors as
remaining fault capacity can be known.
We have therefore begun to combine
detection and masking whilst retaining
minimal redundancy overhead. In the
electronics domain a combination
of fine-grained masking with gatelevel self-repair is a promising
methodology due to the scope for
design variation and optimisation. In
contrast, implementation of advanced
FPGA techniques that are extremely
complex require significant external
computation resources in order to
generate new configurations. Offline
methods that use configurations
allocated at design-time are one
potential compromise here and offer
a greater chance of meeting stringent
certification standards.

under various different fault conditions.
This leads to more efficient mapping of
redundant resources for better design
viability. For example, an analysis of
quad transistor designs under various
stuck-open, stuck-short and bridge
fault conditions leads to an improved
understanding of the necessary level
of redundancy that would decrease its
failure rate. Full-quadded designs that
require 4x transistor resource overhead
are expensive in terms of cost/benefit:
by revisiting the fault rate of reducedredundancy designs we were able to
quantify the performance of numerous
design variations that need fewer
transistors (typically 2x overhead),and
hence are more resource efficient.
A comprehensive fault rate analysis
of such designs is presented in the
forthcoming paper “Design and
analysis of redundant transistor NAND
gate structures for stuck-at fault
resilience”. The design achieves stuckat low fault resilience and stuck-at high

detection with 2x resource overhead.
For stuck-at high fault conditions, fault
indication via source-drain current flow
occurs for all cases, thus providing
unambiguous indication of stuck-at
high conditions – a feature not present
in traditional designs. In another paper
we present a reliability analysis of
an alternative redundant transistor
design involving NAND and NOR logic
gates (“The Design of reliable circuits
using logic redundancy”, published
in TESConf2014). In this paper we
investigate the theoretical influence of
different redundant design strategies
as a function of the expected
individual component reliability and
show that the overall gate reliability
can be enhanced even when the
underlying transistors are considered
reliable. This area is subject ongoing
research since it is crucial to provide
clear evidence of an overall gain in
component or sub-system reliability
that can be appraised during the wider
design process.

Effective ‘design for self-repair’
requires a deeper understanding of
the behaviour of the design topology
Examples of redundancy in electronics at transistor and gate design levels.
(a) quadded logic; (b) modular redundancy

30

“We can quantify the performance
of design to use less transistors
and be more resource efficient”
Within the electronics domain our
ongoing focus is on the incorporation
of self-repair capability that is able to
circumvent faulty logic. Considerably
more advanced than masking
strategies, self-repair operates in
fundamentally different ways: the
simplest strategy being isolation of
faulty logic that has been detected.
We have developed a gate level
design that achieves this based on
temporal redundancy allocation in
order to enable fault detection and
localisation using a relatively simple
control procedure. This design
has also been implemented using
fault tolerant gates with redundant
transistor circuitry, serving as a useful
case study for resource/performance
design optimisation with fine-grained
redundancy. Results from this work
will be presented in the forthcoming
paper “Fault tolerant quadded logic
cell structure with built-in adaptive time
redundancy”, presented to TESConf
2014.
We have further developed our
understanding of protecting FSMs via
EDC codes via LUT implementation
by considering a realistic example
in the form of a fuel pump controller.
This sub-component presents a more
complex design for conversion into
LUT form and requires development
of a systematic design methodology.
Control signals for integrated sensor
and actuation components are
considered along with a state-mapping
approach that results in a reduced
level of control logic in the design and
hence more efficient conversion to
FSM. The design also utilises contentaddressable memory (CAM) in order to
enhance the LUT implementation with

the additional benefit of filtering of
input upsets. These modifications are
discussed in the forthcoming paper
“Mapping a fuel pump controller
into a memory look-up table based
finite state machine with self-healing
capabilities”, TESConf 2014.

Demonstration platforms
Hardware-in-loop (HiL) testing
platforms have been developed for
live demonstration of fault injection,
fault masking, fault-discrimination and
hardware switch-over. This includes
FPGA HiL for asserting single event
upsets (SEU) into a live avionics
simulator (Flightgear, A380), where
the impact gradual degradation
of instrumentation can then be
observed. Low-level hardware testing
has also been carried out at the
transistor-level using an automated
fault injection unit and mixed signal
test devices (National Instruments).
This provides demonstration at the
TRL 4 level for a generic logic unit that
can be extended further to implement
an actual ALU design for industrial
control electronics.

Fault injection method for hardware testing
of self-healing electronics

Fault injection demonstration platform
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Our research on self-recovering logic
circuits has evolved to include an
analysis of fault detection in addition to
the existing cellular-based convergent
algorithm. Detection is a critical step
towards self-repair capability; the
previous design was limited to builtin self-recovery for transient upsets
without the ability to provide reporting
of fault events or handle logic that has
suffered permanent damage. We have
begun to exploit redundant information
available within output boundary cells
of the convergent cellular that provides
additional health status information
at no additional cost (aside from
the additional monitoring logic not
part of the original implementation).
The challenge of this research is to
identify the conditions in which is it
possible to achieve (a) fault detection
and (b) fault localisation by observing
the status of output boundary cells.
These cells are updated by the final
row and column cells within the
body of the cellular automata. When
a fault occurs cell states become
altered, producing a change in the
boundary cells. Localisation becomes
possible if these changes can be
arranged to be unique ‘finger print’
patterns. An analysis of 3x3 and 4x4
cellular automata showed that, under
certain circumstances, fault detection
of SEU is possible by monitoring
deviations in the output boundary
cells (“Properties of self-configuring,
resilient electronic systems subjected
to single and multiple-upset events”,
submitted to IMechE-B). This condition
is strongly dependent upon the input
boundary cells and rule set, and exact
localisation of the faulty cell is still part
of our ongoing research.

A demonstration platform has been
created using FPGA prototype board
complete with fault injection interface
(“Demonstration of a Self-recovering
ALU Using a Convergent Cellular
Automata”).

HiL test system combining A380 instrumentation simulator and FPGA fault-injection board

A simple cellular electronic concept (a) coordinated by a convergent rule set (b)
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“Our aim is to integrate powerful
optimisation strategies from evolutionary
computation for new MEMS piezoelectric
energy harvester design”
Design strategies for
self-healing mechanical
systems
The ability to undergo self-repair in
mechanical systems is an especially
challenging and has been pursued
along two different fronts. The first
focuses upon a hybridisation of
mechanical and electronic systems
through the self-healing and repair
of a MEMS piezoelectric energy
harvester. Designed to harvest
energy from the environment to
power devices wirelessly, and often
in remote and harsh environments,
damage accrues over the life time of
the component and can lead to loss
of power generation. This becomes
critical when the device suddenly
stops functioning and its remoteness
means an inability to replace the
device. A common source of power
loss results from the deformation of
the piezoelectric material which gives
rise to a change in its mechanical and
electrical impedance. This change
can lead to an impedance mismatch
between the piezoelectric energy
harvester and its coupled electronic
circuitry and subsequently lead to
power loss. However self-repairing
strategies use self-compensating
electrical impedance networks that
minimise mismatch and thus sustain
power generation. Our research
is investigating such approaches,
by two methods, first through the
modelling and design of piezoelectric
energy harvesters in both normal
and damaged states and second
through novel repair strategies
based upon the reconfiguration of
an anti-fuse capacitive array. The
mechanical design of the energy

harvester plays an important role
in defining the resonant frequency
characteristics of the system and
therefore in order to maximize power
density it is important for a designer
to be able to model, simulate and
optimise designs to match new target
applications. Our aim is to integrate
powerful optimisation strategies from
evolutionary computation for new
MEMS piezoelectric energy harvester
design. This strategy is outlined in a
paper entitled “Modelling, simulation
and optimisation of a piezoelectric
energy harvester”, presented at
TESConf2014.
The second focus of mechanical
self-healing looks at the completion
of previous work on the self-repair
of N-bar mechanisms. An important
phase of the self-repairing process
lies in the corrective action to be
undertaken in order to repair or regain
function of the system or device.
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In some systems (especially
electronic) such corrective actions can
be built in autonomic, and determined
at design time. In mechanical systems
this may not be possible as the
number of potential damaged states
is large and as a consequence the
number of potential corrective actions
also grows. Therefore the ability to
gain knowledge of the fault, and
calculate new corrective actions based
upon the state of the system is of great
importance. The development and
testing of new algorithms that can (a)
learn the damaged state of the system
(N-bar mechanism), and (b) utilise this
information to develop and evaluate
new corrective actions online before
initiating them is the focus of an article
in recently accepted in IMech-E part B.

Core Projects

Self-Healing Technologies for Electronic and
Mechanical Components and Subsystems
Looking ahead, our work plan prioritises the development of a comprehensive integrated systems model
for self-healing systems and further
industry-relevant case studies. We
have made significant progress in
modelling the failure rate of fault-tolerant strategies to achieve better
resource/performance trade-offs than
existing designs. At the fine-grained
level, resources are precious and
expensive and must be justified. Fault
rate analysis and reliability modelling
allows us to evaluate fault masking
strategies but is also useful in exploring future detect-repair strategies. Therefore a holistic model for
self-healing is needed that considers
how design elements of fault masking,
detection and repair can integrated, as
well as evaluation of the cost/benefit
trade-offs.
A review paper is in preparation that
considers these issues for the electronics domain (“Survey of design
approaches for self-repairing electronics”, IMechE Part B).

Collaborators
A scoping study focusing on
interconnect-related failures has
been prepared for our partners BAE
SYSTEMS. This report explores the
needs for autonomous repair of
interconnects at different design
levels for integrated systems that
suffer from in-service degradation and
faults. Whether on-chip, board level
or inter-component level, the study
of interconnect is often neglected in
comparison to active components
even though interconnect density
is continually rising. Failure of an
interconnect can result in loss of
power, grounding lines or data lines
and can therefore result in serious loss
of functionality. Many strategies are

possible at the integrated circuit level
due to the ability to include redundant
lines. However this must be allocated
carefully, since the probability of failure
will increase as more lines are added.
For example, a simple quadded logic
design requires 4x gate overhead
but 16x interconnect overhead. For
chip, board and component level,
redundancy methods quickly become
expensive and infeasible, hence
alternatives are needed.
Another collaborative investigation in
progress is plastic electronics, where
component yield and survivability
are very different to silicon-based
electronics. This area is rapidly
growing as the manufacturing
challenges are being met by research
and development. We are investigating
the potential benefits that self-healing
could bring to this area for a number
of applications with the Centre for
Process and Innovation (CPI) – a
CATAPULT Centre. Examples include
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high temperature, extreme mechanical
vibration/flexure for high value
products and product longevity for
consumer products.
We have also established a research
link with the Australian Centre for
Field Robotics (ACFR) with the aim
of developing hardware in loop
experiment for verification of fault
recovery strategies in avionics. This
allows observation of the systemlevel response to fault events and
quantification of the performance of
our methods.
Finally the need to investigate
possible real-world applications for
our self-healing MEMS piezoelectric
energy harvester as well as to provide
further avenues of research has led
to enquiries for collaboration with
centre partners Rolls Royce and
their internal sensors and testing
team with a particular focus on harsh
environments.

“We have established a research
link with the Australian Centre
for Field Robotics (ACFR)”

Intellectual property
A new US patent has been granted
“Self-repairing electronic data
system” (US8386844, Feb 2013) that
complements our existing UK patent
(GB2468269) on self-healing strategies
for electronic system exposed to
transient random upset events. The
technique establishes the continual
self-recovery of data patterns that
in turn re-establishes the correct
configuration of logic, even in the
presence of multiple simultaneous
upsets.

Description of the potential
impact of the research
The potential impact of the work
in self-healing and self-repairing
systems is huge. Despite being at
low technology readiness levels its
application in the electronics industry
could have far reaching effects.
Fault incidence is rare and reliability
generally high, however redundancy
can take up valuable space or add
to the weight of platforms which may
lead to significant increases in costs.
Especially interesting is the application
of these new techniques in the flexible
printed electronics area where a new
project has been launched and an
innovation award of £20k has been
made by the Centre.
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The Degradation of Linear Machines
Introduction
Linear machines are all around us,
covering a wide range of applications.
Some typical examples where linear
motion is required are: mechanisms
for aircraft undercarriage and control
surfaces, operation of doors, steps,
brakes and pantographs in trains,
robot arms for the manufacturing
industry, valve actuators in industrial
processes, the operation of machine
tools, and many more.
A failure in these actuators can
be critical for the safety and the
availability of the system in which
they are integrated. For example,
a malfunction in an actuator of a
robot arm in an assembly line can
cause the shut-down of the whole
line increasing maintenance costs. In
other cases, such as the operation of
control surfaces in aircraft, a fault in an
actuator can compromise the safety of
passengers and crew.
Despite the increasing utilization of
linear actuators and the critical role
played in some of their applications,
the presence of condition monitoring
tools for these devices is quite limited
in industrial applications and academic
research.
This research project aims to
determine the state of the art in
understanding failure modes and
degradation mechanisms in linear
electromechanical actuators, and
explore the potential capabilities
of diagnostic and prognostic
tools for these kinds of machines.
Computational simulations and
experimental results were used to

study the characteristics of measured
signals. The sensitivity of key features
of malfunctions was also studied in
order to assess fault detection and
identification techniques.

Initial research
Existing literature in the field of linear
actuator monitoring was examined to
develop a core understanding of the
different technologies used for linear
motion, their typical failure modes and
any recent developments in monitoring
strategies for these machines.
The lack of research on specific
condition monitoring tools for linear
actuators as compared to rotating
machinery is attributed to:
• The large variety of architectures
for linear actuators.
• The combination of different types
of components, requiring knowledge about mechanical, electrical
and control interfaces.

Progress in the last year
Literature review
As an initial step, relevant literature
was examined in order to gather
information about the following topics:
typologies of linear actuators, failure
modes and criticality, experimental
setups and simulations used
in previous studies, and signal
processing techniques.
Nowadays EMAs such as the ballscrew, rack and pinion or chain/belt
actuators are growing in popularity.
The main reasons for this success,
compared with traditional hydraulic or
pneumatic systems, are their reduced
weight and energy consumption,
improved control and automation
capabilities and the lack of pumps
or pressurised circuits. Fig. 1 shows
some examples of different types of
linear actuators.

• Complex dynamics including
nonlinearities, changing operational
and environmental conditions, and
the important presence of friction
phenomena.
• Non-stationary operation.
Despite all these difficulties, some
research work has been done recently
in industry and academia, particularly
for linear Electro-Mechanical Actuators
(EMA). The potential application of
EMAs in the all-electric aircraft and the
monitoring systems required for their
implementation are the main research
topics. In particular, the ball-screw is
the most popular mechanism studied.

Figure 1
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Failure modes in ball-screw actuators
are well studied due to the interest of
applying such technology in aircraft.
Most of these investigations agree
that motor or electric faults are more
common and more critical than
other types of faults. Jamming is a
highly critical failure mode for the
aircraft case due to the potential risks
associated with it. Other important
failure modes are those related
with wear and lubrication. These
malfunctions do not typically produce
abrupt failures but a slow degradation
in the machine’s performance initially,
leading to a severe failure if it is not
corrected. These types of faults have
a special interest for this project
because condition monitoring can
potentially detect and diagnose them
at an early stage of degradation,
improving maintenance and operating
costs of the device.

computational simulations have been
used to model the dynamic behaviour
of the system. Faults were detected
by looking at differences between the
actual measurements and the model
outputs. The main outcomes of this
literature review were summarized and
distributed to the Centre core partners
in two reports.

When the actuator is governed by an
automatic controller, measurements of
current are typically available from the
drive and can be used for monitoring.
If the actuator has to follow precisely
a certain motion profile, position
measurements are typically fed back
to the controller to ensure the accuracy
of the movement. This signal can also
be studied from the monitoring point
of view.
Previous investigations in the field
have used primarily features from
these two measurements to detect
deviations that can reveal the
presence of faults. Other investigations
made use of additional sensors such
as accelerometers or thermocouples
to obtain further information from the
system. In many other research works
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“A computational model
of an electromechanical
actuator was built”
Linear actuator modelling and
preliminary data analysis
A computational model of an
electromechanical actuator was built
taking into account the state of the art
in the field. This model was used for
a preliminary evaluation of different
monitoring techniques and also to
support the design of a real rig. The
model can simulate different motion
profiles under diverse load conditions
selected by the user. Additionally, the
nominal model can be modified to
include different mechanical faults
such as lack of lubrication, surface
damage or backlash.
Fig. 2: Ball-screw actuator model

The EMA model was implemented
in SIMULINK, using blocks from the
Simscape library. A ball-screw and
a rack and pinion actuator were
modelled including effects such as
rotational and translational friction,
external forces, measurement noise,
etc. A simplified version of the ballscrew block model can be seen in
Fig. 2.
The ball-screw is driven by a DC motor
through a transmission belt drive.
Inertia and mass blocks were added to
simulate the dynamic effects of these
bodies. An additional block represents
the external load that the actuator has
to overcome, which can be decided
by the user. A translational sensor was
linked to the output port of the ballscrew. This measurement is compared
with the desired set point specified
in the motion profile, and fed back
through a PID controller to the motor
drive.

During the simulations, the model was
programmed to follow a trapezoidal
motion profile with 50 mm of stroke,
which is completed in 15 seconds.
Fig. 3 shows an example of position
and current measurements obtained
from the ball-screw model. A
distinctive set of features can be
extracted from current and position
error measurements in each stage of
the movement, including the steady
value (a), overshoot (b), settling time
(c) or unexpected peaks in the steady
region (d).

Fig. 3: Example of position (top) and
current easurements extracted
from the ball-screw model
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White background noise was
added to the current and position
measurements used for monitoring
in order to make the simulation more
realistic. This nominal model was also
modified to seed some typical faults
related with lubrication and wear.
Lack of lubrication was simulated
by increasing the viscous friction
coefficient in the translational friction
block. Spalling or wear at a precise
point of the screw was simulated
by inducing a short and sudden
increment of the friction force at a
particular location selected by the user.
Fig. 4 shows some comparisons of the

signals obtained under the described
faulty conditions and normal operation.
Fig. 4 shows that the effects of
the introduced faults are difficult
to appreciate in the position error
signals, apart from slightly slower
response obtained in the case of lack
of lubrication. This lack of sensitivity is
attributed to the effect of the controller,
which tries to accurately follow the
selected motion profile regardless of
the condition. However the effects on
current measurements are much more
evident: it is easy to appreciate the
increment on the current steady value
for the lack of lubrication case, and the
appearance of unexpected deviations
in the steady region for the spalling
case.

An algorithm for feature extraction and
data analysis was presented in the
“Twelfth International Conference on
Condition Monitoring and Machinery
Failure”, organised by the British
Institute of Non-destructive Testing
in June this year. The features
were extracted in each stage of the
movement from current and position
measurements, and then analysed
using Principal Component Analysis
(PCA). The PCA model built from
healthy data was used to simplify
the high-dimensional data acquired
into two principal components. The
two-dimensional representation of the
retained data allowed the separation
between the healthy case and the
different faulty cases studied
(see Fig. 5).

Fig. 5: Representation of the data in the two-dimensional principal component space
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“The design is capable of producing a
displacement of 140mm with a maximum
external load of 60kgf”
Design of a test rig
The good results obtained using
computer simulated data encouraged
the design of a ball-screw and a
rack and pinion test rig to acquire
real experimental data. In order to
simulate varying loading scenarios
that represent realistic operating
conditions, a second actuator was
used. Both actuators are connected
through a load cell, and the load
measurements provided will be fed
back to the controller of the second
actuator.
The test rig was designed using
components available in the
market for the construction of small
CNC machines. The mechanical
components are supported by strut
aluminium profile structure. The motors
of both actuators are controlled from
a Labview interface, which is also
responsible for the data collection.
The instrumentation includes typical
sensors such as position and current
measurements, as well as additional
measurements including temperature
and vibration. Fig. 6 shows a CAD
model of the test rig (some parts of the
structure have been removed for more
clarity).
The final design is capable of
producing a displacement of up to
140mm with a maximum external load
of 60kgf. The rig is approximately
75cm long, 35cm wide and 25cm high.
Fig. 7 shows the assembled test rig in
the ball-screw configuration, and Fig. 8
shows a detail of the nut of the
ball-screw and the accelerometer
installed on it.

Fig. 6: CAD model of the test rig in the ball-screw (left) and rack and pinion (right)
configurations

Fig. 7: Lateral (left) and top (right) views of the rig in the ball-screw configuration

Fig. 8: Detail of the nut in the ball-screw and location of the accelerometer
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The Degradation of Linear Machines

Initially the rig was run without faults in
order to collect a significant amount of
data that can represent the behaviour
of the system under different loading
conditions. Then different faults will
be introduced in different parts of the
system to study its degradation. This
part of the work is being carried out
at the present moment. Some of the
faults to be introduced include:
• Lack of lubrication, simulated by
gradually removing the lubricant in
the screw or rack
• Spalling, simulated by artificially
inducing surface defects on the
contact surfaces
• Backlash, simulated by using balls
of a smaller diameter
• Jamming, seeded by physically
introducing obstacles in the return
channels of the balls

Description of potential impact of
the research
This investigation aims to bring light
to the wear process, degradation
mechanisms, and failure modes
of linear electromechanical
actuators. The use of simulations
and experimental tests where faults
are tested at different stages of
degradation and under different
operating conditions will generate
a comprehensive data set for the
study of failures in these machines.
This set of data can be used for
the development and assessment
of specific monitoring tools that
can improve the maintenance and
operation of existing assets and
provide valuable information for the
design of such systems.

Fig. 9: Detail of damaged balls to be tested (left) and gear rack with damaged tooth
(right)

Publications list
Conference papers
C. Ruiz-Carcel, A. Starr, “Development
of a Novel Condition Monitoring
Tool for Linear Actuators”, Twelfth
International Conference on Condition
Monitoring and Machinery Failure,
Oxford, June 2015

Journals under preparation
C. Ruiz-Carcel, A. Starr, “Degradation
of electromechanical linear actuators:
A Case Study”
C. Ruiz-Carcel, A. Starr, “Experimental
validation of a data-based condition
monitoring tool for electromechanical
linear actuators”
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“This work will generate a
comprehensive data set for the study
of failures in these machines ”
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AUTONOM – Integrated through-life support for high-value systems
Researchers: Isidro DurazoCardenas, Maurizio Bevilacqua,
Chris Turner and Leigh Kirkwood
Work-package leaders: Andrew
Starr, Antonios Tsourdos,
Ashutosh Tiwari and Essam
Shehab
Other academics: Yuchun Xu and
Paul Baguley
Industrial Partners: Network Rail
(Sponsor), BAE Systems, Scisys,
Schlumberger, dstl, National
Nuclear Laboratory, Sellafield Ltd
and UK Space Agency
Overview
The integration of sensor-based
information has been well established
in some contexts, for example
automobile or food manufacturing,
where the environment is well
controlled, and the benefits easily
justify the investment. But the uptake
in geographically dispersed and
less structured environments poses
challenges in technology and cost
justification. The overall aim of
this project is to enable improved
integration between architectural
levels in data-rich environments in
automated, intelligent maintenance,
responding to business pull and
demonstrating value. In this project we
propose to automate the transitions
between the architectural levels in
automated, intelligent maintenance,
examining the characteristics of the
levels and their transitions.

The four work packages that comprise
the AUTONOM project are:

WP4: Cost Analysis

Starting with a “think tank” event with
the sponsors and invited partners,
WP1 has identified the industrial
pull for management information
for maintenance decisions. It has
developed a framework for top-down
architecture for data/information/
decision structures with clear value
chains that enables intelligent
maintenance systems, integrating
condition-monitoring, optimal planning
and cost effectiveness.

WP4 researches how to predict
the cost of optimised maintenance
activities for high-value assets within
the integrated AUTONOM framework.
Research is also being performed
on the topics of cost-benefit analysis
of condition monitoring, risk-analysis
and whole-life cycle costs to support
business decision making. The
resultant suite of tools and frameworks
will be of use across multiple industries
that are facing decisions about
the cost effectiveness of condition
monitoring.

WP2: Data Fusion and Mobile
Platforms

A number of relevant industrial
and research challenges are being
addressed during this project:

WP1: Integration

WP2 captures how a system of
stationary sensor nodes and mobile
sensors can work together as an
intelligent autonomous system
suitable for integrated infrastructure
maintenance. WP2 is developing
strategies for fusion of multiple
unsynchronized sensor data.

WP3: Planning and Scheduling
Based on Intelligent
Reconfigurable Business
Processes
This work package is developing a
methodology to optimally reconfigure
maintenance data for the automated
planning and scheduling of rail
maintenance tasks. The approach
being developed uses an evolutionary
multi-objective optimisation framework
for the automated planning and
scheduling.
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• Understanding of the effect of
physical location in mobile assets for
condition monitoring
• Understanding of the issues
surrounding the data-streams
produced by and recorded on the
utilisation of high-value assets
• Requirements for interchange of
maintenance data between fixed and
mobile actors, e.g. track-to-train data
• Extension of these requirements
into specifications of COTS wireless
platforms
•Examination of transition levels, at
the interface between information
extraction from data, and fusion of
weighted information about risk and
cost
• Automation of monitoring algorithms
on mobile platforms
• New cost modelling tools for
complex and distributed health
monitoring

“Research is being carried out in cost-benefit
analysis of condition monitoring, risk-analysis
and whole-life cycle costs to support
business decision making”
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Structural Health Monitoring
Structural Health Monitoring
Researcher: Daniel Gagar
Academic Supervisor: Peter Foote
Industrial Partner: BAE Systems
Introduction
Structural Health Monitoring (SHM)
is the use of permanently installed
sensors which provide information on
the health of the structure. They are
used to perform a type of automated
inspection and have the potential to
reduce maintenance and inspection
time and cost and hence increase
utilisation (availability).
The health of structures such as
airframes is degraded via three
major mechanisms: fatigue,
environmental and accidental
damage. For metallic structures,
most of these damage mechanisms
eventually manifest themselves as
cracks which must be detected
and rectified during maintenance.
Carbon fibre reinforced plastic (CFRP)
structures offer advantages over
their metal counterparts such as
fatigue resistance and lower mass for
equivalent strength but are susceptible
to damage from impacts caused
by, for example, tool drops (during
maintenance), high force blunt impact
(e.g from ground vehicles) and high
energy impact (bird strike, hail stones,
runway stones). The major form of
damage is delamination of the plies
used in construction which leads to
loss of stiffness and reduction in load
bearing capacity.
In addition, a topic of key concern
is the assurance of the integrity of
bonded, composite joints. Secondary
bonded structures are highly desirable

since they are potentially simple,
requiring no machining and fastener
insertion. However, they are difficult
to assemble consistently and inspect
hence their use is currently limited.
Maintenance of both civil and military
aircraft is currently performed at fixed
intervals of service using manual
non-destructive inspection (NDI)
techniques which often require
disassembly of complex structures
to check for damage. Frequently, the
result of a scheduled inspection is that
no damage is found. Thus, cost and
down-time of the vehicle is incurred
unnecessarily.
SHM techniques can potentially
provide continuous or on-demand
diagnosis and damage detection
via sensors permanently located
in structures. This is an enabler for
condition based maintenance where
a structure is only taken out or service
when repair and maintenance is
needed hence eliminating costly
and unnecessary precautionary
inspections.
Acoustic Emission (AE) is an example
of an SHM method. It performs
damage detection by passively
monitoring elastic waves dynamically
generated from a damage site (such
as a metallic crack or broken matrix
in composite materials) subjected to
load. The performance and reliability
of AE techniques is however limited
and tends to diminish with increased
structural complexity. The aim of
this research is to develop a generic
methodology for designing an optimal
SHM installation based on the AE
technique.
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Initial Research
This work reported here stems
originally from a Cranfield PhD project
supported by BAE Systems Military
Air and Information (MA&I) in the
Cranfield IVHM Centre. The work
continued via a separately funded
project from BAE Systems and is
closely aligned with the EPSRC
Centre for Through-life Engineering
Services. The objective of the work
is to progress the development of
a framework and methodology for
designing and validating SHM using
AE for aircraft structural monitoring
applications. Last year’s report
summarised work performed in
collaboration with NRC (Canada) in
which blind trials on a representative
wing box structure resulted in the
successful detection of damage by
use of AE within an inaccessible,
enclosed part of the structure.
Further collaborative experiments
to investigate temperature and load
influences on AE with Technische
Universiteit (TU) Delft were also
described. The results of detailed
work quantifying the relationships
between AE and the growth
characteristics of metallic cracks
were also reported.

Progress in the Last Year
Two journal papers have been
produced related to this work [1,2]
which present detailed findings
quantifying the information provided
by an AE sensor monitoring the
growth of cracks in aluminium
alloys . These publications are new
hypotheses based on observations
of AE behaviour during crack growth
and relate for the first time a link
between AE activity and absolute
crack lengths. These findings are a

“This uses a concept from nonlinear optics
where propagating waves can be reflected
using a phase conjugation process so they
retrace exactly their path to their origin”
necessary element in any attempt to
establish a Probability of Detection
(PoD) criterion for AE as a damage
detection technique.
Progress has also been in made
in the modelling and simulation of
AE and generic acoustic signals in
structures with the goal of designing
and optimising SHM installations
in arbitrary structural component
geometries. The completion of this
is a long term objective and this
project has enabled initial steps to be
taken. Multi-physics Finite Element
(FE) modelling is being applied to
simulate the AE propagation and
detection process. In particular the
ability to model and simulate the
transfer functions between electrical
signals as probed at transducer
terminals and the mechanical
acoustic waves in the structural
materials has been addressed. Part
of the work is the understanding of
computation requirements of this
type of modelling which present
significant barriers within currently
available computational resources.
Full, multi-physics modelling of
realistic structural geometries is
beyond the reach of the current tools
so a hybrid approach is now being
explored in which multi-physics
modelling is used at localised
geometries such as the interaction
between transducers and sensors
with the immediate contacting
structure. This provides the local
parameters for the acoustic waves
which can then be developed using
lower fidelity but less computationally
intensive simulation allowing effects
of complex, structural geometries to
be investigated.

introduced. This borrows a concept
from nonlinear optics in which
propagating waves can be reflected
using a phase conjugation process
such that they retrace exactly their
path back to some point of origin.
The technique requires a propagating
wave to be captured with high spatial
resolution using multiple sensors and
then re-transmitted with correlated
phase from the same transducers.
This could be used to capture actual
AE events and replay them repeatedly
into a structure as a means to
continuously validate the function of
an AE system. Initial simulations and
discussions of application are being
presented in this year’s International
Workshop on Structural Health
Monitoring to be held at Stanford
University, California in September
2015 [3].

During this work the use of time
reversed acoustics has been
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Further Work
The BAE Systems element to this
work is now completed but related
work continues as part of a grant
for an EPSRC Manufacturing
Fellowship in Sensors for Throughlife Engineering (EP/J01866X/1)
and also as part of a BAE Systems
funded subcontract ZN1775
FA007 for the Defence Science
and Technology Laboratory (dstl)
an executive agency of the UK
Ministry of Defence (UK MOD).
This programme is developing a
modelling and simulation capability
for damage detection in bonded
composite joints and is part of
the dstl Materials and Structures
Technology (MAST) project,
SHUMS to develop SHM for generic
Unmanned Air Vehicle (UAV)
applications.
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Structural Health Monitoring
Additional work on a range of topics
related to AE monitoring has also
been conducted via individual MSc
research projects. They are listed as
follows:
• Comparison of threshold-free
methods for AE signal onset
detection: two new thresholdindependent algorithms were
developed and the results
showed an improvement in
AE signal onset detection
performance in terms of
accuracy, precision and
robustness, compared to the
currently used fixed-threshold
detection method.
• Automated AE shot counter
system for target rifles: a new
algorithm has been developed
to detect shots fired. The
results showed unambiguous
identification of shots fired and
the ability to distinguish them
from other spurious sources [4].
Such a system can potentially
replace manual record keeping
which is commonly used.
Description of the potential impact
of the research
The ability to cheaply instrument
airframes and associated structures
so that continuous monitoring
of crack development can take
place is extremely desirable for the
aerospace industry. This work seeks
to develop a design methodology
for both the number and positioning
of sensors to enable this. It also
seeks to define how such sensors
can be calibrated, their data
validated and their conclusions

verified. The impact of a successful
completion of these tasks is
immense for the Maintenance
Repair and Overhaul (MRO)
industries as it will enable condition
based structural maintenance
rather than the current periodic
inspections with all the associated
cost savings that this entails.

Publications
D. Gagar, P. Foote, P. Irving (2015)
“Effects of loading and sample
geometry on Acoustic Emission
generation during fatigue crack
growth: implications for structural
health monitoring”. International
Journal of Fatigue, 81 pp 117127.
D. Gagar, P. Foote, P. Irving (2014)
“A novel closure based approach
for fatigue crack length estimation
using the acoustic emission
technique in structural health
monitoring applications” Smart
Mater. Struct. 23 (10) 105033
(9pp)
D. Gagar, P. Foote (2015) “Generic
methodology for validating
acoustic emission structural
health monitoring installations.” to
appear in the Proceedings of the
10th International Workshop on
Structural Health Monitoring
Gagar, D., Hockley, C., Foote, P.
(2015), “Automated shot counter
system for through-life support
of target rifles”, to appear in the
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4th International Conference on
Through-life Engineering Services
D. Gagar, M. Martinez, M,
Yanishevsky, B. Rocha, Jim
McFeat, P. Foote, P. Irving (2013)
“Detecting and locating fatigue
cracks in a complex wing-box
structure using the acoustic
emission technique: A verification
study” Proceedings of the 9th
International Workshop on
Structural Health Monitoring,
Stanford University, Stanford, CA,
September 10-12
D. Gagar, P. Foote, P. Irving
(2013) “Detection and monitoring
of fatigue cracks in metallic
structures using acoustic
emission: Routes to quantification
of probability of detection”
Proceedings of the 11th
International Fatigue Congress,
Melbourne, March 2-7

“We will develop a design methodology for
the number and position of sensors and how
they can be calibrated, their data validated
and their conclusions verified”
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Remote Maintenance
Researchers: Nikolaos Tapoglou,
Stefano Tedeschi
Academic Supervisor:
Jorn Mehnen
Industrial Partner: DMG Mori,
Kennametal
Introduction
The prediction of the health of
machine tool components is one
area of intense research both the
industrial and academic sector.
In the modern machine shop
unscheduled downtime due to a
component failure can result in
great economic loss, primarily in
the case of high value components
where the lead time for acquiring
spare components can be substantial. Hence, high value components of machine tools such as
the spindle, axis motors and linear
guides have to be monitored to diagnose potential failures and help
in the planning of maintenance
tasks. Cloud Manufacturing has
been emerging in the IT world as a
new way of sharing and analysing
information, providing services
and developing new ones. Cloud
services for the manufacturing
sector have also been appearing in
the modern manufacturing environment. In this this research aims
at creating a set of hardware tools
and intelligent services that are
able to provide decision makers
with all the essential information for
making a well informed decision on
the repair plans.

Major machine tool manufacturing companies such as DMG
Mori-Seiki are actively contributing
to the development of these new
ideas, tools and services. The new
advanced 5-axes mill-turn centre NT1000 from DMG Mori-Seiki
stands at the heart of Cranfield’s
through-life engineering research
into remote maintenance.
Cyber-Secure Remote
Maintenance
This PhD research project is
focussing on creating a secure
system for analysing the health of
critical machine tool components
through capturing live machine
data and transferring that data
securely into a Cloud environment
for further processing. This way,
manufacturing companies will be
more competitive in the market
by providing more efficient
solutions to the customer. This
research focuses on CNC milling

machines (e.g. DMG Mori-Seiki
NT 1000); however, it is not
limited to CNC milling machines
only. It investigates the major
failure modes causing machine
downtime. To detect any anomalies
signalling potential failure of the
machine, signals will be captured
through a novel highly secure data
acquisition unit (DAQ). Existing
protection systems and defence
hardware will be analysed to
propose a novel secure DAQ that
will then communicate through a
Cloud environment thus being able
to share and analyse information
remotely. The aim of this research
is to provide robust solutions
for secure data acquisition
through units that operate safely
considering both hardware and
software attacks. This will allow
highly reliable remote maintenance
of machine tools even in very harsh
environments.

1. Cyber-Secure
remote mainenance framework
Figure 1 Cyber-Secure RemoteFigure
Maintenance
framework
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feedback from customers, calling maintenance staff, etc. can have negative effec
both machine manufacturers and customers, affecting labour cost, the timeline
dealing with issues and the relationship between manufacturers and customers. The
of this MSc research project is to design an Internet of Things device for the re
maintenance of CNC machine tools that achieves the following objectives:
•
•
•
•

Identifying the factors which effect CNC tool health and precision
Assessing a variety of design solutions for remote maintenance IoT devices
Studying a solution through implementation of a physical prototype
Validating all functions of the prototype IoT device

“The 5-axis mill-turn centre from
DMG Mori-Seiki
keycanto
Cranfield’s
As a result, this wirelessis
IoT device
be remotely
controlled from anywhere i
world through the internet. By adjusting a servo motor system, the device can focu
the tip of tools and capture
the temperature maps ofresearch
4,800 pixels of internal environ
through-life
engineering
of workshop.
The measurement of temperature range is from -20°C and 380°C. The video function
help manufacturers
maintain their equipment
effectively and give customers re
into remote
maintenance”
technical support.
IoT Devices for Remote
Maintenance of CNC Tools
Original maintenance methods for
manufacturing such as measuring
problems by feedback from
customers, calling maintenance
staff, etc. can have negative effects
on both machine manufacturers
and customers, affecting labour
cost, the timeliness of dealing with
issues and the relationship between
manufacturers and customers. The
aim of this MSc research project is to
design an Internet of Things device
for the remote maintenance of CNC
machine tools that achieves the
following objectives:
• Identifying the factors which effect
CNC tool health and precision
• Assessing a variety of design
solutions for remote maintenance
IoT devices
•Studying a solution through
implementation of a physical
prototype
•Validating all functions of the
prototype IoT device
As a result, this wireless IoT device
can be remotely controlled from
anywhere in the world through the
internet. By adjusting a servo motor
system, the device can focus on
the tip of tools and capture the
temperature maps of 4,800 pixels of
internal environment of workshop.
The measurement of temperature
range is from -20°C and 380°C. The
video function can help manufacturers
maintain their equipment effectively
and give customers remote technical
support.

Figure 2: Remote Control Process (left machine tool, right Web interface with life video fee

Figure 2: Remote control process (left machine tool, right web interface with live
video feed)

Teleoperation with Haptic Feedback for Remote Maintenance

Teleoperation is widely applied to a whole range of application, especially in industr
where maintenance has to be performed in confined and hazardous environments s
manual joystick
or mouse
control
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to be performed in confined and
machine tool operation of the DMG
gives
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and is safer when manipulating the remote devi
hazardous
environments
as
Mori-Seiki NT 1000 milling machine.
In
this research
the
joystick or mouse control has been replaced by a
subsea
production
orclassic
nuclear manual
fuel
It gives feedback to the operator of
more
flexible where
and intuitive
called Leap Motion. It uses gesture input for remot
reprocessing,
devicesdevice
or
a machine tool in case they try to
operation
of the device.
The proposed technology has be tested in the field of error
machines require
being operated
do an operation in a nonstandard or
prevention
machine
tool operation of the DMG Mori-Seiki NT 1000 milling
remotely by during
a person
at a distance.
potentially hazardous way.
machine.
It gives
feedback
to the operator of a machine tool in case they try to do a
Conventional
methods
of remote
operation
a nonstandard
hazardous way.
control are in
monolithic,
i.e. onlyora potentially
little
feedback is available to the operator
through for example a camera.The aim
of this MSc project is to improve the
accuracy and performance of remote
control for inspection and maintenance
in manufacturing environments. In this
case haptic feedback is added to the
end of a remote control system, where
a human operator can “feel” the object
remotely through vibration. This gives
the operator more confidence and is
safer when manipulating the remote
Figure 3. Haptic feedback during
Figure 3 Haptic feedback during machine to
device. In this research the classic
machine tool operation

53

Publications
Tedeschi, S., Tapoglou, N., Mehnen, J
monitoring of machine tools”, 4th In
Conference, 3rd-4th November 2015, Cra
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Service Simulation
Researchers: Alessandro
Busachi, Duarte Rodrigues and
Davood Sabaei
Academic Supervisor:
John Erkoyuncu
Industrial Partner: Babcock
International
Within the service simulation
theme, most recently two MSc
group projects and six MSc
individual projects have been
completed. These projects were
initiated with a number of industrial
organisations such as MoD,
Rolls-Royce, BAE Systems, PRICE
Systems and OxfordBiomedica.
The following sections will provide
an overview of some of the
projects.
Trade-off between Corrective
and Preventive Maintenance:
At present, there is a gap in the
ability to quickly assess the right
balance between Corrective and
Preventive Maintenance. This MSc
group project aimed to fill that gap
by defining a new maintenance
process to obtain the optimum
availability at an optimum cost.
This was done by defining the
relationship between maintenance
and availability and the context
of the study was the military
sector. The result of the project
was the creation of a decision
support process that specifies the

budget allocation for Corrective
Maintenance and Preventive
Maintenance.
Developing standards for cost
engineering terminology: Cost
Engineering has become vital for
current industrial practices as an
increasing number of organisations
are communicating in cost
terms. In order to facilitate the
communication there is a need for
a common understanding of terms
and methods. Standards play a
key role in achieving this, which
the cost engineering field lacks.
Nowadays each organisation
follows its own terminology and
practices and this makes it difficult
for organisations to communicate
across the supply chain and
across different sectors. The aim
of this MSc group project was to
set the ground for the development
of British Standards in the field of
Cost Engineering in a period of no
more than three years. The project
focused on getting the industry
perspective towards the need for
Standards and also proposed
a framework for the creation of
a Thesaurus through industrial
validation.
Developing a data structure
and visualisation system for
component degradation: This
project aimed to develop a data
structure and visualisation system
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for degradation mechanisms
within the aerospace context. The
developed system aims to support
design engineers and maintainers
with evaluating the impact of
degradation.
Enterprise modelling for estimating
No Fault Found: Enterprise
modelling refers to the abstract
representation, description
and definition of the structure,
processes, information and
resources of an identifiable
business, government body,
or other large organization.
This project aimed to develop
simulation processes to
represent the dynamic interaction
experienced across internal
departments and external suppliers
to identify, analyse and solve
No Fault Found (NFF) issues.
Addressing the inherent causes of
NFF, resulting from inadequacies in
equipment design, is increasingly
becoming an important area of
interest for industry. This project
aimed to develop a physical
demonstrator to identify the
mechanical and electrical triggers
of NFF.
Developing best practice in whole
life cost modelling: Whole Life
Cost (WLC) is an economic and
financial assessment considering
all agreed projected significant and
relevant cost flows over a defined

“Developing best practice in
whole life cost modelling”

period of analysis expressed
in monetary value adjusting for
the time value of money. The
projected costs are those needed
to achieve defined levels of
performance, including reliability,
risk, safety and availability. WLC
modelling is applied for the
in-service support phase of the
life cycle and sets the scope for
this project. WLC is not a new
concept but it is one that needs
to be applied more rigorously
when analysing the support
solution due to long timescales
and the highly uncertain nature
of delivery. This project aimed to
develop case studies based on
real-life examples to demonstrate
how best practice whole-life cost
modelling approaches have
benefitted projects in various ways
such as cost, performance and
efficiency.

techniques and processes and
aims to develop state of the art
approaches for the future.
• Application of Simulation to
Design Equipment Availability: This
focuses on building a framework
embedded in a software tool to
estimate and trade-off the Defence
Lines of Development (DLoDs) to
facilitate contracting for availability
at the bidding stage of defence
contracts.
Cost modelling framework for
Additive Layer Manufacturing: This
researches commercial, technical
and procedural opportunities
arising from developments in

Additionally, there are three PhD
projects focusing on the defence
sector that have recently begun:
Design and development of a
decision support framework
for asset management in an
operations centre: This involves
design and development of a
decision support framework
embedded in a software tool for
use in an asset management
operations centre. The project
evaluates likely asset management
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Additive Layer Manufacturing
(ALM), with particular focus
applied to an asset management
/ service support business. The
PhD aims to develop means to
compare and contrast alternative
business models enabled by
such technology, and develop
cost modelling tools for use in
managing a spares / repairs
business where the option to
print new (or repair existing) parts
would be possible using ALM
technology.
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Mind Palace
Researchers: Nikolaos Tapoglou
Academic Supervisor:
Jorn Mehnen
Industrial Partners: Rolls-Royce
The Mind Palace project is a
significant new development
arising from the core project in the
“Characterisation of ‘In-Service’
Component Feedback for System
Design and Manufacture”.
The project aims to develop a
service to support design and
service engineers. The service will
focus on a data analytics engine
that is responsible for extracting
knowledge from multiple data
sources and a visualization engine
that handles the comprehensive
presentation of the data needed
by the end user of the system. The
results of the analytics engine are
stored in standard files that can be
queried at a later stage to create
reports. These results can be
displayed to show the degradation
data and the relation between the
degradation mechanisms and the
components with which these are
associated.
A series of tools will be used
to assist the development of
the service and enhance the
functionality of the system. These
include commercially available
tools, open access visualization
libraries and new tools under
development.

The items to be analysed by the
service would be sourced from
the databases in the Original
Equipment Manufacturer (OEM)
and possibly their service and
support supply chain. Text from
these databases together with key
reference material would be broken
up into suitable portions and fed
into a text recognition tool which
will analyse them and will pass
the data back to the Mind palace
service for further processing.
Thus the interrelations between
the geometrical features and the
degradation mechanisms would
be derived. After analysing the
selected files, the tool will produce
a map between the degradation
mechanisms and the geometrical
features of each commodity. The
data from each analysis will be
stored in standard file formats
and passed to the a database
residing on a server. These files
will include the occurrence of each
degradation mechanism on each
geometric feature and a link to the
source file in which this was found.
The stored data will be presented
in the form of a heat map that
summarizes this interrelation in
an easy to digest form. The data
file will be structured in a way that
will enable users to query the data
easily and develop different views
depending on their needs.
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The TES Knowledge Hub and
TES Strategy Development
The TES Knowledge Hub and
TES Strategy Development
Following the dinner in mid-2014 at
the Institution of Mechanical Engineers
in London an event was organised in
parallel to the 2014 TES conference
in November. Seven key themes were
identified at the dinner. These were
Knowledge Management, Lifecycle
Management and Lifecycle Extension,
Technology Innovation, Supply
Network, Human Resources, SocioTechnical issues and the Defence
Context. The first four of these themes
were selected for detailed discussion
at the conference session. The
findings of the session in the four key
areas explored led to a growing belief
among the industrial and academic
participants that there was a need for a
TES National Strategy.
In May 2015 a further and much
larger workshop was held at the Royal
Academy of Engineering in London
to address this need and move the
debate on. A group of about 70 senior
engineers, business leaders and

government representatives gathered
to collate their views on TES, the
market position, the market needs,
the benefits and challenges, and the
possible Future State that a national
strategy could deliver.
The key questions that addressed
were:
• How important is TES capability
to the UK?
• What are the opportunities for
innovation and development in
TES?
• What are the barriers for realising
these opportunities, at pace?
• What steps might mitigate these
barriers?
The EPSRC Centre commissioned
Raj Mehta, a consultant and former
Operations Director at Bombardier
Transportation and General Manager
at British Airways, to prepare a report
on the international market for TES.
He commented that by 2025, the
global market for maintenance, repair

and overhaul (MRO) services in civil
air will be $89 billion, whilst in the UK
the repair and maintenance (RAM)
industry as a whole, as totalled from all
the SIC codes relating to RAM, will be
worth in excess of £35 billion.
He also pointed out that there is
strong evidence that TES accounts
for high-value employment with wage
rates about one and a half times the
average earnings in engineering. Raj
explained he drew on resources from
the Office for National Statistics, and
defence and aerospace company
annual reports to compile his data.
This report formed the backdrop to
the workshop activities. Delegates
were asked to share and summarise
their most significant issues and
experiences with TES, and then to
write these points on colour-coded
Post-It notes to populate a central
“strategic framework” addressing the
state of TES in 2030, the state in 2015
and the opportunities and actions
to move to the future stare. The
strategic framework was in the form of
a template divided into four layers to
assist the groups’ thinking about the
issues involved:
• Market Context – What are the
driving needs for change?
•
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Value Context – Trends in
regulation, standards or other
policies

“Rolls-Royce and the High Value
Manufacturing Catapult have agreed to
co-chair a national working group”
•

Value Capture – How is value
captured from TES?

•

Value Creation – What are the
key activities and capabilities?

growth / export in high value
manufacturing - If we don’t
continue to lead we’ll lose
•

Government contracts, especially
infrastructure, energy and
transport are critical and could
provide a game changer for
TES and competitiveness in the
future. Government can lead with
value for money in government
contracting

•

Need better cost models
and data: need to move from
“open-loop” to “closed-loop”
business with multi-functional
management and collaborative
behaviors. Needs new skills,
training

This provided a comprehensive
collection of comments from industry
on where TES is, the actions required
and barriers to progress, and a vision
of how the TES industry in Britain
could be.
Delegates were invited to discuss
each other’s outputs and summary
discussions in plenary were held. The
main thematic points identified were:
• In future, customers will only buy
services – product-only providers
won’t exist - leading to polarized
manufacturing – between throwaway and circular economy. TES
is vital for (the missing link for)
sustainability and the circular
economy
•

•

TES creates multi-functional,
high-value jobs (average wages
in engineering services are
one and a half times those in
mainstream manufacturing (Raj
Mehta)

•

The importance of standards and
regulation – need to be enablers
and support cross-industry
knowledge transfer (e.g. aero
/ defence, auto into nuclear /
energy and transport, e.g. rail)

•

Is it a race to the bottom? – we
really need to define cost and
value for TES

The UK leads today. TES is
mission critical for long term

The significant consensus was that a
national strategy could help with all
these main points: there was a big
market that the UK would otherwise
lose out on, and much to commend a
national approach to maintaining the
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UK’s own long-life, complex assets.
A report on the event was produced
and circulated to participants.
Most recently Rolls-Royce and the
High Value Manufacturing Catapult
have agreed to co-chair a national
working group to bring about the
development of this strategy. A
launch event and call for participation
has been held at the Palace of
Westminster in early September
2015 with key representation from
industry, Members of Parliament,
civil servants and academia. Sixty
participants heard of the importance
of TES from Sir Peter Gregson,
Vice-Chancellor and Chief Executive
of Cranfield University, Chris White
MP and Barry Sheerman MP, cochairs of the parliamentary all-party
manufacturing group and a panel
of industrial and research specialist.
The panel comprised of David
Benbow of Rolls-Royce, Vaughan
Meir and Alan Murdoch of BAE
Systems, Rob Cowling of Bombardier
Transportation, Mark Claydon-Smith
of the Engineering and Physical
Sciences Research Council, Dick Elsy
of the HVM Catapult and Rajkumar
Roy of Cranfield University.

New Industrial Interactions

BSI, Standards and TESClub
Standards
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Most of the work this year has been
undertaken through interaction
with relevant BSI Committees and
through two Cranfield student projects (a group project and individual
thesis) two industrial workshops
and a key word survey of existing
standards undertaken by BSI’s
Knowledge Centre. The second of
the industrial workshops held during
Cranfield’s “TESConf 2014” has, in
particular, added understanding of
the through-life engineering services
issues that may be mitigated through
development of new standards in
this field and has provided some
further validation of the overall scope
and content for the proposed new
framework standard.
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Year three saw the development and
partial validation of a sophisticated
value map through consultation with
key stakeholders including the SMEs
in TESClub. The overall intent has
been to explore gaps in the coverage
of current standards for through-life
engineering services, develop an
understanding of the potential scope
of application, and to develop an
understanding of the subject matter
and content for key new standards —
and for a new framework standard in
particular.

Law / Legistlation Context

Ris

In year one BSI’s membership funded
a third year student group project
which developed a (part) reference
list for Standards applicable to TES
and made recommendations as
to an (emergent) taxonomy. Year
two reported on the feasibility of
developing a National Strategy
for Standards in TES and made
recommendations about how BSI
and TES Centre might progress
implementation of the high level
strategy proposed.

Set / Optimise
Resources

Effective
Contracting
Mechanism

Set / Optimise
Logistics
Model
Overall Costs

uo us I m prove m

en

t

IT Implementation

Value Co-Creation Landcape

The work for year four is currently in hand and has comprised:
1. Testing the value map: in-depth industry interviews to test the four main
capability elements suggested in the value map and to identify excellent
practice in each element
2. Map current Standards: a student thesis project, if agreed, will review
existing standards (identified during year #3) for applicability and map these
to the four main capabilities
3. Report: bring 1) and 2) together into a final report making specific
recommendations for implementation in year five
4. Standardisation of TES Centre project work: assist in the route to adoption
of TES Centre No Faults Found (NFF) and Thermography projects’ output into
new Standards through liaison with BSI Committees and facilitating academic
staff.
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TES Tool Development and
TESClub

MAIN
TEN
EN
CE
TOO
UPGR L

AD
ES

SIG N

P R OT OTY

AND
ING N WITH
T
S IO
TEIDAT IENTS
L CL
A
OR
V HE
SIS
T
LY LTS
A
U
AN RES

4. B
UIL D

PE

K
OR
HW
C

DE

T PROTOTYPE

T

TES

3. S
E
TB
EN

SET TH
EE
ND
T
AR
G
E

IDEN

BEN TIF
EF Y
ITS

ENTATION
LEM
P
IM
5.

U

EMENT
QUIRSIS
RE
2. ANALY

BILITY STUD
ASI
Y
FE
R

TS
MEN
IRE
QU

6.
SU
ST

PT DEFINIT
ION
NCE
CO

N
AI

U
EQ

The map was tested with developers of
tools both from within the Centre and
from previous programmes, such as
KT-Box (a knowledge transfer tool box
created under an EPSRC collaborative
knowledge transfer award).

1. INITIATION
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R
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ST ENTS
SY IREM

As a number of the EPSRC Centre’s
key projects reach maturity the utility
of their findings is being enhanced by
the development of tools for throughlife businesses. Several TESClub
members expressed interest in tools
in the fields of NFF and Systems
Engineering. A student group project
was established to determine the best
way to develop such tools and define
a generic process map shown below.

Generic tool development problem

“The second industrial
workshop has added
understanding of TES issues
that standards could help”
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Babcock International
A New Core Centre Member
Babcock is the UK’s leading
engineering support services
organisation. It has about 26,000
skilled staff who design, build,
manage, operate and maintain assets
that are vital to the delivery of many
key public services, both in the UK and
overseas. Babcock operates in the
defence, energy, telecommunications,
transport and education sectors and
has revenues of over £4.5bn in 2015
and an order book of circa £20 billion.
Babcock had previously sponsored
three new PhD students in the Centre
and in early 2015 decided to increase
their investment to become a full core
member with representation on the
Centre’s Executive and its Advisory
Board. Babcock have committed to
three years full membership starting on
1st May 2015. The two key subsidiary
companies that will actively participate
in the Centre are Devonport Royal
Dockyard Ltd and Babcock Integrated
Technology Ltd.

The ongoing PhD work covers three
key areas:
• The design and development of
a decision support framework
embedded in a software tool for use
in an asset management operations
centre. The project evaluates likely
asset management techniques and
processes and aims to develop state
of the art approaches for the future.
• The application of simulation to aid
design for equipment availability
focuses on building a software tool
framework to estimate and trade-off
the Defence Lines of Development
(DLoDs) to facilitate contracting for
availability at the bidding stage of
defence contracts.

commercial, technical and
procedural opportunities arising
from developments in (ALM),
with particular focus on an asset
management or service support
business. It aims to develop the
means to compare and contrast
alternative business models enabled
by such technology, and develop
cost modelling tools for use in
managing a spares and repairs
business where the option to print
new (or repair existing) parts would
be possible using ALM technology.
The EPSRC Centre and the company
are currently discussing new projects
to be launched under this membership
agreement.

• Cost modelling for Additive Layer
Manufacturing (ALM researches

“Babcock has revenues of over
£4.5bn in 2015 and an order
book of circa £20 billion”
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Impact Acceleration Award
Researchers: Rohit Kavade,
Isidro Durazo-Cardenas,
Piotr Sydor
Academic Supervisor:
Andrew Starr, Andy Shaw
Industrial Partner: Jaguar Land
Rover
Introduction
The Centre applied for and won
an Impact Acceleration Award in
collaboration with Jaguar Land Rover
(JLR). The general objective of these
awards is to accelerate the transfer
of research results from academia to
industry generating a higher impact
of the research. Cranfield University
was awarded an overall grant by the
Engineering and Physical Sciences
Research Council (EPSRC) to facilitate
this. There are two mechanisms
available under this grant. The first is
the development of higher technology
readiness level demonstrators
which can help to commercialise
the research outputs. The other is to
second a researcher into an industrial
company to facilitate the transfer of
technology or know how. This award
was of the latter type.

The Project

from various professional backgrounds
including defence, civil aviation, land
transport and automotive.
NFF most often exhibits itself when
electronic units are returned to the
vendor for check after removal to
resolve a product system fault under
a warranty, but subsequently pass all
assessment tests and are returned
(often with a bill) with a ‘No Fault
found’ classification. This phenomenon
increases the life-cycle costs of
systems. But, despite its prevalence,
step-change improvements are scarce
and hence the lack of cost impact data
means that dealing with the problem is
unlikely to be escalated. Since “what
gets measured gets done”, there is
a need for a generic tool that can be
used (within any industry) to evaluate
an organization’s ability to deal with
the problem. JLR have had a “war
on warranty” campaign within their
organization where NFF has been
recognized as a major problem that
must be addressed.
The NFF team have been developing
a benchmarking tool to assess the
capability of an organisation to deal
with the NFF problem. Until late 2014
this work had been confined to our key
industrial partner, Rolls-Royce. This

Established in 2011 at the start of the
Centre the core project in No Fault
Found (NFF) has had a set of key
research goals. These have been
focused on identifying the impact
of the NFF problem in industrial
engineering services, researching the
root causes and effective solutions
and promoting best practice. Since its
inception, the group has been actively
involved with maintenance engineering
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award has created the opportunity to
extend this tool to a different industrial
sector of high value manufacturing
and hence adapt it to suit. A major
outcome for the Centre will be in
learning how to transfer key research
outputs from one sector to another.
Project activities and work plan in JLR
include:
• Defining the diagnostic activities that
achieve the purpose
• Defining the key success indicators
for each activity
• For each indicator defining the
difference between world class,
competitive and basic capability
• The benchmarking tool can
be developed further into an
improvement opportunity toolset by
linking key improvement activities to
each activity and/or indicator.
The project aim is to develop a
software tool that can be used to
benchmark Jaguar Land Rover’s ability
to tackle the NFF problem. It will allow
JLR to identify the minimum level of
non-value added activities within its
maintenance department which can
still achieve the desired outcomes.

New Industrial Interactions

Warwick Analytics
Aerospace Root Cause
Analysis (ARAC)
Project Team:
Researchers: Jonathan Pelham,
Piotr Sydor
Academic Supervisors:
Chris Hockley, Andy Shaw
Industrial Partners:
Warwick Analytics
Background
There are significant challenges and
costs in aerospace Maintenance,
Repair and Overhaul & Logistics
(MRO&L) in terms of identifying,
resolving and preventing issues
quickly leading to significant cost,
delays and ultimately safety. This
is due to a number of factors:
increasing complexity of systems,
interrelatedness of distinct issues and
challenges with analysing the data.

MRO&L data are typically collected
manually either written or through
computer forms. There are also sensor
“Internet of Things” live conditionmonitoring and asynchronous
diagnostic data which are collected
and typically in disparate formats.
Written data are often semantically
incorrect due to different
interpretations and understanding
of a problem or symptom and
sometimes syntactically incorrect
too (i.e. mistakes). This can make
it difficult to get to the root cause of
issues and therefore resolve them or
predict/prevent maintenance in the
future. The state of the art is for data
to be manually cleaned, reinterpreted
and classified by hand so that it can
then be used. This is a laborious and
ultimately flawed process. Linking it to
sensor and diagnostic data is almost
impossible by current means.

Warwick Analytics has been
successful in winning an InnovateUK
Development of Prototype project
which builds on their previous
successful Proof of Concept
project to create a new industry
solution Aerospace Root Cause
Analysis (“ARCA”) using ‘real-world’
unstructured, dirty, heterogeneous
aerospace data to resolve the root
causes of issues in real-time, ultimately
leading to cost effective solutions
in MRO&L to enable effective,
automated, predictive and preventative
maintenance, tackling one of the
largest aggregate costs in the industry
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EPSRC Centre’s Role
The Centre has won a sub-contract
to this work and is undertaking firstly
to assess the current technology’s
capability in a commercial environment
being able to assist ‘decisionsupport’ i.e. what actions operators
should take (and when and why).
This is so that the technology can be
adjusted and developed accordingly.
Secondly it is recommendation as to
the ideal embodiment for ARCA as a
commercially viable product so that
it is easy to implement and/or retrofit
and/or use, with as wide applicability
across different users and companies.
There is also an apparent specific
synergy to apply the Information
Retrieval against No Fault Found
analyses being conducted to assess
and validate the pros and cons of
different approaches.

HS Marston
Degradation study of heat
exchangers using
thermography
Researcher: Pavan Addepalli
Academic Supervisor:
Rajkumar Roy
Industrial Partner: HS Marston
An MSc student group project
was sponsored by a company to
study degradation and its effects in
aerospace grade heat exchangers. An
initial failure analysis of most common
degradation mechanisms was
performed based on publicly available
literature and interviews with engineers
in the company. A test rig capable of
carrying out lifing analysis of an air-toair heat exchanger was designed and
built. Thermal cycling was identified
as the major reason for failure. The
test rig is incorporated into the EPSRC
Centre’s environmental test chamber
which is capable of cycling between
-40 and +120°C at rates of up to
10°C per minute. To date this work
has produced three industrial reports
for the company and a conference
paper. The test parameters to perform
the lifing analysis are currently being
investigated in order to develop a test
plan that will help identify common
degradation mechanisms occurring in
serviced parts.

Air-to-air test rig design showing various components of the test rig.

The heat exchanger lifing test rig in the EPSRC Centre’s Studio Laboratory

“The Centre’s environmental test chamber is
capable of cycling between -40 and +120°C at
rates of up to 10°C per minute.”
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Composite damage detection and damage
growth monitoring using thermography
Background
Researchers: Pavan Addepalli,
Andy Shaw
Academic Supervisors: Phil Irving
Industrial Partner: dstl
The centre has successfully won
a commercial contract to develop
a process for and then carry out
an experimental investigation and
characterisation of damage growth
in composite samples subjected to
fatigue. Initially, the work involved the
development of test procedure to
cyclically test the complex shaped
test coupons. This involved measuring
of the surface of the test coupon
and designing and manufacturing
a complex shaped jig and fixture.
Fatigue behaviour obtained from a
finite element model was then used to
estimate initial test loading conditions.
Various load conditions were applied
to test the integrity of the test coupon.
In order to monitor damage growth
resulting from fatigue cycling, the test
coupon was examined using a pulsed
thermography system. Currently the
work is concentrated on establishing
the final set of testing parameters that
will help understand the integrity of the
component. It is anticipated that the
results from the pulsed thermography
system will be validated against a 3D
X-Ray CT scan technique.

“The Centre won a contract to develop
an investigation process for complex
geometry composites”
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The Operations Excellence Institute
Overview

The Operations Excellence Institute
was founded in 2014 with funding
from the Higher Education Funding
Council for England (HEFCE) and
industrial partners. The aim of the
institute is to strengthen the skills and
capabilities of the UK manufacturing
sector. In order to do this the Institute
develops technologies such as
Augmented Reality (AR) and Virtual
Reality (VR) so as to deliver innovative
training and education. One such
initiative is through blended-learning
and interactive teaching. The Institute
has also founded a Manufacturing
Cooperative to help Small and
Medium-sized Enterprises (SMEs)
collaborate in order to bid for large
contracts.

Multi-level learning projects

Dr Paul Jones - Multilevel-project
Coordinator, Operations Excellence
Institute, Cranfield University

From feedback that we have received
from both Staff and Students of our
partner institutions it is clear that the
students have gained a great deal
from the projects. From the technical
point of view the students have worked
with:

Other transferable skills include:

• Production Line design using
simulation software
• 3D printed system assembly
• Product design with particular
emphasis on maintenance and
manufacturability
• Hands on assembly tasks including
decisions on production flow and
build
• Teaching from internationally known
academics in the fields of
production, manufacturing product
design and simulation
• Experienced Virtual reality and its
uses in design and simulation of
maintenance tasks and training

One aspect that is particularly liked
by the students is the fact that they
get to work with others at different
phases in their educational careers
from apprentices, undergraduate and
post graduate students. We have
found the students to be attentive
and willing to learn and there is good
communication between them. It
has been noticeable that university
students have been surprised by the
high level of input from the college
and school participants and that it has
helped to show that having different
perspectives on a problem can be a
very powerful tool.

One and three day events called
‘Multi-level learning projects’ are used
to accomplish this. The purpose of
these projects is to bring students from
different educational backgrounds
(Apprentice, A level, Undergraduate,
Masters and PhD) together to
work on collaborative projects. It is
intended that the students gain an
understanding of the importance of
each background in contributing to the
overall operation of the organisation.
To improve students’ appreciation of
the different skill sets and knowledge
held by colleagues within a work
place, and preparing them better for
their future employment. This is be
done using a series of highly practical
interactive student led activities and
practical projects.
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• Presentation
• Communication
• Team work
• Networking

“Training packages have been
developed for mixed qualification
level teams as key STEM outreach”

Academic Partners:

Kimberley College, Stewartby,
Bedfordshire
University of Hertfordshire
Milton Keynes College,
Buckinghamshire
Cranfield University

The Learning Studio

The Institute provides development
of industry-scale Augmented Reality
applications in service, maintenance,
inspection and remote support. We
enable research and development
in “Real-life AR”, connecting with
the Internet-of-Things (IoT) and
Secure Cloud for data exchange. Our
recent work includes applications
for healthcare, obsolescence and
asset management scenarios, where
Augmented Reality has been used
to provide real-time visualisation for
guided tasks.
We offer a unique large-scale online
Cloud Collaboration facility that can
reach a world-wide audience of
500+ participants to enable remote
learning, hosted events and real-time
crowd-sourcing that empower your
workforce and re-establish competitive
manufacturing. Cloud Collaboration

offers you a chance to share your
partnership with Cranfield University
and connect with others around the
globe.
The lab offers a 3D stereoscopic largescale projection display, with precision
infrared tracking, powerful workstation
visualisation enabling group
collaboration of engineering CAD
data within a virtual world. A team
of engineers can navigate a virtual
environment, select and manipulate
component parts in real-time,
facilitating decision-making through all
stages of the project life-cycle.
Alongside, a fully immersive Head
Mounted Display system allows the
freedom and flexibility to move around
within a precision tracked virtual and
augmented reality. The 3D perspective
adapts to the users position and
orientation within the scene, coupled
with hand-held 3D controllers to
enable accurate manipulation of CAD
data. Both systems can connect to
each other to enable full collaboration
within a virtual environment.
Hardware
• ART Trackpack optical tracking
system
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• NVIS ST50 VR/AR headset
• Flystick2 3D mouse
• Oculus Rift VR headset
• Dell NVIDIA Quadro K5000
workstations
• Double Telepresence Robot
• 9 screen NEC video wall
• Optoma HD projector
• Dual screen breakout displays
• Google Glass Explorer
• Epson Moverio BT-200
• Makerbot Replicator2 3D printer
• DAVID Laser scanner
Software
• Virtalis Visionary Render
• Lanner Witness
• AnyLogic 7
• PRICE Systems TruePlanning
• VidYo Video Conferencing
• Blackboard Learn
• Custom application development

Outreach

The Operations Excellence Institute
To date, the Institute has conducted
a number of MSc, PhD, AMSCI and
Innovate UK funded projects. One of
the projects involved designing and
developing an AR a solution which
provides surgeons with a real-time 3D
display of the hard and soft tissues
to facilitate accurate cancer removal
in complex anatomical areas intraoperatively. The developed system
helps surgeons to understand:
complex anatomical relationships; the
boundaries of diseased areas; the
implications of resection and surgical
planning for reconstruction. As shown
below, the surgeon can overlay MRI/
CT scan type results on the patient
and have a better understanding of the
boundaries of a tumour that needs to
be removed.

The unique nature of this work is the
ability to integrate the simulation model
in an immersive world as represented
in VR.
In common across the projects,
various benefits are experienced
including cost reduction, effective
completion of tasks, and deskilling
complex tasks. The future interests
for the Institute around visualisation
include: digital testing, adaptive
training by monitoring student
performance, and enhancing human machine interaction.
The exploitation of AR and VR
technologies in the course devising
new approaches to training for
perform complex manufacturing and

The Institute is also conducting
research in to how complex
manufacturing and maintenance
tasks can be deskilled using AR. As
an example this involves developing
mobile solutions (e.g. iPad based)
that are based on turning a user
manual in to a virtual step-by-step to
process to follow. An additional project
is exploring how AR can be used
to assist with remote maintenance.
This project aims to develop a
demonstrator using a mobile device to
apply Augmented Reality that allows
remote maintenance activities.
Another project that the Institute has
hosted focused on using discrete
event simulation to explore alternative
manufacturing process flows to
maximise the number of products
developed in a gene-therapy setting.
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maintenance tasks opens up the
possibility of creating an audit trail
for learning outcomes (e.g. in the
context of tasks that fall within the
scope of safety hazard legislation or
regulation), and potentially provide
training organisation with a basis for
qualitative comparison of alternative
training approaches (e.g. the cheapest
training solution may not necessarily
be best value-for-money). The institute
is currently in discussion with potential
partners in industry to pursue these
emerging opportunities.
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TES Award
Late November saw the annual
Manufacturing Directors’ conference
followed by the annual Manufacturer
of the Year Awards. Once again this
year the TES Centre sponsored our
own award and hosted two tables at
the dinner with guests from our key
industrial and academic partners.
The winners of our award were
ENER-G Combined Power. The clean
energy technology group beat three
other finalists to win our Through-life
Engineering Services Award.
ENER-G was established in Salford,
Greater Manchester in the 1980s and
throughout the past 20 years, the
company has grown rapidly – both
organically and through strategic
acquisitions. This growth has allowed
today’s ENER-G Group to achieve
a strong global presence in the
energy industry, with a workforce of
approximately 750 people across 17
countries including the Netherlands,
Norway, Italy, Spain, Romania, Poland,
Hungary, South Africa, Mexico and
USA.

The judges were impressed by ENERG’s skill in developing and maintaining
robust cogeneration systems that
achieve outstanding availability,
predictability and reliability with low
costs over a long lifetime.
Heather Foster, National Service
Manager of ENER-G Combined Power
Ltd, said: “We’re proud to be a British
manufacturer and to gain respect and
recognition for our excellence. ENERG’s specialist in-house engineering,
manufacturing and maintenance
skills enable our products to operate
at peak performance and to have a
longer than average operational life.
While 12 to 15 years is the normal
lifecycle for a CHP machine, many of

ENER-G’s systems last well beyond
15 years, with a number of 25-year old
machines still in operation.”
The TES Centre is proud to sponsor
one of The Manufacturers esteemed
awards. The four 2014 finalists of the
Through-life Engineering Services
award were:

• Alba Power
• Babcock International Group
• ENER-G Combined Power
• Rolls Royce
Previous winners were Rolls Royce
and Monarch Aircraft Engineering.

ENER-G provides organisations across
the globe with energy management
services, sustainable technologies
and renewable energy solutions, to
help them intelligently generate, buy
and manage energy. They aim to help
their customers reduce their energy
consumption, carbon emissions and
improve energy efficiency, with the
ultimate goal of cutting costs and
meeting environmental obligations.
The ENER-G team and Professor Roy at the awards
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TES Conference 2014
The third International Conference in
Through-life Engineering Services,
TESConf 2014, was held over two days
at the Vincent Building on the Cranfield
campus in Bedfordshire in November
last year. Over one hundred delegates
listened to forty eight peer reviewed
presentations of papers in 12 themed
sessions.
The following keynotes were
presented:
“Advanced Technologies in Life Cycle
Engineering” Prof Rainer Stark and
Hendrik Grosser, Fraunhofer IPK Berlin

as an output, recreating the original
technical data.
“Technology – What do we want, when
and why now?” Maureen McCue,
Head of Research and Technology,
BAE Systems Military Air and
Information

Professor Stark’s research focused on
how long-service items – specifically
printed circuit boards (PCBs) – can
be repaired or remanufactured when
the original schematics are lost. The
project used computer tomography
(CT), optical scanning and electrical
testing to create the input for a smart
3D-analysis tool. The three inputprocesses are combined in a threestage master process which generates
schematics and the bill of materials

Maureen McCue examined how
a prime Original Equipment
Manufacturer (OEM) manages
innovation – new ideas and technology
development – in a large company
with business targets and shareholder
requirements. She emphasised that,
despite BAE Systems’ ample access
to “technology resources” (i.e. smart
people and engineering skills), the
company always demands the
business case directs the technology
development.
“Advanced maintenance services for
promoting sustainability” Professor
Benoit Iung, CRAN, University of
Lorraine
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Professor Iung discussed the
challenges faced by industry by
moving from existing business
models – based on productivity
and profitability metrics – to one
that includes these while adopting
more sustainable manufacturing and
maintenance practices. He discussed
the transition from a conventional
industrial system to an industrial
eco-system and outlined its key
principles and levers. He explored
innovative/advanced maintenance
services that are more able to achieve
industrial eco-system requirements
and his research concluded these can
promote sustainability.
“Impact of Novel Material Processing
Methods on Component Quality,
Life and Performance” Professor I
S Jawahir, Institute for Sustainable
Manufacturing, University of Kentucky
Professor Jawahir described recent
advances in novel manufacturing
techniques involving cryogenically-

assisted processing such as
machining, burnishing and friction-stir
processing, on a range of metal alloys
to achieve enhanced product quality,
life and performance at component
level. Material removal processes can
lead to severe plastic deformation
on the surface and subsurface of
components. Temperature is a key
factor that influences these material
characteristics. Cooling the surfaces
artificially, by delivering liquid nitrogen
to the cutting area, slowed the effect
of high temperatures and improved
material wear, corrosion and fatigue
resistance.
Two industrial academic workshops
were held as a key feature of the
conference with academics and
industrialists exchanging views on
the themes of Standards for TES and
Obsolescence Management. A parallel
Knowledge Hub event also took place.
“Fast Path Finding System with
GPGPU Computing for Replacement
Tasks in Plant Maintenance” Professor
Yoichi Nonaka, Hitachi, Ltd., Yokohama
Research Laboratory, Yokohama,
Japan
Professor Nonaka explained that
plant constructors maintain their plant
using health diagnosis and replacing
faulty or deteriorating units such as
pumps. This maintenance business
is a very important revenue source as
its profit margin can be much higher
than that of new plant construction.
To help this business respond, a
fast automatic path finding system
for unit replacement tasks has been

developed. The system uses 3D-CAD
model data of a plant to develop
interactive planning operations. It finds
the optimal carry-out/carry-in path for
the replacement tasks automatically,
by creating a collision configuration
posture map of the replacement
component at each point on a path.
The huge number of calculation steps
needed to create these maps are
achieved by a parallel computing
process on GPGPU (General-Purpose
computing on Graphics Processing
Units) hardware. Test results show the
algorithm is over 200 times faster than
conventional serial computing and
has now been employed in at number
power plant sites.

Best Paper Award
The Best Paper Award went to “Crack
repair of single crystal turbine blades
using laser cladding technology” by
B. Rottwinkel, C. Nölke, S. Kaierle,
V. Wesling from Laser Zentrum,
Hannover, Germany
The dates for TESConf 2015 were set
and invitations issued to delegates
to come to Cranfield for the 4th
International Conference later this year

“Recreating original
technical specifications when
schematics have been lost”
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Summer School
The third Through-life Engineering
Services Summer School ran from
the 8th to the 12th of June this year.
This intensive four and a half day
programme again had a strong
international flavour with delegates
from the Fraunhofer IPK in Germany
and the University of Twente in the
Netherlands. Not to be outdone UK
Universities outside Cranfield provided
another four delegates with two from
Birmingham and two from Nottingham.
We also had a mature course delegate
from our industrial partner company
Copernicus Technology who brought
a wealth of RAF and industrial
experience to the programme.
extensive hands-on sessions with
the Centre’s technical equipment
including Pulsed Thermography
and Acoustic Sensor Arrays for
structural health monitoring were
reinforced with lectures and business
games delivered by key industrial
and academic experts. The School
covered topics across Through-life
Engineering Services including a
specialised industrial examination of
the degradation of aerospace heat
exchangers and the application of
the Internet of Things to Through-life
Engineering Services.

Solid tutoring/delivery team
Gained valued logistical/
management/technical info.

Use them to progress my future
career

Big well done to everyone involved

Thanks for a brilliant, friendly and
useful week

My broader appreciation of TES will
help me to focus my research on key
areas of benefit/value

Great overview of field with good
practical sessions – understand how
it works

The course has been a superb
experience bringing together
individuals from across academiaand
industry

Gives me the tools to further
understand what is going on and how
things work – kind of a crash course

I will definitely use some of the
techniques I havelearned for my
research area
The short course is very well
organised and I will recommendit to
my colleagues at my organisation
Good staff support; Good
accommodation; Good presenters
Got new ideas for my research topic

As in previous years the delegates
enjoyed a visit to the Shuttleworth
Collection of flying veteran and
vintage aircraft where they were able
to discuss first hand with the staff the
problems and issues with keeping
aircraft up to 100 years old flying.
Some key lessons in obsolescence
management were underlined by this
visit, which was followed by the course
dinner at a nearby Inn. At the end of
the school delegates were presented
with a certificate of completion and
made the following comments:
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I think there is enough material for
another week
I will now have a different mindset
approaching the goal of my PhD
It was a very useful and pleasant
experience. Thank You!

TES Doctoral Programme
Cranfield’s Through-life Engineering
Doctoral Training Programme (TESDTP) is the world’s first cohort based
doctoral level training programme in
through-life engineering. TES-DTP has
been created to offer research and
training opportunities in this rapidly
growing field for future technology
leaders through a three-year PhD or
four-year DEng doctoral programme.
In collaboration with the EPSRC Centre
and other relevant research units of
Cranfield University, TES-DTP students
are being supervised by leading
experts through individually tailored
training programmes. Students have
access to state-of-the-art facilities
including the Through-Life Engineering
Services Studio and the Operations
Excellence Institute’s virtual and
augmented reality suites.

TES-DTP offers a variety of events
and opportunities for training such
as induction days and team building
courses, the TES Summer School
and a series of structured industrial
visits. TES-DTP students can also
participate in the annual international
Through-life Engineering Services
conference (TESConf) to widen their
knowledge and grow their network.
The first cohort was stood up in
October 2014 and a training week
was organised in February 2015 with
eight students from Cranfield and
other Universities.

With doctoral students in the Centre
being sponsored by Rolls-Royce,
BAE Systems, Babcock International
and Kennametal amongst others the
need for a cohort based approach is
clear. Students are able to undertake
learning opportunities which include:
• Taught modules of MSc Through-Life
System Sustainment

Refresh
Recover and
improve value

• Online courses in Obsolescence
Management
• Online courses in Cost Engineering

Working
together to
profit from
best value
in use

• Short courses in Non-Destructive
Testing for Maintenance
• Short courses in No-Fault-Found
• Training modules in transferable
skills.

Use
Maximum value
in use
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Create
Potential
value in
design
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Featured Researchers
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Featured Researchers

Dr Piotr Sydor

Dr Madhu Sachidananda

Stefano Tedeschi

Dr Piotr Sydor is a Research Fellow
with the Centre for Advanced
Systems and the EPSRC Through-life
Engineering Services (TES) Centre.
Piotr has a professional background
in electronics, control systems,
diagnostics, prognostics, IVHM
systems, and Systems Engineering.
He has industrial and academic
experience in automotive and
aerospace sector. Prior to joining the
Cranfield University Piotr worked at
the Coventry University and Jaguar
Land Rover company, where he
carried out research on control
systems, development of diagnostics
and prognostics algorithms, and
optimisation of hardware-in-the-loop
real-time simulation models.
Piotr is involved in collaborative
research with Industrial Partners
on Improvement of System Design
Processes for Whole-Life Costs
Reduction. He is investigating
processes of Life-Cycle Cost (LCC)
estimation and impact of LCC on
the Complex System Design and
System Architecture. Piotr is also
involved in research on the topic of No
Fault Found (NFF) and its impact on
aerospace and automotive industry.
Piotr also provides teaching and
supervision to MSc group projects
and MSc individual project Students at
Cranfield University.

Dr Madhu Sachidananda is a
Research Fellow at Cranfield University
since October 2014 leading a
research in sustainable healthcare
funded by Advanced Manufacturing
Supply Chain Initiative (AMSCI). Her
research involves working with various
stakeholders in the healthcare domain
to develop an optimum system to
produce and commercialise genetherapy products using manufacturing
system simulation, risk and uncertainty
modelling, system design, and
lean manufacturing techniques.
Her research interests include
manufacturing system simulation and
visualisation, mathematical modelling,
Virtual Reality and Augmented Reality.

Stefano is a PhD Researcher
sponsored by Kennametal. His area
of research is in remote maintenance
in order to minimise downtime of
machine tools through improved
maintenance management. This
shall be achieved through capturing
live machine data and transferring
that data securely into a Cloud
environment for further processing.
This will be demonstrated using
the DMG Mori CNC turn-mill centre
NT1000/W which they made available
for this research. The PhD focuses on
developing a secure data acquisition
unit and intelligent data analysis tool
for remote maintenance.

Madhu holds a PhD in Sustainable
Manufacturing and an MSc in
Advanced Manufacturing Engineering
and Management from Loughborough
University. Her PhD focused on
developing a novel framework and an
optimiser tool based on MCDM (MultiCriteria Decision Making) methodology
to support water reduction decisions
in process manufacturing industries.
Prior to joining Loughborough
University, Madhu spent a number of
years working as a Technical Writer
in software services industry liaising
with clients such as AutoDesk, Texas
Instruments, Hewlett Packard. She
has a BEng degree in Industrial
Engineering and Management from
Visvesvaraya Technological University,
Bangalore, India.
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Before joining Cranfield, Stefano
worked for a metalworking company
where he was involved in production
management.
Stefano has an MSc degree in
“Mechanical Engineering” specialized
design and manufacturing from
University of L’Aquila, Italy. He has
written a thesis entitled: “Flexible
Borescope Thermography Inspection
System” while at Cranfield University

Dr Nikolaos Tapoglou

Matthew Caffrey

Sam Court

Dr Nikolaos Tapoglou joined Cranfield
University in 2013 as a Research fellow
in Sustainable Manufacturing. His
current research activities focus on the
development of Cloud manufacturing
services primarily targeted towards the
simulation and optimisation of cutting
processes, manufacturing simulation
focusing on the calculation of in-process characteristics and manufacturing informatics and analytics targeted
towards monitoring and analysis of
degradation data. In addition to his
researcher role, he delivers lectures on
several MSc courses in Manufacturing.

Matthew has over 30 years’ experience
in Engineering and Manufacturing,
predominantly in the electronics
industry working for leading OEMs
such as Siemens and BAE Systems
and many SMEs. He served a five year
technical with Hawker Siddeley and
worked on the technical planning for
the engine control systems for Type 21
Frigates and Type 42 Destroyers. He
has a depth of experience in new build
and support for existing fleets and thus
has a strong grounding in Through-life
Engineering Services.

Sam Court is the Software
Development Engineer and Lab
Manager for the Operations Excellence
Institute where together with his
colleagues he has been instrumental
in establishing the Learning Studio.
Specialising in Augmented and Virtual
Reality software development, his work
contributes to the Institute objectives
for training, research and industrial
applications.

Prior to joining Cranfield University,
Nikolaos worked as a Research
Associate in the Technical University
of Crete where he gained his PhD in
2012. His PhD research focused on
the simulation of the gear hobbing
process and the investigation of the
effect of cutting parameters in the final
properties of the produced gear as
well as the calculation of the cutting
process characteristics. He also has
an MSc in Production Systems and
a Diploma in Production Engineering
and Management.

More recently Matthew was the
General Manager of a company
producing low power, small form factor
computers for use in the medical
instrument, transport and high value
home automation markets, a precursor
to the internet of things. Matthew holds
vocational qualifications in electronics
together with an honours degree
from the Open University focused on
commercial subjects and a Master of
Business Administration from OUBS.

Nikolaos is a member of the Technical
Chamber of Greece and an Associate
Fellow of the Higher Education
Academy.
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Sam is a Computer Scientist with
experience in mobile, web and
application development. His
expertise includes Computer Vision,
Augmented and Virtual Reality with
current focus on cross-platform mobile
development, wearable technology
and online education. He oversees the
technology provision within the lab,
ensuring that it is fully functional for our
research and educational applications.
He has a BSc Honours degree from
Aston University and a career that
spans the Arts, Media, Humanities,
Medicine and Manufacturing sectors.

Featured Researchers

Dr Paul Jones

Rohit Kavade

Jonathan Pelham

Paul Jones is a research fellow within
the Operations Excellence Institute,
OEi, and has been at Cranfield for
11 years. His current role is split into
two areas; firstly he is responsible
for the development, co-ordination
and delivery of the OEi Multi-level
learning projects. These projects bring
together students and apprentices
from different academic backgrounds
(A-level through to post graduate) to
work in teams on practical industrially
related projects. Paul also lecturers
on various MSc courses mainly on the
subject of nanostructured systems
and their applications. His other
area of interest is applied research
which he undertakes in the fields of
Nanotechnology, the Internet of Things
and robotics, where he has published
a number of journal papers.

Rohit is a research assistant working
on the No Fault Found (NFF) project.
His research mainly focuses on the
NFF issues in the automotive sector
and Jaguar Land Rover (JLR) are the
main partners of this project. The aim
of the project is to develop a NFF
impact avoidance benchmarking
tool in order to identify the key
success indicators and non-value
added activities within automotive
maintenance department.

Jonathan Pelham has a BEng in
Aerospace from Sheffield University
and a Postgraduate Certificate in
Robotics from the University of
Western England. He is completing a
PhD in the Integrated Vehicle Health
Management Centre at Cranfield
University. His PhD research focus
is the application of IVHM techniques
to Remotely Piloted Aerial Systems.
He has a wide variety of industrial
experience from sources as diverse as
McLaren Racing and the UK Queen
Elizabeth Class aircraft carrier project
where he was more recently the Lead
Engineer for Fire Detection systems.

Before coming to Cranfield Paul
worked in industry for 11 years as
a design and project engineer in
the areas of Industrial Robotics,
Telecommunications and military
Radar. Paul has a BEng degree in
Electronic/electrical Engineering, two
MSc’s one in Advanced Automation
and Robotics and the other in
Microsystems and Nanotechnology.
He also has a PhD in Nanomaterials
and is a Chartered Engineer.

Rohit has also worked as a design
engineer at the research and
development centre of KPIT Cummins.
He was responsible for mechanical
product design and system integration
for hybrid electric vehicles. He has
an MSc in Product Development and
Management from Cranfield University
and a bachelor’s degree in Mechanical
Engineering from University of Pune.
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In his role as a Centre Research Fellow
Jonathan is investigating the use of
machine learning and data analytics to
better understand the phenomenon of
No Fault Found within the maintenance
records of military aircraft and the
use of this family of methods in
maintenance and mishap analysis.

Industry Partners
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