ISSN 0269-0225

OF

INSTITUTION
DIAGNOSTIC
ENGINEERS

No. 199 Winter 2020/2021

Diagnostic Engineering
RESOLVE
THROUGH
KNOWLEDGE

THE JOURNAL OF THE INSTITUTION OF DIAGNOSTIC ENGINEERS

How can
Blockchain be
used to solve
the growing
e-waste
problem?
Stainless steel
for scrubbers
So just how risk
averse are you?
Check your cooling
performance
The Future of
Wearables could be
Electronic Tattoos

www.diagnosticengineers.org

Sacrificial anodes...
...a waste
of Engineering
money?1
Winter 2020/2021
Diagnostic
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Management Team
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Could it
be you?

The Institution of Diagnostic Engineers
President, Eur. Ing. Jeffrey CascianiWood, has made a plea for two
members to step forward to join the
council on a voluntary basis.
The work is not onerous and requires
attendance at an online Zoom meeting
four or five times a year, one of which
will be the legally required Annual
General Meeting.
New Council applicants must be either
a Full Member or a Fellow.
If you would like to know more about
what’s involved, or wish to put your
name forward,please apply by email
to Bill Parker at the Head Office on
bill.parker@diagnosticengineers.org

It is your institution and it needs your help.
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INSTITUTIO N O BJ E CTI V E S
The objects of the Institution are:
• To promote the education and training of persons whether resident in
the United Kingdom or elsewhere in all matters relating to diagnostic
engineering and allied technologies.
• To establish and maintain contacts with persons and/or organisations
concerned with the employment of diagnostic engineers and consultants.
• To arrange consortia of specialist diagnostic engineers to perform specific
advisory/consultancy projects as required.
• To develop and promote the science, practice and business of diagnostic
engineering and allied technologies.
• To encourage and improve the technical, financial, business, managerial
and general knowledge of all persons engaged in the practice of fault and
failure diagnosis, condition monitoring, post-mortem examination, accident
investigation and allied activities.
• To compile and classify information and particulars relating to the expert
services rendered by members of the Institution.
• To disseminate information and particulars relating to the expert services
rendered by members of the Institution.
• To stimulate efficiency in diagnosis and to elevate the position of those
connected therewith in skilled practical employment.
• To foster intelligent appreciation of the facilities existing for the provision of
education and research.
• To facilitate the exchange of information, ideas and practice by the
publishing of such information as shall be of interest to diagnostic engineers.
• To render advice and aid in the exploitation of inventions and to make
known their nature and merits.
• To assist in obtaining employment and to help engineers and others to find
competent staff.
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Definition:
A ‘Diagnostic Engineer’ shall be any
person capable of contribution to
the art or science of determining the
existence of a problem in a machine,
plant, system or structure and/or
appraising the cause(s) of a failure which
may have taken place and/or assessing
the condition or vulnerability of such
machine, plant, system or structure either
during use or while under development.
Interpretation:
It is accepted that through a diagnostic
capability or a special knowledge of
a failure and deterioration modes,
reliabilities and hazards a person will
be able to contribute to a satisfactory
assessment of the causes of a defect and
able to contribute to the identification of
remedial action to cure the defect and
prevent failure.
Motivation:
Employers are invited to recognise that
persons who have joined have shown
distinguished interest in developing and
extending their technical skill.
Activities:
The Institution shall arrange periodically:
– Local, national and international events
of benefit to members either face to
face or online
– Occasional publication of newsletters
for members
– Quarterly publication of the
Institution’s magazine, Diagnostic
Engineering

www.diagnosticengineers.org

Edition 199 of the Diagnostic Engineering Journal is long overdue
for which my apologies; but I hope you will find something in this
edition to inspire and energise your mind.
The first thing you will notice about edition 199 is that it has gone
through something of a major makeover and transformation. At
52 pages, it is bigger in size than you are used to (and is likely
to grow further still with future editions). This edition has an
expanded news section, details of relevant forthcoming events,
as well as the usual varied mix of feature articles. It is available to
read in pdf format as always, but the journal is also now available
to browse in eReader format too. We plan to settle into a more
regular and committed publication schedule in 2021.

Welcome from
the Chairman

The new look Diagnostic Engineering Journal is part of other
significant changes that the Institution is currently undergoing
and planning as we look to rebrand and enhance the value of
membership for the benefit of all. As part of the rebranding
exercise, you will notice we have a new inspiring and modern
looking logo, incorporating our collective talisman ‘The Thinker’.
The Institution’s new look does not stop with the Diagnostic
Engineering Journal either. As part of the remake, we have
developed a bright and shiny new website, which is not only
eye catching, but which will, in time, develop into the most
valuable online resource where members can pick up the latest
news, browse back issues of the journal and read relevant
feature articles. Additionally, we plan to build and give you
free access to those invaluable resources I referred to that may
well help you in your day to day work and research. So, keep an
eye out for further developments. If you have the old website
address saved in your browser, it will now automatically
redirect when clicked to the new one, which can be found at
www.institutiondiagnosticengineers.org.
The Institution’s Council members would welcome your
feedback on the changes we have made so far. Please do take
a moment to drop Chief Executive Officer, Bill Parker, an email
at admin@diagnosticengineers.org with your thoughts. If you
have suggestions to make, please let us have them as we would
welcome them.
Watch this space for further announcements as they come on
stream in 2021.
Resolve through knowledge.
Regards
Elliott Berry

Dip.Mar.Sur., RMS., RMC., FIIMS., F.IDiag.E., MNI., AMRINA., ARSPH., NACE

www.diagnosticengineers.org
www.diagnostic
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Continuing on the theme of hydrogen powered transport
developments, aviation firm, ZeroAvia, has completed the
world’s first hydrogen fuel cell powered flight of a commercialgrade aircraft In what has been hailed as a landmark moment
for low carbon flight.
The flight took place at the company’s R&D facility in Cranfield,
with the modified Piper M-class six-seat plane completing taxi,
take-off, a full pattern circuit, and landing.
In a statement ZeroAvia said that the fight marks a major step
towards the use of zero-emission hydrogen as the primary
energy source for commercial aviation. The company claims
that ultimately hydrogen-powered aircraft will match the
flight distances and payload of the current fossil fuel aircraft.
ZeroAvia’s hydrogen-electric powertrain is projected to have
lower operating costs than its jet-fuelled competition due to
lower fuel and maintenance costs.
The flight was conducted as part of the UK government
HyFlyer project – a collaborative effort involving ZeroAvia, the

Image courtesy of ZeroAvia

World’s
first
hydrogen powered commercial
plane takes off from Cranfield
I N D U ST RY N E WS

European Marine Energy Centre and Intelligent Energy aimed
at demonstrating low carbon powertrain technology that could
replace conventional engines in propeller aircraft. It follows
the UK’s first ever commercial-scale battery-electric flight,
conducted in the same aircraft in June.
Through this project, Intelligent Energy is optimising its highpower fuel cell technology for application in aviation whilst
EMEC is supplying green hydrogen for the flight tests.
Val Miftakhov, CEO, ZeroAvia said: “While some experimental
aircraft have flown using hydrogen fuel cells as a power source,
the size of this commercially available aircraft shows that
paying passengers could be boarding a truly zero-emission
flight very soon.”

www.mfhire.co.uk
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DENSO launches League of True Mechanics
e-learning training initiative

Water and salt hidden inside
cement walls could be used to
provide low-cost heat when
needed, researchers have said.

The DENSO Aftermarket team has prepared an interactive e-learning platform
for technicians, with the aim of helping them in their personal development.
Being a web-based programme, technicians will be able to study whenever
they have some free time, as the system ‘remembers’ which page they are at
and re-opens the course where they finished last time.
DENSO Europe, Pan European Strategic Marketing Manager, Fatiha Laauich,
explained: “Just as DENSO pushes the boundaries in the development of its
products and systems, the DENSO Aftermarket team is always trying to bring
something new, which is a goal that’s clear to see with our interactive technical
training solution.
“Designed to help mechanics to better understand and resolve problems, as
well as improve their technical knowledge concerning DENSO products, the
e-learning platform is accessible to anyone who has basic understanding of
mechanical processes.
“Parts distributors, students or even teachers at technical schools and colleges,
as well as other replacement parts professionals who want to develop or
deepen the personal technical knowledge can also have access to the on-line
courses. All can register, complete the technical training, run tests and obtain a
personalised certificate upon their successful completion.
“In addition, technicians can join the “League of True Mechanics” – a league
in which, as part of the training, technicians from UK and Ireland can collect
“DENSO coins”, to have the opportunity to be among the top 10 technicians and
be rewarded with valuable prizes such as SONOS speakers, Bose headphones,
Toyota Gazoo Racing jacket and many more.”
For more details about the programme visit https://bit.ly/2SVYS2j.

Recently, following successful
trials in Germany, the Alstom
developed hydrogen powered
Coradia iLint made its debut on
Austria’s rail network.

New research shows the
number of females applying for
engineering courses has almost
doubled in the last 10 years, up
by 93.51%.

HYSTER has launched its new
J7.0–9.0XNL forklift series with
fully integrated lithium-ion
batteries. The zero-emissions
electric lift trucks with 7-9 tonnes
of lift capacity offer comparable
diesel engine performance and
rapid opportunity charging.

Iberia Airport Services handling
unit has recently deployed new
environmentally green pushback
tractors to move aircraft in the
Madrid and Barcelona airports.

www.diagnosticengineers.org
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UK’s first hydrogen
train makes mainline debut

The HydroFLEX fuel-cell powered train. Photo credit: Birmingham University

The HydroFLEX project, developed through a collaboration
between Birmingham University and industry partners, has
been supported with a £750,000 grant from the Department
for Transport. It follows almost two years’ development work
by the university’s Birmingham Centre for Railway Research
and Education (BCRRE) and rolling stock firm Porterbrook.
The train used in the trials is a converted Class 319 dual voltage
train fitted with a hydrogen fuel cell that enables it to run
purely on hydrogen on non-electrified routes. Unlike diesel
trains, hydrogen-powered trains do not emit harmful gases,
instead using hydrogen and oxygen to produce electricity,
water and heat.
Professor Stephen Jarvis, Head of the College of Engineering
and Physical Sciences at Birmingham University, said:
“BCRRE is setting the pace for rail innovation both in the
UK and globally. The HydroFLEX project is a great example
of how world-class R&D, together with the right industry
partnerships, can deliver decarbonisation technologies that
are both innovative and practical.”
Jarvis added that the current testing paves the way for the core
technology to be fitted to current in-service trains by 2023.
“Successful mainline testing is a major milestone for HydroFLEX
and is a clear demonstration of the important role hydrogen
has to play in the UK’s rail industry,” he said. “Through BCRRE
and Porterbrook, we are looking forward to delivering this
technology into the UK transport market, ensuring a cleaner
future for our railways.”
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The next stages of HydroFLEX are underway, with Birmingham
University developing a hydrogen and battery powered
module that can be fitted underneath the train, which will allow
for more space for passengers in the train’s carriage.
The start of the trials coincides with the announcement by
transport secretary Grant Shapps of an ambition to turn the
Tees Valley in the North East of England into a hub of excellence
for hydrogen transportation.
The Department for Transport has commissioned a masterplan
– that will be carried out by Mott MacDonald – to understand
the feasibility of the hub and how it can accelerate the UK’s
ambitions in hydrogen.
Expected to be published in January, the masterplan will pave
the way for exploring how green hydrogen could power buses,
HGV, rail, maritime and aviation transport across the UK. The
aim would then be for the region to become a global leader in
industrial research on the subject of hydrogen as a fuel as well
as an R&D hub for hydrogen transport more generally.
The latest announcement follows a number of recent key
developments in hydrogen powered train technology. Last
month, following successful trials in Germany, the Alstom
developed hydrogen powered Coradia iLint made its debut on
Austria’s rail network. Meanwhile, a number of other hydrogen
train projects are also underway in the UK, most notably
Alstom and Eversholt Rail’s Breeze project, which is developing
hydrogen trains that could be in service by 2024; and an
effort led by UK rolling stock manufacturer Vivarail, which is
developing a modular hydrogen train based on retired London
Underground stock.

www.diagnosticengineers.org

TMD Friction launches software solution to
help garages document and evidence the
quality of their work
TMD Friction has worked in partnership with GaraShield to develop a
documentation platform in the workshop for the workshop. The solution can
be used directly on the vehicle, supports the individual work steps digitally, and
offers intuitive operation including:
- The mechanic will find a clear task description with all the necessary
process steps for the specific vehicle model, regardless of whether it is an
inspection or a repair being carried out;
- GaraShield features an interactive user interface: the work steps carried out
can be confirmed with a click, and vehicle defects and/or faulty parts can
be described and documented with photos;
- GaraShield can be integrated into existing IT solutions and this information
can be made available in real time to everyone involved: internally to
procure the right spare parts and to design the job handover reliably, for
example, or externally to inform the customer about the status of their
repair at any time.
Garage Owner, David Poole, who has an in-depth knowledge of everyday
working life in a garage, came up with the idea for the digital tool. He said: “The
mechanic working on the lifting platform decides whether a system is good or
not. If they are impressed by the processes and the handling, then they will be
happy to use it.”
Soeren Kristensen, Vice President Global Marketing & Communication at
TMD Friction, said: “As attitudes towards cars change, the fleet business will
become increasingly important. Personal contact between the garage and the
individual vehicle owners will continue to decline, which means that a key pillar
in the customer acquisition process is lost for the independent garages.
“To ensure enough business in the future too, the independents need to win
over the fleets, which have very unique requirements when it comes to quality
assurance in garages. Transparency is essential if the independent garages are
to become an alternative for the fleets in the first place. Only in this way can
they prove that they have the required qualifications and work quality, which
are the most important criteria when it comes to being competitive.”

ZF Aftermarket is urging garages to
check all safety-relevant suspension
and steering components during
routine winter inspections.
Babcock Wanson has released the
latest Combustion Engineering
Association boiler guide
–’‘Thermal Fluid Systems - A
Practical Guide for Safe Design,
Operation and Maintenance’.
Bridges in the US and other highincome countries are ageing
and deteriorating due to global
warming. One of the most common
problems involves expansion joints.
These allow sections of a bridge to
swell and shrink in warmer weather
without weakening the structure.
But they cause major structural
problems if they malfunction.
A collaboration between Siemens
Digital Industries and chemical
manufacturer Lianhetech Seal Sands
is laying the foundations for a digital
future at its plant on Teesside.
A University of London research
team has transferred the idea of
fish scales to ‘bio-inspired’ arrays
that could reduce skin friction
drag by more than 25% – therefore
boosting aircraft speed and
reducing fuel consumption.

www.diagnosticengineers.org
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Super-hot machines could
stay cool by ‘breathing’
In the era of electric cars, machine learning and
ultra-efficient vehicles for space travel, computers
and hardware are operating faster and more
efficiently. But this increase in power comes with
a trade-off – they get super-hot. To counter this,
University of Central Florida (UCF) researchers are
developing a way for large machines to “breathe”
cooling blasts of water to keep their systems from
overheating. The process is much like how humans
breathe in air, which cools the body, said lead
author Khan Rabbi.

UCF mechanical and aerospace engineering researchers are developing
new ways to cool machines and electronics (Image credit: Karen Norum,
University of Central Florida Office of Research).

“Our technique used a pulsed water-jet to cool a hot titanium
surface,” said Rabbi. “The more water we pumped out of
the spray jet nozzles, the greater the amount of heat that
transferred between the solid titanium surface and the water
droplets, thus cooling the titanium. Fundamentally, an idea
of optimum jet-pulsation needs to be generated to ensure
maximum heat transfer performance.”
The water is emitted from small water-jet nozzles, about
10-times the thickness of a human hair, that douse a hot
surface of a large electronic system. The water is collected in a
storage chamber, where it can be pumped out and circulated
again to repeat the cooling process. The storage chamber in
the study held less than 300ml of water.

Applications for the system could include cooling large
electronics, space vehicles, batteries in electric vehicles and
gas turbines, said Rabbi.
The researcher said there are multiple ways to cool hot
hardware, but water-jet cooling is a preferred method
because it can be adjusted to different directions, has good
heat-transfer ability and uses minimum amounts of water or
liquid coolant.
It has drawbacks however, specifically either over or
underwatering, which results in floods or dry hotspots. The
UCF method overcomes this problem by offering a system
that is tuneable to hardware needs, so the correct amount of
water is applied where it is needed.

‘Rocket man’ uses jet suit for flying paramedic trial in Lake District
Development on the world’s first patented jet suit
began in 2016. Made of 3D-printed aluminium,
steel, titanium and polymers, the device has five
turbines offering 1,050-1,500hp. Using jet A1 fuel
or diesel, it has a flight time of 5-10 minutes, a top
speed of 120km/h and an altitude limit of 12,000ft.
“It was wonderful to be invited to explore the
capabilities of the Gravity Jet Suit in an emergency
response simulation and work alongside the team
at GNAAS,” said Browning.

Richard Browning makes the flight in the Langdale Pikes
(Photo credit: Great North Air Ambulance Service)
An inventor and engineer has flown his Iron Man like jet suit
in a simulated paramedic response to a remote emergency,
potentially paving the way for life-saving flying responders.
Gravity Industries founder and chief test pilot, Richard
Browning, made the flight in collaboration with the Great North
Air Ambulance Service (GNAAS), travelling from the bottom of
a Lake District valley to a simulated casualty site on The Band,
near Bowfell. The jet suit covered the distance in 90 seconds,
much quicker than an estimated 25-minute walk.

10 Diagnostic Engineering

Winter 2020/2021

“We are just scratching the surface in terms of
what is possible to achieve with our technology.
Emergency response is one of the areas Gravity
are actively pursuing, alongside launching a new commercial
training location at the world-renowned Goodwood Estate.”
Andy Mawson, director of operations and paramedic at
GNAAS, identified the Lakes as a possible location for a jet
suit paramedic after hearing of Mr. Browning’s work and then
studying the charity’s call-out data.
“It showed dozens of patients every month within the complex
but relatively small geographical footprint of the Lakes,” he
said. “We could see the need. What we didn’t know for sure is
how this would work in practice. Well we’ve seen it now and it
is, quite honestly, awesome.”

www.diagnosticengineers.org

New hybrid 3D printing technique can print
both plastic and metal, producing objects
with combinations of both.
Developed at Waseda University in Japan, the technique aims to overcome
the limitations of the most popular 3D printing process. In fused filament
fabrication, plastic or metal is melted and extruded through a small nozzle by
a printer head, before immediately solidifying and fusing with the rest of the
piece. However, because the melting points of plastics and metals are very
different, the technology has been limited to creating objects of either metal
or plastic – until now.
“Even though 3D printers let us create 3D structures from metal and plastic,
most of the objects we see around us are a combination of both, including
electronic devices,” said Professor Shinjiro Umezu, who led the study. “We
thought we would be able to expand the applications of conventional 3D
printers if we managed to use them to create 3D objects made of both metal
and plastic.”
In the conventional approach for combining plastic and metal in 3D-printed
objects, plastic objects are printed before being submerged in a solution
containing palladium (Pd), which adheres to the object’s surface. The piece is
then submerged in an electroless plating bath that, using the deposited Pd as
a catalyst, causes dissolved metal ions to stick to the object.

A project to integrate hydrogen
technology into 50 trucks will
complete this year, a milestone that
introduces the world’s first hydrogen
truck fleet.
Manufacturer of arc-welding
technology EWM AG says more
companies are relying on ewm
Xnet, its digital Welding 4.0 quality
management system, so it is now
offering users the opportunity to
integrate welding machines from
any manufacturer.
Humidity control specialist, Condair,
is offering a free 10-point guide
to improving productivity in food
manufacturing through better
humidity management. Clain your
free copy at https://bit.ly/37gVk2T.

While the researchers said that approach is technically sound, they said it
produces a metallic coating that is non-uniform and adheres poorly to the
plastic structure.
In the new hybrid method, a printer with a dual nozzle is used – one nozzle
extrudes standard melted plastic (acrylonitrile butadiene styrene, or ABS) and
the other extrudes ABS loaded with PdCl2. By selectively printing layers using
one nozzle or the other, specific areas of the 3D object are loaded with Pd.
Electroless plating is then used to finish the object, giving a plastic structure
with metallic coating over selected areas.
The team found the adhesion of the metal coating to be much higher when
using their approach. Unlike the conventional method, the new approach
does not require roughening or etching of the ABS structure to promote the
deposition of the catalyst.

www.diagnosticengineers.org

Composite engineers at the
University of Sheffield have been
praised by Airbus Defence & Space
for the speed, efficiency and
accuracy of their work on critical
satellite components during the
COVID-19 lockdown.
BMW has issued a global recall of all
of its plug-in hybrid models due to
concerns that a battery fault could pose
a fire risk. Engineers found problems
with foreign contaminants, which may
have been sealed into the battery packs
themselves during production.
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Fish scales could be the unlikely
key to reducing aircraft drag
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The research team, led by aerodynamicist Professor Christoph
Bruecker at City, University of London, has transferred the idea
of fish scales to ‘bio-inspired’ arrays that could reduce skin
friction drag by more than 25% – therefore boosting aircraft
speed and reducing fuel consumption.
Through biomimetic study, Professor Bruecker’s team
discovered that fish scale surfaces produce a zig-zag motion
of fluid in overlapping regions of the surface of the fish, which
in turn causes periodic velocity modulation and a ‘streaky flow’
that can eliminate Tollmien-Schlichting wave induced transition.
The result reduces skin friction drag by more than 25%.
The team used computational fluid dynamics (CFD) to examine
oil flow visualisation. Studying the flow pattern over the
surface revealed an unknown effect of the scales, described
as ‘a mechanism to generate a regular pattern of parallel
streamwise velocity streaks in the boundary layer’.

Water and salt hidden inside
cement walls could be used to
provide low-cost heat when
needed, researchers have said.
A team at the Polytechnic of Turin and the Italian National
Research Centre developed the new material, with cement
working as a ‘host matrix’ for salt and enabling thermochemical
energy storage.
Heating homes and workplaces is responsible for a third of
all energy consumed in Europe, the team said, 75% of which
is supplied by fossil fuels. While renewable energy will help
reduce emissions, it is not always readily available when
needed – there is less solar energy available in the dark and
cold winter months, for example.

Oil flow visualisation was done on sea bass and common carp
to prove the mechanism’s existence on real fish. The authors
then hypothesised a possible mechanism for transition
(or drag) delay, inspired by previous studies, where streaky
structures generated by cylindrical roughness elements or
vortex generator arrays have shown a delay of transition.
The team tested the hypothesis of drag delay with a smooth,
flat plate and a flat plate covered with biomimetic fish scale
arrays in a specially equipped laminar water tunnel at the
University of Stuttgart.
According to a research announcement, the findings “run
counter to the common belief that roughness promotes bypass transition. Instead, the scales largely increase the stability
of the base flow, similar to an array of vortex generators.”
Recreating such patterns on aerodynamic surfaces could pave
the way towards a drastic reduction in fuel consumption and
future zero-emission flight, the announcement said.

Low cost storage methods can help overcome this issue, and
thermochemical methods could be a promising approach.
“Try to dissolve a good amount of salt in a glass of water… what
you will notice is that the glass heats up with some salts and
cools down with others,” said first author Luca Lavagna from
Turin. “A similar phenomenon is at the basis of our materials,
with the difference that instead of liquid water we use aqueous
vapor, without dissolving the salt. The aqueous vapor interacts
with the salt and produces heat. Once completely hydrated, it
will be possible to revert the salt to the starting state by a simple
drying process, that allows us to eliminate the surplus water.”
Zeolites are a promising material candidate for such a system,
but they can cost dozens of pounds per kilogram – too expensive
for heating buildings. Instead, the team focused on cement as a
host matrix, thanks to its low cost and high availability.
The total cost of the materials is very low, and the energy cost
is reportedly lower than most materials used already. The team
said it shows “extraordinary stability”, even after hundreds of
heating/ cooling cycles.
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Suzuki outboard motor collects ocean micro-plastic while cooling engine

Aimed at contributing to the fight against marine plastic
pollution, the device takes advantage of the structure and
workings of motors to collect waste from the water.
The collecting device is installed to an outboard motor return
hose, through which tonnes of water flow after being pumped
up and around the engine as coolant, before being returned
to the ocean. A filter inside the device collects micro-plastic
waste as the water flows through. Suzuki research carried out
in Japan identified materials such as urethane, nylon and even
wood chip.
“Through this device, micro-plastic waste around the water
surfaces can be collected just by running the boat,” a Suzuki
press release said.

The micro-plastic collection device (Photo credit: Suzuki)
The company is doing further research with the device in
other parts of the ocean, and aims to make improvements.
The release said it plans to introduce the device as an optional
part from 2021, before incorporating it as a standard feature.
Although the device could reduce micro-plastic levels in the
water around a boat, it is unclear how significant its overall
contribution will be given the scale of the challenge. According
to research carried out by the Plymouth Marine Laboratory
there could be more than 3,700 particles per cubic metre of
water, although other estimates are far higher when taking
‘mini-microplastics’ into account.

Exeter to lead circular economy centre for technology metals
Led by experts from the Camborne School of Mines, the Interdisciplinary Circular Economy Centre in Technology
Metals is one of five new centres announced by the government. Funded as part of a £22.5m government
investment, it will explore how to create a circular economy for technology metals including cobalt, rare earths
and lithium that are present in technologies including electric cars and wind turbines.
In a statement, project leader Professor Frances Wall said: “We have been looking for this opportunity to join
up across the value chain for a while. Individual research projects can only go so far in solving the problem of
sustainable supply and use of these specialist materials.”
The Centre brings together experts from the Universities of Exeter, Birmingham, Manchester, Leicester and the
British Geological Survey, as well as 40 partner companies and organisations.
The research will start with a case study of the industry ecosystem in Cornwall, where exploration projects
for the technology metals lithium, tin and tungsten give the region an opportunity to lead in ‘whole systems
circular economy actions’.
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M E M B E R N EWS
Free Biological Attack on Iron
& Steel guide written by the
DIAGS President, Eur Ing Jeffrey
Casciani-Wood
Marine surveyors and engineers working in the maritime
environment will, in particular, be familiar with common iron
rust whatever form is takes. The literature on the subject of
electrochemical or galvanic corrosion is enormous. However,
although the phenomenon is well known to the mining and oil
industries where it causes millions of dollars’ worth of damage
annually, biological attack is not so widely understood in the
marine world.
Macrobiological attack is the phenomenon of mussels,
barnacles, slimes, grasses and seaweeds attaching to a vessel
hull or structure. These items do
not usually cause serious harm
to the metal but they can and do
slow the boat down and increase
the fuel consumption. However,
there is a different kind of
corrosion which is also found on
ship hulls, particularly those lying
in water such as canals or rivers
containing decaying vegetable
matter. Few people are aware
of the problem or realise it is
caused by microbiological attack,
or metal worm.

How was the backup
vehicle sensor invented?
DIAGS members, as well as others around the world, may
have wondered what it was that first gave the inspiration
for the development of the vehicle sensor. Many newer cars
have a backup sensor that warns the driver before the rear
bumper actually comes in contact with something.
But who invented this sensor?
You are probably thinking it was the great team of researchers
at Ford, or maybe General Motors, perhaps even Chrysler?
Wrong.
Or perhaps it came from one of the most prominent
European car manufacturer’s R&D teams, Mercedes Benz.
Nope. Or was it a leading French or Italian car manufacturer?
No.
The idea came from a Japanese farmer named Kawasaki.
His invention was simple and effective. It emitted a high-pitch
squeal just before the vehicle itself backs into something.
And here’s exactly how the idea came about - see image below.

Metal worm is a highly unpredictable process but under the
influence of microorganisms, corrosion processes can happen
in a matter of months compared to the years it would take for
ordinary abiotic corrosion to reach serious proportions.
Download Biological Attack on Iron & Steel in pdf format at
https://bit.ly/2HlFNEf.
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D I AG S E V E N TS

Forthcoming international events calendar

DECEMBER 2020

Here is a selection of upcoming events that will be of interest to members of
the Institution. Most (if not all) will offer an online joining option due to the
COVID-19 pandemic.
Keep an eye on the Institution’s website at https://bit.ly/2FxH4Yb which will
be updated often with other relevant conferences, events and symposiums.

International Conference On
Mechanical And Aerospace
Engineering
Date: 4-5 December
Location: Hamburg, Germany
For details go to
https://bit.ly/3dAGgOP

JANUARY 2021

International Conference on
Aerospace Metrology and Electronic
Instrumentation
Date: 10-11 December
Location: New York, USA
For details go to
https://bit.ly/3k61t5B
International Conference On
Instrumentation And Control
Systems
Date: 12-13 December
Location: Dubai, UAE
For details go to
https://bit.ly/341pJ3d
International Conference On Trends
In Mechanical Engineering
Date: 12-13 December
Location: Dubai, UAE
For details go to
https://bit.ly/3nZjcOq
International Conference On
Intelligent Systems Design And
Applications
Date: 12-15 December
Location: Auburn, USA
For details go to
https://bit.ly/3jath7W
World Conference On Applied
Science Engineering And Technology
Date: 13-14 December
Location: Dubai, UAE
For details go to
https://bit.ly/37b6fv7

World Conference On Cyber Security
And Ethical Hacking
Date: 2-3 January
Location: Singapore
For details go to
https://bit.ly/37ja3ua

International Conference On
Humanities, Psychology And Social
Sciences
Date: 18-20 December
Location: Oxford, UK
For details go to
https://bit.ly/3kg6sAI
International Conference On Civil
And Architectural Engineering
Date: 19-20 December
Location: Edinburgh, UK
For details go to
https://bit.ly/3dvJNOs
International Conference On
Control, Automation, Robotics And
Vision Engineering
Date: 19-20 December
Location: Edinburgh, UK
For details go to
https://bit.ly/2H9fYqO

World Congress On Information And
Communication Technologies
Date: 16-18 December
Location: Auburn, USA
For details go to
https://bit.ly/2IBYwfq

International Conference
On Chemical And
Biochemical Engineering
Date: 19-20 December
Location: Oxford, UK
For details go to
https://bit.ly/3dwgPhg

International Conference On
Chemical And Biochemical
Engineering
Date: 17-18 December
Location: Denver, USA
For details go to
https://bit.ly/3dydZsi

International Conference On Recent
Innovations In Engineering And
Technology
Date: 19-20 December
Location: Oxford, UK
For details go to
https://bit.ly/37djM5A
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International Conference On
Advanced Energy Materials And
Research
Date: 3-4 January
Location: Hamburg, Germany
For details go to
https://bit.ly/3o4hxHN
International Conference on Flight
Safety and Aviation Security
Date: 7-8 January
Location: Tokyo, Japan
For details go to
https://bit.ly/2Fz0Tyl
International Conference on
Advanced Aerospace Engineering
and Atmospheric Turbulence
Date: 11-12 January
Location: Singapore
For details go to
https://bit.ly/3k7soOs
Reservoir And Water
Flood Symposium
Date: 12-14 January
Location: Abu Dhabi
For details go to
https://bit.ly/2FyVWWp
International Conference on
Advanced Aerodynamics and Fluid
Mechanics
Date: 14-15 January
Location: Zurich, Switzerland
For details go to
https://bit.ly/344FeY8
Maternal Fetal Imaging - Advances
In OB-GYN Ultrasound
Date: 15-17 January
Location: San Antonio, USA
For details go to
https://bit.ly/2H3Mawa

www.diagnosticengineers.org

International Symposium On
Connected And Autonomous
Vehicles
Date: 15-17 January
Location: Singapore
For details go to
https://bit.ly/31ehYFw
International Conference On Civil
And Building Materials
Date: 21-24 January
Location: Singapore
For details go to
https://bit.ly/3k3ulM5
International Conference On Green
Energy And Technology
Date: 23-24 January
Location: Miami, USA
For details go to
https://bit.ly/3k7sS7w
International Conference On
Automotive & Vehicle Aerodynamics
Date: 24-16 January
Location: Paris, France
For details go to
https://bit.ly/357LJJn

International Conference on
Aeroelasticity and Aerodynamics
Date: 8-9 February
Location: Amsterdam, Netherlands
For details go to
https://bit.ly/3k7D67J
International Conference on Design
and Analysis of Hybrid Air Vehicles
Date: 15-16 February
Location: Dubai, UAE
For details go to
https://bit.ly/31fcNFn
International Conference on Blast
Resistant Buildings and Bridges
Date: 18-19 February
Location: Jeddah, Saudi Arabia
For details go to
https://bit.ly/3k6E301
International Conference on
Advances in Flight Test Engineering
Date: 18-19 February
Location: Rome, Italy
For details go to
https://bit.ly/3j4Mtna

International Conference On
Computing And Data Science
Date: 27-28 January
Location: Stanford, USA
For details go to
https://bit.ly/2H7biCf

FEBRUARY 2021
International Conference On
Biotechnology And Food Science
Date: 2-4 February
Location: Lancaster University,
Lancashire, UK
For details go to
https://bit.ly/2SW51vo
International Conference On
Sustainable Energy Engineering
Date: 3-5 February
Location: Singapore
For details go to
https://bit.ly/31cMLme
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International Conference
On Information Science
And Systems ICISS
Date: 17-19 March
Location: Edinburgh, UK
For details go to
https://bit.ly/33ZXq5j
International Conference On
Medical Imaging And ComputerAided Diagnosis
Date: 25-26 March
Location: Birmingham, UK
For details go to
https://bit.ly/2T1hdLk
European Advanced Educational
Technology Conference
Date: 27-29 March
Location: London, UK
For details go to
https://bit.ly/2T1hYEa

APRIL 2021
5th ICSTR London –
International Conference
on Science & Technology
Research
Date: 29-30 April
Location: London, UK
For details go to
https://bit.ly/3k3CQGT

International Conference On
Robotics And Smart Manufacturing
Date: 28-29 January
Location: Philadelphia, USA
For details go to
https://bit.ly/2H7rqn4
International Conference on Aircraft
Composite Structures
Date: 28-29
Location: Dubai, UAE
For details go to
https://bit.ly/3nVOQwi

International Conference on
Intelligent Vehicles and Engine
Components
Date: 11-12 March
Location: Miami, USA
For details go to
https://bit.ly/37bPiAL

MARCH 2021
International Conference On Fossil
And Renewable Energy
Date: 1-3 March
Location: Houston, USA
For details go to
https://bit.ly/352sXD4
International Injection
Moulding Conference
Date: 3-4 March
Location: Aachen, Germany
For details go to
https://bit.ly/3k5lSrw
International Conference On Control
Engineering & Information Sciences
Date: 4-5 March
Location: Barcelona, Spain
For details go to
https://bit.ly/37cPJus

Small Satellites Conference
Date: 26-27 April
Location: London, UK
For details go to
https://bit.ly/2GUTev9

MAY 2021
Unmanned Maritime Systems
Technology Conference
Date 12-13 May
Location: London, UK
For details go to
https://bit.ly/342F6Zl
Chemical Engineering
And Catalysis World Forum
Date: 17-19 May
Location: London, UK
For details go to
https://bit.ly/3nXMsW4
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Electric Cars (EV)
Harmonics Potential
Problems
A Non
Mathematical
Overview
Whilst not going
into too much
depth, this article
will cover some
of the more
obscure faults.
18 Diagnostic Engineering

by David Regan I.Eng MIET.
Leading Principal Engineer BAE. Retired
The following problems should be considered during the design stages:
1. The effect of the electronic power control circuits on the lifetime/
efficiency of other components, especially the drive motor.
2. The quality of the supply waveform becoming distorted by the car’s
charging system.
3. The problem of high resistance connections causing large voltage
losses in the system.
4. The very rare problem of bearing currents.
5. The problem of excessive braking.
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The majority of manufacturers choose to use variable
frequency drive circuits (3 phase) to control the speed
of the drive motors. These circuits are used in industry
to control the speed and torque of 3 phase induction
motors and brushless d.c. motors.

Motors may overheat and become noisy, torque
oscillations in the rotor may lead to mechanical
resonance and damaging vibrations. Electric motors
experience losses due to hysteresis and eddy
currents set up in the core of the motor, these will be
proportional to the frequency of the current.

All electric motors suffer from a range of faults e.g.
overcurrent causing overheating, overvoltage, damaging
the motor’s insulation, vibration, damaging the integrity
of the fixings and finally overloading, caused by
misalignment or seizure of the mechanical parts.

Since harmonics are at a higher frequency than the
fundamental, they produce higher core losses, this
results in a reduced motor life.
In large/powerful motors, 5th harmonic distortion
causes a counter electromotive force (CEMF) acting
against rotation, usually this has a small effect, but may
be troublesome.

Some of these problems will be obvious and easily
detected, by on board diagnostics, measurements or
visual inspection. Car manufacturers will design all
possible faults out. Some circuits used in today’s electric
cars, suffer from inherent problems, the following are
two examples, the converter used to rectify single phase
ac. to dc. (see fig 1-3) and the inverter, used to change
dc. to 3 phase ac.(see fig 1-2).

Another issue is with electronic resonance, i.e. when the
inductance and capacitance of the system, actually work
to increase the amplitude of the harmonics. Resonant
currents can be so high as to destroy all components
and circuitry.

These circuits are used in most present day electric cars,
both brushless d c. or induction ac. Motors may be fitted.

Other issues include, the impact on the National Supply
Grid, (quality of the waveform) being distorted by the
harmonics produced by the cars charging system (see
fig 3). Usually low pass filters will be fitted to prevent
harmonics /noise passing into the grid. The Electricity
Association recommendations G5/4-1 is a process for
permitting connection of new non-linear loads to the
public electrical supply. If the recommendations are
applied consistently it is unlikely that problems will arise.

The basic problem arising in these circuits is the
production of unwanted non-linear signal, known as
harmonics. These signals can cause overheating in
the cables, drive motor and associated components.
These harmonics are produced by very fast switching
transistors, known as insulated gate bipolar transistors
(IGBT), found in both the converter and inverter.
It can be shown mathematically, that all fast changing
voltages or waveforms, are formed by the sum of
an infinite number of frequencies, related to the
fundamental. There are odd numbers and even numbers
of these frequencies, but fortunately the even harmonics
usually cancel out, so basically can be ignored.

Exact calculation of harmonics for variable frequency
drives is a difficult procedure, as the supply impedance
and the existing harmonic voltages will influence the
magnitude and direction of the current flow in the
rectifier. Part of the voltage which results from the
harmonic producing load, is caused by the voltage
loss in the supply due to individual harmonic currents
generated by the inverter (load). These currents should
be attenuated by the filter.

These unwanted frequencies will decrease in amplitude
as their frequencies increase (see fig 2). Sometimes,
the circuit impedance will attenuate most of the higher
harmonics, unfortunately this rarely happens completely.
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Fig 2

HARMONICS
(LOSS OF AMPLITUDE)

tightening of terminals (check
torque required), incorrect cable
sizing or routing and rust or paint.

And finally, bearing problems,
frequencies higher than 5 KHz
W AV E F O R M R E S U LT
are likely to cause motor bearing
damage, unless protection
measures are applied. Variable
FUNDAMENTAL
frequency drives are inherently
associated with high frequency
common-mode voltages and
currents, which in turn may cause
motor bearing trouble. In large
motors, the winding reactance
(stray capacitance) creates a
path through the motor shaft,
r
d
3
HARMONIC
leading to a circulating current
through the bearings, this current
5th HARMONIC
to earth causes the ball and race
bearings to spark and in turn
7th HARMONIC
transfer metal, known as (EDM)
electrical discharge machining,
eventually seriously eroding the
A harmonic analyser is the most effective instrument
race. This process is manifest as fluting of the race. I can
for performing detailed analysis of power quality to
be prevented by various methods e.g. good grounding
determine the wave shapes of voltage and current on
of the motor stator, improved insulation of the bearings
the respective frequency spectrums. The instrument is
or applying insulating grease. High frequency current
used to provide an analysis of the suspected source.
spikes, found on inverter-fed motor cables can interfere
Using this data, the harmonic ratio function calculates
with other cabling. The communication/data cables
a value from 0% to 100%, to indicate the deviation of
should be at least 50cm away.
non sinusoidal and sinusoidal waveforms. This value
indicates the presents of harmonics. A hand-held
Regeneration is the process by which the motor acts
analyser, with built-in ratio function, is the best for the
as a generator, when the brakes are applied, the motor
technician/engineer.
has a negative torque on it i.e. the road wheels drive the
motor. The voltage produced at the motor terminals is
The Hioki PW3390 power analyser is used to check
used to recharge the high voltage battery. Unfortunately,
electric car performance. It is a high precision broad
there is a downside to this, if the driver uses unnecessary
range instrument. It complies with the Worldwide
or excessive braking an overvoltage can be applied to
Harmonisation Light Vehicle Test Procedure (WLPT).
the power control module and the motor windings,
causing insulation breakdown in the stator. Therefore,
The next matter of this article, is the effect of voltage loss
if a driver uses the brakes more than is really necessary,
in the cars drive system. e.g. 50KW motor with a typical
e.g. tailgating is a common driving fault, and the motor
applied voltage of 650V, will draw a current of 76.9amps.
and its control circuits will have a reduced life.
If the total circuit impedance is 0.1 ohms, the
voltage loss would be 7.69volts, although
this does not seem very
Harmonic waveform
Composite waveform
much compared to the
supply voltage of 650v, it
Fundamental
would cause a reduction of
motor torque leading to a
loss of performance. High
resistance terminations or
Fundamental
junctions will quickly add
wave + 3rd
to the total impedance of
the power cable. These high
Fundamental
values are caused by several
wave + 3rd
factors e.g. Poor electrical
+ 5th
connections, like incorrect

HARMONIC DISTORTION
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The Future of
Wearables Could
Be Electronic
Tattoos
by Paul Nicolaus

New research offers a glimpse
into the future of wearables,
which may use everyday tools
like pens, pencils, and paper to
draw monitoring devices directly
onto skin.

If a fitness tracker reads 8,500 steps
rather than, say, 8,600 over the
course of a day, this type of
imprecision may not be
a big deal. But sensors
meant to track heart
function or other
bodily signals need
to be accurate if they
are going to be used
for diagnostics and
treatment.

Currently,
wearables often
come in the form of
smart watches, activity
trackers, or soft patches
that stick to the skin. While
they have become a useful
way to monitor, prevent, or
treat illness and injury by tracking
physiological information, even the
most flexible wearable sensors do not
move fully with the skin.

www.diagnosticengineers.org

Adhesion or
conformability
issues could lead to
misinterpretation and
misdiagnoses, according to a
team of researchers from the
University of Houston and the
University of Chicago, who revealed
a new drawn-on-skin bioelectronics platform in
a paper published July 30 in Nature Communications
(doi: 10.1038/s41467-020-17619-1).
“The problem facing us and also the whole field is the
motion artifact,” Cunjiang Yu, associate professor of
mechanical engineering at the University of Houston,
told Diagnostics World. When people move around, the
signal quality worsens. Reducing or completely removing
this motion artifact is a huge challenge, he said.
The group’s recently published research, which is
supported by the Office of Naval Research and National
Institutes of Health, tackles this challenge.
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gather more precise data and
transmit that information with
wires or wirelessly.
The wireless monitoring
system, for instance, included
an amplifier, microcontroller,
Bluetooth module, and 3.7 volt
lithium-ion polymer battery.
The amplifier’s electrical leads
were put onto a conductive
tape laminated onto the
drawn-on-skin sensors, and the
microcontroller captured data
via Bluetooth and displayed
that information in real-time.

“Drawn-on-Skin” Electronics

According to the researchers, their work addresses the
problem of gathering accurate biological data while
a person is in motion by drawing sensors and circuits
onto skin.
The original ink is removed from a ballpoint pen and
filled with electronic liquid ink—including conductors,
semiconductors, and dielectrics—that are then drawn
on the skin directly with or without a stencil.
One component of the conductor ink precursor is silver
nanoparticle, Yu explained. Some circuits only require the
use of one ink material i.e. conductors, semiconductors,
and dielectrics whereas other circuits call for more than
one material delivered by multiple pens.
The application is similar to the way anyone would use
a pen to write on a piece of paper or scrawl a phone
number on the back of your hand. And according to
Yu, anyone could handle the drawing process—not just
medical professionals.
Coming out of the pen, the electronic materials are
liquid, and like ink on paper, the electronics dry quickly.
According to the study, after about five minutes of
evaporation at room temperature, the stencil was
removed, and a dry, thin film remained on the skin.
Any imperfections in the drawn-on-skin device can
be corrected by drawing over them. The technology
is capable of tracking physical data such as muscle
signals, heart rate, temperature, and skin hydration.
The interface between the electronic and the skin
is very stable, Yu explained, making it possible to
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The technology offers several
advantages over existing
wearables. “First of all,
you don’t need to create a
traditional wearable device,”
Yu said. With this drawn-onskin technology, you just need
a pen or pens to form a circuit, which means it is both
easy and low-cost. The device is relatively unaffected by
sweat and can be worn while taking a shower, Yu noted,
and if the device becomes damaged it is possible to
repair the circuit.
The technology could be particularly useful in low
resource areas, according to the researchers. And in an
entirely different application, there is potential to speed
along the healing process for skin wounds using pulsed
electrical stimulation. Drawn-on-skin electronics can
flex to fit an injury’s unique shape and size, which may
be useful to soldiers in battlefield settings.
To demonstrate the wound healing abilities, the
research group created skin wounds on the back of
mice and drew electrodes on half of those injuries,
leaving the other half untreated. Histology images
revealed that the treated portion showed only a thin
layer of scab, while the untreated half had a large
scab. Images also revealed that the cross-section of
the treated portion had a narrower wound width. By
day five, the untreated scab width had shrunk from
1cm to .49cm and the treated scab from 1cm to .20cm,
demonstrating accelerated wound recovery.
Because the simple drawing process makes it possible
for people of any background or knowledge level
to create drawn-on-skin electronics, the researchers
believe further development and optimization could
ultimately result in a new, easy, and accessible
healthcare tool.
Duncan McClure, a biomedical engineer who was
not involved in the study, said the work presented by
Yu and colleagues is significant in the sense that it
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demonstrates drawn-on-skin electronics that function
in standard conditions is possible.

packaging. These savings can potentially be passed
along to the end customer.
In terms of potential drawbacks, nanoparticle sensors
tend to require tight tolerances for the amount
deposited and the layer thickness to work, he noted,
and there appears to be no guarantee of either when
using a pen to stencil a circuit onto the skin. “I would
be concerned too much or too little ink may adversely
affect the sensor’s output,” he added.
Although he acknowledged that he has no
special expertise in wound care, McClure
also voiced concern about the potential for
infection if this technology were to be used
for wound healing purposes in particular.

Using Pencil and Paper
In a similar endeavor, researchers at the
University of Missouri, University of IllinoisChicago, University of Illinois UrbanaChampaign, and Yale University have
demonstrated that pencils and paper could
be used to monitor personal health in a study
published in the journal Proceedings of the
National Academy of Sciences (doi: 10.1073/
pnas.2008422117). One day, according to their
vision, people could simply pick up a pencil and
draw a bioelectronic device onto their skin.

“I think the diagnostic implications of such a drawto-skin circuit would be the potential for very lowcost diagnostics, especially in resource-poor areas,
assuming usable results can be obtained easily,” he
told Diagnostics World. Compared to the wearable
biosensors that he is aware of—either on the market
or reported in scientific literature—he sees several
potential upsides and drawbacks.
Among the upsides is the ease of application
considering someone with minimal training could use
a special pen to draw a circuit using the stencil. He
highlighted the possible reduction in production and
distribution costs, too, considering the inks used can be
packed into a pen that can store enough to draw tens
or maybe even hundreds of circuits.
“This is significant because most other skin biosensor
methods I have read about require printing onto
blotter paper or a band-aid-like device,” McClure
explained, which leads to additional material and
manufacturing costs and often requires individual
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They discovered that pencils with more than 90%
graphite could conduct a high amount of energy
generated by the friction between paper and pencil.
More specifically, they found that pencils with
93% graphite were ideal for creating an array of
bioelectronic devices drawn on commercial office copy
paper. A biocompatible spray-on adhesive can then be
applied to help the paper stick to an individual’s skin.
In terms of diagnostic potential, the study—supported
by a University of Missouri start-up fund and grants
from the National Science Foundation, Air Force
Office of Scientific Research, and National Institutes of
Health—reveals that pencil and paper bioelectronics
are capable of monitoring electrophysiological signals,
temperature, and chemicals in sweat.
In the paper, the researchers report a variety of pencil
and paper-based on-skin electronic devices, including
biophysical sensors, sweat biochemical sensors, thermal
stimulators, and humidity energy harvesters. Pencildrawn graphite patterns serve as conductive traces and
sensing electrodes, and office-copy papers serve as
flexible supporting substrates. The devices can perform
real-time, continuous monitoring of skin temperatures,
electrocardiograms, electromyograms, instantaneous
heart rates, respiratory rates, as well as sweat pH, uric
acid, and glucose.
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According to Zheng Yan, an assistant professor at
the University of Missouri College of Engineering,
electrophysiological signals are strongly correlated
with people’s health status. EEGs can provide insights
into normal brain function and neurological disorders
such as Parkinson’s disease, epilepsy, stroke, and
restless leg syndrome, he told Diagnostics World.
ECGs can offer insights into normal cardiac function
and dysfunctions like arrhythmias, and EMGs can help
identify neuromuscular diseases.
Sweat analysis is currently used for applications like
disease diagnosis, drug abuse detection, and the
optimization of athletic performance, Yan added. Sweat
glucose concentration is an indicator of blood glucose
level, which is important for diabetes management. Uric
acid is a risk factor for conditions such as cardiovascular
disease, type 2 diabetes, and renal disease, and it has
been used in clinical settings to manage gout. And
variations in skin pH levels are a sign of skin disorders
such as dermatitis and fungal infections.
Many existing on-skin biomedical devices tend to
include two main components, he explained. There is
a biomedical tracking component and a surrounding
material that provides a supportive structure for that
component to maintain an on-skin connection with
the body. But this approach is usually complicated and
expensive to produce.

Next Steps

Both University of Houston’s Yu and University
of Missouri’s Yan noted that there are still many
challenges that need to be addressed.
By Yu’s rough estimations, his group’s new form of
wearable electronics is probably still two or three years
away from utilization in real-world settings. Moving
forward, he and his colleagues are looking to extend
the life of these wearables. (Currently, the ink-on-skin
devices can last up to a week, he said.)
Meanwhile, Yan indicated that research exploring
the use of pencil and paper on-skin bioelectronics
is still in its infancy. He and colleagues plan to
further develop and test the use of the biomedical
components, including biochemical, temperature, and
electrophysiological sensors.
Office-copy paper is not comfortable to wear, he
pointed out, and while the direct pencil drawing
of bioelectronics onto papers is simple, it is not
yet scalable. His research group intends to explore
chemical treatment methods to improve the comfort
level of paper-based bioelectronics and pursue
more scalable fabrication approaches for the mass
production of these inexpensive and biodegradable
devices.

Compared to existing fabrication techniques, pencil and
paper-based on-skin bioelectronics are appealing for a
number of reasons, including the wide availability of
fabrication materials, simple fabrication process,
low cost, and disposability. Paper’s flexibility
and breathability can also benefit its on-skin
electronics applications.
Yet another advantage is that paper
can decompose in a matter of weeks,
according to the researchers, whereas
many commercial devices include
parts that are not easily broken
down. Most polymer substrates
in on-skin electronics require
hundreds of years to decompose in
natural environments, for instance.
These pencil and paper
bioelectronics can potentially
find applications in low-resource
environments such as developing
countries or combat fields as well
as home-based, personalized health
care. They could also be utilized
within hospital settings for the realtime, continuous recording of patients’
physiological signals. Beyond that, the
approach may enable scientists to carry out
remote research.
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SACRIFICIAL
ANODES...

...a
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y?
By David Pestridge

David is a yacht and small craft surveyor based in the UK south
west region. He founded White Hat Marine Surveying in 2008
when he retired from the British Army after a 17 year career with
the Royal Electrical and Mechanical Engineers.
Building on 20 years’ experience as a sailor and boat owner he
completed the highly respected IIMS Diploma in Yacht and Small Craft Surveying.
David is a Chartered Engineer, has a Master’s Degree in science and is a member of
the IIMS management board.
Sacrificial anodes are something every boat owner
should be aware of, yet not every boat owner will
need them. The principle is quite simple; the material
that the boat is made of and the environment in which
it is kept has the propensity to cause serious metal
loss through corrosion if things get out of balance.
Sacrificial anodes are there to help mitigate minor
imbalances in this situation but cannot in themselves
fix a problem that is out of control. That all sounds
rather nebulous doesn’t it?
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The process we are concerned with here is galvanic
corrosion; the corrosion of one metal in the presence
of another where both are electrically connected by a
conducting medium. The variables here are the types of
metal involved and the medium in which they are used
(fresh, brackish or salt water). We can deduce which
metals are more susceptible to galvanic corrosion by
considering their relative potential in a series known as
the Galvanic Series. Here is a simplified galvanic series
for a selection of typical marine metals in salt water
(the relative order of the metals may change slightly in
different marine environments).
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Gold – Most ‘noble’ metal
Titanium

Stainless steel 316 (passive)

Stainless Steel 304 (passive)
Silicon bronze

Stainless Steel 316 (active)
Monel 400

Phosphor bronze
Admiralty brass
Cupronickel

Brass plating
Yellow brass

Naval brass 464
Tungsten

Stainless Steel 304 (active)

This brings us to the final consideration, how effective is any given anode?
The choice of anode material is dependent on the medium in which the
vessel is predominantly used. Magnesium anodes are best suited to fresh
water, aluminium for brackish waters and zinc for salt water. An easy way
to remember this is to remember how water flows with this cunning euromnemonic “Mountains Am Zee”: M (fresh water – magnesium) A (brackish
– aluminium) Z (sea – zinc). Next to consider is the size of the anode and how
much metal it can ‘protect’. There is no precise answer as to how effective
any individual anode will be as its position, electrical contact and the size
and composition of nearby metals all influence its performance. As a rule
of thumb however, we should expect a typical anode to be effective to
a distance of 6-7 times its own length. So, for a typical 3.5kg magnesium
narrowboat anode that is approximately 300mm long, it should be effective
to a distance of about 2 meters in any direction.
A sacrificial anode’s effectiveness is directly proportional to the purity of the
metal from which it is cast. Zinc anodes must be more than 99% pure zinc
if they are to function effectively and their performance is greatly reduced
by the presence of impurities such as lead or iron. So, whilst high quality
zinc anodes from a reputable supplier are expensive, you are paying for this
guarantee of quality that the anode will do its job. There are plenty of lesser
quality anodes available online which come at a greatly reduced price. These
are typically cast by scrap merchants melting down old zinc fittings and part
worn anodes without the equipment or expertise to refine the resultant
metal. As is nearly always the case; you get what you pay for.

Chromium plating
Copper

Cast iron

Mild Steel
Lead
Tin

Zinc anode

Aluminium anode

Magnesium anode – Least
‘noble’ metal
So, whilst it would be really useful
to build our boats out of gold and
titanium, they are not the most
practical of hull building materials for
several reasons. You may be surprised
to see plain old mild steel so far
down the table and that is probably
the most significant observation to
make. Mild steel is readily corroded by
almost all of the other marine metals,
however that is mitigated by what is
called the surface area effect, whereby
a less noble metal (e.g. a steel hull) can
lead to the corrosion of a more noble
metal (e.g. a small brass skin fitting)
due to the imbalance in their relative
surface areas.
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Narrowboat anodes can be fitted as either welded or bolt on
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then evenly spaced at 4m intervals
along the hull sides, fitted below the
waterline and just above the chine.
A final few key ‘rules’. Don’t fit them
on the bottom plate as they will get
snagged or rubbed off or the hull will
rest on them when the hull is slipped
and never paint anodes as that stops
them working completely.

Part wasted magnesium anode with deep irregular pits

Fully wasted zinc anode – ‘well sucked lollipop’

The use of anodes on FRP sailing and
motor yachts is slightly more nuanced
given the absence of a large steel
hull and instead a non-conducting
hull material. Here we are concerned
with the various metal through-hull
fittings, the propshaft/s, propeller/s,
p brackets, outdrives and any below
the waterline hull fastenings used
in the construction. Most modern
boat propellers are cast from either
manganese bronze or stainless steel
mixed with several other alloying
components to deliver a strong,
durable propeller which is corrosion
and erosion resistant and all within a
cost envelope. Skin fittings found on
FRP vessels on the other hand range
from domestic grade yellow passivated
brass bathroom fittings to top quality
cast fittings from reputable companies
such as Blakes. Here the surface area
of the propeller can outmatch a nearby
low quality fitting or the presence of
a couple of top quality fittings can
outmatch the propshaft or rudder
bearings. Due to the lack of electrical
connectivity offered by the hull itself,
we now introduce the principle of
bonding to enable the sacrificial
anodes to be suitably ‘connected’ to
the full suite of skin fittings and other
machinery to be protected. This is
done internally with suitable marine
grade tinned copper strand wire and
marine grade fittings.

So how can we make best use of this knowledge to keep our boats
in good order? The deductions we make here are very dependent
on what type of vessel we are considering, what is has been built
from and where it is being used. Narrowboats are most commonly
found with a pair of anodes fitted at the bow and another pair fitted
at the stern, typically on the swim, with occasionally a smaller anode
on the rudder. Noting our observation regarding the effective range
of an anode, this leaves much of the mid-section of a narrowboat
unprotected. Given that this is where we often find the heads and
the galley with their associate through-hull fittings, this can lead to
galvanic corrosion in this area of either the hull or the skin fittings
if they are made of cheap non-DZR (dezincification resistant) brass.
So for a narrowboat, the optimum anode fitting plan is to fit them
in pairs on either side at 1m from the bow, 1m from the stern and
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currents and prevents the boat’s
anodes being used to protect nearby
vessels and the pontoon! They are not
particularly expensive but are worth
the outlay for the protection that they
offer, especially if the vessel spends a
lot of time connected to shore power.

New saildrive zinc anode

A more thorough (and expensive)
solution is to fit an isolation
transformer, which introduces a
physical break in all three incoming
shore power wires and transfers
power onto the boat magnetically
via the transformers windings. This
can provide a very safe electrical
environment for working on the
vessel’s electrical systems and for any
swimmers in the water as the boat
is no longer physically connected to
the shore side power circuit. They are
also excellent at preventing local stray
current corrosion, but that is a subject
for a blog in itself.
IN SUMMARY:
Fit the right anodes for your
environment “Mountains-Am-Zee”
Buy quality anodes from a
reputable source
Fit them according to the vessel
type at the recommended scaling
Make sure they are below the waterline but not on the bottom plate
Consider whether the vessel
needs bonding
Examine the shore power connection
and upgrade it if possible

Bronze grounding plate
A final consideration in how to protect the boat from galvanic
corrosion is the risk posed to it by other vessels via shore power
connections. The earth wire is connected as a common ground for
all vessels and the pontoons themselves. There have been many
instances of vessels suffering dramatic and, in some cases, terminal
corrosion due to the faulty connections of shore power terminals
or nearby vessels, which can turn your own hull into one massive
anode and wreak havoc with propshafts, props and if a skin fitting
is compromised the vessel is at risk of sinking.
A galvanic isolator (sometimes also referred to as a zinc saver) is
fitted into the vessel’s earth wire immediately after the shore power
connection socket and before the earth wire connects to the boat
electrics in any way. It is a solid-state device which blocks any stray
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Do not paint anodes or grounding plates
Other reading on this topic
The author refers you to an excellent,
recently published handy guide which
covers this and related matters, cowritten by Jeffrery Casciani-Wood
HonFIIMS and Elliott Berry FIIMS that is
available from the IIMS.
What A Marine Surveyor Needs to
Know About Corrosion, Electrolysis,
Galvanism, Anodes & MIC is available
in paperback at £25 plus post and
packaging or as a downloadable pdf for
just £22. Click for details at
https://bit.ly/3hVwjxf.
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Check your
cooling
performance
By Mark Donoghue

Mark Donoghue, Product
& Services Director, DHD
Cooling Ltd, explains
how optimising cooling
performance in virtually
any cooling system
comes down to a few
simple things...
Mark has vast experience in cooling
tower technology and works with
customers to service and maintain
existing cooling systems and provide
a matrix of solutions specific to any
external local influences. Mark also
provides expert advice in relation to
compliance and industry standards.
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It probably comes as no surprise but heat exchangers rely upon their
heat transfer surfaces. These surfaces are used in a few different ways,
but in all cases the function of a heat transfer surface is to create the best
conditions for heat to travel from one fluid to another.
The definition of a fluid in physics can be described as the following:
A fluid is a substance that continually deforms (flows) under an applied
shear stress, or external force. Fluids are a phase of matter and include
liquids, gases and plasmas.
Transferring heat from a car engine, for instance, tends to rely upon a
coolant being circulated around the key engine components through
a series of tubes and channels where it picks up heat created by the
engine, which is passed through a radiator where the heat is removed by
the air passing through the tightly packed fin materials in the radiator.
This type of heat exchanger surface is often referred to as a finned tube
bundle, or coil. The fluid inside the tubes in the heat exchanger are in
contact with the internal walls of the finned tubes, and air on the outside
comes into contact with the external extended finned surface. The heat
in the fluid is transferred through the materials of the heat exchanger to
the external surface of the finned tubes where air takes the heat away.
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The two fluids on either side of the exchanger can be
anything and there are many types of heat exchanger
design available to cater for the many different
applications where heat exchange is required. These
include things like: Steam to Air; Steam to Water; Water
to Water; Oil to Water; Gas to Water; Gas to Air; Water
to Air; and Air to Air.
With heat exchangers of this type the key to good
thermal heat transfer is maintaining clean heat exchange surfaces.
Any contamination of the heat transfer surfaces will
act as a barrier between the heat transfer fluids, and
the heat transfer materials, resulting in a reduction in
performance.

Where film and splash fills differ from coils is that the
heat exchange occurs between the surface of the water
and the cooling air, not through (or across) a heat
exchange material, so light fouling will not prevent
the air and water from coming into contact, and
heat exchange will still occur, often without affecting
performance. Performance does become affected if the
fouling becomes bad enough to restrict the movement
of the air and water through the heat exchange media.
Maintain optimum fluid flows
Heat transfer design assumes an even distribution of
fluid flows across the complete surfaces of the heat
exchanger. Through testing and experience, designers
then apply corrections to the mathematical formulas to
allow them to guarantee heat exchanger performance.

In evaporative cooling towers the heat transfer surfaces
are designed to maximise the surface area of the
circulating water, so that heat can be removed by
bringing air into contact with the water for evaporation
to occur. There are two main types of heat transfer
surface in evaporative cooling towers, categorised
as splash or film fills. The type of fill used is usually
selected depending on the quality (cleanliness, or
fouling potential) of the water, which is why knowing
the circulating water quality is a critical factor in cooling
tower design and sometimes overlooked.

Then the real-world kicks in!
Fluid flows can be affected by many different things,
in piping circuits additional valves and equipment can
increase the pressure drop through piping, affecting
flows and pressures, internal fouling or changes in the
properties of a fluid can all affect performance.

The purpose of selecting the right fill material, is to
prevent the untimely build-up of contamination on the
heat exchanger surfaces, although in certain applications
it is impossible to completely stop the build-up of
impurities, which can be introduced into a system,
through both the circulating water and the environment.

In cooling towers, poor distribution due to low flow or
maldistribution of water flow can lead to dry areas of the
heat exchange media, which results in the cooling air not
coming into contact with the circulating water, and heat
rejection not occurring in these areas. The effect of this
can be catastrophic in terms of heat rejection.
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External fouling, wind, weather and environment as well
as uneven distribution of air due to other equipment,
or restrictions to air flow, will reduce airflow through a
cooling system.
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Ensure mechanical components are in good working order
Cooling systems function by continually moving the heat
transfer fluids around, the amount of fluid is critical to the
temperatures of the system, where the energy released
through fluid heat exchange is a function of mass and
change in temperature.
These two variables are inversely proportional when it
comes to heat transfer, where a reduction in flow (mass of
cooling fluid) will lead to an increase in the temperature
difference of the fluid as a result, and vice versa.
It is critical to the transfer of heat that the fluids involved
are sufficiently and safely moved in order for the system
to function as designed, any variation from design can
completely change the performance of a system, both
positively and negatively.
Fans and pumps are designed to overcome system
pressure to move fluids, changes in system pressure
can lead to operating conditions that adversely affect
these systems.
Pump cavitation can destroy impellers, and poor airflow
conditions for fans can result in mechanical vibration that
can damage rotating machinery over time.
Evaluate and service
Throughout the lifetime of a plant or process, things can
change and often do, differing demands on a facility may
increase or reduce cooling demands, changes in water
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quality, environmental conditions, and the infrastructure
connected to and around the equipment can change.
Even if there have not been any changes, evaluating your
systems will allow you to consider whether your cooling
plant is running at optimum efficiency, and the impact in
the performance of your plant.
In the UK, each wasted kW over the course of a year
costs a business around £1000. We have been to sites
where demand has changed so much that the cooling
systems are too big for what is required, but are still run
at full capacity, using more energy than needed.
Air inlet filters can reduce the amount of fouling on heat
exchange surfaces extending cleaning intervals but even
with filters, cleaning must be one of the critical services
performed on heat exchangers.
Maintaining fluid flow must be the key function of
any activity regarding heat exchangers, cleaning and
mechanical maintenance make up the bulk of the
activities to ensure stable long-term operation and
should not be overlooked in order to ensure optimum
long-term performance.
So, if you can’t clean it anymore, then things are only
going to get worse!
Mark Donoghue can be contacted via the company’s
website - www.dhdcooling.co.uk.
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Modifying assets makes
it easier to execute
your precision
lubrication program
argues Mark Barnes, PhD CMRP, Des-Case Corp.

Mark Barnes leads the company’s reliability services team, which
helps customers identify opportunities for improvements to their
industrial lubrication programs through training and professional
consulting engagements. Mark has 21 years of experience in the
fields of lubrication management, oil analysis, and contamination
control, has published more than 150 technical articles and white
papers, and is an invited speaker at conferences around the globe.
For asset-intensive industries, precision lubrication is a
fundamental cornerstone of a well-engineered maintenance
program. While not complex, precision lubrication requires
meticulous execution of simple time- and condition-based
maintenance tasks. Basic tasks, such as greasing bearings,
checking oil levels, changing oil, and/or applying filtration, all
need to be part of daily or weekly PM rounds. Failure to do so
can result in poor reliability, leading to higher maintenance
costs and unscheduled downtime.
Precision lubrication
requires following the
5Rs of lubrication:
• Right oil or grease
• Right place
• Right amount
• Right time
• Right cleanliness
(clean and dry).
Consider modifying assets by
installing a 3D bullseye device
(left) and/or an oil-level indicator.
Note the indicator is vented to the
headspace to equalize pressure.
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Strict adherence to preventive (time-based)
tasks, such as re-greasing, and condition-based
tasks, such as large-volume oil changes, are
required so that activities are performed at the
right interval and/or condition.
What happens when machine accessibility
precludes performing these tasks? When
maintenance personnel do not have access to
equipment, maintenance schedules tend to default
to production schedules which may not necessarily
conform to precision-lubrication best practices.
Take, for example, the simple act of checking the
oil level in a production-critical, splash-lubricated
gearbox that operates continuously. Precision
lubrication best practice may suggest the need
to check the level daily or even once a shift. If the
gearbox has nothing more than a dipstick or level
plug, it is all but impossible to properly check the
level, short of shutting the gearbox down and
waiting for the oil to drain back to the sump.
Of course, it’s tempting to argue that production
schedules should be modified to permit timebased maintenance tasks. We all know that the
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Figure 1 illustrates a
simple modification to a
gearbox that will permit
all basic lubrication
tasks, including oil drain
and fill, oil sampling,
level check, and
contamination control, to
be performed according
to precision-lubrication
best practices.

chances of production shutting down
just to permit a gearbox level check fall
somewhere between slim and none.
Instead, we need to look at all timebased maintenance tasks—including
lubrication—and ask a fundamental
question: Can I modify the task or asset
to change a downtime task to a runtime
task? While not always possible, having
the ability to conduct routine time-based
maintenance during normal operation
offers several advantages. Not only
does it permit the task to be performed
at the right frequency, it also reduces
the amount of work that needs to be
done during scheduled outages when
maintenance resources are at a premium.
The problem with doing many lubrication
tasks during normal operation lies with
how our assets are configured. While the
top two or three most critical assets in the
plant are often equipped with every bell
and whistle needed to promote proper
maintenance, it’s the critical assets that fall
just below level-one status that suffer.
Most at fault are wet-sump applications
such as splash-lubricated gearboxes and
pumps and smaller hydraulic-powered
units in which, in the interest of keeping
the purchasing price low, many OEMs
overlook the need for simple features
such as visual (runtime) level gauges or
oil-sample ports.
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Modify for precision lubrication

The modifications that need to be made to assets depend on
the type of asset and the maintenance tasks that need to be
performed. For lubrication, here are some basic modifications:
Grease-line extension
With few exceptions, re-greasing bearings should be done while
equipment is operating. While this is straightforward if the bearing
housing or grease fitting is readily accessible, sometimes guards
or bearing locations make runtime re-greasing impossible. Where
bearings cannot be accessed during normal operation, thought
should be given to extending grease lines to a safe, readily accessible
area or using an automatic lubricator to apply grease to the bearings.
When you extend grease lines, consider consistency and its impact
on the ability to pump grease at all in-service temperatures. With
auto-lube devices, pay attention to grease selection. Also, add a PM
to inspect and service the automatic lubricator to avoid a set-it-andforget-it mindset.
Oil-level indicators
Maintaining the correct oil level is a basic, but important,
consideration, particularly for small, wet-sump applications such as
gearboxes and pumps where a 1/4- to 1/2-in. difference in oil level
can determine success or failure.
In wet-sump applications, oil is distributed by splash, slingers,
or flingers, meaning that the oil level, during operation, may not
necessarily be the same as when the asset is idle. For smaller process
pumps, equipped with either a flat-faced bullseye or level plug,
adding a 3-D bullseye can help better determine the oil level while
the pump is operating.
For splash-lubricated gearboxes, the oil level when the machine
is shut down will be different from the level when the gearbox is
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operating. Common gearbox level-check devices, such
as level plugs and dipsticks, are designed to check the
level when the gearbox is shut down, making level
checks inaccurate during operation. In some cases,
the tendency is to fill the gearbox to the level plug or
dipstick mark while the asset is operating, meaning
that as soon as the gearbox shuts down, the oil level
rises above the shaft seal, resulting in oil leakage.
For gearboxes or other wet-sump applications with a
varying oil level, best practice is to install an external
level gauge with two marks; one indicating normal
operating oil level and the second indicating the
normal level when shut down.
Oil-sample valves
Drawing oil samples from critical assets is an important
aspect of any condition-monitoring program.
Unfortunately, many assets do not have proper oilsampling valves. In the absence of a valve installed in
the right location, the only options are to use either a
vacuum sampling gun and drop tube inserted through
the fill port or to crack a drain valve to fill a sample
bottle. Neither of these approaches is ideal. Installing
an oil-sample valve in a location that is representative
of oil and machine operating conditions should be a
prerequisite before starting any oil-analysis program.
Hardware for contamination control
Contamination is the leading cause of component
failure. Contaminants enter oil-lubricated assets
externally through shaft seals, active breathing,
or the addition of unfiltered new oil. Internal
contamination results from active machine wear
and/or oil degradation. Either way, best-practice
contamination control calls for adding desiccant
breathers on the vent port and quick-connects on
drain and fill ports to permit the addition of new
oil using a portable filtration system or to facilitate
periodic offline filtration.

Put it all together

Since most OEMs do not provide adequate provisions
for runtime level checks, oil sampling, or offline filtration,
most equipment modifications need to be done after the
equipment is installed. This can prove challenging since
some assets, particularly smaller sumps and reservoirs,
may only have a single drain/fill port. Without significant
re-engineering, adding each modification can become
complicated and expensive. With a bit of ingenuity and
off-the-shelf manifolds, a single drain or fill port can be
used for multiple adaptations.
Precision lubrication doesn’t have to be complex. Even
the most basic task can be easily executed by making
simple modifications.
Article first published in Efficient Plant Magazine www.efficientplantmag.com
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INSTITUTION
DIAGNOSTIC
ENGINEERS

RESOLVE
THROUGH
KNOWLEDGE

Why you should be a member of
the Institution of Diagnostic Engineers...
If you are reading this page and wondering why you might consider
joining the Institution, here are a few compelling reasons.
The Institution of Diagnostic Engineers (also affectionately known as DIAGS) is the only organisation of its kind in the
world, dedicated as it is to the diagnostic profession in all walks of life.
Diagnostic Engineers Community Network
At the heart of DIAGS is the obvious but vital benefit of
being part of a group of like-minded people, thinkers
and people who resolve through knowledge.
It’s not only a community to build your professional
network, get in touch with other diagnostic engineers
and find support when you need it, but as your career
develops and you grow as personally you will be able to
use your experience and enthusiasm to inspire the next
generation of diagnostic engineers.
Diagnostic Engineers Member Communications
Be the first to know about what’s happening at the
Institution and to find out about your industry news,
features, events and developments.
The new and occasional DIAGS Newsletter (coming
soon) will be distributed electronically in pdf and
eReader formats. The newsletters aim to keep members
up to date in the diagnostic engineering world.
The DIAGS Journal: ‘Diagnostic Engineering’ has been
completely remodelled and restyled. As a member, you
will receive notification when a new edition is published.
The title is also available to read electronically in pdf or
eReader formats. Each issue of the publication is varied
in content, with industry and member news supported
by topical articles and features. Members are invited to
submit articles to the magazine.

The DIAGS Website
Unlimited access to the new web site. Not only a space
where we’re developing valuable online resources to
help you in your day to day work and research. but it’s
also a library of news, events & training, journal back
issues, articles and helpful links to valuable resources.
Use of the DIAGS Institute Logo
Certain grades of DIAGS membership are entitled to
use the Institute’s logo for marketing purposes, subject
to adherence to the rules.
The Institution of Diagnostic Engineers
post-nominal letters
Use them after your name to show your membership
type with DIAGS.
SIDiagE. (Student Member)
AMIDiagE. (Associate Member)

MIDiagE. (Member)
FIDiagE. (Fellow)

Diagnostic Engineers Innovation
DIAGS is dedicated to continually developing members
benefits with ideas in the pipeline; but if you would like
to see something specific, then just let us know.

How can Blockchain
be used to solve
the growing
e-waste problem?
Stewart McGrenary explains...

Stewart McGrenary
is founder and MD of
Recycling Company Plunc.
The company has been in
the recycling business for
over a decade recycling
phones, tablets and other
tech whilst maintaining an
enviable reputation.

It’s no secret that some of the world’s best inventions
were come upon by accident. Penicillin, the microwave
oven, x-ray and even potato chips were created not to
be what they are today, but thanks to these mistakes
we now enjoy convenience, better medical help and
enjoyable, if unhealthy, snacks.
In regards to one of the world’s biggest problems can
the blockchain, perhaps one of the most high profile
technological buzzwords of recent years, help to reduce
the amount of e-waste that gets dumped in landfills
each day?
Despite the efforts of environmental groups and
organisations, well-meaning people and others trying
to combat the problems associated with e-waste,
cumbersome practices and inefficient methods are
hampering their efforts. There are some who suggest
that the blockchain solution could be a way of getting
more e-waste recycled or reduced via green programs.
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The UK waste problem
It started with the problem of disposing of plastic and
trying to stop the material from invading the world’s
oceans and killing marine life along the way.
In the UK, only 7.4 million tons of 11.5 million in total
plastic waste currently gets successfully recycled.
Moreover, only 0.9% of the recovered material is being
reused for newer products.
Most of the materials were from plastic bottles and
nylon packages that were created from fossil fuel, i.e.
petroleum and natural gas. The factories involved in their
production then gave out toxic gases and chemicals as
a result of manufacturing them, endangering nearby
populations and local flora and fauna.
But it has been the rise of smartphones and other
handheld devices that have helped to make things
considerably worse.
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As electronic components decompose they release
toxic gases or liquids into landfills. Chemicals can and
have made their way to the water supply or the soil
where food is grown.
Precious metals and electrical components that could
have been reused are slowly decomposing and harming
the environment.
It’s been estimated that the enormous footprint created
by smartphone manufacturers will overtake that of the
automotive and transportation industry by 2040. Add to
the fact that there are more smart phones, tablets, and
laptops being made each year and we’ll have a serious
e-waste problem on our hands.
The whole world has become aware of this problem
and efforts have been made to put a stop to the
e-waste being produced.
Recycling programs have been implemented and the
dumping of waste into oceans and landfills better
controlled by well-meaning regulations.
However, as governments pour in money, time
and resources to try and reverse the problem, a
growing number of unscrupulous companies and
‘uncouth’ practices have combined to sabotage waste
management, reducing its efficacy.
The blockchain - a new form of technology - although
unrelated, can be used to help streamline recycling
processes and increase the likelihood that e-waste
actually gets to the recycling plant for reusing.
“Believe it or not, the blockchain has already been
making itself useful in various recycling programs.”
Stewart McGrenary
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What is a Blockchain?
A “block” is an immutable piece of data that gets a
unique digital signature. It’s followed by a similar piece
of “block”, and so on. Larger pieces of data make up
larger portions of a blockchain.
This technology is unique as it’s decentralised, which
means no single person or organisation has direct
control over it. The users who use and employ the
blockchain are the owners via a peer-to-peer protocol.
As each chain has its own unique security process, the
data contained are impossible to corrupt.
The blockchain’s original purpose was for
cryptocurrency, a kind of digital money that can be
used to purchase products or services. As it became
more popular, companies and organisations wanted
to use its immutability and unparalleled security for
various purposes, which included recycling.
Has the Blockchain ever been adapted to address the
issues of better waste management?
Believe it or not, the blockchain has already been
making itself useful in various recycling programs
around the world.
In Canada, a company called Plastic Bank was created
as a platform to reduce plastic waste. Currently, it
operates in various countries such as Peru and Haiti,
with plans of expanding into other nations.
Plastic Bank has set up recycling centres in strategic
locations, where individuals are able to bring their
plastic waste, such as a bag or a bottle in exchange
for digital tokens. A machine streamlines the process
and makes it easy for people to just drop off their byproducts and get digital currencies within a convenient
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platform. The token may be used for food and other
essentials via an app or at a participating store.

it comes to addressing this issue lies in the fact on
whether actions were really carried out or not.

Collected plastic is sold to a company which then
gets reused.

Third party contractors could easily claim to have
collected e-waste and charge it on the government
even if they didn’t do so. Older, more corruptible
systems make this easy for contractors to make a
sizeable profit without delivering on their promises.

The blockchain has helped with the platform’s integrity
as the vendors and third parties know where the waste
and the tokens are going.
In France, the blockchain is being used to collect
specific information about recycling, including how
much waste was collected, the types of waste and
where a bin went, for example. Instead of having to rely
on paper, the company - French Rail – has opted for
a more secure version, and as such enjoyed immense
success in the process.
With their waste management streamlined the
company was able to save more than $2,000 per station
in one month.
Through this pilot program, the blockchain technology
has shown promise as that figure can be made
cumulative per station and per month for a whole year.
There’s no doubt that the blockchain can be useful in
recycling practices, but how can it be implemented to
solve the e-waste problem?
E-waste recycling
The two implementation methods above show how
the blockchain helps with the recycling process by
recording and securing each stage. The immutability
aspect can translate to accountability in the form of
where the e-waste goes and if it really goes to recycling
centres as planned.
In 2017, the UK spent over £8 billion in an effort to
curb the e-waste problem, yet the real problem when
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So, by using this new technology, it could make the
recycler, collector and contractor liable for their actions.
Once installed, recycling companies could use machines
similar to Plastic Bank - and encourage people to bring
in their e-waste in exchange for digital tokens.
Data recorded may not be changed and will provide
an accurate reflection of the situation. A landfill that’s
supposed to have less e-waste and yet appears to be full
will have a digital footprint in the form of a blockchain,
ensuring much greater accountability and integrity.
More accurate data can be an encouragement to the
parties and governments that what they’re doing is
working. Money will be better spent and individuals will
have better incentives to go to a recycling centre or a
blockchain-based recycling machine to get something
in exchange for doing the environment good.
A brighter future awaits
It’s true that e-waste is a serious problem that has
far-reaching consequences all over the world. We must
need to be on the same page if we are to ensure that
this issue gets properly addressed, and that means
ensuring much greater accountability.
With the blockchain, everything becomes easier for all
the parties involved. Specific, protected data can level
the playing field for contractors, recycling platforms and
companies who are looking to address the problem.
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is best placed to handle
the aggressive corrosion
conditions found in
marine scrubber units

By Björn Helmersson

A corrosion specialist with Outokumpu, Björn Helmersson explains why stainless steels are
the ideal choice for the aggressive corrosion conditions found in marine scrubber units.
‘Open loop’ scrubbing is a once-through process,
whereby water is taken from the sea, used for exhaust gas
cleaning, then treated as appropriate and discharged back
In 2020, the
International Maritime Organisation (IMO)
to sea. The natural chemical composition of seawater
introduced
new
standards intended to reduce sulphur
is used to neutralize the results of SOx removal.

emissions that cause acid rain and air pollution.
Their main impact is that the sulphur content
in the fuel oil used by merchant vessels
is limited to 0.5% globally and 0.1 % in
designated Emission Control Areas (ECAs)
– the Baltic Sea area, the North Sea area,
the United States, Canada, and the
United States Caribbean Sea area.

Typically open loop operation requires approximately 45m3
seawater per megawatt hour (MW h) [13] of combustion unit
power if 2.7% sulphur fuel is consumed.

Scrubbed exhaust

Currently, vessel operators have two main options.
They can switch to very low sulphur fuel oil (VLSFO)
that contains less than the 0.5 % sulphur limit, but
which is more expensive. Or they can install a scrubber
that washes the vessel’s exhaust gases so that it can
continue to run on high-sulphur fuel (HFO).
SCRUBBER DESIGNS
Generally, the shipping industry uses wet
scrubbers (see Figure 1). These exhaust gas
cleaning (EGC) systems wash the exhaust gas
stream by forcing it into contact with water to
remove the sulphur dioxide (SO2), a toxic gas
that is directly harmful to human health.

Exhaust in

Washwater treatment

Seawater in

Clean
washwater out

Separated residue

Water from engine cooling duties

Figure 1: Open-Loop EGC system (credit: Exhaust Gas Cleaning Association)

Figure 18: Open Loop Exhaust Gas Cleaning System
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There are three main design arrangements for
WWmarine EGCs:
• Open-loop: This uses seawater to scrub the exhaust
gas to remove SO2. The wash water is treated and
discharged back to sea.
• Closed-loop: Fresh water is used in a closed circuit
that is treated with an alkaline chemical such as
caustic soda.
• Hybrid: This can be used in either open or closedloop mode according to operational needs.
MATERIAL SELECTION IS CRITICAL FOR RELIABILITY
The conditions inside a scrubber are very harsh, with
a combination of acids, elevated temperatures and
a high chloride content in the wash water. To ensure
the desired 20-year service life, high-alloyed stainless
steels and nickel base alloys are required. It can be
devastating to select a material with insufficient
corrosion resistance. Yet the safest choice is seldom
the most economic one.
CORROSION TYPES AND SERVICE CONDITIONS
There are three main types of corrosion risk found
in marine scrubbers:
Pitting corrosion
• Caused by a critical combination of chlorides,
high temperatures and low pH
• Stainless steel is protected against corrosion by
a natural, self-forming passive oxide film on its
surface. If a local breakdown of this protective
film occurs it causes the formation of pits
Crevice corrosion
• Caused by the critical combination of chlorides,
high temperatures and low pH and the presence
of crevices
Uniform corrosion
• Typically occurs in very acidic conditions
• Uniform corrosion rate across the surface

At the inlet, where the uncleaned gas meets the wash
water, there is a mix of wet and dry conditions, with
condensing acids from gas and chloride-rich wash water
and elevated temperatures. These conditions are very
aggressive with a risk of uniform and pitting corrosion.
Within the scrubber body there is a slightly acidic
wash water combined with a lower temperature than
the inlet. The main risk here is pitting corrosion.
Similar conditions apply for other parts of the scrubber
system, such as packing material, demisters, tubing
and spray nozzles
Crevice corrosion may occur in areas where two
surfaces are in close contact, such as flanges, packing
material and under deposits.
THE INFLUENCE OF SCRUBBER
TYPE ON MATERIAL SELECTION
In the open-loop design, the presence of chlorides
typically requires the use of high-alloyed materials.
In the closed-loop design, where water is recirculated
and treated with caustic chemicals, the corrosivity
depends on the quality of the wash water. Typically,
the conditions are less aggressive than in the openloop design.
Since the hybrid design alternates between openand closed-loop operation, materials must be
selected according to the most aggressive operating
conditions. Therefore, the same materials are used as
in an open-loop scrubber.
OPERATIONAL EXPERIENCE
AND FIELD TESTING ARE VITAL
Outokumpu has been supplying stainless steel for
marine EGCs since 2006. It carries out extensive R&D
activities including laboratory testing and long-term
field testing in cooperation with marine scrubber
OEMs and their customers. The results show that
material selection must always be done on a case by
case basis.
For the scrubber body, Ultra 254 SMO is one of the
most widely used grades. This is a 6% molybdenum
and nitrogen-alloyed austenitic stainless steel with
extremely high resistance to both uniform and localized
corrosion. It was developed initially for oil and gas
offshore platforms and the pulp and paper industry.
However, in some cases it is possible to use a 25Cr
super duplex stainless steel such as Forta SDX 2507.
This offers similar corrosion resistance to Ultra 254 SMO
and improved mechanical strength. It is well proven in
extremely corrosive environments such as desalination,
chemical, or offshore subsea applications.
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Standard 22Cr duplex stainless steel can also be used
successfully in less aggressive applications such as
closed-loop designs and some parts of open-loop
scrubbers. A typical example is Forta DX 2205, which is
the most popular duplex product on the market. It offers
very good resistance to uniform and localized corrosion
in combination with high mechanical strength.
ULTRA 654 SMO – AN ALTERNATIVE
FOR SCRUBBER INLETS
As the entry point for hot exhaust gas, the scrubber
inlet is a particularly demanding application.
Traditionally, Alloy 31 has been the material of
choice. It is an iron-nickel-chromium-molybdenum
alloy with nitrogen addition developed to fill the
gap between special alloyed austenitic stainless
steels and nickel alloys.

PRACTICAL EXAMPLES
Outokumpu currently supplies stainless steel material
for use in the construction of around 60% of the
marine scrubbers installed every year. Two typical
examples include:
Ecospray Technologies S.r.l. Italy (Figure 2) needed
a highly corrosion resistant material for its exhaust
gas cleaning scrubbers. Ultra 254 SMO proved to
be the best combination of performance, price and
dimensions.
ContiOcean Environment Tech Co., Ltd. delivers openloop scrubbers to cargo ships of various size classes.
Forta SDX 2507 provides the necessary corrosion
resistance for the harsh conditions in the scrubber
body (see Figure 3).

The test program has
established that Ultra
654 SMO offers a viable
and more cost-effective
alternative. This is a 7%
molybdenum and very
high nitrogen-alloyed
austenitic grade that
is the most corrosion
resistant stainless steel
in the world.
Ultra 654 SMO has
a higher mechanical
strength than Alloy
31. If the design of the
inlet enables this higher
strength to be utilized
then it could offer weight
savings between 15 to
25%. Furthermore, the
lower nickel content
of Ultra 654 SMO also
makes it cost-effective
and more stable in price.

Figure 3: Open-loop marine scrubber manufactured by
ContiOcean Environment Tech Co., Ltd in super duplex
stainless steel

SUMMARY AND KEY FACTS ABOUT MATERIALS FOR MARINE SCRUBBERS
• Material selection is the most critical factor in
helping ship owners to ensure the reliability of
their exhaust gas cleaning (EGC) systems over a
20-year service life
• A wide range of stainless steels can be used
• Conditions and corrosivity vary depending on
location and type of scrubber
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• Materials selection should always be made
according to the specific operating conditions
• Duplex grades can often replace the dominating
austenitic choices
• For the toughest situation found in the scrubber
inlet Ultra 654 SMO offers a very competitive
alternative to Alloy 31
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Here are a few recommendations
of suggested reading for diagnostic
engineers. All the books featured
on this page can be found (and are
available for online purchase) on
the Amazon web site.

DIAGS
Bookshelf

Advanced Automotive
Fault Diagnosis
by Tom Denton
Learn all the skills you
need to pass Level 3 and 4
Vehicle Diagnostics courses
from IMI, City & Guilds,
and BTEC, as well as ASE,
AUR, and other higher-level
qualifications. Includes 25
new real-life case studies in
the fifth edition.

How to Use Automotive
Diagnostic Scanners teaches
you how to choose the right
scanner for your application
and how to use it, with a
comprehensive list of what
each code means. Photos
and diagrams help you
understand OBD-I and OBD-II
systems (including CAN) and
the scanners that read the
information they record.
Computer Repair with
Diagnostic Flowcharts by
Morris Rosenthal
In this third edition,Morris
Rosenthal creates a visual
expert system for diagnosing
component failure and
identifying conflicts. The
seventeen diagnostic
flowcharts at the core of this
book are intended for the
intermediate to advanced
hobbyist and technician.

Air Conditioning and
Refrigeration Repair Made
Easy by Hooman Gohari
A complete easy to
understand guide to
air conditioning and
refrigeration with diagnostic
charts and hands on repair
instructions.

Reliability, Maintainability
and Risk by Dr David J Smith

Diesel–Engine
Management
by Robert Bosch

Reliability, Maintainability
and Risk: Practical Methods
for Engineers. Ninth Edition.
This publication has taught
reliability and safety engineers
techniques to minimize process
design, operation defects, and
failures for 35 years.

This book also focuses
on minimizing emissions
inside of the engine and
exhaust-gas treatment (e.g.,
by particulate filters). The
texts are complemented by
numerous detailed drawings
and illustrations.

Handbook of Advanced
Nondestructive Evaluation
by Nathan Ida and
Norbert Meyendorf

Practical Ultrasound: An
Illustrated Guide by Jane
Alty and Edward Hoey

This handbook is a
comprehensive source of
information on all aspects of
non-destructive testing (NDT),
for use by professionals,
educators, and most of all, by
the practitioners of testing.
The art of NDT consists of
dozens of methods, some
classical, and some emerging.

Practical Ultrasound, Second
Edition, focuses on the scans
regularly encountered in a
busy ultrasound department
and provides everything
practitioners need to know
to become competent and
skilled in scanning.
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How To Use Automotive
Diagnostic Scanners by
Tracy Martin

Winter 2020/2021

www.diagnosticengineers.org

So, just how risk
averse are you?
In his occasional look at business management
topics, Mike Schwarz, turns the spotlight on to
the complex and often overlooked subject of
risk assessment and how to manage it.
Let’s face it, we take risks every day in our normal lives as well as in
our jobs. It is a fact. Think about it for a moment. There are things
we routinely do daily. Do we risk assess routine activities? Should we
risk assess them? A few examples of things we might routinely do
are shaving in the morning (for beardless men) using a sharp razor,
crossing a busy road at rush hour, approaching a set of traffic lights
which is turning from green to red and even making a poached egg for
breakfast can bring potential hazards! These all seem quite basic and
routine activities on the face of it – and they are - but there are risks
associated with all of them. What’s more, you will have risk assessed
each activity, albeit it subconsciously and perhaps fleetingly. After all,
no-one would just walk into a busy road without stopping to look to see
if a vehicle was approaching. Once you have looked, you then assess if
you have sufficient time and can cross ahead of the approaching vehicle
safely or wait until it has passed by. You have completed a simple risk
assessment and successfully managed the risk allowing you to cross
without incident!
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“If you don’t invest
in risk management, it
doesn’t matter what
business you’re in,
it’s a risky business.”
Gary Cohn

A definition of risk -

“a situation
involving exposure
to danger.”
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Perhaps I am over simplifying things? But now apply
this scenario to the environment in which you work on
a day to day basis. The word routinely is the key. With
routine often comes complacency. That’s quite natural
too by the way. Having done that thing one hundred
times before without incident does not mean that
something will not go awry on the one hundredth and
first time you do it.
A few obvious scenarios present themselves for
consideration without too much thought. Working
with the moving parts of plant and machinery can
be dangerous. Even an undone shoelace could be
problematic if it got trapped in machinery. And the
DIAGS Chairman, tasting what he believed to be fresh
water, ended up in hospital in a serious condition as it
was contaminated.
Some of the potential risks are not always so obvious
and can be well hidden. Here are a few other examples
to think about:
Excessively high noise levels
Extreme weather conditions, including high winds,
snow and ice
Poor air quality and pollution
Chemical hazards caused by improper storage or
use of flammable, poisonous, toxic or carcinogenic
substances
Biological hazards caused by viruses, bacteria, fungi
or pests
The threat of data loss through cyber-attack,
combined with an awareness that defences can
be vulnerable
Ergonomic hazards prompted by an unusual or poor
workplace design and layout
Operating in enclosed spaces
WHAT IS A RISK ASSESSMENT?
The UK Health & Safety Executive’s definition of a risk
assessment is:
“A careful examination of what, in your work, could
cause harm to people and yourself, so that you can
weigh up whether you have taken enough precautions
or should do more to prevent harm.”
There are no fixed rules on how a risk assessment
should be conducted, but you need to find a system
that works for you which you are comfortable
operating. However, there are a few general principles
that should be followed.
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Phase 1: Identify the hazards
In order to identify potential hazards, you need to
understand the difference between a ‘hazard’ and a
‘risk’. A hazard is something with the potential to cause
harm and a risk is the likelihood of that potential harm
actually happening.
Hazards can be identified by using a number of
different techniques. Observation is a good start - you
might simply walk around the area in which you are
about to work to check it out. You might seek advice
from others operating nearby. And, importantly, you
should bring your knowledge and experience into play.
Phase 2: Consider and decide who might be harmed
and how
Once you have identified what may well be a number of
hazards you need to understand who might be harmed
and in what way. This could include colleagues, other
team members and even the public.
Phase 3: Evaluate the risks and decide on control
measures
Once you have identified and noted the hazards and
have decided who could be harmed, you must devise
a basis on which those in the potential firing line can
be protected from harm. Sometimes the hazards can
be removed and eliminated entirely, and the risks
controlled so that the chance of injury is unlikely or
reduced to a minimal level.
While the complete elimination of all risk is rarely
possible, a risk avoidance strategy could be deployed to
deflect as many threats as possible in order to avoid the
costly and disruptive consequences of a damaging event.
A risk reduction strategy may also be worth
considering. This is achieved by adjusting certain
aspects and parameters of the overall project, or by
reducing its scope if possible. Risk sharing is also
possible. Sometimes, the consequences of a risk
can be shared, or distributed among several of the
project’s participants.
Phase 4: Record your findings
If you have 5 or more employees, it is a legal
requirement in the UK to write down and record
your findings. Even if you are a sole operator though,
recording the findings briefly could be very helpful
if you need later to demonstrate you carried out an
assessment in the event something does go wrong.
Step 5: Review your assessment and update as and
when necessary
You are reminded never to forget that each place
you operate in is likely to be different with varying
characteristics. So, your risk assessment should be
reviewed and updated with this in mind; and it should
be fit for the environment in which you propose to
work in.
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THE ISO 31000 PRINCIPLES
Risk management standards have
been developed by the International
Organization for Standardization
(ISO). These standards are designed
to help identify specific threats, assess
unique vulnerabilities to determine
their risk, identify ways to reduce
these risks and then implement risk
reduction strategies.
The ISO 31000 principles, for
example, provide frameworks for risk
management process improvements
that can be used by anyone,
regardless of the organisation’s
size. ISO 31000 is designed to
increase the likelihood of achieving
objectives, improve the identification
of opportunities and threats, and
effectively allocate and use resources
for risk treatment.
ISO 31000 recommends the
following target areas, or principles,
should be part of the overall risk
management process:

DESIGNING A SIMPLE RISK ASSESSMENT MATRIX
A risk matrix is a simple chart. One axis indicates the likelihood and
the other indicates the consequence. Likelihood can be expressed as
probability or as frequency.
A risk matrix is used when doing a risk assessment. Potential unwanted
events and incidents are identified. Each is then individually assigned
to a likelihood category and to a consequence category. The likelihood
category indicates the probability that the event will occur from very
unlikely to almost certain. The consequences category indicates the
severity of the outcome from almost none to severe. The most popular
size for a risk matrix is a box 5 x 5 but there is no minimum or maximum.
Once the extreme and high risks have been identified, an action plan can
be developed to ensure the outcome can be managed and mitigated in
the best way possible.

CONSEQUENCES:

Negligible

Minor

Moderate

Significant

Severe

Low Risk

Moderate Risk

High Risk

Extreme Risk

Extreme Risk

Minimum Risk

Low Risk

Moderate Risk

High Risk

Extreme Risk

Moderate

Minimum Risk

Low Risk

Moderate Risk

High Risk

High Risk

Unlikely

Minimum Risk

Low Risk

Low Risk

Moderate Risk

High Risk

Rare

Minimum Risk

Minimum Risk

Low Risk

Moderate Risk

High Risk

Almost Certain
(81%-100%)

PROBABILITY:

- The process should create value for
the individual or organisation.
- It should factor into the overall
decision-making process.
- It must explicitly address any
uncertainty.
- It should be systematic and
structured.
- It should be based on the best
available information.
- It should be tailored to the project.
- It must take into account human
factors, including potential errors.
- It should be adaptable to change.

Likely

(61%-80%)

(41%-60%)

(21%-40%)

(1%-20%)

www.diagnosticengineers.org

Winter 2020/2021

Diagnostic Engineering 45

Pure
Innovation

Pure Innovation is a new section in the
Diagnostic Engineering Journal. Each edition, we
showcase some far reaching concepts and innovative
thinking at various stages of development. In some cases
the concepts already are, but in others, may shape our
future engineering processes and procedures in years to come.

Diabolical ironclad beetle adds
inspiration to structural strength
The exoskeleton of the diabolical ironclad
beetle could inspire the design of aircraft
gas turbines that are safer and longer lasting.
This is the claim of a team of engineers at the
University of California, Irvine (UCI) and Purdue
University who believe the beetle – which can survive
a load 39,000 times its body weight – could inspire new
materials. Their findings are published in Nature.
The study found that the diabolical ironclad beetle’s
toughness lies in two armour-like elytron that meet at
a suture running the length of the abdomen. In flying
beetles, the elytra protect wings and facilitate flight. The
diabolical ironclad beetle does not have wings, so its
elytra and connective suture help to distribute an applied
force more evenly throughout its body.
“The suture kind of acts like a jigsaw puzzle. It connects
various exoskeletal blades…in the abdomen under the
elytra,” said Pablo Zavattieri, Purdue’s Jerry M. and Lynda
T. Engelhardt Professor of Civil Engineering.
This jigsaw puzzle comes to the rescue in several different
ways depending on the amount of force applied,
Zavattieri said in a statement.
To uncover these strategies, a team led by UCI
professor David Kisailus first tested the limits of
the beetle’s exoskeleton and characterised the
various structural components with CT scans. Using
compressive steel plates, UCI researchers found that the
diabolical ironclad beetle can take on an applied force of
about 150N before the exoskeleton begins to fracture.
Zavattieri’s lab followed up these experiments with
computer simulations and 3D-printed models that
isolated certain structures to better understand their role
in saving the beetle’s life.
All these studies combined revealed that when under a
compressive load, the diabolical ironclad beetle’s jigsawlike suture offers two lines of defence.
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First, the interconnecting blades lock to prevent
themselves from pulling out of the suture like puzzle
pieces. Second, the suture and blades delaminate, which
leads to a more graceful deformation that mitigates
catastrophic failure of the exoskeleton. Each strategy
dissipates energy to circumvent a fatal impact at the neck,
where the beetle’s exoskeleton is most likely to fracture.
Even if a maximum force is applied to the beetle’s
exoskeleton, delamination allows the interconnecting
blades to pull out from the suture more gently. If the
blades were to interlock too much or too little, the sudden
release of energy would cause the beetle’s neck to snap.
“An active engineering challenge is joining together
different materials without limiting their ability to support
loads. The diabolical ironclad beetle has strategies to
circumvent these limitations,” said David Restrepo, an
assistant professor at the University of Texas at San Antonio
who worked on this project as a postdoctoral researcher.
In the gas turbines of aircraft, for example, metals and
composite materials are joined with a mechanical fastener
that adds weight and introduces stress that could lead to
fractures and corrosion.
“These fasteners ultimately decrease the performance of
the system and need to be replaced every so often. But
the interfacial sutures of the diabolical ironclad beetle
provide a robust and more predictable failure that could
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help solve these problems,” said Maryam Hosseini,
who worked on this project as a Ph.D. student and
postdoctoral researcher.
UCI researchers built a carbon fibre composite
fastener mimicking a diabolical ironclad beetle’s
suture. Purdue researchers found through loading

tests that this fastener is as strong as a standard aerospace
fastener, but significantly tougher.
“This work shows that we may be able to shift from using
strong, brittle materials to ones that can be both strong and
tough by dissipating energy as they break. That is what nature
has enabled the diabolical ironclad beetle to do,” Zavattieri said.

Brembo reveals
its revolutionary
Brake-by-Wire
system
The Italian automotive brakes
systems manufacturer Brembo
has a long history in designing
the latest technology for braking
applications. With its finger on
the pulse, its most recent introduction, the
‘Brake-by-Wire’ system is set to take the EV and
hybrid world by storm.
‘Brake-by-Wire’ is a wet/dry system. Dedicated
aluminium high performance calipers, each powered
by an electrohydraulic actuator, are found at the front.
The rear calipers are electromechanically actuated and
therefore don’t require brake fluid. The brake pedal is
completely decoupled in normal operation.
This means that there is no physical mechanical link
between the calipers and the brake pedal. The brake
pedal, instead, functions as a simulator. A sensor in the
pedal, upon being pressed by the driver, transmits a
signal to an ECU, which then drives actuators to control
the rear and front calipers.
The brake pedal is completely decoupled because such
systems are the only ones that allow VMs to move to
the higher levels of automated driving. On top of this, a
completely decoupled brake pedal is necessary to afford
optimum use of regenerative braking on hybrid and
electric vehicles. When a vehicle slows down, electric
motors are used to recharge the batteries which in turn
generate a certain deceleration. This deceleration alone,
however, is not always enough, particularly for high
deceleration stops. It is, therefore, necessary to add
the effect of friction braking to regenerative braking.
The seamless combination of these two braking
methods ensures optimum regenerative braking,
which in turn maximises energy recuperation.
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How ‘Brake-by-Wire’ works step by step
• Just like in a traditional hydraulic braking system,
‘Brake-by-Wire’ is operated by pressing the
brake pedal
• When pressed, the pedal’s travel sensor detects
the pedal’s position, immediately communicating
the relevant braking information to the ECU
• Simultaneously, the ECU processes this
information, sending a command to the actuators
• The electromechanical hydraulic actuator
converts this command into caliper hydraulic
pressure/clamping force, slowing or stopping
the vehicle
• Should any element of the ‘Brake-by-Wire’
system experience a malfunction, any anomalies
will be detected, and the non-functioning part
bypassed. In this scenario, the architecture of
the actuators in the wheels enables the braking
system to automatically reconfigure itself. *
• The system continues to operate through the
devices that are functioning, guaranteeing
deceleration that is superior to what is required
by law (2.44 m/sÇ)
In the event of a total loss of electricity, the
conventional hydraulic safety system will take over
for the ‘Brake-by-Wire’ system, enabling the braking
system to operate on the front wheels
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Scientists have replicated the surface
of a human tongue using 3D printing

The 3D printed negative
mould showing holes
for the filiform and
fungiform papillae
(Credit: Leeds University)

UK scientists led by Leeds
University in collaboration
with Edinburgh University
have shown that their
3D-printed synthetic silicone
structure mimics the topology,
elasticity, and wettability of the
human tongue’s surface. These
factors are instrumental to how
food or saliva interacts with the
tongue and a biomimetic tongue
could reduce manufacturers’
reliance on humans when
carrying out sensory trials and
consumer tests.
In a statement, study lead author
Dr Efren Andablo-Reyes said:
“Recreating the surface of an
average human tongue comes with
unique architectural challenges.
“Hundreds of small bud-like structures called papilla
give the tongue its characteristic rough texture that in
combination to the soft nature of the tissue create a
complicated landscape from a mechanical perspective.
“We focused our attention on the anterior dorsal
section of the tongue where some of these papillae
contain taste receptors, while many of them lack
such receptors.
“Both kinds of papillae play a critical role in
providing the right mechanical friction to aid food
processing in the mouth with the adequate amount
saliva, providing pleasurable mouthfeel perception
and proper lubrication for swallowing.

Edinburgh University co-author, Rik Sarkar of the
School of Informatics said: “The randomness in
distribution of papillae appears to play an important
sensory role for the tongue.
“We defined a new concept called collision
probability to measure mechanosensing that will
have large impact in this area. In the future, we
will use a combination of machine learning and
computational topology to create tongue models of
diverse healthy and diseased individuals to address
various oral conditions.”
The artificial surface was then 3D printed using digital
light processing technology based in the School of
Mechanical Engineering at Leeds.

“We aimed to replicate these mechanically relevant
characteristics of the human tongue in a surface
that is easy to use in the lab to replicate oral
processing conditions.”

The team ran a series of experiments using different
complex fluids to ensure that the printed surface’s
wettability and the lubrication performance was the
same as the human tongue impressions.

According to Leeds University, the team took silicone
impressions of tongue surfaces from fifteen adults
that were 3D optically scanned to map papillae
dimensions, density and the average roughness of
the tongues. They then used computer simulations
and mathematical modelling to create a 3D-printed
artificial surface to function as a mould containing
wells with the shape and dimensions of the different
papillae randomly distributed across the surface
with right density. This was replica-moulded against
elastomers of optimised softness and wettability.

Co-author Dr Michael Bryant from the School
of Mechanical Engineering at Leeds said: “The
application of bio-tribological principles n the
creation of this tongue like surface is a significant
step forward in this field.
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“The ability to produce accurate replicas of tongue
surfaces with similar structure and mechanical
properties will help streamline research and
development for oral care, food products and
therapeutic technologies.”
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State of the art
Underwater Survey
Robot completes
successful trials
A state-of-the-art underwater survey robot being
developed by a collaboration of companies from
across the UK is on schedule for completion next
spring after a successful first demonstration. Forth
Engineering in Cumbria hosted Drop One Trials of
the autonomous underwater system for nuclear
inspection at its headquarters in Cumbria recently.
Drop Two Trials are now being planned for the
beginning of next year with the project on target to
be completed in March 2021.
It is part of the Autonomous Aquatic Inspection
and Intervention (A2I2) collaborative R&D project
supported by Innovate UK under the Industrial
Strategy Research Fund.
The A2I2 consortium, led by Rovco, is developing
various world-leading technology for use across
multiple sectors, including offshore wind, nuclear, oil
and gas, and other industries, which aims to improve
safety by reducing risks when working in challenging
and hazardous environments.
Forth, Rovco, D-RisQ, the National Oceanography
Centre (NOC), Thales UK and The University of
Manchester, have been developing autonomous
underwater systems as part of a cross-cutting
programme, which brings together expertise from
multiple industries and academia.
Rovco has been supporting each work stream with
its groundbreaking, artificial perception technologies
including 3D Computer Vision, Simultaneous
Location and Mapping (SLAM), autonomous path
planning and scene understanding using Machine
Learning (ML). Rovco’s Intelligent Data Collection
System can be integrated into any subsea vehicle to
enhance its capability.
D-RisQ brings advanced automated software
development tools to safety-critical, security-critical
and business-critical systems developers. D-RisQ
has used these tools to develop high integrity,
autonomous decision making, safety-critical software
for this demonstrator that enables the autonomous
operation in accordance with regulatory requirements.

www.diagnosticengineers.org

Autonomous Aquatic Inspection and Intervention (A2I2)
being successfully demonstrated at Drop One Trials at
Forth Engineering’s headquarters at Maryport, Cumbria
The University of Manchester is developing wireless
underwater communications, which will ultimately
eliminate the need for a tether, allowing the robots
developed in A2I2 to operate more freely in hazardous
environments.
Forth’s Programme Manager, Peter Routledge
said: “Underwater robots are increasingly utilised
for commercial and scientific applications to make
measurements and interact with underwater assets
and the environment. The project’s goal is to develop
underwater autonomous vehicles that can improve
safety and reduce the challenges of operating in
hazardous environments.”
The nuclear use case demonstrator showed how the
technology can be used for offshore coring, and wet
nuclear storage pond surveys and interactions.
Forth has incorporated sonar technology with
the robot’s system to detect and avoid obstacles
underwater to enable the robots to be used near
‘critical infrastructure’. Alongside this Forth has
developed an Enabling Technology which provides
Launch and Recovery, recharging and high bandwidth
communications for the ROV.
To fast-track other collaborative solutions, Forth is
developing its 68,000 square-feet base in Cleator
Moor as an innovation hub where products such as
FSWbot will be developed. The company has also been
on the frontline when it comes to fighting COVID-19.
It has developed a disinfecting robot, and supplied
disinfecting cannons, to help a range of industries,
businesses and organisations welcome back staff and
customers safely. Forth gave up its Cleator Moor office
space for free during lockdown to charity Scrub Hub
North West which delivered essential equipment to
local hospitals.
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Hello Diagnostic Engineers!
You will have noticed that this issue of our magazine is
somewhat different than usual. You will also start to receive a
regular News Letter by email giving you notice of forthcoming
events and telling you what is going on in our Institute. We
are also hoping to arrange Zoom lectures and seminars soon
to which all members will be invited, enabling you to advance
in your chosen profession. Also included will be a working
scheme whereby members will be able to gain Continuous
Professional Development marks - a vital necessity in today’s
world. It is essential that Diagnostic Engineers in all industry
sectors keep up to date on new technical developments and
also on other matters that affect their professional standing.
For some time now, Council has been concerned about the
Institute’s affairs and has come to an agreement with the
International Institute of Marine Surveying (IIMS) of which I am
an Honorary Fellow and Past President. Subject to some final
arrangements, yet to be discussed and agreed, and, of course,
formal acceptance at a Special General Meeting, they will be
taking over much of the day to day running of the Institute
under Council’s guidance. Among other things they will be
responsible for are preparing and issuing the Magazine. For
the last few years, that role has been carried out in his spare
time by Council Member, Chris Gilbert, to who many thanks
are due for his hard work. Chris, however, for personal
reasons, has had to stand down as a Council Member and the
rest of us could not take on the work. Hence the involvement
of the IIMS ,with whom we have had an understanding on
other matters for some years now. Council is of the opinion
that the services that our members receive and the advantages
of belonging to this Institute will be vastly improved making
membership far more worthwhile and meaningful. And don’t
forget to check out our new and vastly improved website too.
I also have to say that you all have experiences in your
professions from which you have learned valuable lessons and
I ask you to put them in writing in your own time and forward
them to head office where they will be edited, included and
shared, in due course, via the magazine.

President’s
Last Word
If this Institute is to survive and improve, you, as a member, need
to take an active part in its management and development. We
need, urgently, at least another two Council members. This
involves taking part in four or five online Zoom meetings (in your
own home and on your own computer) in a year.
With Season’s Greetings and
Best Wishes for the New Year!
Eur.Ing. Jeffrey N. Casciani-Wood
C.Eng., F.R.I.N.A., F.C.M.S.,
Hon F.I.I.M.S., F.LL.A.,
F.S.Diag. E.

On a personal note finally, I have been President of this
Institute for some years now and have reached
the age of ninety. It is long past the
time when I should have stood
down and given way to a
younger person.
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In case you missed it,
we want to mention
again that we have a

new website...

www.institutiondiagnosticengineers.org
If you have the old website address saved in
your browser, it will now automatically
redirect when clicked to the new one.

How many

‘thinkers’

can you find?

Answer in
edition #200

