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The objects of the Institution are:

•  To promote the education and training of persons whether resident in 
the United Kingdom or worldwide 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 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.

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 subscribers

– Occasional publication of the DIAGS 
magazine, Diagnostic Engineering

https://institutiondiagnosticengineers.org/
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Editor’s Welcome

Dear Colleague

I feel a bit of an interloper, gate crashing the 40th DIAGS birthday anniversary year 
uninvited, but being given the opportunity to breathe new life into the unique 
Institution of Diagnostic Engineers (or DIAGS as it is affectionately known to many) 
excites me. It is a big responsibility and carries with it a sense of duty to those who 
have been associated with and supported the organisation over the years.

Having been involved with the former DIAGS council in recent times, it was apparent 
to me from the start that this is a great brand that has sadly fallen on hard times. 
DIAGS is a special organisation to so many and one that I believe is worth saving, 
for it holds a unique place in the engineering sector.

As you will read in Elliott’s column, we have achieved great success with the 
International Institute of Marine Surveying in recent years. I intend to use similar 
mechanisms that have proved successful as a blueprint and template to reboot 
and reposition DIAGS as an organisation that professional diagnostic engineers 
will aspire to be associated with. And there is no better time to do this than now as 
DIAGS turns 40.

Moving into the next phase of DIAGS’ development, it will no longer be a 
membership organisation. I am inviting you to subscribe - renewable annually - to 
the new look professional body for diagnostic engineers worldwide. 

And remember, to keep your existing postnominal letters it will be necessary to 
engage and subscribe as we start with a clean slate.

It is essential that DIAGS is relevant to diagnostic engineers from all disciplines, 
for you are part of a broad-church covering many different industry sectors. As 
we move further into 2022, expect to see more announcements as we beef up 
the offering to subscribers. This will include access to new learning opportunities, 
events, course and training resources, the semi-regular Diagnostic Engineering 
magazine and occasional What’s the Buzz DIAGS electronic newsletters.

The website has been given a complete makeover and looks vibrant, offering a 
wealth of new information. I would encourage you to visit it and to return often as 
we develop a meaningful knowledge centre for your benefit.

If you would like to subscribe to DIAGS and thus protect your right to use your 
postnominal letters, it is imperative that you engage with my colleagues who will 
be happy to assist. Once you establish contact, we can arrange to invoice you and 
start your new subscription with immediate effect. 

Here’s how to engage with us:

But first you may wish to visit the Subscription Criteria & Fees page on the website 
at https://bit.ly/31B3K4M.

You can call us by telephone on +44 23 9238 5223 (normal office hours).

You can email us at info@institutiondiagnosticengineers.org.

You can message us via the contact page on the website at  
https://bit.ly/31DkNDp.

Or you can use the online subscription application form via the DIAGS website and 
pay by debit or credit card at https://bit.ly/3ngCQY9.

Here’s to the next phase of the DIAGS journey.

  Mike Schwarz
	 	 Chief	Executive	Officer

instit

https://institutiondiagnosticengineers.org/
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How to subscribe to DIAGS and 
which grade is right for you
Applications are invited from suitably qualified diagnostic engineers, or 
those wishing to enter the engineering profession, in any industry sector 
for any of the following subscription grades listed below. Only fully paid-up 
subscribers may use the designated postnominal letters as indicated.

To subscribe please use the secure online subscription application 
form at https://bit.ly/3ngCQY9.  You will be asked to make payment 
using either your credit or debit card as you complete the form. 
Alternatively call us on +44 23 9238 5223.

Student Subscription Criteria
(1) age up to 20 and 
(2) is engaged in an appropriate occupation 
or is studying
A STUDENT may use the 
POSTNOMINAL LETTERS – SIDiagE.
Student subscription is FREE

Associate Subscription Criteria
(1) aged 20 and above and  
(2) is engaged in an appropriate occupation  
or is studying
or is awaiting fresh employment
or is undertaking research
An ASSOCIATE may use the 
POSTNOMINAL LETTERS – AMIDiagE.
Associate subscription is £90 per annum

Member Subscription Criteria
(1) aged 25 and above and 
(2) is engaged in an appropriate occupation
or is studying
or is awaiting fresh employment
or is undertaking research and 
(3) occupies (or has occupied) a 
responsible position
or has made a written contribution to 
advance the knowledge of diagnostics
or has attended at least TWO acceptable 
post-experience courses
A MEMBER may use the 
POSTNOMINAL LETTERS – MIDiagE.
Member subscription is £150 per annum

S u b s c r i p t i o n  C r i t e r i a  &  F e e s
Fellow Subscription Criteria
(1) has been a Member of the Institution 
(MIDiagE) for 2 years and
(2) aged 30 and above and 
(3) is engaged in an appropriate occupation
or is studying
or is awaiting fresh employment
or is undertaking research and 
(4) occupies (or has occupied) a 
responsible position
or has made a written contribution to 
advance the knowledge of diagnostics
or has attended at least TWO acceptable 
post-experience courses and 
(5) has made a significant contribution to 
the technology of diagnostic engineering
or by participation as an active technical 
correspondent
or has made a significant contribution to 
the objectives of the Institution
A FELLOW may use the POSTNOMINAL 
LETTERS – FIDiagE.
Fellow subscription is £190 per annum

Corporate Subscription
Any company or organisation that employs 
diagnostic engineers or uses their services, 
or that simply supports the aim of the 
Institution is welcome to subscribe.
Corporate subscription is £150 per annum

Retired Subscription
The retired subscription fee for 
all grades is £35 per annum

Other Subscription
Examples of those organisations that 
fall into this category are libraries, 
research establishments, universities, 
and education establishments
Subscription is £67 per annum

That link again to the secure online  
application form is https://bit.ly/3ngCQY9

DIAGS subscribers are invoiced annually on the 
anniversary of their original subscription date.

You may cancel your subscription at any time, 
but no refund will be payable if it is part way 
through the year.

institutiondiagnosticengineers.org
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I write this column as the now ex-Chairman of the Institution 
of Diagnostic Engineers (DIAGS) at a time of sadness for 
our long-standing organisation following its closing and 
subsequent takeover. And in doing so, I am turning to you 
and appealing for your help and support to re-establish 
DIAGS as a force once again in the marketplace.

Businesses more often than not fail due to a lack of 
innovation and inward management thinking. Sadly, 
DIAGS has been a victim of both in recent times and, whilst 
hindsight is a valuable commodity, when it became clear 
how deep the challenges we faced were, it was too late to 
save the organisation in its present form.

A couple of years ago, the DIAGS Council entered into 
dialogue with the International Institute of Marine Surveying 
(IIMS) and their subsidiary the Marine Surveying Academy 
Ltd. Our initial discussions centred around asking IIMS to 
help us breathe new life into the organisation by managing 
certain aspects of the business. And they stepped in to 
create a new logo and brand identity as well as redeveloping 
this very publication. The Marine Surveying Academy Ltd 
formally acquired the DIAGS brand in December 2021 and 
will manage its future development.

I should point out that both Jeffrey and I are long-standing 
members of IIMS. We have both been highly impressed 
with the work the IIMS team has done to rejuvenate their 
institute, which was in a similarly parlous state as DIAGS just 
a few years ago, under the innovative leadership of Chief 
Executive Officer, Mike Schwarz.

Jeffrey Casciani-Wood and I will be around in the 
background as part of the DIAGS Advisory Panel and will 
both take a keen interest in the future development of the 
DIAGS brand. The new plans to re-energise and freshen up 
the organisation are exciting. I hope you will be inspired 
as you turn the pages of this magazine and will choose to 
subscribe so that, one day, we may celebrate the next forty 
years of DIAGS!

Regards

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

Welcome from 
the Chairman

institutiondiagn
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I N D U S T R Y  N E W S Porsche
 ‘digital twin’ 

can predict when 
your car will need service

Wouldn’t it be better if your car could recommend service 
based on when you’re likely to need it, not just a fixed schedule? 
It just might. Porsche is developing a “digital twin” (that is, a 
virtual copy) that helps predict service requirements based on 
driving styles. Algorithms can parse a combination of sensor 
data and “big data” to recommend service based on your 
driving style. You may need early work on your suspension if 
you take your car to the track, or the engine if you have a long 
highway commute.

The system can even anticipate faults before they happen. 
That will please mechanics, of course, but it could also keep 
you safe (and spare you additional repair costs) by scheduling 
maintenance long before there’s a crisis.

Porsche doesn’t officially launch its first digital twin until 
2022, and then only using sensor data. Field testing is already 
underway however - about half of Taycan owners have 
volunteered for a pilot that anonymously monitors the EV’s 
air suspension for body acceleration. If the car ventures past 
certain thresholds, the vehicle tells the driver they may need to 
visit a repair shop.

GRIDSERVE announces EV 
charging rollout
GRIDSERVE has announced that it will deploy more than 20 
electric vehicle charging hubs at motorway service stations 
across the UK by the second quarter of 2022.

The Electric Hubs will feature six to twelve 350kW ultra high-
power chargers with contactless payment, and will be capable 
of adding up to 100 miles of range in less than ten minutes. The 
majority are planned to be installed by the end of March, with a 
further 50 additional sites to follow in the next phase.
 
Two Electric Forecourts situated adjacent to major transport 
routes and motorways, including a flagship site at Gatwick 
Airport, are also in construction and due to open in 2022. Several 
additional sites now also have planning permission, with more 
than 30 additional sites also under development as part of the 
company’s commitment to deliver over 100 Electric Forecourts.

The investment programme forms part of GRIDSERVE’s mission 
to ‘revolutionise EV charging’ across the UK, following the 
acquisition of Ecotricity’s Electric Highway network in June. 
Some of the Electric Hubs are also located in areas traditionally 
left behind in the EV transition, including Wales and Cornwall.
 Since the acquisition, GRIDSERVE has invested tens of millions 
of pounds in the network to develop the new Electric Hubs, 
replace over 300 existing motorway chargers it inherited from 
Ecotricity, and install 130 additional AC chargers to cater for all 
EV types.

The next generation  
of vibration testing
Test and measurement expert HBK has launched a new LDS 
shaker system that provides efficiency far beyond just saving 
time – the LDS V8750 shaker + XPAK shaker system.

HBK says with increasingly complex and advanced vibration 
testing, such as environmental stress screening with a slip table 
and climatic chamber, manufacturers and engineers need a lot 
from their vibration testing solutions.

Lack of energy saving and power balancing features, 
recalibration of armature position, vibration profile limitations 
as well as growing their own testing capabilities are just a few 
of the challenges, limiting testing efficiency, they say.

Mellor to launch new 
all-electric bus range
Rochdale based bus manufacturer, Mellor, will launch a new 
range of all-electric buses. The vehicles, which the company 
claimed could be the “widest range of battery-electric buses 
from any manufacturer in Europe”, are expected to include a 
variety of lengths, widths, operating ranges and weights. 

The news follows the October announcement of Mellor’s 
ambitions to ‘reposition’ the business from next year. The 
company has also announced plans for a new 54,000ft2 facility 
in Scarborough, Yorkshire, with 130 workers and a 500 vehicle 
per year capacity.   

https://institutiondiagnosticengineers.org/
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Researchers in the US have 
equipped a robot with an AI-
driven vision system that enables 
it to recognise different types of 
touch via shadows.

Carbon ThreeSixty is leading a 
project to design, develop and 
manufacture an ultra-low mass, 
robust, proof-of-concept carbon 
fibre reinforced plastic wheel  
for helicopters.

Researchers have designed a 
rechargeable molten salt metal 
air battery that may provide an 
alternative to lithium-ion batteries 
and could help accelerate the shift 
to electrified transportation.

Engineers have modelled the 
hypothetical threats from toxins 
released when above-ground 
storage tanks fail during a storm. 

Plastics have been combined 
with carbon nanotubes to 
create 3D-printed plate-lattice 
metamaterials claimed to be 
tougher and lighter than similar 
forms of aluminium.

Thousands of hillsides around 
the UK could host a new type 
of pumped-hydro energy 
storage system, its developers 
have claimed.

Surge in demand for heat pump training

A new study by training provider Logic4training reveals that demand for heat 
pump training has skyrocketed since the government announced plans to help 
subsidise the replacement of some gas boilers with low-carbon heat pumps.

The study suggests that many people, including gas engineers, plumbers and 
other tradespeople, are looking to upskill into heat pump installation and 
maintenance following the announcement. The company reports that it has 
experienced a 6700% year-on-year increase in online enquiries for heat pump 
training courses on the day that the government made the announcement that 
a £5000 grant will be available from April next year. 

The study also shows that Google experienced the highest ever search interest 
for the query ‘air source heat pump course’, which is the most popular term 
used to find courses of this kind. Similarly, Google also experienced the highest 
ever search interest in ‘heat pumps’ following the announcement, suggesting 
that many consumers are starting to think about switching from gas boilers.

Female engineering students increase 
by 96 per cent

The research is an analysis of UCAS data from employment lawyer Richard 
Nelson LLP, and showed a ‘healthy’ increase in overall figures for applications 
to engineering courses over the last decade with an increase of 96.49 per cent 
in female undergraduate applications.

However, university engineering courses still receive four times more male 
applications than female according to the research, showing that despite 
progress there is still a significant gender gap — 2021 saw 125,320 male 
applicants and just 29,650 female.

“We have seen a significant rise in the number of females who are interested in 
studying engineering at university and an influx of women into the workforce,” 
said Jayne Harrison, employment lawyer at Richard Nelson LLP, describing the 
overall rise of engineering applications as ‘encouraging’.

https://institutiondiagnosticengineers.org/
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I N D U S T R Y  N E W S Research could see fish waste used 
for nylon production
Scottish researchers are exploring a new bio-based process for 
more environmentally-friendly and circular production of adipic 
acid – a key component used to produce nylon – using fish waste.

Typically derived from petrochemicals, adipic acid is used in a 
range of other products including polyurethane-based items, 
such as building insultation and furniture cushioning; lubricants; 
and pharmaceuticals. The current production process has 
significant environmental impact, including by generating the 
greenhouse gas nitrous oxide as one of its many byproducts.

The bio-based process would extract the components of 
fish processing waste using biological enzymes. Genetically 
modified bacteria would then be used to convert the fatty 
components into a mix of adipic acid and useful byproducts.

Research collaborator Farne Salmon, a salmon products 
producer, is supplying the waste for the feasibility study.

Electrified racing 
aeroplane undergoes tests
The research project at Nottingham 
University has been funded by the 
Propulsion Futures Beacon of Excellence 
in collaboration with Air Race E, an 
electric air race series, to investigate 
alternatives to the use of fossil fuels in 
global transportation systems.

In a statement, project lead Professor 
Michael Galea said: “Electric flight 
is one of the fastest developing 
technological areas and is seen as 
the third-generation of aviation. The 
rigours of air motorsport, with its 
demand for speed, performance and 
power management, has provided us 
with the perfect conditions to develop 
and promote cleaner, faster and more 
technologically advanced electric 
motor drives.”

The Cassutt III petrol-powered single-seater racing aircraft 
provided by Air Race E has been converted to run on electrical 
power. The airframe has been adapted to fit the integrated 
electric motor and other supporting power electronic 
systems such as cooling systems, pilot interface and controls. 
Additional supporting structures have also been developed 
to house the batteries, which provide the motor with enough 
energy for racing.

Professor Galea said: “Our main design challenge has been 
to retrofit the electrical systems into the plane in place of the 
existing aircraft engine. The batteries take up a large volume in 
the nose of the plane and there is limited space to fit the battery 
housing, control circuitry and main power cables within. This 
must be achieved whilst maintaining a similar weight distribution 
and centre of gravity to the original plane.”

Image credit University of Nottingham

UK to develop capability for industrial scale battery recycling
The UK is set to develop industrial scale battery recycling capabilities following the announcement of a partnership between Recyclus 
Group and Slicker Recycling. Recyclus Group is 49 per cent owned by Technology Minerals (TM), a London-based company aiming by 
to increase its lead-acid battery recycling capability to 16,000 tonnes per annum by 2022, and 5,000 tonnes per annum for lithium-
ion batteries in the same time frame.

“The focus for our recycling operation longer term is on the UK and European markets with a view to grow to 20,000 tonnes of 
lithium-ion batteries, and 60,000 tonnes of lead-acid batteries respectively per annum over the next decade,” said TM executive 
chairman Robin Brundle.

 TM is a majority shareholder across a portfolio of battery metal projects, stating that its mission is to ‘sustainably extract the raw 
materials required for Li-ion battery cathodes, and help to recycle spent Li-ion batteries for reuse by battery manufacturers.’ To help 
deliver this circular economy vision, TM aims to build one recycling plant a year for the next six years.

https://institutiondiagnosticengineers.org/
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EDF Renewables has announced 
plans to install floating wind 
turbines at its Blyth Offshore 
Demonstrator wind farm.

Microplastic particles in 
wastewater, which can 
contaminate and pollute the 
environment, could be  
destroyed at source thanks to  
a new treatment.

Researchers at Leeds University have 
developed a synthetic compound 
for use in catalytic converters which 
is based on analysis of gases in the 
atmosphere of Venus.

A wind farm in the remote steppe 
of the Aktobe region in western 
Kazakhstan will keep operating in 
temperatures as low as -35ºC thanks 
to a new nickel battery system.

Fuelling a green future 
with hydrogen electric
The University of Sheffield Advanced Manufacturing Research Centre (AMRC) 
is helping the UK along the road to net zero by de-risking the assembly and 
production scale up of hydrogen fuel cells for the aerospace, automotive and 
rail industries.

Construction of a new £600,000 Hydrogen Electric Propulsion Systems (HEPS) 
testbed, based at AMRC Cymru in North Wales, will complete in January 2022. 
The testbed is designed to drive the industrialisation of hydrogen technology, 
harnessing AMRC’s expertise in design to manufacture a fuel cell assembly 
testbed where Industry 4.0 technologies and in-process inspection techniques 
will optimise the assembly process.

“Hydrogen fuel cells can address key challenges of the transport sector as it 
searches for alternatives to the internal combustion engine,” said Lee Wheeler, 
Hydrogen Technology Lead at AMRC Cymru. “However, the current cost of 
manufacturing and assembling the fuel cells is incredibly high, which means 
there’s a lack of uptake.

“We want to support businesses who want to make the net zero energy 
transition to hydrogen electric propulsion systems by giving them a facility 
where they can use advanced manufacturing techniques to assemble and 
verify their product and then eventually integrate it in their vehicles.”

Dangerous gas appliances on the rise
A survey of heating engineers, conducted by CO poisoning campaign 
group Project SHOUT, has identified an alarming rise in dangerous 
gas appliances, with over a third (39%) seeing poorly maintained 
or badly fitted appliances every week, with nearly two-thirds (61%) 
saying they saw them at least monthly.

A further 31% of engineers said they came across appliances, such as 
boilers, cookers and fires, on a monthly basis that they would class as 
dangerous. Outside of the survey, one engineer reported condemning 
49 boilers in just one day at a social housing provider.

Nearly a third (29%) reported seeing more dangerous appliances 
since Covid-19, which may be due to homeowners being reluctant to 
let engineers into their homes at the height of the pandemic, or that 
they simply couldn’t afford to have their appliances serviced or tried 
to do it themselves.

Project SHOUT is concerned that with rising energy bills and plummeting 
temperatures this winter, cash strapped households may put servicing 
their appliances to the bottom of their list of priorities, which can make 
families at greater risk of carbon monoxide (CO) poisoning.

https://institutiondiagnosticengineers.org/
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Internal combustion engines could still play a 
part in decarbonisation 

Electric vehicle technologies are considered 
unsuitable because heavy goods vehicles (HGVs) 
travel for long periods, have insufficient time for 
long recharges, and would need higher battery 
capacities due to their greater weight and journey 
lengths. Fuel cell electric vehicles (FCEVs) can be 
refuelled quickly but are expensive, and there are 
also challenges in sourcing battery materials.

These are issues shared by heavy construction and 
agricultural equipment manufacturers, such as JCB. 
In a recent Harry’s Garage episode on YouTube, 
JCB chairman Lord Bamford highlighted that 
owners of heavy machinery want it to work long 
shifts to maximise ROI, with minimal interruptions 
for refuelling. 

Weight and cost are also issues – JCB predict that 
battery costs will not come down any time soon. 
Moreover, converting a 20-tonne excavator to 
a battery electric vehicle (BEV) would increase its 
weight by over 40%, so many components would 
have to be upgraded, leading to a machine costing 
double the diesel equivalent. FCEVs are proving 
more expensive still. 

JCB’s solution is an internal combustion engine (ICE) – with a difference. Instead of petrol or diesel, it runs on hydrogen.

“It’s not the combustion engine that’s the problem, it’s the fossil fuels,” said Lord Bamford. 

ICEs are reliable, cheap to manufacture, there are well-established supply chains, and they are well understood by manufacturers, 
service centres and many customers.

I N D U S T R Y  N E W S

Prime minister Boris Johnson was in attendance as JCB chairman 
Lord Bamford unveiled a hydrogen-fuelled prototype (Credit: JCB)

UK onshore wind boom set for mid-2020s as ‘pipeline’ grows
Onshore wind farm numbers are set to boom in the UK, with a new report showing ‘significant increases’ in deployment from the 
mid-2020s onwards.

The research, by trade organisation 
RenewableUK, found that the total capacity 
‘pipeline’ – projects that are operating, 
under construction or in planning – has 
grown to nearly 33GW. The total figure is 
up by 3GW on last year. If every project 
in the pipeline goes ahead, the UK would 
hit 30GW by 2030 – more than double the 
current operational capacity of 13.9GW. 
The entire pipeline of 33GW could power 
more than 21m homes all year round, 
playing a significant role in decarbonising 
the grid. 

The onshore pipeline is roughly half of the 
offshore pipeline, however, which stands at 
63.2GW. A government ban held back new 
onshore projects for much of the 2010s, 
and was only overturned last year.  

Earlier this month, RenewableUK published 
a report showing that doubling onshore 
wind capacity could reduce consumer bills 
by £16.3bn over the decade, an annual saving of £25 for every household. It could also generate £45bn of economic activity and 
create 27,000 full-time jobs.
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Barmouth viaduct set for upgrade
Network Rail is upgrading the iconic Barmouth Viaduct/Pont 
Abermaw with the biggest restoration of its history: a £30 
million upgrade that will protect the well-loved bridge for 
generations to come. This is creating huge interest among local 
communities and their very numerous 2021 staycation tourists.

The viaduct is now 157 years old, and its mainly timber 
construction is again in need of replacement. A replacement 
bridge was considered, but refurbishment was selected. The 
three-year programme will restore it, whilst maintaining its 
appearance and its Grade II* listed status. Both the timberwork 
and the four steel spans at the north end will be replaced on a 
like-for-like basis. When the works are completed, the viaduct 

will retain the current speed restrictions of 20 mph for passenger trains and 10 mph for freight.

Timber replacement in the substructure took place between September to December 2020, including a two-week blockade. Works have 
continued on this this year from June, with a September-December blockade for replacement of the deck. During 2022, a similar blockade 
will be used to replace the four steel spans. The first six weeks of this year’s phase saw work through day and night to take advantage of 
better summer weather. Steve Richardson, Operations Manager at Alun Griffiths, explained that working out in the estuary leaves his team 
exposed to the elements and that “without a doubt, the wind is our biggest issue”.

Fifty-three of the viaduct’s 565 piles are being replaced above riverbed level, together with 119 diagonal bracings and 102 low level 
walings. The concrete shrouds around the piles at low level are to be replaced/installed on all piles.

The replacement timber members are FSC-certified greenheart hardwood from Guyana which has proven the most durable timber for 
marine works such as this and is much more durable than the Douglas Fir and Pitch Pine of the original structure.

Gadus grease - 
a world’s first from Shell
Shell Lubricant Solutions has announced its Shell Gadus S3 V220C 2 grease 
is now certified against the NLGI High-Performance Multiuse (HPM) 
certification, in addition to its previously held NLGI GC–LB performance 
classification. The company claims this makes it the world’s first dual-
certified grease. Shell Gadus S3 V220C 2 grease has also obtained the 
+HL tag for enhanced level of performance in the heavy load carrying 
capacity category.

Shell Gadus S3 V220C 2 grease’s HPM certification guarantees 
consistency, because the rigorous qualification testing the process of 
certification takes. The HPM Grease Certification programme ensures 
that all certified greases meet or surpass the High-Performance Multiuse 
grease specification requirements in the areas of mechanical stability, oil 
separation, water resistance, heat tolerance, corrosion resistance and load 
carry capacity. The product is audited every year and tests are repeated annually to maintain the certification and customers’ confidence.

“We’re thrilled to share that all customers, worldwide, can be sure they are using the most powerful, high-quality grease that offers 
unmatched versatility and performance,” said Greg Morris, product application specialist for greases at Shell Americas. “This certification is 
truly a testament to Shell’s diligence and commitment to staying at the forefront of innovation for our customers.”

World-first hydrogen powered ambulance prototype displayed
Visitors to COP26 in Glasgow were able to view the world’s first hydrogen fuelled ambulance, created by ULEMCo, the UK hydrogen fuel 
pioneer, and partners. The working prototype vehicle, which incorporates a hydrogen fuel cell in the powertrain, can be refuelled quickly 
and is capable of up to a 300-mile range.

Named for Zero Emission Rapid Response Operations ambulance, the ZERRO project was originally started by Yorkshire Ambulance 
Service, where their range requirements require the flexibility that hydrogen can provide. It will in the meantime be trialled by the London 
Ambulance Service, where it can gain access to the public refuelling stations around London.

Innovations built into the ambulance include a hydrogen fuel cell range extender with an electric drive, a low frame chassis and a bespoke 
lightweight ambulance body. Specific features such as the low access floor and a frame-based body enable it to meet the payload 
requirements of the service, and the hydrogen fuel cell ensures productivity of the asset with fast and flexible refuelling.
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Engineering Heroes: 
The 2021 Top 50 Women 
in Engineering WE50 Awards
In association with The Guardian newspaper and Assystem, 
the 2021 Top 50 Women in Engineering will celebrate the 
Engineering Heroes: the best, brightest and bravest women in 
engineering, who recognise a problem, then dare to be part 
of the solution; who undertake everyday ‘heroics’ as much as 
emergency ones.

Derived from the Greek word hērōs, “hero” literally means 
“protector” or “defender” and in 2020-21 engineers around 
the world have played a major role in protecting and 
defending us from the COVID-19 pandemic. At the same time, 
the extraordinary public health crisis we are experiencing 
has brought into sharp focus how engineers also deliver and 
maintain critical services and infrastructure, keep civic society 
functioning at every level, and support lives and livelihoods. 
And let’s not forget those engineers who also undertake 
world-leading research and innovation to tackle the long-
term, structural global challenges of our time, especially 
climate change.

2021 criteria for nomination 
WE50 is celebrating women who have improved engineering 
in service of our society. These individuals may be involved in 
designing, delivering, developing, maintaining or researching 
engineering in the following circumstances:

- Emergency response to immediate need, for example, the 
pandemic, natural/manufactured disasters, search and rescue;

- Improvements to the social or environmental impact of 
infrastructure designed to keep the public safe, for example, 
building and road safety, energy, telecoms and water services;

- Life-saving medical response, whether by means of 
diagnostics, devices, medication or equipment, for example, 
pharmaceutical drugs, tests and vaccines, hospital diagnostic 
equipment such as x-rays and scanners, surgical tools, 
protective equipment, including clothing and masks;

- Responding to the climate and biodiversity emergencies.

More details about the awards can be found at 
https://www.wes.org.uk/WE50 

Founded by the Women’s 
Engineering Society in 2016, 

the WE50 awards is a UK event 
linked to International Women in 

Engineering Day, the celebration of women in engineering that takes place on 23 June each year.

Winners of the 2020 WE50 awards
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The judges stated that the standard of the nominations 
was extremely high and has highlighted the exceptional 
attainments made by women in sustainability and is 
testament to the difference that female engineers are making 
in shaping the world.

Sally Sudworth, the Environment Agency’s National 
Programme Manager for Asset Management & FCRM 
Sustainability Lead (Net Zero Carbon Programme), WES 
Honorary Secretary and WE50 Head Judge said, “The panel 
of judges was thrilled by with the outstanding achievements 
demonstrated by all of the winners and were thrilled by the 
difference being made by the candidates”.

The 2020 Top 50 Women in Engineering winners are listed 
below (in alphabetical order by surname):

Yasmin Ali, Energy Innovation Project Manager, UK 
Government, Department of Business, Energy and  
Industrial Strategy

Laura Bishop, Director, Infinitas Design Ltd

Laura Brown, Energy Research Programme Manager, 
Newcastle University

Adele Carey, Senior Sustainability Engineer, Arup

Dr Ellie Cosgrave, Lecturer in Urban Innovation and Policy, 
UCL

Carla Denyer, Councillor, Bristol City Council

Dr Pamela Dugdale, Engineering Teacher, International 
Study Centre Liverpool John Moores University

Rhiannon Evans, Technician, Aecom

Laura Frost, Associate, Cities & Climate Change, Arup

Ritu Garg, Senior Transport Engineer, Arup

Dr Barnali Ghosh, Technical Director, Mott MacDonald

Dr Rachel Gomes, Associate Professor, Chemical and 
Environmental Engineering, University of Nottingham

Professor Deborah Greaves, Head of School of Engineering, 
Computing and Mathematics, University of Plymouth

Professor Sandy Halliday, Director, Gaia Group Ltd

Caireen Hargreaves, Associate Director Product 
Sustainability, AstraZeneca

Kelly Harrison, Associate, Heyne Tillett Steel

Martha Hart, Senior Consultant, Ove Arup & Partners Ltd

Laura Hepburn, Director, Greenology

Katherine Ibbotson, Programme Carbon and Cost Manager, 
Environment Agency

Michelle Johnson, Technical Director, Wood Environment 
and Infrastructure UK Ltd

Jennifer Kelly, Associate, Arup

Eftychia Koursari, Civil Engineer, Amey

Clare Lavelle, Energy Consulting Leader - Scotland, Arup

Professor Claire Lucas, Associate Professor (Reader), 
University of Warwick; Incoming Professor of Engineering 
Teaching and Learning, King’s College, London

Dr Xuanli Luo, Research Associate,  
The University of Nottingham

Brogan MacDonald, Structural Engineer, Ramboll

Professor Mercedes Maroto-Valer, Champion UK Industrial 
Decarbonisation Research and Innovation Centre (IDRIC), 
Heriot-Watt University

Dr Kerry Mashford, Non-Executive Director, Portfolio

Senamiso Mathobela, Delivery Manager (TNCC),  
National Grid UK

Mhairi McCann, Founder & CEO, Youth STEM 2030

Gill Nowell, DSO Lead, Electralink

Professor Rachel Oliver, Professor, Director of the 
Cambridge Centre for Gallium Nitride, CSO of Poro 
Technology, University of Cambridge

Jo Parker, Director, Watershed Associates

Sally Povolotsky, Low Carbon Business Development 
Consultant, Straight 6 Design Ltd

Philippa Ross, Associate Director, Atkins

Anusha Shah, Director - Resilient Cities, Arcadis

Sandra Šlihte, Head of Engineering, Vattenfall Heat UK

Holly Smith, Civil Engineer, Skanska UK

Chitra Srinivasan, Real Time Control Software Engineer, 
United Kingdom Atomic Energy Authority

Annie Stapley, Assistant Engineer, WSP

Dr Alisa Stratulat, Innovation Manager, Groupe Atlantic

Judith Sykes, Senior Director, Expedition Engineering

Dr Petra Szilágyi, Lecturer in Functional Materials, Queen 
Mary University of London

Dr Elizabeth Tennyson, Marie Skłodowska-Curie Actions 
Fellow, University of Cambridge

Dr Camilla Thomson, Chancellor’s Fellow in Energy, The 
University of Edinburgh

Dr Mi Tian, Lecturer, University of Exeter

Professor Valeska Ting, Professor of Smart Nanomaterials, 
University of Bristol

Kusum Trikha, Senior Engineer, WSP

Jana Marie Weber, PhD Candidate, University of Cambridge

Laura Williams, Health, Safety, Environment and Quality 
(HSEQ) Advisor, Keller

The 2020 Top 50 Women in Engineering: 
Sustainability (WE50)
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How many ‘thinkers’ did you find 
on the last page of issue #199?

There were twelve in total.

Here they are shown in red.
If you missed it last time, go to 
the last page of this issue and see 
how many you can spot this time.

The revamped  
Diagnostic Engineering 
Dear Sir

Have now finished reading the revamped edition of the journal. I 
must admit it makes very interesting reading with something for 
all members of the engineering world, whilst still maintaining the 
objective of Diagnostic Engineering. A vast improvement has been 
made. Having consumed every topic covered in the journal and 
having spent my career as a Marine Engineer, I did find of particular 
interest the article that covered electric cars and harmonics and 
the topics of sacrificial anodes to be of particular interest.

Hopefully the journal will keep its new format covering such a 
broad spectrum of subjects and keep all readers glued to the 
pages as I was. 

Very best regards

John P Dick

A bumper 
edition 
of the DE 
journal
Dear Sir

Thank you for the bumper Winter issue of Diagnostic Engineer.

As you say, a varied spread of topics to cater for a ‘broad church’ 
of engineering. Its meaty technical content reminded me of earlier 
engineering institutions’ Transactions or Proceedings. Some hard 
work gone into it so well done!

I see we are going to come under the umbrella of the Marine Surveyors, 
as the old trade union mottos used to say ‘Unity is Strength.’

For me, always corporate identity aware, I was particularly pleased 
to see the 3D ‘Thinker’ logo, he looked very Lalique-ish. He IS our 
Corporate identity. I can only hope the new design didn’t cost as 
much as the Royal British Legion’s new logo-£100,000 !!!!!!

Once again congratulations on the DE’s new look.

Yours aye

Richard de Kerbrech [Fellow]

M E M B E R  L E T T E R S
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D I A G S  E V E N T S Forthcoming international events calendar

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.

JANUARY 2022

14-15 January 2022
Conference on Machinery 
Diagnostics and Prognostics
Location: Zurich
Website: https://bit.ly/3p0Oojd

14-15 January 2022
Conference on Passive Solar 
Buildings, Heat Transfer  
and Heat Storage
Location: Rome
Website: https://bit.ly/32761F0

20-21 January 2022
Conference on Manufacturing  
and Automotive Engineering
Location: London
Website: https://bit.ly/3GSw0z5

21-22 January 2022
Conference on Automotive and 
Automobile Engineering
Location: Amsterdam
Website: https://bit.ly/3maFAFj

25-26 January 2022
Conference on Materials Science  
and Engineering
Location: Paris
Website: https://bit.ly/3oYQjV9

28-29 January 2022
Conference on Mechanical, 
Production and Automobile 
Engineering
Location: Dubai
Website: https://bit.ly/3F3rux8

28-29 January 2022
Conference on Transformer 
Engineering and Manufacturing
Location: New York
Website: https://bit.ly/3ITfVLa

FEBRUARY 2022

7-8 February 2022
Conference on Automobile  
and Electrical Engineering
Location: Lisbon
Website: https://bit.ly/3IRTjuD

7-8 February 2022
Conference on Polymer Materials 
Science and Engineering
Location: Amsterdam
Website: https://bit.ly/3ITgZyE

7-8 February 2022
Conference on Advanced  
Industrial Electronics
Location: Melbourne
Website: https://bit.ly/3mcParl

8-9 February 2022
Conference on Green  
Manufacturing Engineering
Location: Amsterdam
Website: https://bit.ly/33pzbzA

15-16 February 2022
Conference on Industrial  
Analytics and Diagnostics
Location: Barcelona
Website: https://bit.ly/3J6AkN9

15-16 February 2022
Conference on Microbial 
Engineering and Biomaterials 
Location: London
Website: https://bit.ly/3oZMajM

15-16 February 2022
Conference on  
Manufacturing Engineering
Location: London
Website: https://bit.ly/3IS4d3r

15-16 February 2022
Conference on Mechanical 
Engineering and Industrial 
Manufacturing
Location: London
Website: https://bit.ly/3sb8R6T

15-16 February 2022
Conference on Circuits, System, 
Modeling and Simulation
Location: Barcelona
Website: https://bit.ly/3p02hOs

15-16 February 2022
Conference on Flight Testing, 
Simulation and Analysis
Location: London
Website: https://bit.ly/3Eebzeh
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Forthcoming international events calendar D I A G S  E V E N T S

15-16 March 2022
Conference on Aerodynamic 
Heating and Heat Transfer 
Analysis
Location: London
Website: https://bit.ly/31UJV8Z

21-22 March 2022
Conference on Aerospace 
Manufacturing and Manufacturing 
Systems Engineering
Location: Madrid
Website: https://bit.ly/3oWYVvE

21-22 March 2022
Conference on Mechanical  
Modeling and Simulation
Location: Dubai
Website: https://bit.ly/30y367R

21-22 March 2022
Conference on Mechanical 
Engineering and Avionics
Location: Prague
Website: https://bit.ly/3GRzz8n

25-27 March 2022
Conference on Computer and 
Automation Engineering
Location: Brisbane
Website: https://bit.ly/3e3rlxz

APRIL 2022

7-8 April 2022
Conference on Nondestructive 
Testing for Building Diagnostics  
and Monitoring
Location: Dubai
Website: https://bit.ly/322z2BV

7-9 April 2022
Conference on Multiphase  
Flow and Heat Transfer
Location: Lisbon
Website: https://bit.ly/3IY6fyX

21-22 April 2022
Conference on Emission 
Electronics and Industrial 
Applications
Location: Boston
Website: https://bit.ly/3p0SyHO

22-23 April 2022
Conference on Electronics and 
Industrial Instrumentation
Location: London
Website: https://bit.ly/31XbBdo

17-18 February 2022
Conference on Turbomachinery  
and Fluid Dynamics
Location: Paris
Website: https://bit.ly/33pS8lK

18-19 February 2022
Conference on Structured 
Materials and Engineering 
Applications
Location: Rome
Website: https://bit.ly/3dXnsKL

18-20 February 2022
Conference on Automation,  
Robotics and Applications
Location: Prague
Website: https://bit.ly/3maTsQ2

18-20 February 2022
Conference on Industrial  
Technology and Management
Location: Oxford
Website: https://bit.ly/3Ee7CpX

22-23 February 2022
Conference on Composite 
Materials for Civil Engineering 
Structures
Location: Paris
Website: https://bit.ly/3ITn0vk

24-25 February 2022
Conference on Heat Transfer  
and Applications
Location: Tokyo
Website: https://bit.ly/3mbcZjd

MARCH 2022

11-12 March 2022
Conference on Engineering Design 
and Manufacturing
Location: Miami
Website: https://bit.ly/3q59NXJ

14-16 March 2022
International Conference  
on “Advances in Science,  
Engineering & Technology
Location: Milan
Website: https://bit.ly/3s8dL4j

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.
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10ways to make a 
compressor installation 
energy efficient

Compressed air accounts for a significant part of 
total energy costs for industrial manufacturers - 
typically about 12% and may be as high as 40% 
in some facilities. Joanna Canton Long gives ten 

best practice tips will help to reduce running 
costs by making a compressor installation more 
energy efficient now and for the years to come.

by Joanna Canton Long, 
Marketing Communications 
Manager, Atlas Copco
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Compressed air accounts for a significant part of total 
energy costs for industrial manufacturers - typically 
about 12% and may be as high as 40% in some 
facilities. This means that any compressed air energy 
savings that are achieved will have a big impact on a 
factory’s total energy consumption and CO2 emissions. 
These ten best practice tips will help to reduce running 
costs by making a compressor installation more energy 
efficient now and for the years to come.

1 Reduce unloaded running hours
Air demand in an industrial compressed air 
system typically fluctuates. Using these patterns 
to reduce unloaded running hours is a first step 

to optimising energy efficiency. Compressor controllers 
offer user-friendly ways to reduce unloaded running 
hours. If there are multiple compressors, then they 
should have been set up to do this automatically. But 
if there is no central controller, then the compressor 
pressure bands should have been set up in a cascade 
method, and the on-board controllers will stop the 
machines if they are not needed when the compressed 
air target pressure is achieved. Most on-board machine 
controllers have the function of programmable start/
stop timers.

If compressors are left running unloaded after working 
hours, they still use as much as 25% of the energy 
consumed at full load. What’s more, if there are leaks 
in the system, the compressors may switch to loaded 
running occasionally, consuming even more energy.

The shorter the production time, the more that can be 
saved by switching off compressors instead of letting 
them run unloaded. If production is reduced but not 
stopped, a possibility would be to isolate areas of the 
factory that are not currently being used.

2 Eliminate air leaks
Leakages are the most significant source 
of energy waste in older compressed air 
systems, with a leakage point as small as 3mm 

costing an estimated £980/week in wasted energy. It 
is estimated that up to 20% of total compressed air 
consumption may be lost through leaks.

If there are people still working on-site that have some 
spare time, we recommend they take the opportunity 
to detect the leaks in the system. For example, they 
could run the air compressor with no production to 
check for leaks. Fixing air leaks will lead to money 
savings immediately.

3 Reduce the pressure band
As a rule of thumb for most compressors, a 
reduction of 1 bar in pressure (14.5 psi) could 
lead to a 7% saving in electricity consumption. 

The pressure settings of the compressor should be 
adjusted until the lowest pressure can be reached, 
and the pressure band reduced without affecting the 
applications.

For centralised systems utilising multiple compressors, 
by using a central controller, the network can be set to 
run within a narrow pressure band which ensures that 
the compressed air network matches the precise needs. 
The controller can also allow manufacturers to manually 
or automatically create two different pressure bands to 
optimise energy use within different periods, drastically 
reducing energy costs at low-use times.

Also, lowering the system pressure reduces the impact 
of leaks. A 1 bar pressure reduction decreases the effect 
of air leaks by 13%.

Annual cost of air leaks

Hole 
diameter
(mm)

0.50 
1.5 
3.0 
6.0 

Air
leakage
At 
7bar(g)
Litre/s  cfm 

0.20  0.42 
1.8  3.8
7.1  15
28  59

Power to 
air leaks 1 

(kW) 

0.06
0.54
2.1
8.4

 
Cost of leak 2

(£ year)

48hrs/  120hrs/
 week   week
10  26
95  234
365  920
1460  3650

1 Based upon 0.3kW/I     2 Based upon 7.3p/kWh    Source: The Carbon Trust
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4 Turn compression heat into useful energy 
with heat recovery
One area that offers manufacturers a 
significant opportunity for savings is to 

recover the waste heat from air compressors. Without 
energy recovery, this heat is lost into the atmosphere 
via the cooling system and radiation. The amount of 
electrical energy that can be recovered depends on the 
size of the compressor and the running hours. Typical 
recoveries are between 70-94%. It is estimated that90% 
of all industrial air compressors used in the UK could be 
equipped with heat recovery systems.

Recovering heat from compressed air reduces the need 
for purchasing energy, for example, to heat water or 
using exhausted cooling air for space heating. It is this 
reduction that results in lower operating costs and CO2 
emissions, also reducing carbon footprint.

To illustrate the vast untapped potential of compressed 
air heat recovery, it is calculated that compressor heat 
recovery technology could save 1.99% of the total 
industrial electricity consumption in the UK. If that statistic 
isn’t compelling enough, it is the equivalent of removing 
the emissions from 913,000 diesel/ petrol cars per year 
or recovering the energy required to power 1.544 million 
households’ electricity consumption per year.

*Calculations are based on total industrial electricity 
consumption in the UK and an average of 10% of industrial 
electricity consumption being used by compressors.

*Approximately 70% of energy is recoverable from oil-
injected screw compressors, and up to 94% from oil-free 
water-cooled screw compressors.

5 Ensure the correct size of compressor is 
installed
Choosing the wrong size air compressor for a 
facility can lead to problems with production 

and or increased costs due to wasted energy. When 
selecting a compressor, manufacturers should ask 
themselves these questions:

-  What is the application?
-  How much air flow does their facility/workshop use?
-  What is the minimum pressure needed within  

the facility?
-  Do they need clean/dry air (use of dryer and filters)?
-  How many hours per year does their  

compressor operate?
-  How many shifts do they run per day?
-  Is there fluctuation in flow demand between shifts 

(if so, a VSD compressor could be a good option 
and offer significant savings)?

-  Are there any plans for future expansion?

Once they have answered those questions, they should 
select the compressor not based solely on the initial 
purchase price, but based on the one with the lowest 

total lifecycle costs. Since 70% of the total LCC of a 
compressor is spent on energy, the right choice will add 
up to a significantly reduced bottom line for the factory.

6 Ensure the correct type of compressor 
technology is installed
Many applications in the food and 
beverage, electronics, automotive, textile 

and pharmaceutical industries will require oil-
free air to guarantee product integrity and quality 
(often specified as Class 0). Oil-free compressed 
air technology will help to avoid expensive filter 
replacements, cut the cost of oil condensate treatment 
and reduce energy loss from pressure drop in filters 
and, in food & beverage applications, the use of 
expensive food-grade lubricants.

There are some extremely energy-efficient oil-free 
compressors on the market. For example, a ZR 90-160 
VSD+ oil-free rotary screw air compressors offer up to 
10% more output and 15% lower energy consumption 
compared to previous models. They even have the 
optional benefit of having an integrated, guaranteed 
-40ºC pressure dew-point dryer that offers almost zero 
energy consumption.

If the application is very large-scale, a centrifugal 
compressor should be considered, since these offer 
unbeatable energy efficiency in process air or bulk air 
applications presenting a flat load, or when providing 
a baseline flow in mixed installations with VSD screw 
compressors.

If oil-injected compressed air technology is the choice, 
the GA VSD and GA VSD+ rotary screw compressors 
offer an extremely energy-efficient solution.

7 Consider a Variable  
Speed Drive compressor
Most production processes require different 
levels of demand in different periods, which 

may mean that the compressor is running off-load 
or idle (not producing any compressed air) for long 
periods of time. Considerable savings can be made if 
a variable speed drive unit can replace a fixed speed 
compressor, as it only produces compressed air as and 
when required. This also minimises off-load running of 
the compressor, which is known to waste energy. A VSD 
compressor saves an average 35% energy and a VSD+ 
unit can save as much as 50% compared to a fixed 
speed unit, even at full load.

As a fixed speed compressor has a fixed amount of 
motor starts an hour, the compressor runs off-load for 
a set time which limits the number of motor starts to 
ensure overheating of the motor does not occur. As a 
VSD unit ramps up and down in a controlled fashion, 
the maximum number of starts and stops per hour 
may be increased, and it also avoids peaks in current 
when starting.
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8 Get an air audit
Compressed air consumption should never 
rely on guess work. To find out how to 
increase efficiency, the system needs an 

assessment or an audit. Cost is usually the most 
significant difference between the two, as a simple 
compressed air assessment can be a complementary 
walk-the-line visual inspection. In contrast, an in-depth 
audit based on data logging can cost £1000s and take 
weeks or months to complete, depending on the size of 
the facility and the desired outcome.

Companies may be reluctant to perform a full air 
audit due to costs associated with such services, but 
the outcomes can far outweigh the initial investment. 
It is essential to understand that the benefits from 
assessments and audits do not end only with lowering 
energy costs, but also improving the overall efficiency 
of the production, therefore positively affecting the 
bottom line.

Not every facility needs to do a full compressed air 
audit or air scan, as sometimes a simple walk-the- 
line assessment can satisfy the needs and result in 
substantial energy savings.

Switching or updating a compressed air installation to 
the latest technology can reduce energy consumption 
by up to a quarter. If there is an old or inefficient 
compressor, the cost to replace it with a new 
compressor is often less than the current running costs. 
A modern air compressor with the latest controllers and 
energy-efficient motors will contribute to the bottom 
line from day one, meaning a short payback time.

A complete compressor replacement is not the 
only route, however. Exchange programmes offer 
the possibility of replacing major components of 
a compressor with new, more efficient parts. For 
example, upgrading a compressor with the latest type 
of electronic controller will allow manufacturers to 
take advantage of the most advanced compressor 
control management, reduced unloaded running and 

higher efficiency. And if an old, lower efficiency motor 
is replaced with a new, high-efficiency one, energy 
savings are guaranteed.

9 Reap the benefits of modern  
compressed air equipment
Air compressors are long term investments that 
will play a significant part in a business for years 

to come. The average factory changes air compressors 
every 7-10 years, meaning that the initial capital 
expenditure is only a fraction of how much a compressor 
will cost in total. 70% or more of an air compressor’s 
lifecycle cost will come down to its energy usage.

10 Don’t forget the impact  
of regular maintenance
The best way to ensure compressed 
air availability is by investing in regular 

preventative maintenance, which will sustain the 
efficiency that is gained by purchasing a new compressor 
or improve the performance of an older unit.

If manufacturers prefer to purchase spare parts 
only and perform maintenance in-house, they can 
sign up to a planned maintenance programme at 
pre-determined intervals from the manufacturer or 
approved distributor, or choose a total responsibility 
package that covers breakdowns and leaves no room 
for surprises, the main thing to remember is that 
reduced compressor performance is not inevitable 
as the machine gets older. Regular servicing, using 
OEM genuine parts, will improve equipment uptime 
and energy efficiency: the opposite could lead to 
more downtime, increased energy consumption and 
potentially a costly breakdown.

Lastly, gather some data! Most Atlas Copco 
compressors come fitted with a Smartlink data box 
which can provide live information on the compressor 
status, can also map the compressor’s operating 
hours, with off-load / on-load hours and, of course, 
warning information.
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There are around 1.42 billion cars on the 
planet, but not all of them are all-that 
reliable. Some are old beaters that can 
barely start-up and others can run for a 
million miles. But what makes all of these 
cars so different? Why can one car barely 
survive its intended lifecycle and others 
seem to outlast its owners?

The reality of what makes a car reliable, or rather, what 
makes an engine reliable, all comes down to how the 
engineers that designed it handled and mitigated the 
stresses of it operating. Engines handle some insane 
environments. On one end, they can survive in extreme 
weather conditions, but what happens inside is an even 
harsher climate for engineering. From fiery explosions 
every few seconds to hot and cold cycles with oil 
gushing about, getting a machine with thousands of 
parts to handle this environment is no easy feat. 

What causes engines to be unreliable?

In order to understand why certain engines are 
unreliable, we first need to define unreliability. 
Particularly, motors cease to function when they are 
considered blown, when damage is done to some part 
of the main engine block that requires either a new 
engine or the existing engine to be rebuilt. Motors that 
last 1 million miles can survive that long with regular 
maintenance, making them ultra-reliable. Unreliable 
motors will often only last a few hundred thousand 
miles before blowing. 

Engines generally blow for one main reason: 
overheating. When an engine gets hot, all of the 
components of the engine warp and expand. Engineers 
design for these expansions within a certain range but 
when an engine reaches temperatures outside of its 
intended range, seals and gaskets can blow — or worse 
— cylinders and other components can catastrophically 
fail under the stress. 

How engines combat heat

Engineers combat overheating in engines through 
cooling systems and oiling systems. Cooling takes 
the heat of the engine away from the cylinders and 
dissipates it out from the radiator via the engine 
coolant that travels in channels throughout the engine. 
Cooling systems are a heat-management device. 
Oiling systems, on the other hand, are heat prevention 
devices. By keeping a car oiled and lubricated properly, 
friction can be impeded in the engine, therefore 
keeping it cooler and within operating temperature. 

by Trevor English

Trevor is a civil 
engineer by 
trade and an 
accomplished 
writer with a 
passion for inspiring 
everyone with 
new and exciting 
technologies.

A head gasket on a block, with cooling channels visible. Source: Collard/Wikimedia
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Looking back to cooling systems, one way that an 
engine can become unreliable is if the coolant channels 
don’t efficiently or evenly cool the entire engine. If 
uneven cooling in an engine occurs, different parts can 
be different sizes due to thermal expansion, creating 
a potential failure point. In some unreliable engines, 
the coolant channels that run throughout the engine 
can be too small, meaning that not enough heat is 
absorbed and removed from the block by the coolant. 
This can compound when a vehicle with already 
poor cooling moves at slow speeds. Because cooling 
systems rely on radiators to dissipate the heat through 
conduction with the air around them when a car moves 
more slowly, less air passes over the radiator and thus 
less heat is radiated out. 

The capacity of engines

All this talk about coolant and oil brings us to one of 
the first main design traits that can make an engine 
ultra-reliable: high capacity. Engines that have high 
capacities for oil and coolant generally do a better job 
of handling the thermal stresses in an engine. Think 
of this as having more ammunition to fight an enemy. 
When engines have more room for coolant and oil, they 
have more firepower to fight back against the engines, 
well, firepower.

Diesel vs. gasoline

The next part of reliability to discuss is diesel versus 
gasoline. Diesel engines are widely regarded as reliable 
powerhouses that are good for towing and long-
distance travel. But why? The reason for this has to do 
with lubrication. Diesel fuel is more lubricative than 
petrol, meaning that as the fuel is injected into the 
cylinders, it actually helps the oil lubricate the engine 
and keep friction to a minimum. Gasoline, on the other 
hand, usually has detergents in the fuel, causing the 
fuel to clean the engine of oil and other grime as it runs 
throughout the cylinder.

But again, diesel versus gasoline oiling differences 
aren’t a solve-all, rather, the differences make up one 
small notch on an engine’s journey to ultra-reliability.

Heads and blocks, aluminum or iron?

Looking next to engine design, nearly all engines 
have a head and a block, the two main pieces of the 
engine. Between these two pieces is a head gasket, a 
very common point of failure for engines. The head 
gasket seals up the connection between the head and 
the block, protecting the coolant and oil channels from 
spilling into the cylinders. When a head gasket blows, 
coolant and oil, or even fuel can spill out into places it 
isn’t supposed to be. 

https://institutiondiagnosticengineers.org/


January 2022  Diagnostic Engineering  27  institutiondiagnosticengineers.org

The key takeaway from this design is that the head and 
the block are two different pieces of metal, meaning 
that they can have different rates of thermal expansion. 
Engineers can generally choose to design a block or 
head from aluminum or cast iron. Both have their pros 
and cons and some engines mix and match the metals. 
Cast iron is stronger and cheaper, but it’s also heavy and 
distributes heat poorly. Aluminum on the other hand is 
light and has very good heat distribution, it’s also more 
expensive and tends to expand a lot under heat.

Some of the most reliable engines are designed with 
a strong cast-iron block and an aluminum head. This 
design allows the main structure of the engine to be 
strong while the head of the engine can dissipate all of 
the heat. But this design has to be handled properly to 
work. Some of the least reliable engines in the world 
also have aluminum heads and iron blocks, because 
they improperly deal with the thermal expansion 
problems this design presents.

Another factor that influences the reliability of engines 
goes beyond thermal forces and rather deals with 
kinetic forces from the movement of the pistons. In 
engines, there are primary forces, which are created 
from the in and out the movement of the piston in a 
cylinder. There are also secondary forces, which are the 
forces from the shaking or moving around side-to-side 
of the pistons in the cylinder.

Engine layout

The way these forces are dealt with primarily comes 
down to engine layout. Inline four-cylinder engines 
cancel out primary forces by having pairs of pistons on 
the opposing sides move up and down synchronously. 
However inline-four engines suffer from an imbalance 
of secondary forces. Straight 6 engines on the other 
hand are capable of balancing out both their primary 
and secondary forces through proper piston timing, 
making this design one of the more reliable statistically.

All of this talk about the specific reliability traits doesn’t 
tell the entire story though. One of the most famously-
reliable engines to have ever existed is the Toyota 2UZ. 
This engine is a cross-planed V8 which requires added 
counterweights to balance out its forces. It also has a 

relatively low oil capacity compared to other engines of 
similar sizes. Finally, the engine has an iron block and 
an aluminum head. On paper, this engine seems like it 
wouldn’t be as reliable as a full iron block large oil-
capacity engine. So why does it work? Because owners 
of vehicles with this engine tend to drive longer periods 
of time at once. They put their cars through fewer 
engine cycles. 

Engine cycles

This final trait that can make an engine reliable has less 
to do with the engine design and more to do with how 
it’s used. An engine cycle is defined as the engine going 
from cool to hot to cool again. Some of the longest-
lasting engines are those found in vehicles that are 
used for long-distance driving. This is because driving 
engines over longer distances in one go results in fewer 
engine cycles than a car that takes many stops to travel 
the same distance. 

It’s this facet, engine cycles, that is really a better 
indicator of an engine’s “mileage” or wear and tear. For 
example, cars that have driven a million miles tend to 
be ones that were driven long distances over their life. 
When used in this fashion, a car with 1 million miles 
might have the same number of engine cycles as one 
with just over 100K. 

When a car goes through an engine cycle, the engine 
parts expand, rub against each other and constantly 
change states. This rubbing can create failure points 
in the engine. By driving long distances at once, the 
engine stays in a constant hot state, avoiding the 
constant rubbing and grinding that thermal engine 
cycles create. 

So, what makes certain engines reliable? It comes 
down to clever engineering to allow an engine to 
properly handle thermal stresses through any design 
characteristic possible. Some engineers develop 
engine designs hoping to be clever and find the next 
methodology that may fail once put into practice. 
Engine design is a science that requires the careful 
balancing of a multitude of factors.

Reprinted from Interesting Engineering:
https://interestingengineering.com
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Self-Healing Bacteria 
Paste Helps Regenerate 
Historic     Buildings

Tintern Abbey, Wales, was used to test the self-healing paste.

by Chris Young

Bacterial self-healing paste 
may be the solution to Europe’s 
massive maintenance costs...
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Many of Europe’s most famous buildings are 
more than a thousand years old. Though this 
is a testament to some of the incredibly sturdy 
materials used by the likes of the Ancient Romans, 
historic building preservation is an issue that’s 
becoming increasingly challenging and costly. A 
solution may be found in several recent advances 
in self-healing concrete, including a sticky self-
healing bacterial paste, that has the potential to 
regenerate ancient stone structures, European 
Commission-backed Horizon Magazine reports.

The promise of self-healing concrete
In the European Union alone, bridge maintenance costs 
€4 to 6 billion every year, while replacing those bridges 
would cost a staggering €400 billion at least, estimates 
show. Such massive sums inspired the scientists behind 
the recent study to look for a method that would see 
the bridges, and other buildings, heal themselves 
— their investigations led them to develop a sticky 
bacterial paste.

Research — such as this study from Bath University — 
has already shown that concrete infused with bacterial 
spores eventually harden into calcite, creating a self-
healing concrete that heals cracks in old buildings.

Can stone buildings also regenerate?
While that is a great advance for concrete structures, 
what of historic buildings made from stone?

A team from a European project called Geoheal recently 
developed a technique that lets users spray or brush 
stonework with a bacteria paste that starts healing 
damage as it occurs.

“Stone and geological materials are by nature 
bioreceptive,” said Geoheal’s Michael Harbottle, who 
is also a professor of geoenvironmental engineering at 
Cardiff University, told Horizon Magazine.

“The bacteria we have used can happily live in such 
environments and lead to new mineral formation, 
as long as they have access to water, oxygen and 
nutrients,” he continued.

Tests show improved masonry microstructure
The researchers from Geoheal tested their bacterial 
paste at Tintern Abbey in Monmouthshire, Wales, a 

historic landmark founded in 1131. Using two types 
of bacteria, Sporosarcina pasteurii and Sporosarcina 
ureae, they found that their paste did indeed improve 
the microstructure of the masonry without changing 
the outward appearance of the stone. What’s more, the 
paste did not affect the breathability of the stone, a 
recurring issue in many stone protection treatments.

Self-healing bacteria treatments have the potential to 
greatly improve the safety of critical infrastructure and 
prevent catastrophic events such as the 2018 collapse 
of the Morandi Bridge in Genoa, Italy, which resulted 
in 43 people losing their lives. However, large parts 
of these structures are typically underground, making 
inspection a challenging task. 

Self-healing properties 
in underground conditions
Another Euopean project, called the Geobacticon 
project, which ended in December 2020, investigated 
the efficiency of these bacterial self-healing techniques 
in underground concrete. The Geobacticon project 
highlighted the fact that different soil types with 
varying moisture and acidity can affect concrete in a 
variety of different ways. As well as gaining vital clues 
as to how self-healing concrete works in underground 
settings, the researchers on the Geobacticon project 
also discovered that the self-healing bacterial 
concoction can also protect the steel bars encased 
within the concrete.

Moisture and chemicals from the soil can gradually 
weaken steel over many years, leading to weakened 
structures and potential disasters — so a method for 
preventing this corrosion is incredibly valuable.

Enabling ‘bolder, more sustainable designs’
Magdalini Theodoridou, an engineer at Newcastle 
University who worked on the Geoheal project, says: “in 
new construction, the possibility of incorporating self-
healing materials and structural elements would enable 
bolder and more sustainable designs.”

In the future, the researchers say that self-healing 
stonework and concrete might even lead to exciting 
new building methods as well as forms of architecture 
that could remain sturdy for centuries.

Reprinted from Interesting Engineering:
https://interestingengineering.com
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Let’s imagine you have been asked to design a 
concrete beam for some sections of a building. What 
do you choose? Pure concrete or reinforced concrete? 
The latter, right? But what type of reinforced concrete? 
Balanced, under reinforced, or over reinforced? 
Here we answer this question and also talk more 
generally about the history of concrete and its physical 
properties. For all those “concrete-philes” out there, eat 
your hearts out!

How old is concrete?
Before we get into the nitty-gritty of the main topic, 
let’s take a quick look at the interesting history of 
concrete.  While you might already be more than 
familiar with concrete, chances are you may not realize 
just how old it is. In fact, since it is so ubiquitous today, 
you probably take this wonder material for granted. 
However, this is grossly unfair -- concrete is a very 
ancient and fascinating material.
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Some of the first evidence of concrete-like structures 
is from around 6500 BC. Evidence exists that early 
structures like floors, some housing elements, and 
underground cisterns were built in some regions of 
Syria and Jordan, and along the Danube. The next 
time a type of concrete appears to have made a 
widespread appearance was around 3000 BC. Ancient 
Egyptians commonly used to mix mud with straw to 
make dried bricks. 

To bind these bricks together, ancient Egyptians 
would use a combination of gypsum mortar and 
lime mortars -- including in the pyramids. Mortar of 
this kind is a type of cement, which is an essential 
element of concrete.

The Great Pyramids of Giza, for example, used 
somewhere in the region of half a million tons of this 
mortar. Some studies have found that parts of some 
pyramids may have been built by using a poured 
concrete building technique. This method appears to 
have been used in situ on the pyramids, in place of 
hauling giant stones. 

One of the most important innovations in early 
concrete history was the advent of Roman concrete. 
While the Romans were certainly not the first to invent 
concrete, they were the first to use it en masse -- as 
far as we know. By around the 2nd-Century BC, the 
Romans had, more or less, perfected the technique, 
using a combination of volcanic ash, lime, and seawater 
to form the mix. Both the Romans and the Greeks 
incorporated pozzolanic ash, which prevents cracks 
from spreading. This mix was then packed into wooden 
frames to cure, and once hardened, would stack the 
concrete blocks like bricks. Roman concrete was so well 
made, that many Roman concrete structures still stand 
today, like the dome of the Pantheon. 

After the fall of Rome, concrete would experience 
something of a hiatus in its development until 1793 
when John Smeaton discovered a more sophisticated 
method of making it. Later, in the 1800s, Joseph 
Aspdin would go on to invent Portland cement 
opening the door for our modern use of the concrete.

What is the tensile strength of concrete?
Concrete has been used for many building projects 
throughout history for one good reason -- it is strong, 
very strong. Not only that, but it is fairly easy to create 
and use.

But not all concrete is created equal. Today, the quality 
of concrete is largely determined by its strength. 
While the physical properties of concrete will vary 
slightly depending on its makeup, we do know the 
characteristics of some common forms of concrete. 

For example, Portland cement (one of the most common 
forms of concrete) has the following physical properties: 
Density - ρ : 2240 - 2400 kg/m3 (140 - 150 lb/ft3) 
Compressive strength : 20 - 40 MPa (3000 - 6000 psi)
Flexural strength : 3 - 5 MPa (400 - 700 psi)
Tensile strength - σ : 2 - 5 MPa (300 - 700 psi)
Other forms of concrete, especially those used for 
structural purposes, will usually be required to have 
much improved compressive and tensile strengths 
than that of “vanilla” Portland cement. For example, 
certain industrial standards, like ACI 318, require 
concrete to have compressive strengths of 5,000 to 
6,000 psi or more.

When we talk about the strength of concrete, it’s 
usually assumed that this refers to its compressive 
strength -- as detailed above. But, many structural 
uses of concrete also require it to resist bending, 
technically called flexure. This depends on the type 
of load that the concrete structure in question will be 
used to resist, be it an entire building or just a single 
floor of an office. For this reason, different types 
of concrete are used for different applications in a 
building. Depending on its intended use, the concrete 
in question will need to be assessed for its ability to 
bend, or not bend (flex), resist tension (stretching), 
shear (different layers moving in a different direction), 
and torsion forces (twisting), etc. With regards to the 
tensile strength of concrete, testing has revealed that 
as a general rule, concrete’s tensile strength is usually 
around 10% of its compressive strength (as we see for 
Portland cement above). 
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How much pressure can concrete handle?
The answer to this question depends on what is 
meant by “pressure”. The pressure is generally defined 
as “the action of a force against some obstacle or 
opposing force”.  While you may assume this means 
to press down on something, it can also include 
bending, flexing, twisting, etc of a concrete structure, 
depending on its application (e.g. a column, a wall, 
a floor, etc). Each of these different “pressures” on a 
piece of concrete will be handled by the concrete in 
different ways. 

In fact, most concrete formulas will be specifically 
designed to resist one or another of these forces in 
different ways, depending on its intended use. If the 
concrete is to be used for structural columns in a 
highrise building like a skyscraper, it will need to have 
very high compressive strength (in excess of 5,000 
psi), as well as, high shear and torsion strength. If the 
concrete is for a floor, the compressive force will be 
less important and it will likely need to have the best 
tensile and flexure strength available. 

How is concrete strengthened?
Try as you might want to fiddle around with the 
chemistry of a concrete mix, there comes a point when 
it needs to have other things added to it. This is where 
reinforced concrete comes into its own. Effectively a 
composite structure, reinforced concrete combines 
the strengths of concrete and steel to make an even 
stronger material than either alone. Concrete is very 
good at resisting compressive forces, but less so for 
other forces like shear or tension. It is, therefore, 
generally considered a brittle material. 

Steel, on the other hand, is less able to resist 
compression but is excellent at resisting shear and 
tension -- like those imparted by wind, earthquakes, 
vibrations, etc. This is why steel is often referred to as 
a ductile material. In practice, this means that concrete 
will resist strain up to a point, but then spectacularly 
fail. Steel, on the other hand, will first resist, then 

deform, and finally snap, at much higher levels of 
strain than concrete. By combing the two materials, 
you create a structure that can resist high amounts 
of compression, while also being able to stand up to 
high shear and tensile forces. This allows reinforced 
concrete to be used to create larger spans than would 
otherwise be safely possible. Reinforced concrete was 
first created in the 19th-century and revolutionized 
the construction industry thereafter.

What is the difference between over- and under-
reinforced concrete beams?
When it comes to using concrete beams to span 
a void, the primary force, or load, on the beams is 
generally downward (thanks to gravity). This will lead 
to the uppermost part, specifically the constituent 
fibers of the beam, slumping, leading to compressive 
forces throughout the upper half of the concrete 
beam. Conversely, the lowermost half of the beam will 
undergo tension, or stretching.

There is also a thin area of the beam, exactly in 
the middle of its cross-section, called the “neutral 
axis”, where fibers experience neither tensile nor 
compressive forces. As we have already seen, resisting 
compressive force is concrete’s bread and butter, but 
it is less able to resist tensile forces (roughly 10% of its 
compressive strength). The above scenario is, in effect, 
something of a potential nightmare. So, how can 
this potential problem be mitigated? If you read the 
section above, you probably already know the answer 
-- stick some high-tensile strength steel in the lower 
part of the beam!

When it comes to adding steel to concrete beams, 
there are several ways you can do it: 
- Balanced section
- Over reinforced section
- Under reinforced section
Each one has its strengths and weaknesses, as you 
might imagine. 

Balanced 
section

Over 
reinforced 
section

Under 
reinforced 
section
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Balanced sections, as the name suggests, offers a 
trade-off where the top and bottom of the beam reach 
their maximum strain yields, or limits, at the same 
time. This is achieved by strategically placing a series 
of steel rods around the lowermost perimeter (with 
regards to its cross-section) of the concrete. 

An over-reinforced section, as the name implies, 
includes more steel than is normally required, to 
reinforce the concrete beam. The inclusion of more 
steel at the base of the concrete will result in the 
“NA” line being closer to the base of the beam than 
for non-reinforced of balanced sections. By contrast, 
under-reinforced section beams have, yes you’ve 
guessed it, less high-tensile strength rods than a 
balanced section. This results in the “NA” of the 
concrete beam is closer to the top of the concrete 
beam than either balanced or over reinforced sections.

When put under strain, both balanced and over 
reinforced sections will result in the uppermost 
concrete half of the beam failing brittly first. For under 

reinforced beams, the steel takes the brunt of the 
strain and will fail long before the concrete. But isn’t 
that a problem? Actually no. As the steel reaches its 
strain yield limit it will begin to stretch and bend. 

This will cause the beam to also bend, giving 
engineers not only a visual indication of an impending 
disaster but time to do something about it. Balanced 
and over reinforced sections, on the other hand, 
will fail in short order before anyone has even the 
slightest indication there is a problem. In either case, 
the beam will ultimately fail when the concrete is 
crushed and breaks. But, there are other benefits to 
under reinforced sections too. Over reinforced, and to 
a point balanced sections, are generally more costly to 
build when compared to under reinforced sections. 

It is for this reason, that in most circumstances, under-
reinforced section concrete beams are generally 
preferred to either balanced or over-reinforced as they 
are more economical, and are generally safer. 

Reprinted from Interesting Engineering:
https://interestingengineering.com
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With the increased interest in renewable 
and sustainable energy systems, solar-
powered cars have come to the fore. 

Many automobile companies are working 
towards making solar cars, and the 

technology could well change the future 
of the automotive industry.
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Solar cars are electric cars that use photovoltaic cells 
to convert energy from sunlight into electricity. These 
cars can store some solar energy in batteries to allow 
them to run smoothly at night or in the absence of 
direct sunlight. If used on a large scale, solar-powered 
cars not only help with environmental pollution but also 
noise pollution.

Many prototypes of solar-powered cars are currently 
ın development. Both large and small automakers are 
involved in developing hybrid solar cars. According 
to some estimates, the solar vehicle market could 
reach $689 billion by 2027. Automobile companies 
are already working on ways to capitalize on the idea 
with interim technology, such as solar roof panels for 
charging batteries and internal systems.

However, solar cars have a number of serious design 
and technological limitations. Some of these are 
partly tied to aesthetics. Such a car needs to be able 
to accommodate several solar panels, and there is 
limited space for that. That’s why, most solar vehicles 
developed so far are meant to run in solar car races, 
and not meant for regular use.

Sunswift IV is the fastest solar car that exists currently. 
This car was built by the students of the University 
of New South Wales for Solar Racing. The car uses 
technology that is similar to and a combination of 
the ones used in bicycles and aerospace, and the 
automotive industries.

However, so far, none of the vehicles have been 
designed in a way that they can 100% rely on solar 
energy alone. In addition, they use designs that would 
not be practical in real life. For example, the roofs are 
often flat and massive, to accommodate more solar 
panels; to save on energy use, they’re built with ultralight 
materials that would not survive even a minor crash, and 
they can only seat one person and no luggage.

How do solar-powered cars work?
A solar panel allows photons, or particles of light, to 
excite electrons, generating a flow of electricity. Solar 
panels are made up of many, smaller units called 
photovoltaic cells that are linked together.

Each photovoltaic cell is essentially a sandwich of two 
slices of semi-conducting material, such as silicon. 
The silicon is mixed with other materials, usually, 
phosphorus and boron, to give each “slice” a positive or 
negative electrical charge. This creates an electric field 
at the junction between the two layers.

When a photon of sunlight knocks an electron free, the 
electric field will push that electron out of the silicon 
junction. Metal conductive plates on the sides of the 
cell collect the electrons and transfer them to wires. At 
that point, the electrons can flow like any other source 
of electricity.

There are some of the advantages of using solar cars:
- Saves money on fuel
- Is sustainable and environment-friendly
- No additional costs except battery replacement
- Does not cause noise pollution or air pollution

What are some of the current developments in 
solar-powered cars?
One of the first solar-powered cars was made by 
General Motors and was showcased at a convention 
in Chicago in the year 1955. Called the “Sunmobile,” 
this solar-powered 15-inch (38 cm) long prototype 
“car,” was made of a small Pooley electric motor and 12 
selenium photovoltaic cells.

The Pooley electric motor was responsible for turning a 
pulley that rotated the rear wheel shaft. It was the first-
ever solar car, but it was too small to drive.

Another interesting solar-
powered car is the Sion, 
built by Sono Motors. The 
company claims this is the 
first commercially-available 
hybrid solar-electric vehicle. 
It has a range of up to 160 
miles (255 kilometers) and 
can charge itself using 
solar power. It is equipped 
with 248 solar cells that are 
integrated into its body.

On average, it takes about 
30 minutes to charge 
up to 80% at a charging 
station. This car sells for 
around $28,500. However, 
it is important to note The Solo Sion. Source: Henning Schlottmann/Wikimedia Commons http://bit.ly/3voyujM
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that the solar panels are 
only intended to help with 
charging the vehicle — it is 
not designed to run on solar 
power alone, and in fact, is 
not able to. 

Companies like Toyota, 
Hyundai, and others are also 
working on building a fully 
functioning solar car or a 
hybrid version of it. There 
are also other solar car 
projects, making automobile 
technology more sustainable 
in the future.

The Stanford Solar project 
has also built some solar 
cars and is developing 
others in the hopes of, one 
day, bringing them to the 
market. Founded in 1989, 
the project is still entirely student-run and run as a non-
profit for the benefit of making the technology a reality 
one day.

In 2019, Toyota developed a prototype solar-powered 
Prius that produced 180 watts of electrical power per 
hour, and had a range of 3.8 mi (6.1 km) after a day of 
charging. However, later models claimed to reach 860W 
of power and a range of 27.6 mi (44.5 km) on a full 
charge. However, the solar cells were only able to top 
up the battery 3 the vehicle still needed to be charged 
at a charging point.

A Dutch startup called Lightyear has unveiled a 
prototype of its first solar-powered electric car called 
‘Lightyear One’ that boasts a range of 450 miles (724 
km) on a single charge. Although the car will cost 
around Euro 150,000, it will be very interesting if it lives 
up to the efficiency it claims. The company is taking 
pre-orders and is planning to start production by 2021.

Why aren’t we driving around 
in solar-powered cars already?
There are a few reasons why even the most advanced 
automobile companies haven’t been able to develop 
fully solar-powered cars.

The first and foremost reason is the solar panel itself. 
The current commercially operated solar panels that we 
use have only around 20 to 35% efficiency. Hence, to 
power a solar car, we would need a lot of extra space 
for solar cells. But doing so invokes two other problems 
— weight and cost.

Solar panels are not cheap, and they are not weightless 
either. Packing the car’s body with solar panels means 

that you are adding a lot of weight and cost to the car. 
Solar films has been developed, and they are much 
lighter than panels, although they are also less efficient 
at the same time. And when you factor in the weight of 
the battery, the idea of solar-powered cars seems less 
and less feasible for the real world. 

On a clear day, the earth’s surface receives 
approximately 1 kW of solar energy per 10 sq ft (1 sq 
mt). Given that a highly-efficient 32 sq ft (4 sq mt) PV 
panels can generate roughly 8 kWh of energy per day, 
you would only get around 25 miles (40 km) of range 
out of a normal complement of panels.

Poor weather conditions, driving conditions, improper 
positioning of the panels, and accumulation of dirt would 
likely make your solar car struggle to reach this figure.

Additionally, solar-powered cars aren’t “100%” eco-
friendly. If you look at the way batteries and solar cells 
are made, especially how the minerals used are mined 
from the Earth, it becomes clear that each vehicle 
comes with its share of carbon footprint.

But that doesn’t mean that they will not become 
widespread in the coming years. Current research into 
low weight batteries and high-efficiency photovoltaic 
cells may one day make solar-powered cars viable.

Reprinted from Interesting Engineering:
https://interestingengineering.com

Solar roof on the Light Year one. 
Source: Light Year http://bit.ly/3l672Ct
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by Lindsay Brooke

Ingear, an innovative 2-speed transmission 
born in Canada, aims to unlock electric 
vehicle performance and efficiency.

Gearing Electric 
Vehicles for greater 
efficiency

A long-touted benefit of electric vehicles (EV) has been the utter simplicity of their drivetrains. With 
just a pair of reduction gears between the traction motor and final drive, single-speed gearing helps to 
minimize the bill of material (BoM) and driveline-system cost while delivering acceptable performance.

But the more demanding duty cycles of commercial EVs, off-road equipment and high-performance 
electric cars are prompting development of multi-speed solutions. Tesla got there first, albeit 
unsuccessfully, in 2007. While still a start-up staffed mainly by electronics engineers, Tesla developed its 
own 2-speed gearset for use in its Roadster sports car. Perhaps not surprisingly, catastrophic failures of 
early production units led Elon Musk to reluctantly commission a clean-sheet 1-speed unit designed by 
Ricardo and manufactured by BorgWarner.

https://institutiondiagnosticengineers.org/


January 2022  Diagnostic Engineering  39  institutiondiagnosticengineers.org

Since then, 2-speed EVs have trickled into low-volume 
production at Porsche and exotic car maker Rimac. 
BMW used a 2-speed transmission on its hybrid I8, 
and ZF has prototyped a compact 2-speed unit. Enter 
Inmotive, a Toronto, Canada-based supplier founded in 
2010, with a novel twist to the 2-speed (and potentially 
3-speed) solution.

“We’ve been hearing from OEMs around the globe, 
with growing demand for a 2-speed EV solution that 
provides enhanced range, improved performance 
characteristics, and the opportunity to reduce cost by 
downsizing the batteries and motors,” said Paul Bottero, 
Inmotive’s CEO. His company’s product, known as 
Ingear, is currently under evaluation by passenger- and 
commercial vehicle makers.

Paul Bottero (Credit Inmotive)

Conceptually influenced by the classic derailleur-type 
bicycle drivetrain, Ingear uses off-the-shelf automotive 
technology and standard materials and processes to 
keep per-unit costs under $150. Features include a 
BorgWarner Morse inverted-tooth Hy-Vo silent chain, 
powder-metal components, and splash-lubrication 
rather than a pressurized pump

CAE analyses and prototype testing have shown the 
Ingear 2-speed gearbox, in combination with some 
electric-motor optimization, is capable of system-
efficiency gains of 7% to 12%, compared to single-
speed types. Acceleration, gradeability and towing are 
improved by up to 15%, according to Inmotive CTO 
Tony Wong. Inmotive has retrofitted a Kia Soul EV with 
Ingear for industry demonstrations.

Right-sizing the e-machine
The idea for Ingear came to Wong, an avid cyclist, 
during a commute ten years ago. “I was thinking about 
the torque-transfer inefficiencies of a bike transmission 
– the derailleur shoving the chain side to side, often 
with a slight misalignment of the chain,” he explained. 
“So, I thought, what if instead of moving the chain, 
we instead moved the sprocket underneath it? There 
is empty space between the sprockets; what if we cut 
the sprockets into ‘pie slices’ and devised a method of 
maintaining chain engagement with the sprocket teeth 
throughout the shift?”

Tony Wong (Credit Inmotive)

Wong presented his invention to Bottero, a tech-
industry veteran, and the two began a patent search. 
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Among Ingear’s “special sauces” are what they call 
the “key segments” – the sprocket component (now 
patented) that controls chain-to-sprocket alignment. 
“Obviously a bike derailleur would never work in a car; it 
would grind itself to pieces very quickly,” Wong noted. 
“It’s the key segments that enable us to maintain, as the 
chain folks say, the ‘synchronicity’ of the chain with the 
sprocket teeth even during a gear shift.

These components are really what make the Ingear 
practical at automotive speeds, under automotive 
torque loads.” Also patented was a concept called the 
‘sequencer’ which ensures that key segment always 
moves first during a gearchange. 

To commercialize the Ingear technology, Bottero, Wong 
and another colleague founded Inmotive in 2010.  
“We spent the first five years working on industrial 
applications – equipment like crushers, conveyors, 
and HVAC fans for buildings,” Bottero noted. “These 
applications proved our core concepts and technology 
works. The 2-speed gearing comes into play under peak 
loads and allows you to right-size the electric motors.”

The next steps, in 2015, aimed at making Ingear more 
robust and durable for automotive. Transitioning from 
toothed-belt drive in early iterations to the Hy-Vo 
chain – used in the Chevrolet Volt and countless 4wd 
transfer cases – enabled much higher torque density 
“with supreme durability and efficiency,” Wong said. 
Added Bottero: “The market was ready for us; we always 
thought the best fit for us was EVs.” 

Sprocket dynamics 
On a typical EV with two helical-cut reduction gears, 
the electric machine’s output shaft turns about nine 
times for each revolution of the wheels. The Ingear 
replaces the second reduction gear with the Hy-Vo 
chain drive and a “morphing” sprocket, as shown in 
the animation. To execute a Low-High or High-Low 
shift, an actuator directs the five interlocking sprocket 
segments into place during one revolution of the 
wheels (about 30 milliseconds).

This changes the size of the sprocket, effectively 
increasing or decreasing the gear ratio. The segments 
slide on hardened steel pins, similar to those used in 
injection molding equipment, Wong said. When the 
segments are rigidly locked into a circle, they operate 
exactly like a conventional one-piece sprocket. The 
system’s patented geometry keeps motor and wheel 
speeds in sync. 

A moving idler (similar in function to a derailleur idler) 
is used to take up chain slack as the high- and low-
gear sprockets morph into each other. “We set the 
geometries so that the ‘wrap angles’ of the chain are 
appropriate in both low and high gear,” Wong said. 
“It took some time to work out the chain path, but 
we’ve got it down pat.” He said the Ingear can transmit 
continuous torque during the shift, from low gear to 
high gear.

“The motor speed comes down very quickly, resulting 
in a smooth shift that the passenger doesn’t feel,” 
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Bottero explained. Wong’s team has developed torque-
fill algorithms to further minimize any perception of 
gearchange to the vehicle occupants. In the process, 
less energy wasted equals more EV range per battery 
charge. Braking regeneration can be continuous even 
while downshifting, Inmotive claims. Enabling the 
electric motor to operate more efficiently allows more 
of the battery’s power to move the car rather than be 
wasted as heat. 

“OEMs making delivery trucks are talking to us about 
2-speed transmissions,” Bottero said. “Such vehicles 
have to be very efficient; they can’t have an oversized 
motor that will cost them range. With a 1-speed 
transmission, loaded, they’ll have difficulty getting up 
the largest hills. These vehicles also are built to a price 
point – the return on investment for the end customer 
is substantial. We can help make a vehicle that will 
handle a measurably higher grade; the analyses we’ve 
done with truck and bus manufacturers show that with 
2-speeds and optimized motors, we can definitely 
improve gradeability. Get up that 17 percent grade, at 
a reasonable speed, by having that low-gear ratio.”

New transmissions prompt questions about ratio 
spread. Porsche’s planetary 2-speed in the Taycan 
EV uses a short 15.5:1 low gear to provide maximum 
acceleration, and a long-ratio 8.05:1 high gear for 
top speed and highway efficiency. Bottero and 
Wong said the Ingear architecture is scalable to 
cover broad applications. 

“We’ve found that an approximately 2:1 ratio really 
opens up the capabilities of an electric motor,” Wong 
said. “For larger trucks and off-highway vehicles, 
really large spreads are going to be necessary – and 
probably more speeds overall. We can accommodate 
that. But for passenger cars and sports cars, a 2:1 ratio 
means that when you’re running on the highway, 
your motor can spin at half speed. That’s a huge 
improvement. We’re finding that OEMs are happy with 
that proposal.”

Three speeds the charm?
The trend in e-motors is to higher shaft speeds – 
beyond 20,000 rpm in some new designs. According to 
Wong, such high-speed machines will actually perform 
more efficiently at lower speeds, in conjunction with the 
Ingear 2-speed.

“All the OEMs we talk with seem quite aware of the 
challenges their motor designers face with the higher 
rpms,” he noted. “The centripetal forces at 16,000 rpm 
and above are significant. You start compromising air 
gaps. You need really good bearings. Even the rotor 
structure will have to be magnetically compromised, 
so it can be mechanically strong enough to withstand 
the huge centripetal forces. Field weakening only partly 
reduces the eddy current losses, which create drag and 
a lot of heat in motors at high speeds.

“We can get a lot more out of motors by not having to 
spin them to such high speeds,” he asserted. Using the 
2-speed gearing helps keep the electric machine in or 
as close to its optimum-efficiency “island” at all times. 
That tends to be close to the base speed – around 
4,000 rpm for a 10,000-rpm motor or a bit higher if the 
motor is optimized for the gearbox. 

“The motor has to be sized to dissipate the heat created 
in its low-rpm, thermally dangerous operating range, 
and get it up into its high-efficiency ‘sweet spot’, where 
we can shift and keep it in that zone. The 2-speed 
gets the motor off the line and spinning faster, which 
prevents overheating,” Wong explained.

If two speeds are good for EVs, can three be better? 
Inmotive’s analyses show that three ratios in light 
vehicles may provide “another percent” efficiency, 
according to Wong. And with a fourth speed “the return 
on investment is negligible. That’s why two speeds 
really offer a lot of bang for the buck.” Regarding that 
“bang,” Bottero claims that for Ingear’s $150-per-
vehicle cost, at high volume, OEMs can save more than 
$1,500 per passenger vehicle by right-sizing batteries, 
motors and inverters. He is optimistic for Ingear to 
enter production by late 2023.
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W i n n i n g  t h e  f i g h t 
a g a i n s t  c o r r o s i o n

It’s a tough life for industrial bearings, and one of the 
most challenging applications bearings will encounter is 
wet environments, where their core purpose of reducing 
friction and keeping essential machine parts moving also 
includes a constant battle against corrosion.

Bearings have to carry heavy loads at high speeds and 
work for a long time in a large variety of applications, 
temperature ranges and environments. The smooth 
surface of a rolling element bearing is key to its 
performance, and little can ruin that surface faster 
than corrosion.

Corrosion is a chemical and/or electrochemical 
reaction: Most commonly between a metal and 
something in its environment. The most common 
cause of corrosion in many engineering applications 
is the presence of water, and bearings operating in 
wet or humid environments present one of the most 
difficult maintenance challenges.

Keeping bearings lubricated with a suitable grease 
can decrease the occurrence or rate of corrosion: In 
systems where corrosion is critical, this can extend the 
service life. In greases, the base oil, thickener, corrosion 
inhibitor additives and even some physical properties 
(e.g. tackiness) can all play a role in reducing corrosion 
risk and improving moisture control.

Maintaining performance
Submerged or semi-submerged bearings - in the 
offshore industry, for example - operate in some of 
the harshest and most inhospitable environments. 
They must operate in salt water, with many other 
challenging stresses from the environment such as 
extreme temperatures and high load applications. 
Complicating matters further is the fact that many 
bearings in these environments are very hard to 
access. This makes close inspection and maintenance 
time consuming and difficult.

Longer lubrication intervals are a fact of life in such 
environments. Selecting high-performance lubricants that 
can extend the time between application as far as possible 
is key to maximising bearing life and performance.

Avoiding water washout
Few environments are harder on mechanical 
components than food and beverage production 
facilities. Wet, humid conditions with regular deep 
cleaning routines constantly challenge maintenance 
engineers to keep equipment corrosion-free. Bearings 
never get a break from repeated exposure to corrosive 
elements and high-pressure water jets.

Intensive - often daily - cleaning regimes, particularly 
in meat processing facilities, can lead to complete 

>>
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DIAGS 
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. Bookshelf

Props, Fans, and Pumps: Design & 
Performance by D. James Benton

“I bought this book to get a 
fundamental understanding of the 
fluid mechanics behind props, and 
this book is an excellent resource 
and you will need a bit of technical 
literacy to read it”, said a reviewer.

Available from Amazon at 
http://amzn.to/3jylqCH

Hydraulics and Pneumatics: A 
Technician’s and Engineer’s Guide 
by Andrew Parr

Best described as a truly practical 
guide to the operation of hydraulic 
and pneumatic systems for all 
engineers and technicians.

Available from Amazon at 
http://amzn.to/3aQBLyW

Diagnostic Techniques 
in Industrial Engineering 
(Management and Industrial 
Engineering) by Mangey Ram and 
J. Paulo Davim

This book presents the most 
important tools, techniques, 
strategy and diagnostic methods 
used in industrial engineering. The 
current widely accepted methods 
of diagnosis and their properties 
are discussed. Also, the possible 
fruitful areas for further research in 
the field are identified.

Available from Amazon at 
http://amzn.to/3aHNAax

Mooring System Engineering
 for Offshore Structures by Kai-Tun Ma

This book presents the fundamentals and theories 
behind mooring systems and their analysis, including 
design, high performance and cost reduction tactics.

Available from Amazon at 
http://amzn.to/36SDvqb

Human Factors in 
Aircraft Maintenance 
by Demetris Yiannakides

“This book provides a rich source 
of human error threats within 
aviation maintenance, with 
excellent examples of relevant 
incidents and accidents,” said a 
reviewer.

Available from Amazon at 
http://amzn.to/3cQZMbs

Quality Management in Engineering: 
A Scientific and Systematic Approach

by Jong S Lim

Jong is currently teaching industrial quality engineering 
and management programs in universities as well as 
consulting for manufacturing companies around the 

world in the areas of quality and productivity.

Available from Amazon at 
http://amzn.to/3cQQ8Wv

Practical Hydraulics and Water 
Resources Engineering by Melvyn Kay

“The book contains many excellent explanations 
of fundamental hydraulic principles, presented in 
a way which is understandable to students from 
many disciplines. Its scope is carefully extended 
by introducing some of the common hydraulic 

equations and their uses, in well-constructed 
examples,” said a reviewer.

Available from Amazon at 
https://amzn.to/2YXvgok

Pump Handbook by Igor Karasik

This is the classic pump handbook updated to 
reflect the latest technological breakthroughs. 

This major revision of the field’s number one 
handbook provides practical data and know-how 

on the design, application, specification, purchase, 
operation, troubleshooting, and maintenance of 

pumps of every type.

Available from Amazon at 
http://amzn.to/3aIKDGA

Random Seas and Design of 
Maritime Structures by Yoshimi Goda

Random waves are the most important constituent 
of the sea environment, as they make the design 

of maritime structures quite different from that 
of structures on land. In this book, the concept 

of random waves for the design of breakwaters, 
seawalls, and harbour structures is fully explored for 

easy comprehension by practicing engineers.

Available from Amazon at 
https://amzn.to/3cTAPwi

Understanding Hydraulics by L 
Hamill

Covering all the fundamental topics 
in hydraulics and hydrology, this text 
is essential reading for practising 
engineers around the world who 
want an accessible, thorough and 
trusted introduction to the subject.

Available from Amazon at 
http://amzn.to/3a1xxF6
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grease washout. Left unchecked, this can cause 
premature wear, corrosion and ultimately, bearing 
failure. At best, this significantly reduces the lifespan 
of the machinery. At worst, it results in production line 
downtime and lost revenue.

Many food manufacturers are operating around-the-
clock schedules, leaving little time for unscheduled 
maintenance. It is important to help bearings perform 
as required and to withstand the rigours of regular 
cleaning regimes. Look carefully at the bearing greases 
used as part of maintenance programmes. Cheaper 
brands may not be the cost saving solution they appear 
to be . If they wash out under water pressure more 
quickly, the associated maintenance costs can increase.

Do your lubricants make the grade?
The quality of the lubrication products used on 
bearings has an impact on overall equipment 
lifespan. Look for products with high performance in 
international standard tests.

The ASTM B 117 Salt Spray test is one of the longest 
established corrosion tests. A sample is placed on steel 
panels, placed inside a fog of 5% salt solution. The sample 
is checked for signs of corrosion at regular intervals. The 
longer the sample withstands those signs of corrosion 
the better the grease is at protecting the components it 
is used in against corrosion. The ASTM D 6138 EMCOR 
test – another well-established testing method - considers 
the corrosion of a dynamic bearing in a wet environment. 
Bearings are loaded with grease and mounted in 
plummer blocks with 10ml of water added to each side. 
The machine runs for eight hours followed by 16 hours’ 
standing time. This is repeated three times before the 
bearings are left to stand for four days. The test runs for 
a week before the bearing is removed from the machine 
and disassembled. The interior race is then examined for 
corrosion and given a score: 0 equals no corrosion and 5 
notes severe corrosion levels.

Another rating to look out for is the ASTM D 1264 
Water Washout Test. During this test, a 38°C or 79°C  
jet of water is aimed at a shielded 6204 bearing filled 
with test grease for an hour. The percentage weight 

of grease washed out of the bearing is calculated. In 
this test, the lower the weight the better. It means less 
grease was washed out during testing and therefore 
has remained in the bearing, where it is needed to 
lubricate and protect the bearing.

When selecting bearing greases for use in wet 
environments, look for products that carry these 
certifications, and manufacturers that offer these high 
levels of performance testing as standard. This will 
give confidence that the lubricants used are of the 
highest quality and will outperform inferior products in 
challenging applications.

Safety first
When dealing with waste water, a standard industrial 
grease will do the job. However, in the food or clean 
industries, a bearing grease that has been registered 
in the most relevant category with NSF International 
(e.g. H1 for lubricants with incidental food contact) is 
required. This precautionary measure mitigates against 
grease dripping from the bearing onto the production 
line. Look out for greases with NSF registrations and 
ISO 21469 quality standard marks for peace of mind on 
food safety.

When are dealing with drinking water, another level 
of safety assurance is required in the form of Water 
Regulations Advisory Scheme (WRAS) certification. 
A WRAS certificate demonstrates that the grease 
complies with the high standards set out by the water 
industry regulators.

Check it out
Regular maintenance checks can help spot early 
warning signs of corrosion and provide opportunities 
to act before bearing performance is compromised. Left 
unchecked, operators could be left with an expensive 
repair and unplanned downtime. Making regular 
corrosion checks part of ongoing maintenance regimes 
is time well spent. Bearings in industrial machinery 
where corrosion is a risk during operation, be it 
from frequent washdown, humidity or water ingress, 
require specific maintenance to ensure continued high 
performance and maximum lifespan. 

https://institutiondiagnosticengineers.org/


January 2022  Diagnostic Engineering  45  institutiondiagnosticengineers.org

Corrosion-resistant 
steels for

The use of corrosion-resistant steels in cargo oil tanks 
offers certain advantages compared to coatings. Tried and 
tested for about 12 years, they have now been included in 
DNV GL’s rules, and a new class notation for these steels is 
available.

Crude oil is a complex mixture of substances at varying 
ratios and in most cases contains at least some salt 
water. Even after desalination some of this brine remains 
dissolved in the crude and gradually sinks to the bottom 
of the cargo oil tank during transport. The corrosive 
nature of salt, along with microorganisms and other 
aggressive substances contained in the cargo oil, causes 
rust, most notably in the form of pitting, which are 
cavities in the steel that deepen over time.

Double-hull tankers are more prone to pitting

“Pitting corrosion is typically found in the bottom area of 
cargo oil tanks,” explains Dr Eva Junghans, Senior Principal 
Engineer and Lead of Practice Materials & Welding and 
Additive Manufacturing at DNV GL. “Above the cargo 
surface, especially on the underside of the upper deck, 
corrosion tends to be more evenly spread,” the expert 
continues. “It is primarily caused by aggressive chemicals 
contained in the inert gas, which is flue gas from auxiliary 
engines pumped into the cargo tanks to prevent an 
explosion of fumes rising up from the cargo.”

While in the single-hull tankers of the past the cooling 
effect of the seawater slowed down bacterial growth 
by keeping the cargo relatively cool, the double hull of 
compliant modern tankers insulates the cargo from the low 
temperature of the seawater. As a result, the cargo stays 
relatively warm, providing ideal conditions for corrosion-
causing microorganisms to thrive. Pitting therefore 
progresses rapidly on an unprotected tank bottom, 
weakening the metal and risking cargo loss, structural 
damage and environmental pollution.

“The traditional way to prevent pitting and general 
corrosion has been to apply specially formulated coatings 
to the affected surfaces,” says Dr Junghans. “This is an 
expensive, time-consuming process that needs to be 
supervised to ensure proper execution. What is more, 
protective coatings typically have to be renewed from 
time to time.”

Corrosion-resistant steel - 
a proven alternative approach

These well-known facts prompted three Japanese steel 
manufacturers – JFE Steel Corporation, Nippon Steel 
Corporation and Kobe Steel, Ltd. – to submit a proposal to 
IMO to accept the use of corrosion-resistant steels as an 
alternative method of preventing corrosion in crude oil 
tanks. Following thorough discussion, IMO issued its new 

cargo oil 
tanks

by Eva Junghans
Senior Principal Engineer, 

DNV
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New notation COAT-PSPC(CA) confirms compliance

DNV GL has since revised its relevant ship construction 
rules to incorporate corrosion-resistant steels for cargo 
tanks, and recently added the new classifier “CA” (for 
“corrosion protection by alternate means”) to its existing 
corrosion protection class notation. Announced in July 
2020, the new notation COAT-PSPC(CA) confirms a ship’s 
compliance with the corrosion protection requirements 
for cargo oil tanks of crude oil tankers, by application of 
approved corrosion-resistant steel grades in one of the 
following areas of a cargo tank:

a)  Lower surface of the strength deck and surrounding 
structures (RCU)

b)  Upper surface of the inner bottom plating and 
surrounding structures (RCB) 

c)  Both the strength deck and the inner bottom plating 
(RCW)

Corrosive environment in crude oil cargo tanks

Crude oil tankers must protect their cargo tanks against 
corrosion. Corrosion-resistant steels have shown to be a viable 
and attractive alternative to protective coatings

‘Performance Standard for Alternative Means of Corrosion 
Protection for Cargo Oil Tanks of Crude Oil Tankers’ as an 
extension of the Performance Standards for Protective 
Coatings (PSPC) in 2010.

Research performed over a ten-year period by JFE Steel 
Corporation in a crude oil tanker delivered in 2008 
confirmed that the corrosion-resistant steel dramatically 
reduced both pitting corrosion and general surface 
corrosion compared to uncoated conventional steel. 
Various other vessels featuring cargo tanks fitted with 
these advanced steels have been in operation since 
the new IMO PSPC standard came into effect and have 
demonstrated vastly improved corrosion resistance. The 
technology can thus be considered as validated.
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Besides using the approved steel 
grades, the notation also implies the 
use of appropriate, approved welding 
consumables to join the plates. 
Compliance with both requirements must 
be substantiated by submitting specific 
documentation. The class notation will 
enter into force six months after publication 
of the rules, i.e. in January 2021.

Eliminating the cost of coating

Opting for corrosion-resistant steels in 
the corrosion-prone areas of crude oil 
tanks offers various benefits to owners 
and charterers as well as shipyards. One 
example is to eliminate the cost of coating 
and shortening the time it takes to complete 
a newbuild in the yard. Furthermore, 
no coatings need to be reapplied to the 
relevant tank wall areas over the lifetime 
of the vessel since the IMO performance 
standard assumes a useful life of 25 years 
of the cargo oil tank (COT) steel until its 
thickness is reduced beyond acceptable 
levels. Owners who choose this class 
notation can demonstrate to cargo owners 
that their crude oil tankers have a lower risk 
of tank bottom or wall failure, cargo loss and 
environmental pollution, thereby enhancing 
confidence in their ships.

Approved steel grades 
enhance customer confidence

DNV GL has approved all corrosion-
resistant steel grades developed by the 
three Japanese steelmakers according to 
the IMO standard and the corresponding 
DNV GL standard, DNVGL-CP-0429. The 
Tokyo head office of JFE Steel Corporation 
commented: “Receiving approval from 
DNV GL, a world-leading classification 
society, for our corrosion-resistant steels 
is a milestone for us. Corrosion-resistant 
steels have not been so popular among 
oil majors and Euro-American operators 
of crude oil tankers, although these steels 
have already been well adopted for use in 
cargo oil tanks of crude oil tankers operated 
by Japanese operators for Japanese oil 
companies. However, DNV GL’s approval 
for our corrosion-resistant steels raises 
awareness among oil majors and Euro-
American operators as an alternative means 
to meet the IMO standard.” Several Chinese 
steelmakers have since requested approval 
from DNV GL for their COT steels.
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Automation systems in the food manufacturing and 
processing sector depend on data from huge numbers 
of sensors. The most important parameters monitored 
by these sensors include pressure, temperature, flow and 
level. Many of the specifications for these sensors are the 
same as those in any other process industry but, in the 
food sector, hygienic design is often an additional and 
critical requirement. And in some cases, the sensors must 
also be suitable for use in hazardous areas.

Sensors with added value

Many sensor products are now available in hygienic 
versions designed specifically for food industry 
applications, and leading manufacturers of these 
sensors are increasingly focussing their development 
efforts on applying innovative technology to provide 
added value for users of their products.

A good example of these innovations is a new 
generation of level sensors that operate on the guided 
wave radar (GWR) principle. GWR sensors are installed 
vertically at the top of a tank and emit high frequency 
electromagnetic pulses that are guided downwards 
along a stainless-steel rod. These pulses are then 
reflected from the surface of the medium back towards 
the sensor. The transit time of the pulses is used to 
evaluate the distance to the surface and thus the level 
in the tank.

This measuring technology provides important benefits 
over other types of level sensors. GWR sensors are 
unaffected by changing media (provided that the 
dielectric constant >5), changing temperature, gas 
blankets or vapours, or by build-up of product on the 
probe itself. In addition, they can accurately and reliably 
measure liquid levels in many foaming applications.

The probes for the food-industry versions of these 
innovative sensors are made of high-grade stainless 
steel and all other  components follow hygienic design 
principles to meet the requirements of EHEDG. Probes 
with different lengths are available and can be easily 
interchanged by the user to meet the needs of the 
application. The probes can also be cut to length if 
no suitable standard length is available. This modular 
design maximises versatility and reduces costs. The best 
of these sensors also has an IO-Link interface.

Another example of sensors that offer added 
value is provided by temperature sensors that 
incorporate two sensor elements with opposing 
temperature characteristics. The elements – Pt1000 
and NTC thermistor – operate independently and are 
continuously monitored by a microprocessor within 
the sensor. This verifies that the measured temperature 
value is valid based on a user defined temperature 
differential or “drift” between the two sensors. If 
the internal drift is exceeded then it is signalled 
immediately via a separate diagnostic output.

The food industry often presents challenging environments for components and, in particular, for the 
sensors used in process control applications. In addition, users’ expectations of sensor technology are 
continually increasing. These considerations mean that the future belongs to smart sensors that not only 
offer outstanding performance and reliability but also deliver substantial added value, says Andy Walker *.

Smart sensors reduce costs and 
add value in food process control 
applications by Andy Walker

product sales manager at ifm electronic
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Both measured temperature values, the differential 
value as well as the diagnostic value, are available via 
IO-Link. The use of these sensors in temperature critical 
processes provides assurance of measurement, and 
therefore process performance, between calibration 
intervals and may therefore reduce requirements for 
costly calibration.

Communication via IO-Link

With the growing interest in and adoption of Industry 
4.0, communication between devices and systems has 
never been more important. Communication at sensor 
level is the basis for comprehensive communication 
infrastructures that extend all the way up to corporate 
level and beyond.

For many users of industrial automation systems, 
sensor level communication means IOLink and latest 
generation of sensors use this digital protocol as well 
as providing conventional analogue interfaces such 
4...20 mA. With IOLink, interference on the connecting 
cable to the sensor has no effect on the accuracy of 
the measurement. This is a big benefit compared with 

analogue interfaces, where measurements can be 
severely affected by interference. Further, with IO-Link, 
multiple values from a single sensor can be transmitted 
simultaneously adding even more value to the user.

IO-Link also has benefits during maintenance and 
repair. Since sensors can be configured via IO-Link, 
should it become necessary to replace a sensor, the 
configuration data can be transferred directly to it. The 
time-consuming process of setting up the sensor on 
site is eliminated, which means that the time needed to 
put the plant back into service is significantly reduced. 
Users can even access self-diagnostic data from sensors 
that have an IO-Link interface, making the location of 
faulty devices faster and more certain. Once again, this 
helps to reduce plant downtime.

Data transmission to an ERP system 

Another important aspect of the digital sensor 
communication is the transmission of sensor data 
to ERP and other high-level corporate systems. A 
convenient way of achieving this is to use an agent 
connectivity port, which is a software gateway that 
supports bidirectional communication for a wide 
range of different interfaces. This makes possible 
communication between ERP systems and devices 
at the field, control and process control levels. 
Implementations specifically designed for the capture 
and transmission of data from IO-Link sensors are 
available and, with these, data can be transmitted 
directly from sensors to the ERP system without the 
need for it to pass through a PLC.

This direct path for sensor data which bypasses the 
control level is referred to as “Y communication” because 
the data splits like the letter Y, flowing via one branch to 
the PLC and via the other branch to the ERP and other 
corporate systems. This solution opens up possibilities 
that would be hard to implement with conventional 
sensors and analogue interfaces. Data logging, 
condition-based maintenance and improvement of 
energy efficiency are just some of these.

Smart sensors offer many advantages in food industry 
and can significantly reduce costs. Today many 
automation solutions still use analogue sensors, but the 
adoption of sensors with IO-Link interfaces is increasing 
rapidly, as more and more users become aware of the 
added value they provide.

Configure and 
monitor IO-Link 
devices via 
Bluetooth adapter
IO-Link accessories

New IO-Link Bluetooth adapter
allows access to sensors via
smartphone*

Easy parameter setting and 
reading of process values and
events of all IO-Link devices
connected to the master

ifm moneo|blue available free
of charge for iOS and Android

Convenient parameter setting
of many sensors thanks to 
graphic representation

Check and configure IO-Link sensors on the smartphone
With the Bluetooth adapter for IO-Link masters ifm offers a convenient way
to read the data of the devices connected to the master and of the master
itself and to adjust parameters. The process flow can be maintained by 
reacting to the situation without first leaving the plant and visiting the IT
department. The password protection prevents unwanted tampering with
the existing parameterisation.

Free app provides graphic representation
The highlight of the intuitive app, which is available free of charge for
Apple and Android smartphones, is that it features graphic representation,
which makes parameter setting of the TCC temperature sensor or the
MVQ101 valve sensor, for example, even easier.
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Current consumption [mA] < 30

Communication interface IO-Link, Bluetooth

IO-Link device
Transmission type
IO-Link revision
SDCI standard
Requires master port class

COM3
1.1

IEC 61131-9
A

Ambient temperature [°C] -25...60

Protection rating IP 67

Materials

high-grade stainless steel
(316L/1.4404), 

brass (to DIN 2.0401), 
PA, PBT, FKM; seal FKM

Operating voltage [V DC] 18...30

Reverse polarity protection •

IO-Link inline Bluetooth plug Order no.
EIO330

For further technical details please visit: ifm.com

Technical data

Connection cable, M12,
2 m black, PUR cable EVC013

Connection cable, M12,
5 m black, PUR cable EVC014

Connection technology

Type Description Order
no.

Example of a system integration

1) IO-Link master
2) EIO330
3) Mobile device

Accessories

Type Description Order
no.

* The list of countries which can use this plug can 
be found in the Bluetooth plug’s data sheet.

Wiring

43

2 1

4-pole M12 male connector
Pin 1: L+
Pin 2: not used
Pin 3: L-
Pin 4: IO-Link

Mounting clip, 
robust design for use in 
harsh industrial environments

E89208

Software and hardware requirements.
The app requires iOS from version 10.3 or Android 
from version 5.0. The smartphone must support 
Bluetooth 4.1. Display on tablets is already possible, 
a full tablet version will be made available with the 
coming updates.
The Bluetooth adapter can be used with all ifm IO-Link
masters from firmware version 2.1. Both Bluetooth
Classic and Bluetooth Low Energy (BTLE) are supported.
The range is approx. 10 to 30 metres, depending on
the respective installation situation.

Transmission of recorded process data 
via e-mail
The Bluetooth adapter can record process data. These
recordings can then be sent as a zip file for further 
evaluation on the computer directly from moneo|blue.

1 3

2

Looking for the ifm smartphone app?

This QR code leads to 
the Android app moneo|blue 
in the Google Play Store

This QR code leads to 
the iOS app moneo|blue 
in the Apple Store
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Ignore
signs in the 

As you walk through any 
business – whether that be a 
high street shop,a a prestige 
office block, a manufacturing 
plant, a construction site or a 
local school/hospital – there 
should be one constant on 
view across all industries and 
all locations; the humble 
safety sign.

We all see them on a daily basis, we should all 
understand them and hopefully we all follow the 
guidance they provide – in truth, we don’t always stop 
and study the sign but even on a subliminal level they 
can play a key part in keeping you, staff and visitors 
safe. But are they really worth bothering about and do 
they really bring a benefit by displaying a message that 
many  would consider common sense anyway?

The short answer is YES! And for a multitude of reasons 
– business compliance and safety improvements to 
name but two.

One of the simplest explanations for the importance of 
safety signs is that they are a legal requirement for any 
workplace, and installing them therefore represents a 
key element of basic regulatory compliance.

The Health and Safety (Safety Signs and Signals) 
Regulations 1996 mandate that signs are required where 
significant risks to the health and safety of employees 
(and others) continue to exist even after all other relevant 
precautions have been taken. These signs are required to 
be clear, legible, visibly placed and well-maintained, and 
should be used in the following circumstances...

workplaceat your peril!
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- To warn against dangerous and prohibited actions 
in a certain area

- To highlight safeguards and procedures that must 
be followed, or equipment that must be worn

- To draw attention to a nearby hazard or potentially 
dangerous situation

- To direct people towards essential safety gear and 
fire safety equipment.

Understanding safety signs
The UK has long since led the way in the development 
of safety signage, in terms of technical design and 
comprehension levels. As such, the British Standard 
BS 5499 was the blueprint for the harmonisation of 
safety sign design on a global level when ISO 7010 was 
released in 2011. This international standardization of 
safety signs meant that a consistency in design was 
enabled across the world. By using common pictograms 
and symbols it meant, for the first time, that a fire 
exit sign in the UK would look the same as it would in 
any other EU country, ensuring universal recognition/
understanding of safety signs could be maximised (even 
if the sign’s text was displayed in a foreign language) 
and as our workforces and customers become ever more 
diverse that cannot be underestimated.

Of course, displaying a sign is one thing but displaying 
one that is technically correct is not always so straight 
forward. Many companies will print and supply signage 
but very few fully understand the complexities involved 
– hitting specific colour metrics for the colours used 
on the sign, knowing the font (style and size) to use, 
choosing the correct material to print the sign on, 
choosing the correct size of a sign for the location it is 
being displayed etc are all areas for consideration and 
areas often overlooked.

This is perhaps best highlighted when looking at 
photoluminescent (glow in the dark) signage, used 
for fire exit signs and an essential aid when it comes 
to guiding people out of a building if power is out or 
in smoky conditions. There are varying classifications 
of photoluminescence (from Class A to Class G) which 
offer varying levels of luminance and longevity of 
afterglow. It is important to know that not all signs 
are equal and to maximise the chance of  evacuating 
a building in the event of a fire then a higher grade 
should be considered.

The impact of accidents
The Grenfell Tower fire tragedy has already led to a 
number of changes to legislation as the government 
seeks to act on the multiple safety issues the fire 
revealed. While cladding has been the focus of 
scrutiny to date there are a lot of other issues that 
also need to be addressed, among them, signage and 
wayfinding for firefighters.

In the evidence from Phase 1 of the inquiry, the difficulties 
firefighters faced when repeatedly going into and out of 
the building were highlighted. Their efforts were delayed 
by the building’s poor signage – some floors had no floor 
numbering at all while others had been handwritten in 
pen. As a result, firefighters had to pause several times 
during the operation just to find out which floor they were 
on as they progressed up the tower. However, even floors 
with good signage were difficult to identify, due to the 
density of smoke in the stairwells.

Richard Hippel, a firefighter based in Kensington, said 
the sixth floor was ‘completely filled with smoke, with 
zero visibility’. He said: ‘I’d never seen smoke like that 
in a domestic fire and can only say it’s like smoke when 
tyres burn. It was the first indication I had that this 
incident was something unusual.’

As a result of the findings of the inquiry, the 
government is looking to update the guidance on 
signage and wayfinding in buildings to aid the fire 
service in emergency situations. Amendments to The 
Building Regulations 2010: Approved Document B: Fire 
safety, Volume 1 – Dwellings and Volume 2 – Buildings 
other than dwellings, will see a new recommendation 
for floor identification and flat indication signage within 
blocks of flats with storeys over 11m.

Similar amendments and improvements were 
introduced in the USA as a result of the 9/11 attacks 
where similar issues highlighted the need for more 
effective safety way guidance systems (SWGS) to be put 
in place to aid with evacuations and to assist fire crews 
which resulted in the development of  ISO 16069:2017

The importance of proper maintenance
It is essential to ensure that all members of staff 
understand what all of the signs mean – not only by 
providing proper training, but also by making sure that 
their messages and pictograms are self-explanatory. 
Businesses also have a responsibility to keep these 
notices clearly displayed, unobstructed and well 
maintained, as a hidden or damaged sign could pose 
a significant danger to staff wellbeing if an emergency 
situation occurs. An employer must provide safety signs 
where they can help reduce risk and where all other 
methods of reducing that risk have been employed but 
a danger to employee health and safety remains. 
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AN INTRODUCTION 
TO RISK ANALYSIS

by 
Eur. Ing. Jeffrey Casciani-Wood  

(Honorary Life President)
N.B. Much of first part of this document is based on a document 

published by the ECUK whose copyright to the original is acknowledged.

There are many definitions of risk.  A typical dictionary 
definition of a hazard is the chance of, or of bad 
consequences, loss, etc., exposure to mischance.  
Others include the effect of uncertainty on objectives 
or the probability that an event will occur.  Within this 
text, risk is defined as the likelihood that the harm that 
may come from a potential hazard will be realised.  
The extent of the risk covers the number of persons 
affected and the consequences for them.  The risk 
reflects both the likelihood and the severity of the 
harm.  At its simplest, risk is the possibility in a given 
situation of an adverse outcome.  It is often expressed 
as the combination of the consequences of a series 
of events and the associated likelihood of occurrence.  
The probability, frequency of occurrence and impact 
of an event are all factors which the diagnostic 
engineer should consider in his analysis of risk.  The 
diagnostic engineer should recognise that risk is 
necessarily inherent in the activities undertaken himself 
when practising his skill.  The professional diagnostic 
engineer and/or technician has a significant role to play 
and a legal duty of care in limiting or eliminating risk 
and there is a personal and moral obligation on him to 
maintain and enhance his competence in his particular 
area of practice.  Risk is present in all engineering 

projects as a result of inherent hazards as well as 
general uncertainty. It is possible that some elements 
of risk may be quantified but noew engineering 
projects often involve a degree of uncertainty where 
even extensive previous experience cannot offer a 
complete guide.  In all cases, there is a need for a 
diagnostic engineer to exercise informed judgement 
and leadership in order to manage or reduce the risk, as 
excessive risk aversion inevitably leads to technological 
stagnation and denies society potential benefits.  The 
general public perception of risk probably differs 
from that of the diagnostic engineer and he should, 
therefore, strive to achieve clarity when speaking with 
non-professionals about risk and advise them in simple 
terms understandable to them.  Through his effective 
management of risk, diagnostic engineers should be 
able to...

Risk
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1. improve the reliability of a product, process  
or service.

2. minimise the impact of potential problems or 
adverse effects.

3. provide early warning of potential threats.

4. help ensure at least demonstrable compliance 
with regulation.

5. improve the resilience of their organisations.

6. maximise potential opportunities.

7. protect project revenue and enhance value  
for money.

8. articulate and manage the uncertainty 
surrounding the decisions being made.

Risk management is also practiced by other professions 
with whom diagnostic engineers work in multi-
disciplinary teams and effective risk management is 
more likely to produce positive outcomes than total 
risk avoidance.  A range of quantitive and systematic 
methods exist for the management of risk.  However, 
the behaviour of people is central to any engineering 
enterprise and this includes high-level management, 
the workforce and the general public who can be 
expected to benefit, directly or indirectly.  The control 
of risk will depend upon the support of those inside 
the organisation and the agreement of those outside. 
Hence the engineer will need to pay attention to 
human and cultural perspectives as well as purely 
technical aspects.

There are seven general principles that should guide a 
diagnostic engineer when he is identifying, assessing, 
managing and communicating about risk.  Their 
application will help him to ensure that risk issues are 
recognised as important considerations in any given 
engineering activity.  They should be included as part 
of an organisation’s risk management policy, with risk 
management plans describing how they will be applied 
within that organisation.

The diagnostic engineer should apply professional 
and responsible judgement and take a leadership role 
and should demonstrate, by example, a commitment 
to safety, reliability and ethical conduct through 
professional management of risk, from the start of any 
project.  He should clearly demonstrate at all levels the 
standards by which he expects risks to be managed, so 
setting an example to others.  In doing so, he should be 
prepared to...

a) challenge assumptions and proposals,

b) ensure that safety receives appropriate 
consideration,

c) assess carefully the balance of risk and reward,

d) strive for all those involved to be able to identify 
potential problems and opportunities,

e) ensure that any engineer reporting to him has the 
opportunity to maintain competence in the area 
of risk,

f) lead others in improving practice.

He should adopt a systematic and holistic role to risk 
identification, assessment and management.  The 
factors that give rise to risk are interdependent and 
cannot be examined in isolation.  It is vital in managing 
risk to be aware of this interdependency and, rather 
than dealing with risks as they arise, use approaches 
that deal with whole systems.  That requires him to...

a) look beyond purely technical considerations, to 
address non-technical factors and include human, 
organisational and cultural perspectives.

b) make risk assessment and management a 
fundamental and integral part of all engineering 
activity and decision making.

c) adopt a conservative decision making approach 
that is proportionate to the risk especially where a 
novel process is employed.

d) aim to quantify the risks with as much precision as 
is relevant, sufficient and which can be supported 
by genuine evidence.

e) be responsive to changes in the operating 
environment.

f) look for connections, patterns and relationships 
between risks and opportunities.

g) consider the role that ergonomics can play in 
mitigating the risk or human error.

h) bear in mind that risk assessment should be used 
as an aid to professional judgement and not as a 
substitute for it.

i) be aware that developing over-elaborate 
procedures can lead to poor compliance and 
undermine the wider safety culture.

Principle 1. Professional, Responsible 
Judgement and Leadership.

Principle 2. The Adoption 
of a Systematic Role
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Regulations and Codes are generic.  They can only 
deal with anticipated events and cannot predict every 
possible situation.  Diagnostic engineers should take 
a thoughtful, measured, yet challenging approach to 
potential risks, whether or not specific regulations 
apply.  They should...

a) act in accordance with codes of conduct.

b) know about and comply with the law in countries 
where they are operating or where their products 
will be used.

c) recognise and understand the intent behind 
standards and codes and understand when their 
limits are being approached.

d) comply with current relevant legal requirements 
governing engineering risk issues.

e) seek advice where necessary.

f) where it is reasonably practical, seek further 
improvements thus embedding a culture of 
seeking continuous improvement.

g) be open minded and avoid hiding behind 
regulations.

Shortcomings in communication are present in 
the majority of failures in the management of risk. 
Communicating effectively with customers, clients, 
suppliers, subcontractors and colleagues is important to 
ensure that risks and their implications are understood 
properly.  Within an organisation, risk management 
should be communicated as a core value.  The 
diagnostic engineer should...

a) establish strong, honest and effective two way 
communication within and beyond his organisation.

b) establish a consultation and feedback process 
about risks with all stakeholders including the 
public and local community.

c) express clearly the balance of risk and benefit.

d) encourage an ‘open reporting’ approach and a 
spirit of questioning and learning from others.

e) avoid a ‘good news’ only or closed culture.

Principle 3. Comply with Legislation 
and Codes but be Prepared to Seek 
Further Improvements.

Principle 4. Ensure Good 
Communication with Others Involved.

He should understand that effective oversight and 
scrutiny processes are important safeguards in 
controlling risks.  They should be challenging and 
carried out with independence from those creating 
the risk or attempting to control it.  The diagnostic 
engineer should...

a) ensure that effective oversight and scrutiny 
procedures are in place.

b) ensure that roles and responsibilities are 
understood, especially where functions are 
outsourced.

c) include scrutiny of culture and response to the 
management system and ensure that audits are 
not limited to paper systems.

The perception of risk amongst the public is influenced 
by a range of factors, including emotional ones. The 
diagnostic engineer has an important role in raising 
awareness and understanding about real levels of risk 
and benefit and helping to prevent misconceptions.  
He should...

a) be prepared to engage in public debate on  
the perceived risks and benefits.

b) ensure that discussion with the public 
includes risk and its management and 
the interdependence of risk factors under 
consideration.

c) ensure that the concepts of ‘risk and reward’  
are communicated.

d) recognise the social, political and economic 
implications in the risk assessment and 
acknowledge them publicly.

e) explain the quantitive aspects of risk with clarity 
and supporting evidence.

f) be honest and clear about uncertainties and be 
prepared to challenge misrepresentations.

The diagnostic engineer should, at all times, keep a 
detailed and accurate record of all decisions made, 
accidents or other relevant data including witness 
statements, photographs, logbooks etc.

Principle 5. Ensure that 
lasting Systems for Oversight 
and Scrutiny are in Place.

Principle 6. Contribute to 
Public Awareness of Risk.

Principle 7. Record Keeping.
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In its simplest form, risk assessment is a thorough 
look at the workplace to identify things, situations, 
processes that may cause harm, in particular, to 
people.  The diagnostic engineer may then evaluate 
the severity of the risk and put in place measures to 
mitigate or eradicate it.  He should be, at all times, fully 
aware of the Health and Safety at Work Act known 
as HASAW1974 as it covers every part of his working 
environment.  He should also, as a matter of regular 
practice, carry out a simple risk assessment on every 
project carried out.  The Health and Safety Executive 
(HSE) gives practical guidance to employers and self-
employed people (including diagnostic engineers) on 
how to assess them and how to act on the findings 
of the assessment.  Many diagnostic engineers have 
found the documents below adequate enough for their 
needs.  The guide should help him to check that the 
assessment of the risks and that might cause harm in 
his workplace.  It will help to avoid going over again 
things that have already been done in examining 
that the precautions put in place are reasonable and 
meet all that the law requires.  It looks at the common 
features of these provisions, compares them, including 
their wording, and examines the significance of the 
differences between them.  He should keep in his office 
library copies of at least the following...

1) Management of Health and Safety at Work 
Regulations 1999 (Management Regulations).

2) Manual Handling Operations Regulations 1992 
(Manual Handling Regulations).

3) Personal Protective Equipment at Work 
Regulations 1992 (PPE).

4) Noise at Work Regulations 1989 (Noise 
Regulations).

5) Control of Substances Hazardous to Health 
Regulations 1999 (COSHH).

6) Control of Asbestos at Work Regulations 1987 
(Asbestos Regulations).

7) A Comparison of Risks from Different Materials 
Containing Asbestos.

8) Control of Lead at Work Regulations 1998 (Lead 
Regulations).

He should be reasonably familiar with all of them.

Under health and safety regulations, risk assessments have 
to be carried out for all tasks that have to be done and 
for which hazards have been identified and there are a 
number of stages for the process.  The assessor should...

Risk Assessment 1) Specify the scope of work to be carried out.  In 
most cases this will be detailed in the contract 
document drawn up between the diagnostic 
engineer and his client.  From that document he 
can then draw up a list of the tasks required to 
perform the work which will aid in identifying 
the hazards.

2) Identify the hazards.  To most diagnostic 
engineers, both the tasks to be performed 
and the hazards involved will be well known.  
In such situations, where the tasks have 
been performed many times to the point of 
repetitiveness, a generic list can be drawn up 
but the existence of such a list must not detract 
him from undertaking a thorough assessment, 
but it will help the process. There are a number 
of what may be termed formalised hazard 
identification techniques.  They are usually only 
possible and required in large organisations 
where a team will carry out the assessment.  
In the diagnostic engineer’s position, his 
experience and knowledge of the situation 
coupled with common sense will greatly help 
him complete an assessment.

The formalised methods are...

• Hazard and Operability Studies (HAZOP).

• Failure Mode and Effects Analysis (FMEA).

• Structured What-If Techniques (SWIFT).

• In carrying out a risk assessment, there are  
four stages...

• Identify the risks.

• Measure the risks associated  
with the hazard.

• Evaluate the risks.

• Implement measures to  
eliminate or mitigate the risks.
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The risk industry has developed risk assessment 
probability matrices to help in assessing identified 
hazards for severity and probability, but the diagnostic 
engineer must take the following into account: -

He must decide if the risks are tolerable.  Using an 
assessment probability matrix will greatly help this 
part of the process but it is the responsibility of the 
individuals or groups who are to carry out the task to 
make the final decision.  The term tolerable risk simply 
means that any risk has been reduced to the lowest 
level that is considered reasonably practicable.

He must introduce mitigating procedures.  If the risks 
are found to be intolerable then mitigating procedures 
have to be put in place to bring that risk within 
tolerable levels by reducing or eradicating the risk.  In 
the case of a diagnostic engineer this could be by the 
simple use of the correct intrinsically safe equipment or 
by removing an obstructing object from the work site.

He must review the assessment.  It is imperative 
that a risk assessment continues to be effective, 
remembering that, in the case of a diagnostic engineer, 
his environment can change radically, even within 
the course of completing a single task.  It is therefore 
important that risk assessments are kept under constant 
review.  That does not mean that he must be constantly 
looking over his shoulder.  Should some obvious 
change to his local environment take place, however, 
then a few minutes thought to consider the possible 
effect the change may have to his personal safety or the 
safety of others around him or in his charge, may avoid 
considerable problems at a later time.
The diagnostic engineer should remember at all times 
that wet and slippery surfaces, steep ladders, dangerous 
compartments and tank spaces, moving objects such 
as cranes and general road traffic and the presence of 
oils and greases all carry the potential for both minor 
and serious injury.  While there is no doubt that some 
hazards can be designed out, there simply is not a 
design solution for every single one.

Asbestos is particularly dangerous hazard and a general 
term that refers to a group of minerals made of long, 
crystalline fibres which are very strong and resistant 
to heat, electricity and chemicals.  It was widely used 
in heavy industry for steam and exhaust pipe lagging.  
There are three main types of asbestos...

• crocidolite – blue asbestos.

• amosite – brown asbestos.

• chrysotile – white asbestos.

All types of asbestos are hazardous but the blue and 
brown asbestos are much more dangerous than the 
white variety.  The most common type of asbestos for 
industrial and shipbuilding use was white chrysotile 
asbestos.  Amosite and crocidolite were banned in the 
1980s although voluntary bans on the industrial use of 
both of those materials came into force much earlier 
than that.  No crocidolite was imported into the United 
Kingdom after 1970 but the material was not banned 
until 1999.  There are still large amounts of all types of 
asbestos present in old steam driven and passenger 
ships.  The amphibole form of white asbestos used for 
lagging steam pipes pose a serious risk if breathed 
deep into the lungs as the insoluble needle like fibres 
irritate the mesothelium surrounding the lungs whereas 
the asbestos cements containing the other chrysotile 
forms do not cause a significant risk to health.  It is 
not the diagnostic engineer’s job to advise on how to 
remove any suspect material, but it is his responsibility 
to bring the issue to the attention of his client.  He 
should know that asbestos handling regulations vary 
from country to country.  With exhaust lagging, the 
remaining asbestos that has burned onto the surface of 
the exhaust (and steam) pipes due to heat is the most 
difficult to remove.  When power brushed off, it carries 
the risk of creating highly dangerous asbestos laden 
dust.  BEWARE!

As part of his background knowledge and if he works 
in the marine field, the diagnostic engineer should be 
aware of SOLAS regulation II-1/3-5 which states that 
Administrations or recognised organisations acting on 
their behalf should verify that materials which contain 
asbestos, as prohibited under SOLAS regulation II-
1/3-5, are not installed on ships by reviewing asbestos 
free declarations and supporting documentation for 
the structure, machinery, electrical installations and 
equipment covered by the SOLAS Convention, which 
should be provided to the Administration or recognised 
organisation by shipyards, repair yards and equipment 
manufacturers, taking into account the 2011 Guidelines 
for the development of the inventory of hazardous 
materials (resolution MEPC.197(62)).
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A TYPICAL RISK ASSESSMENT FORM (I)

Client’s Name and Address Job Site

Diagnostic Engineer’s Company Name, Address and Contact Details

ON SITE HEALTH AND SAFETY RISK ASSESSMENT RECORD

Task Person Assigned Job Number Date and Time

HAVE ANY SIGNIFICANT RISKS BEEN IDENTIFIED WITH THE TASK? YES/NO
If yes, the risk assessment must be completed in its entirety

  (A) Identify ALL hazards and insert a score as Likelihood of Harm x Severity of Injury
        (Refer to the evaluation matrix below to determine the rating.  Insert N/A if no hazard is identified)

  (B) Insert category of persons affected i.e. E for employees, S for subcontractors or other workers, GP for 
       general public.

Physical Injury 
Hazards

A B Physical Agents A B Miscellaneous A B

1. Crane Swept Areas 12. Hot objects 22. Climate effects

2. Moving Machinery Parts 13. Cold objects 23. Lone working 

3. Hand/Power Tools 14. Temperature 24. Confined space

4. Falls from Height 15. Noise 25. Restricted Access

5. Access/Mobile Plant 16.Vibration 26. Overhead  
      Obstructions

6. Working above 
    water/people

Hazardous Substances 27. Transport 
      Movement

7. Slips/Trips/Falls 
    

17. Asbestos or 
      Chemicals

Electrical

8. Pressure Systems 18. Micro-organisms 28. Shock, Burns, 
      Explosion

9. Hot work/Fire 19. Vermin Disease 29. Overhead Cables

10. Explosion 20. Fumes, Gases 
      Vapours, Dust

30. Lighting levels

11. Dropped objects Manual Handling 31. Other

21.Manual handling  
     injury 

Confined Space  
Work required

Yes No Confined Space Risk High Low Emergency 
Arrangements in Place

Yes No

              
This Risk Analysis Form must be kept on file and updated annually
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A TYPICAL RISK ASSESSMENT FORM (II)

Significant Risks Identified (All risk evaluations over 4 are to be listed).

………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………

Persons Affected (Tick as appropriate)

Employees Subcontractors/
Other workers

General Public

Control Measures

........................................………………………………………………………………………………………………………………………

………………………………........................................………………………………………………………………………………………

Residual Score

RISK ASSESSMENT EVALUATION MATRIX
1 Acceptable Unlikely to cause injury, 

risk to health or property 
damage

Severity of Injury
2 Acceptable Unlikely to cause injury, 

risk to health or property 
damage, work to be carried 
out by competent person

Slight 
1

Serious 
2

Major
3

3 Acceptable
but

Possible risk of injury, 
risk to health or property 
damage, control measures 
must be in place

Unlikely
1 1 2 3

4 Acceptable
but

Supervision, control 
measures and written 
records must be in place 
and attempts must be 
made to reduce the risk

Possible 
2 2 4 6

5 Not
Acceptable

Re-visit work procedures 
to reduce the risk to the 
lowest acceptable score 
possible

Likely
3 3 6 9

6 Not
Acceptable

Refer the operation to 
the person responsible 
to consider alternative 
methods of working

I confirm that all residual risk evaluations are acceptable (rated as 1, 2 or 3) after ALL the 
control measures have been implemented.  If the risk evaluation remains at 4 or above, 
after all the control measures have been implemented, inform the person responsible 
before undertaking the task

YES NO

…………………………………………………     Name…………………………………………....
Signature of Diagnostic Engineer    Block Capitals

Risk Evaluation

Likelihood of H
arm
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The following comments were distilled from a paper 
read by David and Linda Green before the International 
Institute of Marine Surveying and make an interesting 
comment on the above.

In 1998, for example, according to the Health and 
Safety Executive, there were no fewer than 666 injuries 
of various kinds within the dock’s environment.  Of 
these only four were to self employed people and the 
rest were to general employees of various kinds.

Those facts have to be viewed against the widely 
accepted truth that the self employed are very poor 
reporters of work related injuries as they consistently 
report fewer than 1 in 20 reportable accidents.  A 
breakdown of these injuries makes interesting 
reading and sounds a note of warning to the 
diagnostic engineer.

• slips and falls on the same level - 61 number 
including 12 major injuries.

• falls from a height – 54 (34 from a height over 2 
metres) including 19 major injuries and one fatality.

• hit by objects free falling from lifting machinery – 
15 including 6 major injuries.

• hit by flying objects or moving objects in ways 
unspecified – 75 including 18 major injuries.

• asphyxiation – two deaths.

• finally, there was one three day injury caused  
by the person being assaulted.

David rather wryly remarked that one could only 
assume that, in the case of the flying objects, the flight 
was probably uncontrolled and in the case of the final 
item it clearly does not pay to irritate people too much.  
The item concerning asphyxiation is a case in point for 
those marine diagnostic engineers who inspect the 
inside of tanks.  In the incident concerned, a marine 
surveyor entered the access trunking between the holds 
of a ship carrying grain and collapsed due to oxygen 
deprivation.  So too did the chief mate of the vessel 
who, like other lemmings before and since, went down 
the trunk to rescue the engineer without breathing 
apparatus.  Both men died.  For a few pounds or dollars, 
it is possible to purchase a simple bleeper alarm that 
will warn the diagnostic engineer when the space in 
which he is working has bad air.

The diagnostic engineer should never stand under a 
load suspended from a crane.  Strops, both wire and 
rope, can and do break.  An accident of that kind in the 
London docks was generally called a greenacre1.

Injuries fall into four categories...

• slight or minor injuries.

• serious or three day injuries.

• major injuries.

• death.

Minor injuries are those that can be treated from the first 
aid box, serious or three day injuries keep the sufferer off 
work for three days, major injuries include amputations, 
limb fractures, loss of sight and similar items. 

Death tends to be final and permanent and needs no 
elaboration.

All countries, not only maritime ones, require that 
any work related accidents be reported to the 
appropriate authority.  The legislation implies that 
the diagnostic engineer is bound by law to report any 
accident whether or not he is personally involved.  
Such accidents include those involving a death which 
has to be reported to the police by law.  Accidents 
which involve injuries such as fractures, amputations, 
dislocations, loss of sight, chemical or hot metal 
burns, injuries from electric shock, any other injury 
leading to hypothermia or loss of consciousness, 
loss of consciousness due to asphyxia, acute illness 
from absorption of any substance and illness due to 
exposure to a biological agent also have to be reported.  
Occurrences not necessarily injurious also have to be 
reported and they include the collapse, overturning or 
failure of load bearing parts of lift and lifting machinery, 
explosions, collapse or bursting of any closed vessel 
or attached pipework, failure of any freight container 
or any of its load bearing parts, plant or equipment 
coming into contact with overhead power lines, electric 
short circuit or overload causing fire or explosion, and 
unintentional explosion, misfire, failure of demolition 

Risk Assessment
Experience

1. London Dockland legend had it that, at the end of the nineteenth 
century, a certain dock worker named Greenacre was found guilty of 
murdering his wife and, in accordance with the criminal code of the 
time, was sentenced to be hanged.  On the due date he was taken 
out to the gallows and the rope broke three times.  It was judged 
that he had suffered enough, and his sentence was commuted to life 
imprisonment.  Whatever the truth of the story, certainly within the 
author’s memory, the word lived on for any kind of accident aboard 
ship along the London River particularly those involving broken strops 
or slings and the author still uses it so.

HASAW - Injuries

HASAW - Reporting of Accidents
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to cause an intended collapse, projection of material 
beyond a site boundary, injury caused by an explosion, 
accidental release of a biological agent likely to cause 
severe human illness, failure of industrial radiography 
or irradiation equipment or de-energise or failure to 
return to its safe position after its exposure period, 
malfunction of breathing apparatus when in use or 
during testing immediately before use, failure or 
endangering of diving equipment or the trapping of a 
diver.  Reportable diseases include conditions due to 
physical agents or physical demands of work, ionising 
radiation, decompression sickness, infections due to 
biological agents, anthrax, brucellosis, conditions due to 
substances, poisoning by carbon disulphide, ethylene 
oxide or methyl bromide.

The HASAW 1974 Act & Regulations can be enforced by...

• Improvement Notices that require the offender to 
comply within a given time frame under pain of 
prosecution.

• Prohibition Notices that forbid the offender to 
continue the given practice.

• Prosecution where the offender is taken to 
Court and, if found guilty, may face fines and/or 
imprisonment.

The wise diagnostic engineer will walk round the plant 
in which he is working and note the position of the fire 
point and any hoses or extinguishers.  It is surprising 
how few factories have such very obvious safety 
features Anybody who has ever witnessed an frp boat, 
for example, on fire will know that they can burn very 
fiercely2 indeed and rapidly leaving behind nothing but 
a pile of old glass fibres and a heap of twisted metal.

Similar comments can be made about First Aid points 
and the wise diagnostic engineer will carry a small but 
adequately supplied and readily accessible First Aid Box 
in his own car.  He may find it prove to be very useful.

When surveying old, laid up, particularly wooden 
structures, the diagnostic engineer may find 
considerable amounts of mould, mildew, fungus and all 

HASAW - Types of Risk Enforcement

HASAW - Fire as a Risk

HASAW - First Aid

HASAW - Respiratory Risks

sorts of malevolent growing things many of which give 
off health risk spores.  A similar health risk is a badly 
internally corroded steel structure.  If, later, he develops 
a cough he should attend the local hospital A&E 
department as soon as possible as such conditions are 
conducive to the development of, inter alia, pneumonia.  
He should wear, in such circumstances, a properly fit 
tested, HEPA filtered, half face respirator and have 
appropriate training in its use and recommend a 
full, proper decontamination of the area.  For dust 
protection, the life of (preferably circular design) filters 
can be extended by the application of a circle of regular 
kitchen roll held on by a rubber band over the top 
of the filter.  If the marine surveyor sports a beard, it 
also makes a better dust proof interface between the 
mask and his skin.  He should also have the mask and 
a silicone mask with a new charcoal filter is a must 
also when exposed to epoxy and polyester fumes. The 
marine surveyor should also be aware that Escherichia 
Coli bacteria can grow in freshwater tanks, piping and 
watermakers that have been idle or abandoned for a 
long time.  That is particularly the case in the eastern 
Mediterranean countries where items can wait a long 
time for a buyer.  Just by smelling the freshwater 
coming from the tap it is possible to get infected.  If 
sent to inspect such a plant, therefore, the diagnostic 
engineer should recommend that the whole system be 
thoroughly flushed through several times and the water 
tested by the local Health Authority before use.

Don’t touch it.  It might be dangerous.
Parental advice in WWII.

In the course of his normal work in industrial plant of 
all kinds the diagnostic engineer will often come across 
materials that are hazardous to health and he should 
know how to deal with such material.  The materials 
which may be solid, liquid or gaseous should carry with 
it in one form or another but usually a paper pamphlet 
what is called its assessment.  Resins and paints are 
familiar examples of these materials.  Each assessment 
should contain a front sheet detailing the hazards 
associated with the particular material together with 
any first aid, spillage and fire precautions and a back 
page detailing the precautions to be taken to ensure 
that the risk is minimal when undertaking defined 
work activities.  The front sheet is compiled using 
information from the material supplier’s safety data 
sheets, guidance together with information provided by 

2. The author once witnessed a gas explosion/fire on board a boat 
afloat at Maidenhead and, although the fire brigade arrived within six 
minutes of the explosion, three frp boats were completely burned to the 
waterline and totally destroyed.  The whole affair was over in about 
fifteen minutes.  Fortunately nobody was injured.

Guide to the 
Assessment of 
Material Hazards
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the Health and Safety Executive and standard texts and 
research material.

Included in the leaflet should be details of time limits 
to which a human being may be safely exposed to 
the material.  A single type of exposure limit has been 
introduced with Workplace Exposure Limits (WELs) 
replacing the outdated Maximum Exposure Limits 
(MELs) and Occupational Exposure Standards (OESs).  
As the numerical values of the other limits being 
transferred to the new system are unchanged, suppliers 
may exhaust stocks of safety data sheets that refer to 
MELs and OESs before producing new ones that refer 
to WELs.  Similarly, COSHH assessments can be updated 
as part of duty holder’s periodic reviews.

It is common for the same materials to be used in 
different ways on site.  Each method of using a material 
should be assessed individually noting that the controls 
needed to ensure a minimum risk, vary from activity 
to activity.  Spray painting, for example, is potentially 
more risky than brush application as there is more 
of the hazardous material in the air to breath.  Each 
assessment activity coupled with the relevant front 
sheet forms a risk assessment and it is of utmost 
importance that the correct activity is chosen from the 
selection available.

All activities are defined in three ways...

• the method of use i.e. hand (brush, trowel) or spray.

• work environment i.e. outside, inside, or confined 
space noting that, if the work is to be inside 
whether the workplace is well or poorly ventilated.

• length of time of work i.e. up to 1/2 hour 1/2 to 2 
hours 2 to 4 hours etc.

If it is necessary to use one of the hazardous materials, 
the diagnostic engineer should follow the following 
four step guide.

He should check that an assessment is available in the 
file for the material in use.

1. He should then check the work to be done, choose 
the relevant activity and tell the operatives what 
they must do.

2. He should ensure that other personnel involved 
should co-operate.  If the assessment calls for 
washing hands after use or wearing a dust mask, 
they, as well as he, must comply.

3. If the assessment is not available or the relevant 
activity is not covered, he must produce a local 
assessment based on information from the supplier.

Some of the assessments contained in this online 
COSHH management system are generic or are in 
so-called family group assessments.  Materials such 
as general purpose cleaners, solvent based adhesives, 
mineral oils and cement etc. although supplied under 
many different trade names do, in numerous cases, 
pose very similar risks to health.  Generic assessments 
can therefore be used to cover family groups of similar 
materials.  Using generic assessments where appropriate, 
can substantially reduce the number of assessments 
required and also allows operatives to become familiar 
with a general set of precautions to be followed.

Exposure Limits

Work Activities

Choosing the Correct Assessment - 
the Four Step Guide

Using Generic 
Assessment
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The diagnostic engineer should obtain the Material 
Safety Data Sheet for a given material to be allocated 
into a generic category.  He should identify the keyword 
or family group for the material e.g. adhesive, solvent 
cleaner.  He should identify the constituents of the 
material.  He should then place the material into the 
correct category, depending on keyword and constituents.

Table 1
Generic Categories

Generic Category Keyword Constituents
Solvent Adhesive Xylene

Cleaner (acid) Cleaner Hydrochloric Acid
Paint (resin) Paint Isocyanate monomers, 

Xylene

He should also check any occupational exposure limits 
from the Material Safety Data Sheet against those 
quoted on the assessment.  The Data Sheet standard 
must have a higher or equal numeric value to the 
generic assessment for the generic to be applicable.  
He should check the assessment activity to make sure 
that it is suitable for the work to be carried out.  If, 
for example, the material is to be sprayed then there 
should be a specific activity i.e., SPRAYING.

The symbols used on the front page of the COSHH 
Assessment refer to the inherent hazard associated 
with the material.  Each material assessed in the online 
COSHH management system is designated, where 
possible, a hazard symbol.  The designation is based 
on the information provided on the Chemicals, (Hazard 
information and Packaging for Supply) Regulations 
2000 (CHIP 2 Regulations).  The CHIP Regulations list 
substances that are considered dangerous and indicate 
the relevant hazard symbol to be used.  In some cases, 
substances are not given a symbol because they are 
not considered hazardous enough to qualify. A LOW 
HAZARD symbol (a tick) is used to indicate when that is 
the case.  The current 2009 Hazard symbols in general 
use are shown below and the diagnostic engineer 
should be familiar with them...

Allocation of Materials 
into Generic Categories

Hazard Examples

Hazard Symbols 
and Pictograms

Figure 1 
Hazard Symbols
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A successful preventative maintenance strategy 
involves much more than a couple of mechanics 
lubing your machinery moving parts on the production 
line. Preventative maintenance is a comprehensive 
and facility wide program that ensures that you’re 
protecting your investment dollars and supporting 
the bottom line of your facility, including ensuring the 
health and well-being of all associates working on the 
production line. 

When you’re implementing a new preventative 
maintenance strategy, the task can often seem 
daunting, even overwhelming at some points in the 
project. However, these 10 tips should help give you a 
push in the right direction and help you cut through to 
the heart of the PM strategy tasks. 

Break Entire Facility Into Areas

Assign each room or area of the facility a location tag. 
For example, your main lab can be ML-01. This enables 
you to assign each asset to a particular area, which will 
tell every mechanic with a preventative maintenance 
work order exactly which area they can report to and 
locate the particular asset on the work order. It also 
ensures correct departmental charging for parts and 
labour, as we link each area to a particular cost centre. 
In this case, the main lab would own the asset being 
maintained, therefore, the charge would be absorbed 
by the cost centre for the main lab. 

Tips For A Successful 
Preventative 
Maintenance Strategy

Make an Inventory Of Everything

Inventory every piece of equipment, not just the 
moving machinery, but items such as vats, tanks, and 
CIP lines so that every single item has its own asset 
number and asset tag. This is a time-consuming task, 
and can be greatly assisted with a current asset drawing 
being used for the larger pieces of equipment, and all 
stationary equipment in the facility. 

Make Your Manuals Digital

All equipment manuals need to be transferred to 
electronic form, or requested in electronic form from 
the equipment manufacturer. Many equipment manuals 
include diagrams, such as parts diagrams for rebuilds 
and ordering replacement preventative maintenance 
parts. These are absolutely vital to the success of your 
preventative maintenance program, and will also 
greatly reduce the task load on your parts department. 

Communicate With Manufacturer

Once you have all manuals on hand in electronic form, 
request any missing manuals or documentation from 
the manufacturer. All of the equipment inside of your 
facility should have a manual associated with it. If you 
don’t have one, request one. 

by Talmage WagstaffTalmage is the co-Founder and CEO of REDLIST. Raised in a 
construction environment, Talmage has been involved in heavy 
equipment since he was a toddler. He has degrees and extensive 
experience in civil, mechanical and industrial engineering. Talmage 
worked for several years as a field engineer with ExxonMobil servicing 
many of their largest industrial production facilities.
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Use CMMS 

System Administrators do much more than simply 
key data about the facility into a CMMS. A system 
administrator is vital in a successful preventative 
maintenance strategy. As your facility is constantly 
changing and updating, a system administrator has the 
task of ensuring that the information in your CMMS 
database is changing and updating along with it. They 
play a key role in your maintenance program success, 
and without them, it is very easy to end up with 
outdated or irrelevant information in your CMMS. 

Keep Up With Technician Training 

All of the software in the world can’t make up for 
technicians who don’t know how to repair a new piece 
of equipment because they weren’t sent to the training 
class. You ensure the success of your maintenance 
program by keeping skilled technicians on your team. 

 
Get Rid of Outdated Equipment  
and Maintenance Files 

They’re not serving any purpose when a work order for 
a machine you sold 5 years ago pops up, requesting 
service for equipment long since removed. There is a 
place for outdated files, and that is the old filing cabinet 
in the dark corner of the basement. 

Review, and Set New KPI’s

It’s imperative to keep your eye on your key 
performance indicators, and to set new goals for your 
preventative maintenance strategy as you achieve your 
current goals.  By ensuring that there are goals to be 
met, you’re also ensuring that your team is being held 
accountable for the health of your machinery. 

Review, then modify

Not every maintenance task is a helpful maintenance 
task. It is important to regularly review what is working 
and what isn’t, and to make changes accordingly. Don’t 
be afraid to recognize outdated or inefficient processes, 
and to focus on the betterment of your facility as 
a whole. As your facility grows and changes, your 
preventative maintenance strategy should do the same. 

Verify the Current Preventative 
Maintenance Strategy Timeline

Not every piece of equipment on your production line 
is going to be found to be within the manufacturer’s 
guidelines. That’s simply a part of maintenance. People 
take vacation, important tasks get pushed aside for 
more important tasks. Be certain to regularly review 
the maintenance schedule and verify that the tasks that 
are being performed are adhering to the schedule that 
the manufacturer suggests. If the PM schedule isn’t 
following the manufacturer’s suggested timeline, make 
it a point to change that.
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The Palo Alto Research Center (PARC) was founded 
in 1970 as Xerox PARC with an initial charter to 
create “the office of the future”. Early work focused 
on how to modulate a laser to create a bit-mapped 
electronic image on a xerographic copier drum 
that led to the invention of the laser printer. Shortly 
thereafter, the Xerox Alto workstation was created 
which employed the world’s first bit-mapped display, 
graphical user interface with windows and icons, local 
area network, a mouse, and other groundbreaking 
personal computing innovations. Fast forwarding 40 
years, PARC is now an independent company (owned 
by Xerox) and explores innovation in a number of 
competencies, one of which is focused on digital design 
and manufacturing. Specifically, PARC is creating a 
new science of computational design by inventing 

new representations and algorithms to design, 
analyze and plan the manufacture of highly complex 
structures that can be fabricated with state-of-the-art 
technology. This interdisciplinary work unifies principles 
of computational physics, geometric reasoning, 
automated spatial planning, and field modeling to 
help engineers create entirely new kinds of products 
– the likes of which many have not yet imagined. In 
parallel, PARC has spearheaded the development of 
CBM techniques (called MOXI) which allows for online 
anomaly detection, diagnostics, and prognostics 
of industrial assets towards actionable predictive 
maintenance. These techniques have been customized 
and successfully deployed it in many challenging 
customer environments, including manufacturing floors 
of major global organizations.

How do you define Condition Based Maintenance?

In contrast to traditional corrective maintenance or 
scheduled maintenance, CBM is an approach whereby 
maintenance is performed proactively on evidence of 
need identified through direct or indirect monitoring 
and predictive analytics of the assets of interest. To 
that end, specific knowledge of the asset’s condition is 
obtained by analyzing sensor information that allows 
assessing the asset’s condition at any given time in its 

Condition based maintenance – 
what is it and why do it?

In contrast to traditional corrective 
maintenance or scheduled maintenance, 
Condition Based Maintenance is an 
approach whereby maintenance is 
performed proactively on evidence of 
need identified through direct or indirect 
monitoring and predictive analytics of the 
assets of interest.

by 
Kai Goebel,

PARC
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operating life. Maintenance action can then be planned 
with sufficient lead time to minimize the cost and 
operational impact of the occurrence of a failure. CBM 
differs from “on-condition” maintenance in that there is 
an understanding of how much time is available before 
the required maintenance must be performed.

How should one go about deciding 
whether Condition Based Maintenance 
is right for my company?

The first step is to get a good understanding on the 
effect of equipment downtime on operations by 
quantifying the impact and juxtaposing that with the 
cost of implementing CBM. A cost-benefit analysis 
will then help to decide whether this makes sense and 
for which equipment it might make sense. One would 
start by first methodically adding up the value lost 
due to downtime, the cost of repair, logistics, warranty 
claims, time/cost for part replacement and inventory, 
etc. On the cost side, there is some hardware and 
software development cost, and cost for maintaining 
the infrastructure. One can dig further down to factor 
in secondary cost and value elements but it is good to 
start at a high level to get a rough idea whether there is 
an opportunity for savings.

What are the hurdles of implementing 
Condition Based Maintenance?

One may have to face technical and non-technical 
hurdles. On the technical side, it is required to 
have some insights into assets’ health via sensor 
measurements and relevant system information/details. 
While the IIoT, smart maintenance initiatives, and 
industry 4.0 have been receiving a lot of buzz, having 
the right kind of sensors deployed at the right locations 
of the equipment and collecting and managing the data 
are still hurdles that need to be overcome for many 
companies. It would be desirable to do some upfront 
analysis of fault modes (maybe by conducting a Failure 
Mode Effect and Criticality Analysis) to understand 
which sensors ought to be deployed where. It is also 
critical to leverage the right kind of analysis tools that 
can reliably provide information about anomalies, fault 
root causes, and remaining life at the desired accuracy 
levels without triggering undue false alarms or missing 
key events. 

On the non-technical side, it is critical to have a 
champion within the organization who has budget 

authority to make needed investments. Just as 
important is it to gain trust of stakeholders so they 
understand that the technology is not a threat, but a 
benefit to how they conduct business. 

What are the benefits?

If done right, Condition Based Maintenance can 
help to stretch maintenance budgets by proactively 
focusing action on assets in need; reduce downtime 
by preventing failure, thereby increasing availability; 
reducing risk of loss of system, and increasing safety; 
improving spares/personnel management and better 
inventory control; providing better diagnosis and 
fault isolation through root cause analysis, thereby 
decreasing troubleshooting time; reduction in take-
back cost and disposal avoidance; In the long run, it 
can also enable better asset/system planning, and vital 
operational feedback for design and stakeholder teams.

 
There is a lot of hype surrounding machine 
learning and AI in the context of Condition 
Based Maintenance. What expectations 
should a company have with regards to 
these technologies?

Yes, we see a lot of promises being made that all 
maintenance woes can be solved by simply sprinkling 
some “deep learning” or other popular machine 
learning technique over operational data without more 
insight into the manufacturing environment. As is the 
case with all machine learning approaches, one needs 
to have access to a large number of relevant data to 
train the models. For Condition Based Maintenance, 
“relevant data” means many observed trajectories 
of sensor measurements over experienced faults in 
the field. These have most of the times actually not 
yet been experienced. Some types of equipment 
do not frequently fail with the same fault mode. 
Even if they do, the data have historically not been 
collected for all operational modes. Therefore, the 
performance of many of these techniques will likely 
disappoint. It would be advisable to be clear-sighted 
about where and how AI techniques can augment 
Condition Based Maintenance and where physics-
based models have the upper hand – or combine 
the two similar to what we have done effectively in 
MOXI for several clients and critical systems. And, 
of course, a sound understanding of the underlying 
engineering processes and tight integration with the 
manufacturing floor are paramount.
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A Closer Look at 
Lithium Iron Phosphate 
Batteries, Tesla's New 
Choice of Battery

Tesla recently revealed its intent 
to adopt lithium iron phosphate 
(LFP) batteries in its standard 
range vehicles. What advantages 
do LFP batteries have on Li-ion?

While lithium iron phosphate (LFP) 
batteries have previously been side 
lined in favour of Li-ion batteries, 
this may be changing amongst 
EV makers. Tesla’s 2021 Q3 report 
announced that the company plans 
to transition to LFP batteries in all 
its standard range vehicles.  This 
news reflects a larger trend of LFP 
batteries becoming increasingly 
popular in next-generation electric 
vehicles (EVs).

LFP batteries use lithium iron 
phosphate (LiFePO4) as the cathode 
material alongside a graphite 
carbon electrode with a metallic 
backing as the anode. Unlike 
many cathode materials, LFP is a 
polyanion compound composed of 
more than one negatively charged 
element. Its atoms are arranged in 
a crystalline structure forming a 3D 
network of lithium ions compared 
to the 2D slabs from nickel 
manganese cobalt.
 

Architecture of an LFP battery. 
Image credit - Rebel Batteries

The LFP battery operates similarly 
to other lithium-ion (Li-ion) 
batteries, moving between positive 
and negative electrodes to charge 
and discharge. However, phosphate 
is a non-toxic material compared 
to cobalt oxide or manganese 
oxide. What’s more, LFP batteries 
are capable of delivering constant 
voltage at a higher charge cycle in 
the range of 2,000–3,000.

 

LFP batteries are made of more 
than just connected cells; they 
include a system that will ensure 
the battery remains within safe 
limits. A battery management 
system (BMS) protects, controls, 
and monitors the battery in all 
operating conditions to ensure 
safety and extend the lifetime of 
the battery. 

While lithium iron phosphate cells 
are more tolerant than alternatives, 
they can still be affected by 
overvoltage during charging, 
which degrades performance. The 
cathode material can also oxidize 
and become less stable. The BMS 
works to limit each cell and ensures 
the battery itself is kept to a 
maximum voltage.

Undervoltage is a concern as 
the electrode materials break 
down. The BMS is able to 
disconnect a battery from the 
circuit if any cell drops too low. 
It will also act as a backstop 
against overcurrent conditions 
and will shut down operation in 
the event of a short circuit.

What Are LFP Batteries? 

What Is the Role of 
Battery Management Systems 
in LFP Batteries? 
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The energy density of LFP batteries 
is lower than the alternative of 
lithium cobalt oxide (LiCoO2) and 
has a lower operating voltage. 
In spite of these challenges, it’s 
impossible to deny the benefits of 
LFP batteries in EV vehicles.

LFP is known for its low cost with 
some estimates putting it as much 
as 70 percent lower per kilogram 
than nickel-rich NMC. The cost 
advantage comes from its chemical 
composition. Iron and phosphorus 
are mined at enormous scales 
across the globe and are widely 
used in many industries.

In 2020, the lowest reported cell 
prices for LFP batteries reached 
below $100/kWh for the first time. 
LFP batteries also have a smaller 
environmental impact; they don’t 
contain nickel or cobalt, which are 
supply-constrained, expensive, and 
have a larger environmental impact.

LFP batteries have a longer lifecycle 
than other lithium-ion batteries 
because cells experience slower 
rates of capacity loss. Their lower 
operating voltage also means that 
cells are less prone to reactions that 
impact capacity.

With a consistent discharge voltage 
and lower internal resistance, LFP-
powered vehicles can deliver power 
faster and achieve a higher charge/
discharge efficiency. 

Several LFP cells 
wired in series and 
parallel. Image from 
Yo-Co-Man and 
Wikimedia Commons 
[CC BY-SA 4.0]

LFP is thermally and chemically 
stable, making it less prone 
to explosions or fires due to 
misuse or structural damage. 
In lithium cobalt oxide 
batteries, thermal runaway 
can result from the omission 
of the cobalt with its negative 
temperature coefficient.

LFP is said to emit a sixth of the 
heat of nickel-rich NMC. The 
Co-O bond is also stronger in LFP 
batteries, so if short-circuited or 
overheated, oxygen atoms are 
released more slowly. What’s more, 
no lithium remains in fully charged 
cells, making them highly resistant 
during oxygen loss compared to 
the exothermic reactions typical of 
other lithium cells.

While LFP batteries are cheaper and 
more stable than the alternatives, 
a key factor inhibiting wide-scale 
adoption has been energy density. 
The energy density of LFP batteries 
is considerably lower than the 
alternatives, between 15 and 25 
percent. However, this is beginning 
to change with thicker electrodes 
such as those used in the Shanghai-
made Model 3, delivering an energy 
density of 359Wh/litres.

Thanks to the long lifecycle of 
LFP batteries, after around a year 
of ownership, they actually have 
more capacity than Li-ion batteries 
with a similar weight. What this 
means is that, over time, the 
energy density of these batteries 
becomes more comparable. 

Another obstacle to mass adoption 
is that a series of LFP patents have 
allowed China to dominate the 
market. As these patents expire, 
there are suggestions that LFP 
production will be localized along 
with vehicle manufacturing.

Major automakers such as Ford, 
VW, and Tesla are increasingly 
leveraging the technology and 
substituting nickel or cobalt 
formulations. Tesla’s recent 
announcement in its quarterly 
update is just the beginning. Tesla 
has also given a brief update on 
its 4680 battery pack, which will be 
capable of greater energy density 
and range. There has also been 
speculation that Tesla will employ 
“cell-to-pack” construction to cram 
more cells in and compensate for 
the lower energy density. 

Despite being dated technology, 
LFP and its associated reduction in 
battery costs may be fundamental 
in accelerating mass EV adoption. 
Li-ion prices are expected to be 
close to $100/kWh by 2023. LFPs 
may allow automakers to give 
more weight to factors such as 
convenience or recharge time 
rather than just price alone.

Low Cost and Low Impact

Why Are LFP Batteries a 
Desirable Alternative 
to Li-ion?

Well-defined Performance

Increased Safety  
and Stability

Considerations for 
Wide-scale LFP Adoption

Tesla has said it will transition Model 3 EVs to LFP batteries. Image credit: Tesla

Article	written	by	Lianne	
Frith	and	republished	here	
with	our	thanks.

https://institutiondiagnosticengineers.org/


70  Diagnostic Engineering  January 2022 institutiondiagnosticengineers.org

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.

PureInnovation

A bit of seaweed in cattle feed could reduce 
methane emissions from beef cattle as much 

as 82 percent, according to new findings from 
researchers at the University of California, Davis. 

The results could pave the way for the sustainable 
production of livestock throughout the world.

“We now have sound evidence that seaweed in cattle diet is 
effective at reducing greenhouse gases and that the efficacy 
does not diminish over time,” said Ermias Kebreab, professor 
and Sesnon Endowed Chair of the Department of Animal 
Science and director of the World Food Center. Kebreab 
conducted the study along with his Ph.D. graduate student 
Breanna Roque.

“This could help farmers sustainably produce the beef and 
dairy products we need to feed the world,” Roque added.

Over the course of five months last summer, Kebreab and 
Roque added scant amounts of seaweed to the diet of 21 
beef cattle and tracked their weight gain and methane 
emissions. Cattle that consumed doses of about 80 grams 
(3 ounces) of seaweed gained as much weight as their herd 
mates while burping out 82 percent less methane into the 
atmosphere. Kebreab and Roque are building on their earlier 
work with dairy cattle, which was the world’s first experiment 
reported that used seaweed in cattle.

Less gassy, more sustainable
Greenhouse gases are a major cause of climate change, and 
methane is a potent greenhouse gas. Agriculture is respon-
sible for 10 percent of greenhouse gas emissions in the 
U.S., and half of those come from cows and other ruminant 
animals that belch methane and other gases throughout the 
day as they digest forages like grass and hay.

Since cattle are the top agricultural source of greenhouse gases, 
many have suggested people eat less meat to help address 
climate change. Kebreab looks to cattle nutrition instead.

“Only a tiny fraction of the earth is fit for crop production,” 
Kebreab explained. “Much more land is suitable only for 
grazing, so livestock plays a vital role in feeding the 10 billion 
people who will soon inhabit the planet. Since much of 
livestock’s methane emissions come from the animal itself, 
nutrition plays a big role in finding solutions.”

Feeding cattle seaweed reduces 
their greenhouse gas emissions 82 percent

In 2018, Kebreab and Roque were able to reduce methane 
emissions from dairy cows by over 50 percent by 
supplementing their diet with seaweed for two weeks. The 
seaweed inhibits an enzyme in the cow’s digestive system that 
contributes to methane production. In the new study, Kebreab 
and Roque tested whether those reductions were sustainable 
over time by feeding cows a touch of seaweed every day for 
five months, from the time they were young on the range 
through their later days on the feed lot.

Four times a day, the cows ate a snack from an open-air 
contraption that measured the methane in their breath. The 
results were clear. Cattle that consumed seaweed emitted 
much less methane, and there was no drop-off in efficacy 
over time.

By University of California, Davis
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Can room-temperature superconductors 
work without extreme pressure?

For decades, scientists quested after a room-temperature 
superconductor. Now that they’ve finally found one, the 
hunt is on for an even better material.

Until last year, all known superconductors had to be 
cooled, many to extremely low temperatures, making 
them impractical for use in most electronic devices. In 
2020, physicist Ranga Dias and colleagues reported 
that a compound of carbon, sulfur and hydrogen was 
superconducting at room temperature. But the need 
for cooling had been swapped for another impractical 
requirement: The material had to be crushed to 267 
gigapascals, more than two million times Earth’s 
atmospheric pressure.

Now, scientists are devising strategies to ease the squeeze, 
perhaps even bringing pressures down to atmospheric 
levels. “This is what we really want to do,” says Dias, of the 
University of Rochester in New York.

A superconductor that operates at room temperature and 
atmospheric pressure could be integrated into a wide 
variety of electronic devices, enabling improved computers 
and advanced levitating trains and saving vast amounts of 
energy in the electrical grid.

Searching for superconductors
To find the next big superconductor, it helps to know where 
to start hunting. Scientists are using computer calculations 
to theoretically determine the structures and properties 
of materials and guide the search, theoretical chemist Eva 
Zurek said March 16 at the meeting. That strategy has 
paid off in the past. “Theory has played a very important 
role, in some cases predicting these structures before they 

By Emily Conover   Image by Dean Smith

were made,” said Zurek, of the University at Buffalo in 
New York. For example, such predictions led researchers 
to a compound of lanthanum and hydrogen which was 
found in 2018 to be superconducting at then record-high 
temperatures up to about –13° Celsius.

Now, predictions have guided scientists to superconductors 
made of yttrium and hydrogen, Dias reported March 18 at 
the APS meeting, in work done in collaboration with Zurek. 
Superconducting at up to about –11° C, Dias’s yttrium-
hydrogen superconductor is one of the highest-temperature 
superconductors known. While Dias’s carbon, sulfur and 
hydrogen superconductor is still the temperature record-
holder, the new material requires a significantly lower 
pressure — although at 182 gigapascals, it’s still no simple 
squeeze. Dias and Zurek also reported their results March 19 
in Physical Review Letters.

Wish them luck in their research!

Ultrasound has potential to 
damage coronaviruses, study finds

The coronavirus’ structure is an all-too-
familiar image, with its densely packed 
surface receptors resembling a thorny crown. 
These spike-like proteins latch onto healthy 
cells and trigger the invasion of viral RNA. 

By Massachusetts Institute of Technology

While the virus’ geometry and infection strategy is generally 
understood, little is known about its physical integrity.

A new study by researchers in MIT’s Department of Mechanical 
Engineering suggests that coronaviruses may be vulnerable to 
ultrasound vibrations, within the frequencies used in medical 
diagnostic imaging.

Through computer simulations, the team has modeled the virus’ 
mechanical response to vibrations across a range of ultrasound 
frequencies. They found that vibrations between 25 and 100 
megahertz triggered the virus’ shell and spikes to collapse and 

start to rupture within a fraction of a millisecond. This effect was 
seen in simulations of the virus in air and in water.

The results are preliminary, and based on limited data regarding 
the virus’ physical properties. Nevertheless, the researchers say 
their findings are a first hint at a possible ultrasound-based 
treatment for coronaviruses, including the novel SARS-CoV-2 
virus. How exactly ultrasound could be administered, and how 
effective it would be in damaging the virus within the complexity 
of the human body, are among the major questions scientists will 
have to tackle going forward.

Image credit: Massachusetts Institute of Technology
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“We’ve proven that under ultrasound excitation the corona-
virus shell and spikes will vibrate, and the amplitude of that 
vibration will be very large, producing strains that could break 
certain parts of the virus, doing visible damage to the outer 
shell and possibly invisible damage to the RNA inside,” says 
Tomasz Wierzbicki, professor of applied mechanics at MIT. 
“The hope is that our paper will initiate a discussion across 
various disciplines.”

The team’s results appear online in the Journal of the 
Mechanics and Physics of Solids. Wierzbicki’s co-authors are 
Wei Li, Yuming Liu, and Juner Zhu at MIT.

A spiky shell
As the COVID-19 pandemic took hold around the world, 
Wierzbicki looked to contribute to the scientific understanding 
of the virus. His group’s focus is in solid and structural 
mechanics, and the study of how materials fracture under 
various stresses and strains. With this perspective, he wondered 
what could be learned about the virus’ fracture potential.

Wierzbicki’s team set out to simulate the novel coronavirus and 
its mechanical response to vibrations. They used simple concepts 
of the mechanics and physics of solids to construct a geometrical 
and computational model of the virus’ structure, which they 
based on limited information in the scientific literature, such as 
microscopic images of the virus’ shell and spikes.

From previous studies, scientists have mapped out the general 
structure of the coronavirus—a family of viruses that s HIV, 

New ultralightweight, crush-resistant 
tensegrity metamaterials
Catastrophic collapse of materials and structures is the 
inevitable consequence of a chain reaction of locally confined 
damage from solid ceramics that snap after the development 
of a small crack to metal space trusses that give way after the 
warping of a single strut.

In a study published this week in Advanced Materials, 
engineers at the University of California, Irvine and the Georgia 
Institute of Technology describe the creation of a new class 
of mechanical metamaterials that delocalize deformations to 
prevent failure. They did so by turning to tensegrity, a century-
old design principle in which isolated rigid bars are integrated 
into a flexible mesh of tethers to produce very lightweight, self-
tensioning truss structures.

Starting with 950 nanometer-diameter members, the team 
used a sophisticated direct laser writing technique to generate 
elementary cells sized between 10 and 20 microns. These were 
built up into eight-unit supercells that could be assembled 
with others to make a continuous structure. The researchers 
then conducted computational modeling and laboratory 
experiments and observed that the constructs exhibited 
uniquely homogenous deformation behavior free from 
localized overstress or underuse.

The team showed that the new metamaterials feature a 25-fold 

enhancement in deformability and an orders-of-magnitude 
increase in energy absorption over state-of-the-art lattice 
arrangements.

“Tensegrity structures have been studied for decades, 
particularly in the context of architectural design, and they have 
recently been found in a number of biological systems,” said 
senior co-author Lorenzo Valdevit, a UCI professor of materials 
science and engineering who directs the Architected Materials 
Group. “Proper periodic tensegrity lattices were theoretically 
conceptualized only a few years ago by our co-author Julian 
Rimoli at Georgia Tech, but through this project we have 
achieved the first physical implementation and performance 
demonstration of these metamaterials.”

While developing structural configurations for planetary 
landers, the Georgia Tech team discovered that tensegrity-
based vehicles could withstand severe deformation, or 
buckling, of its individual components without collapsing, 
something never observed in other structures.

“This gave us the idea of creating metamaterials that exploit 

influenza, and the novel SARS-CoV-2 strain. This structure 
consists of a smooth shell of lipid proteins, and densely packed, 
spike-like receptors protruding from the shell.

With this geometry in mind, the team modeled the virus as 
a thin elastic shell covered in about 100 elastic spikes. As the 
virus’ exact physical properties are uncertain, the researchers 
simulated the behavior of this simple structure across a range 
of elasticities for both the shell and the spikes.

To refine and validate their simulations, the team is working 
with microbiologists in Spain, who are using atomic force 
microscopy to observe the effects of ultrasound vibrations on 
a type of coronavirus found exclusively in pigs. If ultrasound 
can be experimentally proven to damage coronaviruses, 
including SARS-CoV-2, and if this damage can be shown to 
have a therapeutic effect, the team envisions that ultrasound, 
which is already used to break up kidney stones and to 
release drugs via liposomes, might be harnessed to treat 
and possibly prevent coronavirus infection. The researchers 
also envision that miniature ultrasound transducers, fitted 
into phones and other portable devices, might be capable of 
shielding people from the virus.

Wierzbicki stresses that there is much more research to be 
done to confirm whether ultrasound can be an effective 
treatment and prevention strategy against coronaviruses. 
As his team works to improve the existing simulations with 
new experimental data, he plans to zero in on the specific 
mechanics of the novel, rapidly mutating SARS-CoV-2 virus.

https://institutiondiagnosticengineers.org/


January 2022  Diagnostic Engineering  73  institutiondiagnosticengineers.org

the same principle, which led us to the discovery of the first-
ever 3D tensegrity metamaterial,” explained Rimoli, aerospace 
engineering professor at Georgia Tech.

Made possible by novel additive manufacturing techniques, 
extremely lightweight yet strong and rigid conventional 
structures based on micrometer-scale trusses and lattices 
have been of keen interest to engineers for their potential 
to replace heavier, solid substances in aircraft, wind turbine 
blades and a host of other applications. Though possessing 
many desirable qualities, these advanced materials can 
-- like any load-bearing structure -- still be susceptible to 
catastrophic destruction if overloaded.

“In familiar nano-architected materials, failure usually starts 
with a highly localized deformation,” said first author Jens 
Bauer, a UCI research scientist in mechanical and aerospace 
engineering. “Shear bands, surface cracks, and buckling of walls 
and struts in one area can cause a chain reaction leading to the 
collapse of an entire structure.”

He explained that truss lattices begin to collapse when 
compressive members buckle, since those in tension cannot. 

    Graphene is incredibly
           strong, lightweight, conductive - 

                the list of its superlative properties goes on.

It is not, however, magnetic - a shortcoming that has 
stunted its usefulness in spintronics, an emerging field 
that scientists say could eventually rewrite the rules of 
electronics, leading to more powerful semiconductors, 
computers and other devices. Now, an international 
research team led by the University at Buffalo is reporting 
an advancement that could help overcome this obstacle.

Researchers describe how they paired a magnet with 
graphene, and induced what they describe as “artificial 
magnetic texture” in the nonmagnetic wonder material.

“Independent of each other, graphene and spintronics each 
possess incredible potential to fundamentally change many 
aspects of business and society. But if you can blend the two 
together, the synergistic effects are likely to be something 
this world hasn’t yet seen,” says lead author Nargess 
Arabchigavkani, who performed the research as a PhD 
candidate at UB and is now a postdoctoral research associate 
at SUNY Polytechnic Institute.

For their experiments, researchers placed a 20-nanometer-thick 
magnet in direct contact with a sheet of graphene, which is a 
single layer of carbon atoms arranged in a two-dimensional 
honeycomb lattice that is less than 1 nanometer thick.

“To give you a sense of the size difference, it’s a bit like putting 
a brick on a sheet of paper,” says the study’s senior author 
Jonathan Bird, PhD, professor and chair of electrical engineering 
at the UB School of Engineering and Applied Sciences. 
Researchers then placed eight electrodes in different spots 

around the graphene and magnet to measure their conductivity.

The electrodes revealed a surprise -- the magnet induced 
an artificial magnetic texture in the graphene that persisted 
even in areas of the graphene away from the magnet. Put 
simply, the intimate contact between the two objects caused 
the normally nonmagnetic carbon to behave differently, 
exhibiting magnetic properties similar to common magnetic 
materials like iron or cobalt.

Moreover, it was found that these properties could 
overwhelm completely the natural properties of the graphene, 
even when looking several microns away from the contact 
point of the graphene and the magnet. This distance (a 
micron is a millionth of a meter), while incredibly small, is 
relatively large microscopically speaking.

The findings raise important questions relating to the 
microscopic origins of the magnetic texture in the graphene.

Most importantly, Bird says, is the extent to which the 
induced magnetic behavior arises from the influence of spin 
polarization and/or spin-orbit coupling, which are phenomena 
known to be intimately connected to the magnetic properties 
of materials and to the emerging technology of spintronics.

Rather than utilizing the electrical charge carried by electrons 
(as in traditional electronics), spintronic devices seek to exploit 
the unique quantum property of electrons known as spin 
(which is analogous to the earth spinning on its own axis). Spin 
offers the potential to pack more data into smaller devices, 
thereby increasing the power of semiconductors, quantum 
computers, mass storage devices and other digital electronics.

Typically, these parts are interconnected at common nodes, 
meaning that once one fails, damage can quickly spread 
throughout the entire structure.

In contrast, the compressive members of tensegrity 
architectures form closed loops, isolated from one another 
and only connected by tensile members. Therefore, instability 
of compressive members can only propagate through tensile 
load paths, which -- provided they do not rupture -- cannot 
experience instability. Push down on a tensegrity system and 
the whole structure compresses uniformly, preventing localized 
damage that would otherwise cause catastrophic failure.

According to Valdevit, who’s also a professor of mechanical 
and aerospace engineering at UCI, tensegrity metamaterials 
demonstrate an unprecedented combination of failure 
resistance, extreme energy absorption, deformability and 
strength, outperforming all other types of state-of-the-art 
lightweight architectures.

“This study provides important groundwork for design of 
superior engineering systems, from reusable impact protection 
systems to adaptive load-bearing structures,” he said.

Scientists induce artificial 
‘magnetic texture’ in graphene
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I wish the new guardians of the DIAGS brand, who 
are well known to me, much luck for the journey 
ahead and hope you and will choose to continue 
your association with this venerable organisation 
by renewing your subscription.

Eur.Ing. Jeffrey N. Casciani-Wood
Honorary	Life	President
C.Eng., F.R.I.N.A., F.C.M.S., 
Hon F.I.I.M.S., F.LL.A., 
F.S.Diag. E.

Dear colleague

As you may well be aware, the Institution of Diagnostic Engineers 
(known affectionately as DIAGS by most) was founded in April 
1981 by the late Dr. Ralph Collacott.

He defined the role of the diagnostic engineer as:

A diagnostic engineer is any person capable of contribution to 
the art or science of determining the existence of a problem in 
machinery, 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 machinery, plant, system or 
structure either during use or while under development. I think his 
description is as true today as it was then.

I can trace my relationship with DIAGS back to 2009. In the 
early days I was a proud member of an organisation that set 
out to promote and recognise the status of the professional 
diagnostic engineer, something it did successfully. Being able 
to use postnominal letters to enable me to stand out from 
others in the marine sector was invaluable to me.

I became President of DIAGS in 2010 and am proud to have 
served, supported, and contributed to the organisation over 
that time.

Time moves on though, and I am sad to inform you that DIAGS 
in its present form has run its course, leaving the Directors 
with no alternative but to close the business. Put simply, the 
membership fees were, in my opinion, set far too low for too 
long to enable the business to generate sufficient revenues to 
enable innovations to be advanced to keep the organisation 
fresh, flourishing, and relevant.

DIAGS is celebrating its 40th anniversary and the need for 
a professional body of its kind has never been more acute 
or necessary than it is today, in my opinion, given the 
transformational change the world is going through. Learning 
new skills and keeping abreast of new technologies has never 
been more important for the professional diagnostic engineer. 

My emotions are mixed. On the one hand I am 
sad that we could not save DIAGS, but 
excited to see the future plans 
come to fruition.

Last Word
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