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Chairman’s foreword
Welcome to the latest issue of Diagnostic Engineering - the voice of the Institution of Diagnostic
Engineers. I have always been an advocate of the theory “to survive you need to evolve”. I think
Darwin said it more eloquently. The current worldwide recession has produced countless
evidence that those who choose to ignore observations of nature’s successes will at least falter
if not ultimately fail. Darwin’s observations also supported the effectiveness of collaboration. The
proactive Council of the Institution of Diagnostic Engineers has collectively listened to this sound
advice and implemented an action plan to ensure and secure the future of our Institution.
I am delighted to announce that as from this issue of Diagnostic Engineering the Journal will

be editorially prepared and published through collaboration between the IDE Council and the
respected publishing house DFA Media Ltd.
What will that mean you may ask? At first the only likely observation will be cosmetic, the

Journal becoming a more colourful read. As our collaboration develops, now having access to
many more sources of information, the Journal is anticipated to evolve into the most content
rich source of knowledge and information in the field of professional engineering
communication.
The agreement with DFA Media will see a substantial growth in the readership of our Journal.

Copies being distributed alongside the highly respected and established Plant & Works
Engineering magazine. A wider readership will inevitably develop a wider awareness of our
Institution and the benefits of membership.
This evolution could not have occurred without acknowledgement of the strength and

professional respect for our existing membership. Your contributions and continued support are
the life blood of our Institution and long may it continue and grow.
In conclusion I feel that when moving to the future those involved should express their thanks

and gratitude to the individuals who’s tireless work, effort and enthusiasm prepared the ground
for our evolution. On behalf of the Council and our collective membership I would like to
express sincere thank Dave Mullins (Editor) and Tony Kirby (Print & Design) for their significant
contributions over the preceding five years.
I now entrust Diagnostic Engineering to our new editor Aaron Blutstein.

Bill Parker – Chairman Institution of Diagnostic Engineers

I am extremely excited to be taking over the reins of
Diagnostic Engineering – the journal of the Institution
of Diagnostic Engineers. It will be my role to develop
the editorial and establish new links to drive the
journal forward over the next few years, but also to
keep members’ interests at the core of that
development.
The journal’s importance to the understanding of

Diagnostics has never been more relevant than in
today’s volatile world economy. Pressure on
engineering professionals to actively search for new
ideas to help solve today’s engineering problems for
their business to save costs and make their business
more efficient, is giving the field of diagnostics a new
lease of life.
Historically, in rough times, the knee-jerk reaction

for many businesses has been to opt for short-term
cost savings. In the past this has included curtailing
maintenance spending, ditching predictive activities
and reverting to day-to-day fail-and-fix practices. In
the end, short-term savings sacrifice longer-term
gains.
For any company or organisation the concept of

maintenance is, or should be, a given. Failure to
maintain critical items of machinery, plant, systems or
structure leads to breakdowns, causing downtime,

potential loss of productivity and a serious blow to
functionality, profitability, and not to mention the
health and safety implications of failing to carry out
routine maintenance. Investment in maintenance is
one area industry should be concentrating their
efforts towards, getting back to basics and moving
from reactive to proactive strategies. But for many
companies, moving from a reactive to a proactive
mode is one of the most difficult transitions.
This is changing - through necessity rather than

choice it has to be said. Businesses are having to
adapt, and adapt very quickly. We are living through
an age where we have had to look beyond how we
have done things before and embrace new ideas
and concepts. The importance of diagnostics – the
art or science of determining the existence of a
problem - is one field that is coming into its own
during these turbulent times as a proactive means of
contributing to the financial success of businesses
worldwide. Through Diagnostic Engineering old and
new members can actively discuss and contribute to
the further understanding of this important
engineering field.
I look forward to working with the Institution of

Diagnostic Engineers and developing Diagnostic
Engineering.

Aaron Blutstein MIDiagE
Editor Diagnostic Engineering

Editor’s comment
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11. To promote the education and training of persons
whether resident in the United Kingdom or
elsewhere in all matters relating to diagnostic
engineering and allied technologies.

12. To establish and maintain contacts with persons
and/or organisation concerned with the
employment of diagnostic engineers and
consultants.

13. To arrange consortia of specialist diagnostic
engineers to perform specific
advisory/consultancy projects as required.

14. To develop the science, practice and business of
diagnostic engineering and allied technologies.

15. 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.

16. To compile and classify information and
particulars relating to the expert services
rendered by members of the Institution.

17. To disseminate information and particulars
relating to the expert services rendered by
members of the Institution.

18. To stimulate efficiency in diagnosis and to elevate
the position of those connected therewith in
skilled practical employment.

19. To foster intelligent appreciation of the facilities
existing for the provision of education and
research.

10. To facilitate the exchange of information, ideas
and practice by the publishing of such
information as shall be of interest to diagnostic
engineers.

11. To render advice and aid in the exploitation of
inventions and to make known their nature and
merits.

12. 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.

Rewards

Prizes up to £500 in value are offered annually for
the best brief accounts of interesting diagnostic
cases.

Activities

The Institution shall arrange and subsidise:

� Regular Newsletters to members

� Regular notices of services available from members
will be (distributed free of charge to members) to
interested parties. These notices will also be
displayed at times on the Institution’s web page.

Certificate

A Membership Certificate is issued to all members.
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NEWS

Dave Mullin receives Honorary Fellowship
Dave Mullin recently handed over the
editorship of Diagnostic Engineering to
Aaron Blutstein at a recent presentation to
recognise Dave’s contribution to the
Institution of Diagnostic Engineers.
Dave Mullin began his partnership with

the Journal in a voluntary role during 2004.
His significant contribution was quickly

recognised by Council and he took formal
editorial control in 2005.
In recognition of his valued years of

service Council offered Dave an Honorary
Fellowship of the Institution and his
acceptance and presentation took place at
the Kibworth office on the 24th of April.
In his thanks to the Council Dave

expressed his best wishes for the future of
the Journal and although feeling a mixed
sense of sadness and relief the benefit of
now being available to spend more time
with his family was reward enough.
Dave was given an open invitation to join

the Council at any point in the future. The
Council hope to see this invitation accepted.

IDE chairman, Bill
Parker (left)
presenting Dave
Mullin with his
Honorary Fellowship
of the Institution

Member No. Grade Name Area Occupation

10236 Member David Roberts Cornwall Maintenance Engineer

10272 Member Andrew Wilson Bristol Specialist Balancing Engineer

10275 Member Robert Petrie Dundee Divisional Technician

10276 Member Robert McTavish Dundee Divisional Technician

10277 Member Peter Witts West Midlands Principal Safety Engineer

10280 Member Colin Christian Essex Marine Engineering Surveyor

10287 Member Aaron Blutstein Kent Editor

10283 Member Ian McCue Alnwick HSEQ Systems Manager

The chairman and Council of Management are please to welcome our new members. We hope that their membership will assist them in reaching their
aspirations and add to their knowledge from contact with other members as well as through the medium of this journal.

A warm welcome to new IDE members
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NEWS

Princess Royal attends WISE 25th Anniversary

Engineering skills included in flagship
manufacturing Diploma qualification
A new flagship qualification will allow 14 to 19 year olds to study how
engineering skills are applied in the manufacturing industry.
The Diploma in Manufacturing and Product Design (MPD), which is

being introduced in 28 areas around England from September as an
alternative to GCSEs and A-Levels, will allow students to gain accredited
vocational qualifications in disciplines ranging from computer aided design
(CAD) to operations and maintenance.
The choice of qualifications, known as Additional and Specialist Learning

(ASL), has recently been released ahead of the launch of the Diploma in
MPD and is intended to complement the study of core principles relevant
to all manufacturing sectors by offering clear progression routes into the
industry.
Paul Turnbull, who has been involved in the development of the

Diploma in MPD on behalf of science, engineering and manufacturing
sector skills council Semta, said: “The purpose of the Diploma in MPD is
to give young people a sound understanding of what manufacturing is in
an applied, real-life context. Obviously, engineering skills play a vital role in
the manufacturing process, so it is important students can learn these
within the broader context of the manufacturing industry.
“There is overlap between the engineering content of the Diploma in

MPD and the Diploma in Engineering which was introduced last year. But
while the Diploma in Engineering focuses in more depth on these kinds of
technical skills, the Diploma in MPD looks more broadly at the commercial
and practical considerations involved in developing, producing and selling
a product. Its core topics cover product design, materials science,
production systems and business and management, and it also pays close
attention to ‘employability’ skills like communication, numeracy and ICT, as
well as ‘soft’ skills such as critical thinking and team work.”
The Diploma in MPD has been developed by employers working with

the five manufacturing sector skills councils - Semta, Improve, Cogent,
Skillfast-UK, Proskills. Employers will play a central role in its delivery,
working as part of consortia, or partnerships, with school and colleges.
Their role will range from offering work placements and helping with
project topics to assisting with teachers’ Continuing Professional
Development.
For a full guide to the ASL options available, visit the website for the

Diploma in Manufacturing and Product Design, at
http://www.manufacturingdiploma.co.uk/

Her Royal Highness The Princess Royal
has visited W5 in Belfast where she
was guest of honour at an event to
celebrate the 25th Anniversary of
Women into Science and Engineering
(WISE) Campaign.
The WISE Campaign was founded in

1984 by Baroness Platt of Writtle and
collaborates with industry and
education to encourage girls of school
age to continue studying Maths and
Science, and to continue into related
careers such as Engineering and
Construction.
Her Royal Highness was formally

greeted on arrival at W5 by

Commander Keith Cochrane RD DL
RNR, Vice-Lord Lieutenant of the
County Borough of Belfast, and went
on to meet Miss Annette Williams,
Chair of WISE, Mrs Terry Marsh
Executive Director WISE, and Dr Sally
Montgomery OBE, Chief Executive W5
Odyssey Complex.
In the Lecture Theatre over 120

invited guests, including around 70
Brownies from Packs across Northern
Ireland, welcomed The Princess Royal
to the event.
Her Royal Highness, Royal Patron of

WISE, presented certificates of
recognition on behalf of the

organisation to new Industry partners
Thales Group and Centrica Northern
Ireland. Addressing the delegates, Her
Royal Highness spoke of the work of
the organisation and of the need for
women in careers such as engineering.
Later, Her Royal Highness,

accompanied by Dr Montgomery and
Mrs Marsh, went on to visit the recently
opened Wind, Wings and Waves
exhibition and had the opportunity to
meet Brownies and their leaders.
In the Atrium, Her Royal Highness

had the opportunity to meet around 50
guests and supporters of WISE, before
bringing the engagement to a close.
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Advances in inverter technology over
the past ten years have resulted in
Variable Speed Drive (VSD) systems
becoming the accepted means of
providing optimum performance in
terms of output and energy efficiency
for rotary screw compressors and their
ancillaries where air demand is variable
throughout production cycles.

In practice, the achievement of
optimum energy saving requires an
integrated system that continuously
adjusts drive motor speed to match
plant or process air requirements and
thus ensures the compressor produces
only the volume of air needed.

That said, opinions differ on the
relative merits of purpose-built direct
drive, fully integrated VSD systems
versus retrofitted frequency converter
control to a standard induction motor
driven, fixed speed compressor.

To clarify the situation, here are the
facts based upon two decades of
research and a wide portfolio of
compressor users’ experience. They take
into account the optional solutions:
standard induction motor with separate
converter; standard induction motor
with integrated converter; and, what is
regarded as the ideal solution from the
point of view of energy efficiency and
optimum lifecycle costs: the fully
integrated compressor with its drive and
motor designed from the outset for VSD
application.

The benefits of the fully integrated
VSD solution
There are well documented reasons
why the motors for VSD operation
should be specially designed for the
application. The motor manufacturer
optimises the design of the motor,
focusing primarily on the magnetic flux
of the motor system as well as the rotor
length and rotor slot design to ensure
that the motor develops the right
amount of torque throughout the
required speed range.

Motor stator winding turns are also
optimised to reduce stresses on the
windings that can occur in standard
induction motors during acceleration.
The specific design of the stator and
rotor together reduces the amount of
stray losses that occur in order to reduce
motor heating and the damaging effects
on the motor’s insulation system. At the

unload pressure setting. This results in
two disadvantages: the load to unload
pressure band is typically 0.5 to 1 bar.
This means air networks that experience
great fluctuations in demand cannot
have the tight regulation band of 0.1 bar
that is often claimed.

Also, when the unit unloads, the
separator vessel will bleed down and
the compressor will run unloaded,
consuming approximately 25% of full
load power. When the machine
transitions to full load again it may take
some time for the separator vessel to
re-pressurise, which in turn will affect
the stability of the system pressure and
the compressor’s ability to maintain a
good tight band.

Standard induction motor with
retrofit converter
The perceived advantages of this
approach are the simplicity of bolting on
an inverter package to an existing
compressor installation and the lower
capital costs involved.

Set against these apparent benefits
are a number of factors. A particular
problem is stray bearing currents,
induced by switching frequency in the
inverter, that find a path to ground via

same time, the rotor and fan are
designed to minimise windage losses
and noise and to provide effective
cooling in all operational conditions.

In the case of the fully integrated VSD
compressor, the machines do not need
to unload and blow down the pressure
from the separator vessel because of
the outstanding torque producing
capability of the motor at low speeds.
The integrated VSD machine will simply
ramp down as the demand on the
system is lowered until a minimum
speed is reached, 20% of maximum
speed, and then the motor simply stops.
No unloaded running power
consumption, no requirement to blow
down the separator vessel, no inefficient
transition period from full load power to
no load power. This means lower overall
energy consumption and the ability to
maintain a narrower overall pressure
band that allows the overall system
pressure to be reduced, offering further
energy savings.

The retrofit disadvantages
There is some doubt concerning the
reliability of unmatched, bolt-on
additions to standard compressor units.
It is argued that simply adding a
frequency converter to a standard
compressor and regulation system is
inviting problems. These issues range
from the potential damaging effect of
resonant frequency bands and
electromagnetic interference, to the
most common experience of all,
premature motor failure due to
improper application of a frequency
converter to a standard drive motor
rather than one specifically developed
for VSD duty.

Retrofitting fixed speed machines in
the field means simply adding on the
regulation of the VSD system. The
standard regulation system of the fixed
speed machine is still maintained,
typically load/ no load. The standard
drive system is maintained, either
gearbox or belt drive, with consequent
transmission losses. These losses are, of
course, eliminated in direct driven VSD
compressors

When the retrofitted fixed speed
machine slows down to its minimum
speed, say 50%, its regulation system
will default back to load/ no load. This
means the pressure must rise to its

Atlas Copco’s
John Forman
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The case for VSD

COMPRESSED AIR

Atlas Copco’s John Forman explains the case for integrated VSD compressors.
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range 75kW compressor, including
electrical connections, can amount to
approximately more than 50% of the
capital cost of the original compressor.

A standard induction motor with
integrated converter
The singular benefit of this configuration
is one of lower manufacturing costs. Set
against this advantage are all the
foregoing disadvantages of standard
induction motor compatibility, as well as
lower performance capability,
questionable reliability and shorter
productive lifetime.

Making the right choice
The British Compressed Air Society’s
stance on the relative merits of fully
integrated VSD-designed induction
motor/inverter compressors as,
opposed to retrofit drives to standard
motors, is quite unequivocal.
Greg Bordiak, BCAS’ Technical Officer,

says: “As far as retro-fitting VSD controls
to existing systems these are hit and
miss activities. Fitting a controller to an
older machine involves in many cases
the need to fit a compatible electric
motor. This is when the cost starts to go
up and the user starts to question
whether he should have bought a new
machine already configured for VSD
operation. Yes, it is possible and is done
to retro fit but the results, if the original
motor is retained, do not provide the

the bearing. These currents ‘machine’
the bearing, resulting in potential
premature failure.
Another cause is improper bearing

lubrication. Bearing lubrication is
affected by bearing currents, heat and
speed range. In a standard motor,
bearings are not designed to operate at
any other than nominal full load and so
in varying speed applications they fail to
lubricate themselves properly.
Insulation breakdown is another

contributory cause of premature failure.
Frequency switching can cause voltage
spikes up to three times the nominal
voltage. Wave reflections in the leads
create vibrations within the windings
and cables, resulting in a motor short.
Standard induction motors have a

reduced turndown capacity. They cannot
develop the consistent torque or cooling
characteristics throughout the entire
speed range. So more heat is generated,
leading to bearing problems.
Then, higher installation costs must

be a consideration - a larger workspace
footprint with a separate box requiring
physical installation, wiring and
programming. Questions of EMC
compliance, ownership of equipment
warranty and installer capability and
experience must also be considered
It is estimated that the combined

capital and installation cost of a bolt-on
VSD inverter for an average, middle

same benefits as a new system, the
running costs are higher and the ability
to provide the same speed controls are
not always realised. New motors are
generally rated as eff1 to gain the best
benefit, whereas existing motors may
have already been re-wound and
therefore be less efficient than when
new. All in all, it is a poor compromise
over a new purchase.”
Hopefully, having read this short

article the right choice of VSD system
will be clearer.

For further information please visit:
www.atlascopco.co.uk

So, when considering the relative advantages of integral
versus retrofit VSD, a prospective purchaser should apply
the following criteria to the system on offer. Simply, does it
offer the benefits of:

� Motors and drives supplied from the same manufacturer
and specifically designed for the application

� Superior but simple compressor regulation system
� 20% turndown capability
� No unloaded power consumption
� Maintained sump pressure for stable air net pressure
� Narrowest pressure band available
� Fully engineered and packaged compressors from the
factory

� Single power input connection
� Guaranteed EMC compliance
� The smallest VSD compressors footprint
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The continuous nature of the paper
making process and the huge capacity
of today’s plants make unplanned
downtime enormously expensive. Since
decisions about whether to repair or
replace bearings can have a big
influence on downtime, making the right
choice is crucial.

The situation is made even more
difficult by the constant pressure to
reduce the duration and frequency of
planned maintenance periods during
which the plant can be readily accessed
to allow, among other things, the
condition of bearings to be assessed.

The key to tackling these issues is to
have accurate information available
about the plant and its bearings, and the
key to acquiring this information is
condition monitoring.

The first stage of the condition
monitoring process is invariably to carry
out a detailed plant survey to establish a
base line for future measurements, and
to ensure that bearings in critical areas
are identified and fully assessed. This
initial survey is then followed up by
regular plant monitoring that may, for
example, include vibration analysis,
thermography, coupled with evaluation
of lubricants and lubricating systems.

Information generated by an effective
condition-monitoring programme will
provide an accurate indication of when
particular bearings are likely to need
attention or even replacement. This
allows the work to be scheduled and
carried out at a time when the impact
on production can be minimised.

In less critical areas, the decision
about whether to repair or replace a
bearing is likely to be made simply on
the basis of cost and availability. For
small inexpensive bearings, the decision
is not difficult. Provided that a
replacement is readily available either
from the on-site spares stock or from a
convenient supplier, replacement is
invariably the best option.

This scenario tends to apply to the
bearings used in the early stages of the
papermaking process, where slow-
moving wire conveyors and light
pressure are used to process the wet
pulp. It is worth noting, however, that

process is inevitable, given the large
loads, high temperatures - often up to
140ºC - and high humidity.

To minimise the risks of failure posed
by these harsh operating conditions,
some operators keep replacement
bearings permanently on order with the
original manufacturers and fit them
automatically as soon as they arrive. This
is, however, a very expensive approach,
given the large size, usually between
400 and 1000 mm diameter, and high
cost of the bearings involved. The
alternative of condition monitoring, with
the bearings removed for servicing as
and when necessary during routine
shutdown periods, is a far more cost
effective alternative.

Bearing races can be re-ground and
new rollers fitted in a refurbishment
process that can be repeated several
times during the bearing’s overall life.
Condition monitoring allows time for a
considered decision to be made about
whether to repair or replace the unit,
rather than the instant snap decision
that is usually essential in a breakdown
situation.

For further information please visit:
www.eriks.co.uk

water spray and splashing by bleaching
agents - particularly in re-cycling
operations where acidic water is typically
used - mean that careful attention
should be given to the sealing of the
bearings.

In the later stages of paper making
plant, such as the press sections
involving high loads, larger bearings with
higher replacement cost tend to be
used. When these need attention, there
is always a case for considering repair.
The decision about whether to proceed
down this route is determined by the
relative costs of repair and replacement
considered in conjunction with the
timescales associated with these
alternatives.

Since large bearings are most often
used in critical areas, the timescale is
often the most important factor. New
replacement bearings can take months
to deliver, and even refurbishment may
take several days. An unplanned plant
outage of months is clearly
unacceptable, and even one of just a
few days can often still be enormously
costly.

And bearing problems are virtually
certain to arise. Wear and tear on
bearings in this part of the paper making

Information
generated by an
effective condition-
monitoring
programme will
provide an accurate
indication of when
particular bearings
are likely to need
attention or even
replacement
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Bearings: Repair or replace?

SEALS, BEARINGS, AND LUBRICATION

Paper manufacturing processes are tough on bearings, so the bearings used often need

attention. But which is the better approach - to repair them or replace them? Peter

Townsend, technical manager for Bearings at Eriks UK, provides some useful pointers.
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Webtec launches innovative solutions
Complete flow monitoring solution
Webtec Products Ltd has launched a
new hydraulic flow monitoring solution,
called the FlowHUB, at the Hannover
Fair 2009. Aimed at hydraulic system
designers and maintenance engineers
the compact FlowHUB can replace up to
six components in a hydraulic system.
Applications are diverse and include
condition monitoring, component testing
and closed-loop machine control. The
brand new product can measure,
display, switch and transmit flow
readings in a fluid power or lubrication
circuit as well as measure and display
temperature. Three years of
development has led to the FlowHUB
using a unique sensing technology
(Patent pending) designed to both
minimise energy loss through pressure
drop and ensure excellent resolution
even for heavy- duty applications.
The original FlowHUB will have 80

models, covering 5 flow ranges up to
360 lpm and rated at up to 420 bar.
Custom and OEM versions can be
engineered to meet the requirements of
special applications.

Turn-key solution to help with
hydraulic testing and traceability
The Hannover Fair also saw Webtec
exhibit the next generation of hydraulic
pump test-stand solution, the C2000.
Aimed primarily at hydraulic pump

repair and rebuild companies the
C2000 is a complete instrumentation,
display, logging, storage and reporting
solution tailored to the needs of the
client. The system allows the test
stand operator to produce a test
certificate at the touch of a button
while ensuring full ISO9000
traceability on test. The C2000
solution substantially simplifies the test
process, so an operator with minimal
IT training can record data on a key-
press and produce a report, with no
assistance by a supervisor or IT
manager. The solution is fully scaleable
up to 64 inputs and can be set-up to
measure all hydraulic parameters such
as flow, pressure, temperature, speed,
contamination and torque.
The C2000 is available from June

2009. For a free demonstration DVD,
please contact sales@webtec.co.uk

About Webtec Products
Webtec Products Ltd designs, manufactures and distributes
a range of hydraulic components and hydraulic test
equipment for the mobile and industrial machinery market.
Webtec has over 40 years experience in the fluid power
industry and specialises in flow control valves and flow
measurement. The company, whose headquarters are
based in St Ives, Cambridgeshire is privately owned and
employs people in the UK, France and North America.

For additional information on Webtec Products Ltd
visit our web site: www.webtec.co.uk

For further information on both products please
contact:
UK Sales, Webtec Products Ltd, Nuffield road, St. Ives,
Cambridgeshire, PE27 3LZ.
Tel: 01480 397444 Fax: 01480 466555
E-mail: sales@webtec.co.uk
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Gates has introduced a smart system that
allows fleet managers to estimate how
much hose service life has been used. By
means of sensors that measure
temperature and pressure, the Hose
Diagnostic and Monitoring System
(HDMS) spots hose problems and
potential failures before breakdowns
occur. With HDMS fleet operators are able
to plan maintenance schedules, control
their costs and keep equipment operating.
Hoses can fail without warning causing

loss of revenue, project delays and clean
up costs. With HDMS action can be taken
before it even comes to a breakdown of
the hose. Gates monitoring system makes
use of sensors attached to hose
assemblies to continuously monitor
pressure and temperature. All this
information is collected and stored in an
Electronic Control Unit (ECU), even when
the machine is powered off. With this
information the system is able to estimate
the amount of hose life used and to warn
of a service or out-of-specification
condition such as over-pressure or over-
temperature. In addition, it warns of any
system faults such as failed sensors,
cabling or a failure of the ECU.
Up to 4 sensors in different areas of

the equipment can be monitored and
each sensor itself can monitor up to 6

automatically relay information and
warning signals to a ground station to be
picked up by a remote PC, Internet or
telephone SMS.
Hoses in service need to be regularly

inspected to ensure a safe working
environment and to avoid costly repairs
and downtime by failures. Gates Hose
Diagnostic and Monitoring System is the
ideal tool to schedule maintenance and
replacement jobs when convenient and
before breakdowns occur.

For further information please visit:
www.gates.com/europe/fluidpower

different hoses in that area. This way the
system picks up every pressure peak and
trough occurring in the hydraulic circuit. It
calculates the damage to the hose
caused by each peak taking into account
the extent of the peak and temperature
of the fluid in the hose. Every hose can
be a different construction and pressure.
In the most basic version, an LED

display indicates a number of fault
conditions by flashing in a predetermined
sequence. The Electronic Control Unit
can also be connected to a basic laptop
PC to download more detailed data or to
a GPS or Cellular phone transmitter to

Gates Hose
Diagnostic and
Monitoring System is
the ideal tool to
schedule
maintenance and
replacement jobs
when convenient and
before breakdowns
occur

The new Sitop
PSE200U selectivity
module has sealable
potentiometer covers
to protect the set
values against
unwanted changes

0 10 Diagnostic Engineering May/June 2009 www.diagnosticengineers.org

Hose problem solver

Fast fault diagnostics in 24 V load feeders
The new electronic Sitop PSE200U
selectivity module from Siemens Industry
Automation and Drive Technologies
monitors up to four 24 volt load feeders
for overloads and short circuits.
There are two versions of the device

with output current ranges of 0.5 to 3
and 3 to 10 amperes respectively. In
comparison to the previous Sitop select
model, which had a wide adjustment
range of 2 to 10 amperes, these new
versions of the device can be much
more closely matched to the application.
Used as an additional component in

stabilised 24 V power supplies, the new
Sitop PSE200U selectivity module
detects not only slight overloads but also
“creeping” short circuits on high-
resistance cables. If an overload or short
circuit occurs, the device switches off the
current to the faulty path. This prevents
the power supply voltage from dipping,
thus ensuring that power continues to be
supplied to all the other channels not

affected by the fault. The individual
channels can be switched on
successively with a time delay to reduce
the strain on the power supply produced
by loads with high inrush currents.
Additional selectivity modules can be
connected to the power supply to
monitor more than four load feeders.
The new Sitop PSE200U selectivity

module has sealable potentiometer
covers to protect the set values against
unwanted changes. The three-colour
LED and signaling contact concept
enables faults to be quickly localised.
Diagnostics data can be transmitted to a
higher-level controller for remote
diagnostics. This control can then reset
the selectivity module by means of a
new remote reset function. In contrast to
conventional miniature circuit breakers,
which do not trip until the current rises
to a multiple of the rated current, this
new selectivity module already responds
to an overload that is only slightly above

the set current. The device also
differentiates between a sustained fault
and a transitory, operational overcurrent.
This enables short circuits to be detected
even on high-resistance cables in which,
for example, core cross-sections are
small or there is a long distance to the
load.

For further information please visit:
www.siemens.com/sitop

INDUSTRY PRODUCTS
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provides fast post-analysis of building
acoustic measurements recorded on
sound level meters. During planning
and construction stages, Architects and
builders have to meet industry
specified noise parameters, including
Loudness (ISO532B) and Noise Rating
(NR). Bruel & Kjaer’s 2250 and 2270
meter features these common noise
parameters as standard, to ensure
users are able to specify the ambient
noise levels allowed by the mechanical
systems of buildings. Once the field or
laboratory conducted sound insulation
data has been gathered, the Pulse
Building Acoustic software allows the
user to measure, review and compare
results. The data can also be exported
in Excel or Word reports.
Pulse Reflex software enables fast

navigation across large volumes of
data, rapid filtering or sorting data for
further processing, such as statistical
analysis, frequency analysis or modal
parameter estimation. Users can also
include sounds, photographs or videos,
which are then linked to items in the
project, to provide handy, visual

reminders of how - or why - critical
decisions were made. Currently there
are more than 9500 Pulse systems in
operation globally.

For further information please
visit: www.bksv.com

The PyroCouple M
series

Investigating acoustic
and vibration
measurements is set
to become easier
with Brüel & Kjær’s
new post-processing
software - Pulse
Reflex
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Non-contact temperature sensor

Investigating acoustics & vibrations
Investigating acoustic and vibration
measurements is set to become easier
with Brüel & Kjær’s new post-
processing software - Pulse Reflex.
Designed in close cooperation with the
company’s customers already using its
Pulse data analysis system within
different industry sectors worldwide,
Pulse Reflex comprises three main
applications. The first, Pulse Core Time,
is a record editing and post-processing
analysis tool, which has an efficient,
almost limitless, time data handling
capacity. This allows the user to edit,
filter and study acoustic and vibration
results taken inside areas such as
aircrafts, trains or other vehicle cabins.
The Pulse Reflex Modal Analysis tool

operates as a guide for users through
measurement validation, parameter
estimation setup, mode selection,
analysis validation and reporting. The
results can, for example, be used by
engineers for troubleshooting,
benchmarking and model validation
during the construction of road
vehicles, ships or aircrafts.
The Pulse Building Acoustics tool

The PyroCouple M series is a range of
high quality, low cost, miniature infrared
temperature sensors with separate
electronics. They are capable of
measuring temperatures in the range -
20°C to 500°C and are available with
either a current, voltage or simulated
thermocouple output.
The miniature sensing head

measures just 18mm diameter x
45mm. It is made of stainless steel,
sealed to IP65, and will operate in very
high ambient temperatures without
extra cooling. This makes the
PyroCouple M Series ideal for
applications where there is only a small
amount of room available to mount the
sensor or the ambient temperature
around the sensing head is higher than
normal.
The sensing head is held in place by

a mounting nut (included). Fixed and
adjustable brackets are offered to
simplify mounting and a laser-sighting
tool is available to assist in the sighting
of the sensor. For dusty environments,
such as in paper or textile mills, an air-
purge collar can be fitted to keep the

lens clean.
The cable which connects the sensing

head to the electronics module is
immune to electromagnetic interference
and is not affected by handling or
flexing.
The electronics module measures

98mm x 64mm x 34mm. It is made of
die-cast aluminium, sealed to IP65, and
will operate in ambient temperatures up
to 70°C. It is powered from a 24 VDC
(28 VDC maximum) power source.
The emissivity setting is fixed at 0.95,

making the PyroCouple M Series
suitable for the majority of applications
where the target is made of a non-
reflective material such as paper, plastic,
rubber, cloth, food etc. or it can be used
to measure metals that are painted,
anodised or oxidised.
There are three optical ranges to

choose from. Model PCM21 has 2:1
optics (the ratio of the target distance
to the measurement spot size) making
it suitable for most applications where
the sensor can be mounted close to
the target. Model PCM151 is designed
for small or distant targets and has an

optical resolution of 15:1. Model
PCM301 is designed for very small or
distant targets and has an optical
resolution of 30:1.

For further information please
visit: www.calex.co.ukå
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In its wisdom or greed the free market, in
the person of Murdoch and co, has
produced for our delectation, more TV
channels than you can shake a stick at,
while overlooking one important point -
material.
For someone as self absorbed, and

cynical as myself this has an upside
because I’m not tempted to spend my
remaining years lounging in the warm,
restraining myself from throwing a slipper
at Simon Cowell, when I could be doing
something interesting in a cold shed. A
minor manifestation of this scarcity of
material is the proliferation of programmes
about the Titanic.
Strange - when we all know the

outcome, but some attempt to diagnose
the reasons for the failure of such a -
Titanic - structure.
The relentless task to educate us has

extended to the fate of her sister ship the
Britannic, which, having encountered a
mine off the coast of Greece, during the
First World War, foundered even faster
than her more famous sister. The obvious
question is - Why?
While these programmes are (to varying

degrees) meticulously researched, by
definition, a researcher’s domain is the
unknown. Thus they depend on ‘The
expert’.
You name it: you can find an expert on

it. A few months ago on a programme
about the Britannic, one ‘expert’ asserted
that her hull was cold riveted!
Before going further, let me make a

disclaimer that I know nothing about
riveting that I haven’t gleaned from an old
edition of Machinery’s Handbook.
But cold riveting in 1912? I suspect not.

Experts agree that the common feature in
the demise of both ships is the failure of
the plating along horizontal lapped, riveted
joints.
After the loss of the Titanic, building of

the Britannic was held up awaiting the
Titanic enquiry, with the result that they
extended the bulkheads upward. Not that
this modification had much effect,
probably due to access doors being left
open.
The latest picking over of this

conundrum investigated the rivet failure
more deeply, going as far as analysing the

‘pop’, and ships lose whole plates off the
bottom in extremes of weather.
The common point of failure of both

vessels, according to two programmes,
were the rivets along horizontal lap joints,
which their respective experts assumed to
be due to the rivets being defective -
‘some being made of wrought iron, and
some of steel.’
As theorising on details of the ships’

demise has become a national armchair
pastime, I will add my theory. Despite my
ignorance, I disagree with the experts’
conclusion that it was due to defective
riveting.
The common cause in the demise of

both ships was a sudden massive stoving-
in effect, one by the iceberg running along
the hull horizontally, and the other by the
extreme hydraulic pressure generated by
an exploding mine. One can consider the
effect of the iceberg scraping along
Titanic’s hull as a very large blunt
instrument, having a centre of pressure
approximately in the centre of the mass in
contact, even though this would have
been eroded by the steps of the vertical
lapped joints as it moved along the hull.
Nevertheless the enormous force would
be locally maintained on the hull, even
after failure.
The exploding force of the mine would

have been colossal, locally concentrated at
the point nearest, decreasing rapidly away
from it. (Probably corresponding to the
cube law, as applicable to sound, and flash
photography). In the area adjacent to
contact with the mine, the blast would be
strong enough to blow a large hole, but in
the surrounding areas the blast would be
reduced but still strong enough to create a
similar scenario to the ice berg, although
more circular than horizontal.
If the contemporary theory of the

integrity of the optimised lapped riveted
joint held good, it would be reasonable to
suppose that the structure would behave
as a uniform skin, failing when the strain
exceeded the skin’s ultimate tensile
strength. Probably starting from some
small defect, but modified by the local
reinforcing effect of the frames.
Further thought suggests that a lapped

joint, being locally twice the thickness,
would resist bending more than the

composition of forty five rivets recovered
from the Titanic, employing the talents of a
‘Forensic Metallurgist’. (almost as specialist
as a ‘Navel Surgeon’ - sorry - very old
joke).
She called into question the integrity of

the rivet materials, described as ‘some of
wrought iron, and some of steel’. The
wrought iron rivets, from the records of the
builder, were not of the highest grade
available, thus contained more impurities
in the form of slag - implying less strength.
She dealt inconclusively with effects of
work hardening, and concentration of
stress at the junction of the head/tail and
stem, or any comment on the nature of
the rivet failure. One was led to believe
these were picked off the sea bed.
Another concluded that the effect on
plates in the collision area had ‘peeled’
rivets progressively, causing tensile failure
of the tail.
With one exception the mode of failure

was not described in detail, which is likely
to be half way down the shank for shear,
(i.e at the junction of the plates) and
under head or tail, in tension. Or a
combination of the two.
The last time I travelled on the

Metropolitan tube line in London, still
visible in places was the original ironwork,
demonstrating that riveting was a fully
developed process by the early 1860s.
Thus all aspects of stresses encountered
by ships’ hulls in sea going conditions
would have been fully evaluated a
generation before the twentieth century
dawned. Forces on the hull due to wave
action would be boiled down to tensile,
compressive, shear, and torsion; all
translated to shear loading on riveted
joints. Consequently, optimum
relationships between width of lap, rivet
pitch and diameter would have been
derived. Although it has to be born in
mind that these two ships were the largest
afloat at the time (quoted as 46,000 tons
dead weight).
Thus scale effects cannot be dismissed,

as the hulls would be relatively thin for
their size.
Hot riveting concentrates stress around

the rivets in such structures, simply as a
means of achieving a watertight seal
between plates. Rrivets were known to
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Riveting thoughts!
MEMBER CONTRIBUTIONS

The common feature in the demise of both the Titanic and sister ship Britannic is the failure

of the plating along horizontal lapped, riveted joints. IDE member, Malcolm Hedley-Saw,

takes a closer look.
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condition is
ling of adhesives.
Adhesives can
make an extremely
strong joint, ideally in
shear, but are extremely
weak if subjected to peeling -
separation by local tensile loading
from one edge. Indeed it is this
weakness that enables them to be
easily stored (as in a roll of sellotape).

The force required for peeling is

infinitesimal relative to their true tensile
and shear strengths. Any adhesive
application where peeling is a possible
condition, must be avoided. The condition
is also self propagating.

Thus, whether failure was due to tensile
loading from peeling, to shearing, or to a
combination, according to my theory, this
type of failure would only happen to
riveted joints in cases of some form of
impact vastly greater than encountered in
the worst sea conditions. Thus riveting
construction works well under normal sea
conditions, but fails under a massive
impact or bursting pressure in a particular
manner. On reaching a certain level of
strain, when plates cave in, riveted joints
will unravel, like a zip. The iceberg, still
resisting the glancing blow of the Titanic,
would ‘unzip’ lapped joints.

This still doesn’t entirely satisfactorily
explain predominant failure of horizontal
joints until one considers the hull form as
a very large, weak horizontal cylinder, that
will fail at the weakest point. Pushing
one’s finger into a rolled up sheet of
flexible material, it distorts more easily
along its longitudinal axis. This would
concentrate the rivet failing condition more
on horizontal joints than vertical ones. The
explanation may be as simple as this.

Another interesting irony commented
on but not explored adequately by these
programmes was the attempt by the
officer of the watch, to avoid a collision
by putting the helm over. What if he
hadn’t?

A picture was shown of a
vessel, that had rammed an
iceberg head on, sustaining
heavily buckled bows, but
surviving. It was obviously
only a fraction of the size of
the Titanic, and the speed
of impact isn’t recorded.

The Titanic, carrying
about two thousand
souls, hitting an
iceberg, perhaps
the size of Canvey
Island, has to be
the ultimate
road accident.

The small

middle of the plate, leading momentarily
to the familiar inward bellying effect
between frames you see on (welded)
ships of all sizes who’ve had a hard life.

But in these two special, but related
conditions, when the force far exceeds that
of the angriest sea, massive buckling of
plates, i.e. bending of lapped joints takes
place, resulting in one plate being
displaced over its fellow along the laps.
Such an event would impose a shearing
action on the rivets. Even if the shearing
was only partial, because hot riveting
imparts a built-in tensile strain to each rivet
stem, it is likely it would fail in the tensile
mode when the cross sectional area at the
point of shear was sufficiently reduced.

Further, depending on what percentage
of the rivets were wrought iron, black
rolled plates are likely to be harder than
wrought iron rivets.

In some respects the

boy in me finds the prospect fascinating.
The Titanic’s stem, sharp and strong from
its shape, would initially smash into the
ice, like a very large axe into wood. But,
like an axe, would meet increasing
resistance as it penetrated further. Ice
would crush the plating and frames in as
it resisted sideways displacement.

The effect on the plate lap joints would
be of very high shear loadings on vertical
joints, from the compressive effect of the
unstoppable force meeting with
immovable object. The effect would be
progressive, giving rise to buckling along
the bow, probably forming a concertina
effect, propagating backwards, until the
energy had been absorbed. Because it
would be both massive, concentrated
near the stem, and progressive, in its
destruction it would absorb immense
energy, concentrated over a relatively
small area of the hull.

However, further back, the impact on
the hull is likely to be much more
dispersed, giving the riveted joints a
better chance of surviving.

The probability is that damage would
be limited to perhaps three watertight
compartments. The vessel would stand a
good chance of surviving, or at least a
delayed sinking.

But what of the people on board? The
Titanic is quoted as proceeding at twenty
four miles an hour. It is unlikely that this
was much reduced by the last minutes
putting the propellers to full speed astern.

A thirty mile an hour impact in a car
against a concrete block is fatal,
generating higher ‘G’ forces than the
human body can withstand, even in a
seat belt. It would have been much less
extreme on the Titanic, with the stem
cutting into the ice many feet, slowing all
the time, and the bows of the ship acting
like the crumple zone designed into the
front of modern cars.

Even so, the impact would probably
have been enough to throw people to
the floor, smash them into objects, and
possibly wrench free the boilers, with
catastrophic effects from escape of
steam.

Boilers are known to break free
sometimes when a ship sinks near
vertically, under a ‘G’ force of one. There
would possibly be many injuries from
impact with solid objects, similar to a
medium impact train crash. I suspect that
injuries could have been in their
hundreds, but few, fatal, unless you were
standing close to a boiler. Those in bed
would have been best off, except for
crew members in the fo’c’sle.

But it’s all speculation: of academic
interest only, since welded hulls and
radar have come along.
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The Weakest Link

MEMBER CONTRIBUTIONS

John Sayer FIDiag E. takes a look at weak links in the design chain to help assist future

designers and those tasked with fault finding or post development work.

The current issue in this article is truly
down to the designer/company not
testing the design concept long enough
in a real world environment to realise a
shortfall which in this case could have
had rather disastrous consequences.

In the main my field is that of
electronics, although on this occasion
the problem falls in to the category of
mechanical and safety design. The
device concerned was a Freeview PVR
(personal video recorder) using an
80GB hard drive as the recording
medium. Now anyone that has dealt
with computers will know that hard
drives when working for long periods
‘as in a video recording application’ will
get rather warm, this then along with its
associated switch mode power supply
that’ll also get fairly hot and you have a
device that is going to need to be well
ventilated if to avoid a heat related
failure.

In this device the designer had
indeed included many ventilation holes
and realising the area above and below
the power supply would get rather hot
while supplying all that current to it’s

hard working hard drive had decided to
include some rather fundamental heat
shielding on both the upper and lower
metal casing to prevent the consumer
getting ‘hot fingers’ if touching the
metal case whilst the device is
operational. The problem was that the
plastic used to protect the metal
surfaces from indirect thermal
conduction was of a material that
deforms (curls) with heat! That and the
fact that it was only stuck to the chassis
using double sided tape which loses
adhesion when hot and you ended up
with the lower, base plate plastic shield
curling up at its edges and the upper
one curling down (either side of the
central heat source) and meeting the
very hot power supply circuit board in
the middle and forming... well what can
only be described as an oven.

Net result: The components inside of
what should have been a well ventilated
area instead now sit in stagnant hot air
and fry! This in turn will have dried out
the electrolytic capacitors, changed the
characteristics of the semiconductors
and resistors stressing the component to

the point of thermal destruction... luckily
on this occasion that didn’t include a fire
but it so easily could have done and no
doubt the plastic shielding would have
contributed to the flammable material at
the seat of the fire.

The device in question had indeed
failed, the power supply had cooked
and both the primary semiconductor
power device and associated
components had succumb. Okay, to
repair it the cost of the devices involved
amounted to no more than ten pounds
or so, but had the failed plastic heat
shield been ignored, next time it could
so easily become an indoors bonfire.

Bearing in mind this is in a current
consumer device, the Essex Fire
Brigade’s awareness and recall unit will
be made aware.

But for DE readers, please bear this
sort of short sightedness in mind when
designing or fault finding, in both cases
please do not ignore this. Okay, we can’t
use asbestos any more in such
products, but I am sure that a better
thermal barrier could have been
sourced and much better fitted.
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The nearest I’ve coming to any formal
education in our discipline was reading
an omnibus edition of Arthur Conan
Doyle’s creation, brightening a boring
holiday. It contains such gems of
diagnostic logic as ‘When you have
eliminated the impossible, whatever
remains, however improbable, must be
the answer - Watson’. Although the
ramblings of a semi-retired fictional
doctor, on the life of an equally fictional
consultant sleuth, test credibility as
beneficial for any type of training, it is
significant that many police forces, the
world over make Holmes mandatory
reading for trainee detectives.

Two things leap out: his impeccable
logic, and his capacity for observation.
On boring journeys, on the tube or
anywhere one is corralled cheek by
jowl with one’s fellow citizens, I play
Holmes’s game. It is amazing what one
can deduce simply by studying fellow
passengers. Observation is the very
cradle for our profession, as it is the
basis of others, from painters to writers.

Although not the first but certainly
the greatest, fictional detective,
popularly thought to be based on
Conan Doyles’ professor at medical
school, Holmes has many copyists,
some of them famous writers in their
own right. I have read, and forgotten
most of them. The best serve up
merely more of the same, without
advancing the genre.

Where Dr Robert Kisch’s genius
resides is that he recognises the
explosion of technology in the late
nineteenth and emerging twentieth
century.

Surely Holmes more than anyone
else I can think of would have made it
his mission in life to keep abreast of the
new technology. If only not to be left
behind by the crooks.

He takes in his stride, Holmes’s re-
emergence after the little incident with
Moriarty at the Richenbach falls -
Doyle’s own attempt at murder - to kill
off Holmes. And progresses through
his life, the Great War, and his semi-
retirement bee keeping in Sussex in the
twenties.

There are of course, references to the
Ailsa Craig Company, entirely reasonable
in the circumstances of the author’s

Watson in the persona of the immortal
Basil Rathbone, Jeremy Brett, or the
voice of Laidman Brown playing Watson
from aeons ago on Radio Four. Finding
myself doing the same reading Robert’s
book, must be his best testimonial.

It is published privately and is only
available from the Institute. To order a
copy please contact:
admin@diagnosticengineers.org or call
0116 2796772

father being the founder, although I find
his technical references, on the principle
of not letting go to waste good research
slightly laboured. But this is a minor
criticism that doesn’t get in the way of a
good read. His plots are well conceived
although, like Agatha Christie, you need
second sight to spot the baddy. He
catches the atmosphere and dialogue of
Holmes and Watson to a tee.

In my head I visualise Holmes and
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Alan A. Smith MIDiagE.
Hydraulic Specialist - Electro-Mechanical Maintenance Engineer.
Self Employed or PAYE basis, willing to travel, home or abroad. Over 45 years experience.
E-mail: alanasmith.montras@btinternet.com Mobile: 07889 189424

Ing.P.Eur. N.J. Budd. P.Eng (UK). MSPE. F.I.Diag.E. F.I.A.Q.P. QA/QC
Engineer/Consultant. Qualified QA/QC Engineer in Industrial Efficiency, General Construction, NDE. Petro
Chemical. Power Stations. Documentation. Writing Procedures, Lecturing. Vendor Inspection.
Work Areas:- Norway, North Sea Oil Rigs, North Africa, Dubai, Bahrain, Saudi Arabia, Iran, South Africa,
Indonesia, Ghana, Holland.
Contract Values: - from £100,000 (Sterling) to Rands 4 Billion on the Durban Harbour Deepening and
Widening, as Quality Assurance Manager.
Tel: + 27 (31) 916 7492. R.S.A. Mobile: 082-83-77853.
E-mail:- nevillebudd@qaqc.co.za www.qaqc.co.za

In a recession, sub-contract your sales, marketing & business development to a Chartered Marketer & FCIM
who is also I.Eng, FIDiagE & FIET. See FINNbiz Consultants at: www.finnbiz.com
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To: The Society of Diagnostic Engineers.
7 Weir Road, Kibworth, Leicester LE8 OLQ. England.

I submit herewith my application for membership in
the following Grade:

Surname:

Form of address: Mr/Mrs etc.

Other Names:

Service No.HM Forces, Title or Rank

Employer’s Name

*❑ Address

Tel.No:

*❑ Private Address.

*❑ Please �� to indicate address for communication.

Nationality:

Country of Birth:

Date of Birth:

Present Position:

Duties:

(Continue on extra sheet if necessary)

Previous Position and Duties:
(Submit curriculum vitae on separate sheet stating employers in

chronological order)

Education:
(List all Schools/Colleges universities etc on a separate sheet)

Degrees, Certificates, Diplomas etc.,
Enclose copies with this application

Membership of Other Bodies:

Other Relevant Information:
Submit any additional or supporting information on a separate sheet

Hobbies and other interests

Declaration: I declare that the information contained
within this application is, to the best of my knowledge and
belief, true and correct in every particular. If admitted to
membership I agree to be governed by the Rules and
Regulations as they now exist and as they may hereafter be
altered.

Signed

Date

Fees *  The relevant total of Application Fee and first
Annual Subscription must accompany this form.

Grade App Fee Annual Subs *Total
FlDiagE £35.00 £60.00 £95.00
MIDiagE £35.00 £45.00 £80.00
AMIDiagE £25.00 £35.00 £60.00
SIDiagE £15.00 £31.50 £46.50
Retired (all Grades) £18.50 £18.50

Please make cheques payable to:
SOCIETY OF DIAGNOSTIC ENGINEERS
Our Central Bank Account is held by
National Westminster Bank plc.
5 The Parade, Oadby, Leicester LE2 5BB
(Account No. 00420476)
It would help us if you could advise us how you knew of us
or who suggested us:

For office use: Seen - Secretary ❏ Checked ❏
Acknowledged ❏ Fees ❏ Membership Clerk ❏
Membership Certificate Sent❏
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Corporate membership is available upon application. Please contact the Institute for further information.
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