ON-LINE VIBRATION
MONITORING PROVIDES
SAFER AND CHEAPER WATER |

TREATMENT

A major step forward in the safety and
performance of wastewater treatment has
been achieved through STI research. Major
savings in maintenance costs and greater
environmental protection are anticipated
using radically new vibration condition

monitoring technologies.

‘STl research has
transformed a
fundamental aspect of
reliability that affects
the sustainability of
wastewater treatment
plants everywhere.’

UK wastewater treatment works process 15
billion litres of water every day. They play a
vital role in our lives by taking in used, dirty
water from drains and sewers round the clock
and cleaning it, ready to be returned safely to
the environment. Ensuring reliability of
service and minimising pollution risks are
paramount for an industry that has a high
public profile and a major impact on
everyone’s health and safety.

Now novel research and development
supported by the Sustainable Technologies
Initiative has achieved a significant
breakthrough in preventing the breakdown
of key parts of the water treatment process.
For the first time, on-line diagnostic systems
have been validated in field conditions for
heavily loaded machinery such as air blowers
and transmissions without which the whole
treatment process would grind to a halt.

The pioneering technologies are expected to
make a major contribution to ensuring the
delivery of safe water and greater protection
for the UK’s rivers and coastlines. The project
consortium believes the global market for the
new diagnostic systems could be worth as
much as £150 million over five years.

‘Our novel STI research and development has
transformed a fundamental aspect of reliability
that affects the sustainability of wastewater
treatment plants everywhere,’ says Professor
Len Gelman of Cranfield University, who is
the Principal Investigator of the project. ‘The
radically new signal processing and
monitoring technologies from Cranfield and
on-line wireless techniques from Pera make it
possible significantly to reduce the number of
failure incidents in air blowers and gearboxes
that form an integral part of the treatment
process. We can now constantly monitor
critical components of machinery on-line,
detect damage at a very early stage of
development and therefore ensure effective
continuous waste production, dramatically
cutting the risk of failure that could result in
accidental pollution.’

The three-year research project, ‘lmproving
sustainability of UK wastewater treatment

works’, was supported by the STI programme,
which was set up with the aim of improving
sustainability of UK business, achieving
economic growth and employment while
safeguarding the environment and conserving
natural resources. Researchers from Cranfield
University worked with colleagues from Pera
Innovation, Severn Trent Water and other
industrial partners in the project, which was
supported by the DTI (now DBERR).

Strong demand for the state-of-the-art
monitoring technologies is expected from
water companies worldwide. The project
partners aim to share 10% of the market for
world market for air blowers and gearboxes,
with sales of 10,000 diagnostic systems worth
as much as £150 million over five years. The
total benefit to UK manufacturers could be as
much as £360 million over 10 years, the project
consortium believes.

The wide environmental benefits could be
equally significant, according to the
researchers. By applying the new vibration
monitoring technologies and diagnostic
systems, it will be possible to prevent
hazardous oil contamination of clean water
and increase the safety of air, ground and water
transportation and nuclear power stations.

‘Radically novel signal processing and

monitoring technologies from Cranfield and
on-line wireless techniques from Pera can help
the water companies to achieve their goal of
ensuring the delivery of safe water to people,
avoiding risks to health due to poor water
quality,’ says Professor Gelman. ‘Because
monitoring takes place continuously and on-
line we can prevent machinery failure,
minimise emissions of hazardous waste from
sewage and guard against the threat of serious
pollution incidents.’

At the heart of the research is the development
of new vibration monitoring technologies of
complex mechanical systems (e.g. rotating
and reciprocating machinery), an area in
which Prof. Gelman’s Vibro-Acoustical Centre
at Cranfield specialises. Cranfield researchers
developed and field-validated ‘radically new’
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technologies capable of continuously
monitoring vibration while machinery isin
service. Peraresearchers developed and field-
validated on-line wireless techniques. Finally,
new on-line diagnostic systems were developed
by Cranfield and Pera to keep a constant watch
on performance and validated for the first time
in field tests.

The outcomes of the project are expected to
transform maintenance procedures at treatment
works, cutting costs as well as reducing the
likelihood of failure in service. Advanced on-
line diagnostic systems are not currently used
for heavily loaded rotating components such
as blades and transmission wheels. This makes
it impossible to detect and quantify damage
without dismantling machinery. In future,
maintenance engineers will be able to prevent
total systems failure and take remedial action
at an early stage.

‘Failure in rotating components of critical units
like blowers and transmissions is a real problem
because it seriously affects other units and
significantly increases maintenance costs,’
explains Professor Gelman. ‘There is a strong
demand to detect and locate damage in service
and at an early stage before failure becomes
catastrophic, and this is what our new
technologies now make possible. We believe
that we can reduce maintenance costs by as
much as four- to five-fold and achieve similar
improvements in the useable life of machinery.’

The proposed technologies and the prototypes
that have been validated integrate sustainability
from the initial design across the entire
machinery lifecycle. Manufacturers and
repairers of air blowers and transmissions can
apply the system at every stage to improve
standards of design and repair and detect
manufacturing faults.

‘Support from the STI programme helped us to
achieve a major advance in the sustainability
of waste water treatment,’ says Professor Gelman.
‘The results are highly relevant to the needs of
our industrial partners and all UK water
authorities, and further research and
commercial exploitation are now going ahead.
The main advantages of the developed system
are that it is low cost, autonomous, fast and
compact. The system could detect damage in
service, at an early stage of damage development

and differentially for all stages of machinery.
We believe that the validated technologies and
on-line monitoring system are ready for
implementation by all UK water authorities.’

Additional project information
and background

Who were the project partners?

Researchers from Cranfield University and Pera
Innovation collaborated with leading UK
industrial partners Severn Trent Water, BOC
Edwards Hick Hargreaves, Compact Orbital
Gears, Sheffield Transmission Developments,
Turnell and Odell, and Wyko Industrial Services.
The project was supported by the DTI (now
DBERR).

How is maintenance of air blowers and
transmissions carried out at present?
Maintenance teams have to disassemble
components - a monotonous and laborious task

- to detect damage before complete failure takes
place. Where components do fail it becomes
necessary to replace the whole assembly,
normally comprising a blower stage with blades,
8-10 gear wheels, 3-4 shafts and 8-10 bearings
—acostly procedure. In order to prevent failure,
lubricating oil is changed at every inspection;
much sooner than would otherwise be necessary,
adding to costs.

How will the diagnostic technologies reduce
maintenance costs?

With the new systems, maintenance engineers
need only replace air blower and transmission
components that are damaged instead of having
to replace entire assemblies of up to 25
components. Thiscan be done at an early stage,
minimising the use of resources and extending
the useable life of machinery. There is no need
for constant lubricating oil changes; service
intervals can return to the normal
manufacturers’ recommendations. Fewer
maintenance inspections are needed.

Has the new technology been tested in service?
A comprehensive range of field trials and test
rig trials (the total trial time was around one
month) has been carried out at treatment plants
operated by Severn Trent Water and industrial
partners using the monitoring system that was
built as part of the STI project.
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The STl is a programme of collaborative research and development
aimed at improving the sustainability of UK business. The aim has
been to maintain high levels of economic growth and employment
while protecting the environment, making better use of natural
resources and working for the good of society as a whole. Companies
have been encouraged to work with the science base to develop and
adopt new sustainable technologies. The Programme was originally
sponsored by the Department of Trade and Industry (DTI) - now the
Department for Business, Enterprise and Regulatory Reform (DBERR),
the Engineering and Physical Sciences Research Council (EPSRC),
the Department of Environment, Food and Rural Affairs (Defra), the
Biotechnology and Biological Sciences Research Council (BBSRC)
and the Economic and Social Research Council (ESRC).

Oakdene Hollins consultants deliver technical and economic studies
and programme co-ordination to the investment sector, industry
and Government.



