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Fluid Power Technology
— A Case for Global Collaboration

C. R. Burrows

1. Introduction

Fluid power is an enabling technology of key
importance in a wide range of industrial sectors.
It is a technology whose roots can be traced back
to early studies of hydrostatics by Archimedes, but
a key development was the reali-sation by Pascall
in 1648 that pressure in a fluid at rest is
transmitted equally in all directions. Doubtless
many scientists and engineers understood the
potential applications of Pascall’s idea for a
machine to utilise hydrostatic pressure to amplify a
force, but Bramah was the first recorded person to
utilise the principle. On the 30 November 1795
Bramah was granted a patent for a hydraulic
press”. His design to transmit and amplify force
by using a hand pump to pressurise a column of
industrial

presses and most common forms of rectilinear

fluid was the forerunner of modemn

actuator drives such as those used to control
aircraft flaps. The effectiveness of Bramah's
design depended upon a seal to prevent leakage
across the piston. There is some question whether
credit for that is due to Bramah or his assistant
Henry Maudsley who designed a self pressurised
seal”. However, MacNeil has noted that Bramah
"conceived almost all of the basic elements used in
the hydraulic power industry of today”s).

Modern fluid power technology has reached its
advanced state of development by incor— porating
advances in electronics,
materials and control theory. During the last 200

years a wide range of hydraulic components has

computers, Sensors,

been developed and refined, but arguably one of
the most important advances was the introduction

of rotary pump and motor units. These are key

elements in mobile hydraulic applications and their
development was made possible by advances in
materials and in particular the availability of
manganese steel with the load bearing capability
required in these high speed high pressure units.
Advances in materials are of major importance in
modermn developments of fluid power, for example
in the last decade environmental concerns have
led to a re—emergence of interest in the use of
water and other environmentally friendly fluids to
replace mineral oil. The use of water continues to
impose the same restrictions as those that led to
in the 15th

Century, but the introduction of modern materials

the introduction of mineral oil
such as ceramics has given an impetus to
research into a range of alternative fluids which
do not possess the tribological properties of
mineral oil. The use of ceramics requires new
approaches to the design and manufacture of
components4) .

A number of workers now study fluid power in
the context of mechatronics and this highlights
the contributions electronics, embedded computers,
control theory and modern design has made to
the development of fluid power. This tendency is
particularly noticeable in the USA where after
years of neglect of the subject within engineering
schools there is now a developing interest in fluid
power encouraged by the National Fluid Power
Association (NFPA), following the efforts of
Koski to highlight the neglect of this technology
in the USA*®. In many ways this is a healthy
approach because it emphasises the wide range of
applications of modern fluid power tech— nology,
but there i1s a danger that it will mask the
ongoing requirement to overcome the inherent
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disadvantages of fluild power associated with
leakage, noise and inefficiency. All three of these
factors are related to environmental issues and in
the UK that is of major concern.

A number of researchers have devised
ingenious methods to reduce pump flow ripple
which is the source of fluid borne noise and
several major manufacturers have introduced
quieter pumps. Nevertheless there 1is still wide
spread use of relief grooves in the port plates of
pumps to reduce flow ripple; this simple
modification was introduced in 1905 by Williams
and Janey. Although advances in sensors and
computational aids have led to a more syste—
matic design of relief grooves, it is humbling to
recognise the ingenuity and insight demon-
strated by earlier engineers. Another advance has
been the development of standards to measure
pump rippleg). This approach has been used to
characterise the impedance of a number of other
componentsg) thus providing a contribution toward
developing techniques for the systematic design of

10)

circuits to minimise noise . In spite of these

developments, there is still wide scope for
research into the relationship between fluid borne
noise, structural borne noise and structure/air
interaction if this archilles heel of fluid power
systems is to be successfully tackled. This major
task provides an ideal framework for international

collaboration.

2. Fluid power research
— an international perspective

2.1 National organisations

It 1s important that these inherent limitations of
fluuld power transmissions receive sustained
consideration by academic researchers. Given the
difficulty associated with the design of systems to
minimise noise it has been suggested in a recent
paper delivered at a Japan Fluid Power Systems
Society (JFPS) Conference that this topic "is
ideally

suited to a collaborative international

investigation”m. That Society was formed in

2001 to Japan Hydraulic and
Pneumatics Society (JHPS).
This change of title is of interest in the context

replace the

of the development of flud power technology.
JHPS was founded
society in the field of fluid power engineering, but

in 1970 as an academic

the name was changed in 2001 to reflect the

extension of its activities to include water
hydraulics, functional fluids, control engineering
and system design in addition to the original
focus on oil hydraulics and pneumatics. There are
1,100 academic members, 200 student members
and 123 corporate members in JFPS and this
gives an indication of the academic interest in
fluud power systems in Japan compared with the
UK in which
significant interest in the area.

only four institutions have a

Prior to this change Burrows had been invited
by JHPS to explain the rationale behind the
decision in 1998 to change the title of the Fluid
Power Centre at the University of Bath (founded
in1968) to the Centre for Power Transmission and
Motion Control (CPTMC). Research at the
CPTMC includes electric drives and mechanical
transmissions in addition to the areas covered by
JFPS. The new title, CPTMC, emphasises the
mmportance of adopting an holistic approach to the
study of altemative drive systems.

Although there is no equivalent to JFPS within
the UK, a similar organisation exists in Germany
as a sub division of VDMA (German Engineering
Federation) entitled 'Faschverband Fluidtechnik’
(Fluid Power Association) (www. vdma.org). The
sub group administers/sponsors Forschungs Fond
Fluidtechnik, which is supported by the fees of
participating companies and it coordinates research
programmes between academia and German
industry. Within the UK the British Fluid Power
Association (BFPA) has academic members
(including the CPTMC and the National Fluid
Power Centre (NFPC) at North Notts college

which focuses on technician training) and it has
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funded research projects, but not in a sustained

manner.
In North America the National Fluid Power
Association (NFPA)  encourages collaboration

between industry and academia and it has set up
a fund for a research programme to cover aspects
of component and system modelling and design.
Thus in three different global regions there is
recognition of the need to support collaboration
between industry and academia and this is
consistent with the role of fluid power technology
technology of fundamental

as an enabling

importance in various industrial sectors.

2.2 Research areas
The JFPS has 8 research committees focused
flow charac-

on: energy saving (pneumatics);

teristics (pneumatics); environmentally adaptive
systems {(pneumatics); control methods (hydrau-
lics); functional fluid systems; water hydraulic
systems; motion based systems;, and simulation
tools. The significant effort focused on pneu-
matics 1s contrary to the situation in the UK and
within Europe there is only significant research
systems at the
and the

Institute of Automation and Robotics in Warsaw

programmes in  pneurnatic

Automation Laboratory in INSA Lyon

Polytechnic (Poland) with lower key activities in
One
particularly strong compared with Japan and the

other Centres. area where Europe is
USA is in the development of simulation tools.
Centres at Aachen, Bath, and Linkoping have all
developed simulation packages which have been
extensively used in industry to aid in system
design.

The number of papers on water hydraulics and
energy saving techniques presented at the Fifth
JFPS Symposium held at Nara in 2002 reflected
the concern in Japan for environmental issues.
This mirrors activity in Europe. For example an
extensive programme on water hydraulics at
Tampere University has been funded under an EU

project, and in the mid 1980s, the Department of

Trade and Industry in the UK funded a water
hydraulics research programme.

Senior representatives of JFPS have stressed
the importance that the Society attaches to
international exchanges and cooperative activities
with overseas organisations. This is important in
the context of the issues facing fluid power
globally.

Academic institutions in the USA were at the
forefront of research in fluid power technology in
the period 1940 to 1960 and there was a
particularly strong group in the servomechanisms
laboratory at MIT?. 1t was during this period
that the NFPA was formed and the association
celebrated its S0thanniversary in 2003. In the last
40 years the mnvolvement of US universities in
teaching and research in fluid power has waned
in spite of the fact that many major fluid power
companies have their corporate headquarters and
R & D laboratories in the US. During the last
decade there has sustained effort by
influential industrialists to highlight the need for

American universities to become more involved in

been

teaching the synthesis of power transmission

systems to include comparative cost and
performance analysis. There is now a group of 6
or 7 American Universities with a developing
interest in fluid power mainly focused upon
control studies. This period of apathy in the US
shared by the
professional engineering institutions but there is
now a Fluid Power Division within ASME and

that is beginning to have a beneficial effect. It is

towards fluid power was

a matter of urgency that the fluid power research
community in the US becomes more aware of the
widespread academic networks in Japan and
Furope. They must also become familiar with the
extensive literature in the field arising from the
research undertaken globally. There is evi- dence
of a lack of awareness of this literature that
could lead to a wasteful duplication of effort.

It is significant that in 1994 the NFPA Reporter

proclaimed a bold message “let us play to our
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strengths and confront misconceptions about our
weaknesses”. One of the areas it highlighted was
environmental compatibility with a focus on noise,
leakage, and environmentally friendly fluids. Since
1994 environmental arguments have grown in
intensity in most countries. Within Europe several
of the universities that have combined to form
Fluid Power Centres of Europe Network (www.
fpcenet) have well-established research pro-
grammes In various aspects of environrﬂental
compatibility. Murrenhoff at IFAS Aachen hasan
extensive programme researching into biode-
gradable fluids and is currently studying the
oxidation stability of unsaturated esters with a
view to reducing the speed of oxidation. It is the
poor oxidation stability of unsaturated esters that

has limitedthe market impact of biodegradable

fluids. Feldmann at the Technical University,
Hamburg-Harburg has a  programme that
combines research in design, materials and
manufacture aimed at improving hydrostatic

equipment by the wuse of ceramic materials
suitable for use with environmentally-friendly
fluids. That is an example of the fusion of
technologies. That work is sponsored by the
Federal Ministry of Education and Research, the
German Federation of Engineering Industries and
is undertaken In cooperation with a number of
industnal partners.

The Centre for Power Transmission and Motion
Control at Bath has an established programme in
the study of component and system noise. The
industrial ~ significance  of  this
demonstrated by the trend in a number of
industrial fluid

transmissions by alternative drives. For exam-—

work 1S

sectors to replace power
ple, in the automotive industry, which is a major
market for fluid power components, there is a
move towards replacing hydraulic power steering
by electric power steering in compact vehicles.
The Centre has collaborated exten- sively with
industrial partners in the USA, Germany and

France on automotive related noise issues. Other

with

environmental concerns has been focused on

.. .. 13
driveline control to reduce exhaust emissions®.

vehicle-related research, assoclated

The CPTMC is not researching the properties
of biodegradable fluids but its research into life
cycle assessment (LCA) is linked with this topic.
A recent project showed that LCA applied to
study the
hydraulic systems using both mineral oil and

environmental impact of mobile
rapeseed oil indicated that there is a larger impact

attributable to rapeseed oil in respect to the

¥ That initial investigation needs

issues studied
to be widened before more definitive conclusions
can be reached. One aspect of that work
demonstrated the difficulty of obtaining data on
from industrial

equipment performance

laboratories. Whilst the commercial reasoning
behind that lack of co—operation may have seemed
sensible it may well have been short sighted. It
if the
techinology 1s to be advanced to combat its
acknowledged  weaknesses.

between

reinforces the plea for collaboration

Close  cooperation

industry and academe is just as
important as the research undertaken in aca-
demic laboratories. Industrial problems are the

seedbed for exciting research.

2.3 Dialogue between academe and industry
There is a tradition in the USA for wide—
spread industrial involvement in university based
research, often with well-defined industrial goals.
This culture is undoubtedly enhanced by the tax
regime in the USA but the NFPA is providing
excellent leadership in stimulating this activity in
an area, as mentioned earlier, where until recently
US universities have shown little interest. In
particular the NFPA has
educator/industrialist summits the first in 2001
and the second 2003. At

invitations were extended to academics from

organised  two

these meetings
overseas to share their experience with Ame-
rican colleagues in universities: there is evidence

that this is having a beneficial impact. Although
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to date the academic community in the US has
not been successful in obtaining funding from the
establish a

National Science Foundation to

national research programme in fluid power
discussions are still underway.

The relationship between industry and academe
iIn Japan is in a state of change in which
industrial funding for research is now being
actively encouraged. At the 2002 conference in
Nara, academic authors were drawn from 24 of
that

traditional strength of the fluid power industry in

Japan’s  universities and reflects  the
that country. There is however a recognition in
Japan of the growing capabilities of both China
and Korea in this area of technology. There is
undoubted strength in Japan in the pursuit of
experimental studies but there does not appear to
be wide spread interest among Japanese scholars
in the theoretical aspects of fluid power, nor in
developing computer based techniques. The latter
is puzzling because this is one of the research
topics designated by JFPS.

The collaboration between industry and academe
in Germany is particularly strong and fluid power
Technical

Universities at Aachen, Braunschweig, Dresden

in that country is focused on the

and Hamburg-Harburg. All four of these
laboratories are members of the Fluid Power
Centres of Europe Network. More information on

that Network is given in an earlier paperm.

2.4 Wider collaboration
The
technology with inherent disadvantages provides a

image of fluld power as a mature
powerful incentive for research groups to establish
collaborative links to ensure that the requirements
of industry are met. It is also in industry’s best
interest to seek close collaboration with university
groups and to support their activities. There are a
number of examples to illustrate the increasing
threat to fluid power technology from alternative
technologies. The recognition that fluid power is
only one of a number of competing solutions to

satisfy the requirements for power transmission
was recognised by Bramah but that message has
taken a long time to have any impact. In 1995
the NFPA
through motion control” and

introduced a new logo “solutions
in 1996 the US
International Fluid Power Exposition took as its
theme "solutions through motion technology”. In
Europe during the last decade several major
companies have changed the emphasis of their
make that they
alternative solutions to drive problems.

offer
Within

academe it would be professionally irresponsible

marketing to clear

to ignore the need to educdte students in the area

of comparative solutions to motion control
problems. Perhaps there is an element of paradox
here: as academe in the US rediscovers the need
to teach fluid power technology, within Japan and
some areas of Europe there is now an awareness
of the need to place fluid power in a wider
framework.

These movements in academic and industrial
thinking suggest the need for a sustained effort
to form an international community of fluid bower
specialists. The Fluid Power net International
(FPND) s

laboratory focused on the field of fluid power

"a multinational virtual engineering

technology” the net currently links approximately
30 laboratories with the objective of developing
research co-operation between members and

industry (http://fluid.power.net/). The network is

beneficial in encouraging synergy between smaller
Likewise FPCE seeks to extend
its members to provide

acadermnic groups.
collaboration between
access to advice through the Internet and to make
available a network of contacts(http://www.fpce.net/))

These two networks exist within a framework
of established conferences focused on Germany
(biennial), Scandinavia (biennial), the Bath Inter-
national Workshop (annual), the JFPS Society
meetings, a regular series of conferences in China,
and fluid power related sessions at the annual
ASME Congress. There are numerous other fluid
power related meetings which led the author to
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pose the question elsewhere: "has the stage been
reached where there is a need for countries to
collaborate and establish a major international
meeting with a focus on the presentation of
fundamental research in power transmission and
motion control?”'.

If these regular meetings continue to serve a
purpose in
academe they will survive but the long term
health of the technology could be enhanced by the

establishment of a major International Congress to

bringing together industry and

be held, say every three years. An organisational

model has been developed by the Control
community. Formation of the International
Federation of Automatic Control (IFAC) has given
the control community international recognition
without detracting from the importance of national
bodies.

Power Transmission and Motion Control could

Thus an Intemational Federation for
co—exist with national associations whose elected
Chairmen would be exofficio members of the
Such a
mmpetus to the

International  Executive  Committee.
development could give fresh
worldwide community of spe- cialists. There are
several fundamental research topics that would

benefit from international collaboration'.
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