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career and concludes by discussing the issues 
facing the Institution as the Trustee Board
formulates its mid and long-term strategy.
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Good evening Ladies and
Gentlemen and welcome to a 
very important day in my life,
which I am delighted to be able 
to share with you. To become the
President of this venerable and
great Institution is an honour and
a privilege, which I could never
have envisaged when I became an
apprentice fitter/turner/draftsman
at the age of 16.

My address this evening is in 
three parts. The first part evolved
in January/February this year
when the Institution was still
heavily involved in talks with the
Institution of Electrical Engineers
and Institution of Incorporated
Engineers with the aim of
establishing the New Institute 
of Engineering. It occurred to 
me then that I could conceivably

be the last President of this
Institution and I reflected on 
who were the most interesting 
of my predecessors. Some were
visionaries, others famous and
wealthy businessmen. However,
many were more down-to-earth
engineers with no national 
profile or fame but with the 
skills and drive to equal their
more celebrated colleagues. So
with the help of the Institutions
talented and hardworking staff, 
I embarked on some research and
came up with some background
information on a number of past
Presidents. The theme of this
historical section of my talk
tonight is the way in which these
engineers, our past-Presidents,
have had interests, experiences
and influence beyond their
immediate professional world. 

In some cases, the outcome 
of their activities would have
surprised even themselves.

The second part follows the
tradition established by many
previous Presidents in which 
they discuss their career, their
involvement in the engineering
profession and what can be
accomplished by teamwork
involving Engineering 
Professionals.

The third and final part looks 
to what the future holds for this
great Institution in the wake of
the failed Institute of Engineering
initiative and outlines the strategic
intent which has emerged from 
a recent Trustee Board review 
of mid and long term strategy.

Presidential Address
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Past Presidents

Turning now to look at some of
my more interesting predecessors.

George Stephenson
(1781-1848)

Our first President had an
established reputation by the 
time he became President at the
age of 66. He was the “Father of
the Railways” and despite some
revision by historians on the
nature of his reputation and
achievement, this is very much
how he is perceived today.

There are many things that are
credited to Stephenson, which 
he was not entirely, or at all,
responsible for - founding the
Institution, for example, or
building the Rocket locomotive
But this does not detract from 
his very real achievements as 
an engineer. His work on the
Stockton to Darlington and
Liverpool and Manchester
Railways would be sufficient 
in themselves to assure his 
place in history. 

One of George Stephenson’s
inventions, which is not in
dispute, so far as I am aware, is
the glass cucumber tube aimed 
at the creation of straight
cucumbers. Unlike the Stephenson
link motion, he did not patent 
this one.  It was simply for his
personal amusement because
Stephenson was a keen gardener.
Rather more importantly, his
friendly rivalry with Joseph Paxton
in matters of this kind would set
Paxton on the road to designing a
rather larger piece of glassware,
the Crystal Palace.

Robert Stephenson
(1803-1859)

Robert Stephenson, the son of
George, was the real constructor 
of the Rocket locomotive, besides
many other great works of
mechanical and civil engineering.
Robert’s professional skills were of
the first order. I suppose that his
most memorable railway was the
London to Birmingham line,
completed in 1838. This was the

1.

first genuine intercity line out of
the capital. Indirectly, that event
led to the Institution’s founding in
the suddenly convenient location
of Birmingham less than ten 
years later.

Robert was the Institution’s
second President and was not 
just a railway engineer. He was 
a businessman, running the
manufacturing operation that was
Robert Stephenson and Company,
based in Newcastle-upon-Tyne. 
He was also a Member of
Parliament, representing Whitby
from 1847. He took on the role 
of a Royal Commissioner for the
Great Exhibition of 1851 and 
was instrumental in the success 
of that showcase for British
manufacturing.

Stephenson had regular
international contacts too. His 
first experience overseas was
prospecting in Columbia in the
1820s, where the young engineer
thought nothing of covering over
1,000 miles at a time on the back
of a mule. Later in life, Robert
would become justly acclaimed
for his Victoria Bridge over the 
St Lawrence River in Canada.
However, his most enduring
legacy to international
engineering was quite throwaway
at the time and stemmed from
the generosity of his character. 
It related to one of his own
recreational pursuits whereby
Stephenson commissioned the
yacht Titania from his friend, the
engineer and naval architect John
Scott Russell. His pleasure in this
craft was evident. In 1851
Stephenson volunteered his boat
to accept a racing challenge at
Cowes from the American
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engineer John Stevens. Although
Titania was quite outclassed and
roundly beaten, the race led to 
a revision of rules for British
competitive yacht design. More
importantly, this was the first 
of a series of competitions that
still take place to this day. John
Stevens’ yacht was the America and
the America’s Cup Race remains
the premier test of engineering
design for speed at sea.

William Fairbairn 
(1789-1874) 

We tend to think of Presidents of
learned societies as being eminent
and priviliged individuals. Some
were, but some struggled to
become so. Our third President, 
Sir William Fairbairn managed 
to combine the roles of practical
businessman and manufacturer
with that of experimental
scientist. However, on the road to
becoming an engineer, he fell into
penury and was forced to look for
work wherever he could get it and
half-starved in the process.

Fairbairn ascribed his eventual
financial success to the
introduction of light iron shafting
in power transmission for mills.
Much of his investigative work
stemmed originally from this
environment of combined
structural and mechanical
engineering. Fairbairn will be
forever associated with materials
testing. His interest in iron 
beams originated from concerns
about structural integrity and
fireproofing but they quickly
moved beyond the factory floor 
to new types of structures - iron
bridges and ships, for example.

His model tests, a collaboration
with Eaton Hodgkinson and in
support of Robert Stephenson’s
bridge-building projects of the
mid-1840s, have been described
as “the most important single
research in structures of the whole
of the 19th century”. Accounts of
these experiments were the first
volumes to be deposited in
founding this Institution’s library.
Fairbairn’s interest in testing
lasted until the end of his life.
Incredibly, in the 1870s, Fairbairn
would promote research into
aerospace matters on behalf
of the (later Royal) Aeronautical
Society. His emphasis on physical
experimentation resulted in the
construction of the first genuine
wind tunnel at the premises of
another of our Presidents, John
Penn and Son in Greenwich.

Sixty years before these immense
achievements, Fairbairn had been
wandering the countryside around
London, occasionally sleeping
rough in churchyards. How many
observers, I wonder, looking over
the churchyard wall would have
predicted the influence of that
particular dreamer to UK
engineering?

Henry Selby Hele-Shaw
(1854-1941)

As a proponent of new systems 
of transportation, Henry Selby
Hele-Shaw helped to bring the
Institution from the 19th century
and into the 20th. Like Fairbairn,
he too bridged the gap between
practical and theoretical
engineering. Hele-Shaw founded
three university engineering
departments. This is quite a

record in itself but his
achievements do not stop there.
He pioneered both automotive
and aerospace engineering
disciplines for the Institution 
and was the first to give lectures
to our members on these topics.

Hele-Shaw became President of
the Institution in 1922 aged 68.
Far from marking the end of his
creative life, this led to an entirely
new 20-year career as a consultant
and inventor with a real flair 
for commercial exploitation of
ideas. Several of these were in 
the field of hydraulics. In 1924, 
in association with T E Beacham,
Hele-Shaw perfected the
automatic variable pitch propeller.
At the time of its invention, the
take-up of this new technology
was minimal, but within 20 years
it became ubiquitous in the
aircraft industry and was widely
adapted for other purposes.

David Randall Pye 
(1886-1960)

Sir David Pye was an Air 
Ministry research engineer and
administrator. As a young man, 
he had learned to fly in
preparation for designing and
testing aircraft for the Royal 
Flying Corps. After the First World
War, at Cambridge, he befriended
both Sir Harry Ricardo and Sir
Henry Tizard. This powerful
triumverate worked on internal
combustion engine and fuels
testing at the Ricardo Company
during the 1920s. They remained
important in their respective 
fields for many decades afterward
and during the Second World 
War each would be a real 
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force behind scientific and
engineering contributions 
to the war effort.

In Pye’s case, this centred on 
new developments in aircraft
production. He became a 
convert to the cause of Whittle’s
jet engine and did much to
encourage research and adoption
of this fundamentally new idea.
Post-war, he was a reformer and
developer in the field of higher
education, particularly in the
sciences and engineering.

Both Hele-Shaw and Pye had
another interest in common, 
apart from their Presidencies 
and aeronautics. Both were good
mountaineers. Pye had led the 
first climb of the Crack of Doom
on the Isle of Skye and was a 
close friend and biographer of
the even better known George
Leigh Mallory, who died at record
heights in 1924 on a famous, 
and still debated, attempt to
conquer Mount Everest. Pye
clearly implied that he thought 
his friend might well have 

done so and the matter has been
a great ‘what if’ ever since.

In the time available this evening
I have been able to refer to only
five of our more interesting
Presidents. I am sure there are
many more equally interesting
Presidents and I hope that one
day we will see a book published
which will give an account of the
immense contribution which the
Presidents of this Institution have
made to both the Engineering
Profession and society as a whole.
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fortunate in as much as it has
been a privilege to be involved in
a very wide diversity of
engineering based industries,
working with very talented

Career2.

Turning now to the traditional
part of the address whereby the
incoming Presidents reflect on
their own career. I consider 
myself to have been extremely

engineers, often part of very
creative teams, and occasionally
leading such teams. 

Career Summary:

1953/54 Office Boy Colvilles Hallside Steel Works near Glasgow

1955/59 Apprentice Fitter/Turner/Draftsman Hallside Steel Works

1959/61 Colvilles Scholarship to The Royal College of Science and Technology (Strathclyde 
University) A.R.C.S.T Mechanical Engineering

1961/62 MSc Thermodynamics and Fluid Mechanics (University of Birmingham)

1962/62 Development Engineer at Ravenscraig Strip Mill in Lancashire

1963/67 Aeromechanical Engineer British Aircraft Corporation Warton Lancashire

1967/73 Weir Pumps Glasgow as Chief Development Engineer and subsequently General Manager 
(manufacturing) of the Cathcart Plant

1973/86 Managing Director of Seaforth Engineering in Aberdeen

1986/88 Development Director Vickers (Marine and Offshore Engineering Division)

1988/90 Executive Chairman Cochrane Ship Builders Selby in Yorkshire

1990/95 Chief Executive National Engineering Laboratory East Kilbride Lanarkshire (Under 
Secretary in the Department of Trade and Industry)

1995/2004 Group Director - John Wood Group Plc in Aberdeen  Chairman of the Engineering and 
Production Facilities Division with responsibilities at various times for operations in 
13 countries around the world.

I consider myself to have 
been doubly privileged by 
joining Colvilles Steel makers.
Firstly I received a very sound 
grounding in engineering during
my apprenticeship, both in the
practical side and by their support
to me during five years of evening
classes in which I obtained a
Higher National Certificate in
Mechanical Engineering, which
was the difficult part, and an
endorsement in Electrical
Engineering which, of course, 
was the easy part. The second 
part of the double privilege was

that Colvilles sponsored me
through University.  Without such
sponsorship I would never have
had the benefit of a University
education since, being the son of
a coalminer working underground
in the 1950’s, the family resources
were such that I had to find
employment  and the cost of
going to University was
prohibitive.

The diversity of my career is such
that it is not possible for me this
evening to describe in detail what
I consider to be the highlights of

most of the posts I have worked 
in. I will therefore confine my
detailed discussion to my time as
an Aeromechanical engineer with
the British Aircraft Corporation
and as Managing Director of
Seaforth Engineering in Aberdeen.
As an Aeromechanical engineer 
I was  involved in high altitude
military aircraft design involving
Hypobaric engineering (the
heights) and as Managing Director
of Seaforth Engineering I was
involved in the establishment of
a new industry for the UK, namely
the design and manufacture of
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advanced class saturation diving
complexes involving Hyperbaric
engineering (the depths). Keen
observers amongst you will note
that the chronology of my career
does not align with the title of this
Presidential address, ‘Engineering
the Depths to the Heights’. In strict
chronological order it should be
Engineering the Heights to the
Depths’ , but the Institution
staff felt that in the light of the

 recently failed Institute of 
 Engineering initiative, this title
might be misconstrued. 

Prior to discussing in more detail
my involvement in Hypobaric and
Hyperbaric engineering, I would
like to comment briefly on a few
of the fond memories I have of
the other parts of my career.

Ravenscraig Strip Mill was 
just being commissioned when 
I finished my University studies
and I was appointed Development
Engineer in what was then a state
of the art steel mill designed, 
and constructed, by a wonderful
company Davy United, which like
many other U.K engineering giants
of the 40’s and 50’s is no longer
with us.  My principal activity then
was work study, which I did not
find to be particularly exciting or
challenging hence my subsequent
move to the military aircraft
industry.  

My time at Weir Pumps was much
more exciting and challenging. 
As Chief Development Engineer, 
I was involved in the development
of a wide range of advanced class
pumps including 500 megawatt
power station barrel casing feed
pumps, turbo water lubricated
feed pumps for marine duty, low

specific speed 8000 rpm process
industry pumps, and very large
high specific speed hydro electric
circulating pumps. It was a very
exciting time at Weir Pumps
which was in the process of being
formed by the amalgamation of
Harland Engineering, Drysdale 
& Company and G&J Weir. Weirs
also gave me my introduction to
general management and a move
away from being a technical
specialist. To this day, I am not
quite sure whether this was done
in recognition of my natural
talents as a manager or because
they had ascertained that 
I was not a very good Chief
Development Engineer.  

At Vickers, I was involved with
many of the great names of the
marine industry such as Brown
Brothers in Edinburgh, who
specialised in steam catapults for
aircraft carriers and stabilisers for
cruise vessels; Michel Bearings in
Newcastle who provided all of the
thrust bearings for the UK nuclear
submarines; and Kamewa in
Sweden who are the world leaders
in variable pitch propellers for
both commercial and military
vessels.  

Cochranes at Selby was a
wonderful challenge aimed at
turning round an ailing shipyard
which had something of a
chequered history but possessed
one of the best work forces I have
ever had to work with. The quality
of the vessels at Cochranes was
superb and  the application 
of the ISO and BSI standards was
really irrelevant. If a welder in
Cochranes knew that the weld was
not perfect, he did not wait for
the inspection. Instead he dug it

out and put it in in double quick
time. It was one of these
organisations where the quality
culture was pervasive. It was also
very exciting at launch times since
it was a sideways launch into the
River Ouse and the fact that the
Yard was 72 miles from the open
sea meant that by the time the
vessels arrived in the Humber 
for speed trials, we had sorted 
out any steering gear problems
during the 72 miles of twisting
and turning down the River Ouse. 
The yard built a wide range of
vessels including, Bulk Carriers,
Rhine Traders with telescopic
wheel houses to negotiate low
bridges, the Isle of Wight Ferry
and large trawlers.  

The challenge at the National
Engineering Laboratory (NEL) was
to commercialise it, and refocus 
it on research, which would be 
of real value to British industry. 
NEL has always held the National
Standards for fluid flow for the UK
and my particular pride was in the
creation of a state of the art mono
and multiphase flow laboratory,
which is  widely used by the UK
oil and gas industry. Since NEL
was part of the Civil Service, I had
to have a rank i.e. Under Secretary
and during my time at NEL 
I became involved in the DTI’s 
general affairs which was most
illuminating. It also gave me an
understanding of the workings 
of Departments of State and
Government which I have never
had before, particularly the 
power of the Treasury.

Finally, I have just retired from 
the Group Board of John Wood
Group in Aberdeen after a most
enjoyable nine years. During this
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time I was given the task of
growing the Engineering and
Production Facilities Division,
mainly overseas in recognition of
the maturity of the UK’s North Sea
oil and gas industry, and being
responsible for over 30 business
units in 13 countries, employing
7000 people. A particularly
fascinating aspect of this job was
interfacing with my engineering
colleagues all over the world 
and getting to understand how
individual national cultures 
can affect the approach to
engineering and engineers.

Hypobaric Engineering

Dealing now with my time at 
the British Aircraft Corporation 
in Warton when I was what might 
be considered, a real engineer.
During my four years at Warton 
I worked on the later mark of
Lightning Fighter, the 3A, the TSR2
Strike Bomber, the Anglo French
Jaguar Fighter Bomber and spent
a little time on the later marks 
of Canberra Bombers.

Initially, my main area of
activity was focused on cabin 
and equipment conditioning, 
oxygen breathing systems and 
the anti-G protection systems.
However, largely as the result 
of the problems arising with 
the wheels, brakes and tyres on
the much heavier, later marks of
Lightning, I also became involved
in the development of this
equipment.

Looking now at the challenges
and experience associated with
the different aircraft:

The Lightning

As far as I am aware, the 
Lightning is the only all-British
supersonic aircraft ever flown by
the Royal Air Force. It remained 
in service for over 30 years and 
no British replacement was ever
commissioned by the Ministry 
of Defence. It was a Mach 2 rated
fighter and first flew in 1957. 
At that time it was reckoned to 
be at least 10 years ahead of the
rest of the world in supersonic
aircraft technology.

Its primary mission was to
intercept the ‘Russian Bear’ at
36,000 ft over the North Sea, (we
were still involved in the Cold War
in those days). It was powered by
two Rolls Royce Avon Engines and
at full re-heat could, from starting
its takeoff roll, climb to 40,000 ft
in just over two minutes.

It was equipped with Red Top
heat seeking missiles. However,
by the standards of today’s
military aircraft, it had very
primitive avionics.

My principal projects were related
to two areas, the first being the
increase in weight as fuel capacity
was added to extend it operating
range without in-flight re-fuelling.
The second was related to the fact
that the first export sales were to
the Royal Saudi Air Force for use
as a ground attack strike aircraft
operating in very high ambient
temperatures, consequently
requiring an upgrading of
the cabin and equipment 
air conditioning systems. 
On reflection, the fact that 
we were able to sell an aircraft
designed as a high altitude
interceptor to foreign air forces 
as a ground attack aircraft, with 
its primary role being at low
altitude, gives an indication that
we had some super weapons
salesmen around in those days.

Firstly the heavier Lightning 
Mark 3A and the problem with 
the wheels, brakes and tyres
which had originally been
designed for an aircraft weight 

The Lightning Mark 3A.
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of around 30-35,000 lbs and 
now were unable to cope with 
the increasesd emergency 
landing weight of 40-45,000 lbs.
The Lightning had a thin delta
wing and thus its speed over the
runway threshold was around
160-170 knots depending on its
configuration.  It was really more
of a controlled crash than a
landing, but in any case there was
a large amount of kinetic energy
to be dissipated by a combination
of the wheel brakes and the
braking parachute, (which was  
a bit unreliable). A further
complication was that landing 
in a cross wind meant that the
downwind wheel brake did most
of the work since the more lightly
loaded upwind wheel brake was
constantly being released by the
anti-skid unit.

The figure which still sticks in
mind was that the downwind
brake, in certain circumstances,
albeit low probability
circumstances, would need to
absorb 36 million ft lbs of energy
during the landing roll, enough 
to light up a small village.
Together with Dunlop Aviation 
we developed ceramic brake 
pads capable of withstanding
temperatures of over 1000˚c
without disintegrating. 
A consequent problem was that 
the forcing temperature of 1000˚c
soaking into the wheel rims
weakened the tyre metal beads,
which provided most of the tyre
strength. Because the under-
carriage sat inside the thin Delta
wing the tyre was relatively thin
with a high aspect ratio and thus
required  a very high-pressure,
around 250 lbs per square inch.
There had already been one

earlier incident when a tyre
exploded and injured some
support staff.

The specific Ministry of Defence
operational requirement which
had to be met was a 30 minute
low level sortie followed by a
landing, re-fuelling, re-arming 
and take off within 15 minutes,
obviously putting a considerable
amount of energy into the 
brakes, wheels and tyres. The
development programme resulted
in the fitting of the  ceramic brake
pads, small ventilating fans for 
the brakes, heavier re-enforcing
for the tyre beads and the fitting
of fusible plugs which permitted 
a controlled release of the air in
the tyre when the wheel rim
temperature approached the level
which could result in degradation
of the tyre strength. As far as 
I know there were never any
further major incidents with the
brakes and tyres when these
modifications had been fitted. 

The operational requirement 
for the Royal Saudi Air Force 
was a 40 minute low level sortie
at 0.9 Mach in a 50˚c ambient
temperature which meant that 
the ram temperature, i.e. the
temperature in the boundary
layer which the aircraft skin 
sees was around 106˚c.  

The cabin and equipment
conditioning used air tapped 
from an early stage in the engine
compressor, which air was initially
cooled using the fuel as a heat
sink through a heat exchanger.  
It was then further reduced in
temperature by expanding it
through a bootstrap cold air unit
and finally it was regulated using

a temperature control valve which
mixed cold air with hot air, again
tapped from an early stage in the
compressor.

Towards the end of the sortie,
the fuel temperature forced 
by the 106˚c  ram temperature
through the aircraft skin had 
risen to a level which significantly
reduced the efficiency of the 
heat exchanger and resulted 
in the system as installed being
incapable of providing enough
cold air to the cabin and
equipment compartments.
Various developments were tried
including the use of water-cooled
suits for the aircrew. Since even
forward air bases always have ice
making machines in the NAAFI, 
it was decided to use ice as the
heat sink for the water-cooled
suits.  A small heat exchanger 
was designed consisting of the
water coil with ice packed around.
What had been overlooked was 
that as the ice melted the heat
sink became a multiphase fluid
with variable heat transfer
characteristics. This resulted 
in slugs of sometimes hot and
sometimes cold water passing
through the suits, something
which the aircrew did not 
really appreciate. Therefore, after 
a few heated exchanges regarding
the heat exchanger between the
test pilots and the engineers
during hot weather trials in
Tripoli, the suits were eventually
abandoned and we found space
within this high density aircraft 
for a higher capacity cold 
air generator.
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After my work on the Lighting, 
I was sent to Boscombe Down 
in support of the flight trials of
the TSR2 Strike Bomber over the
period April 1964 to January 1965.

The TSR2 was the first new 
project undertaken by the British
Aircraft Corporation which, as
some of you may know, had been
formed in 1960 by a Government
enforced merger between Vickers,
English Electric and Bristol
Siddeley. For some strange reason,
design authority leadership was
given to Vickers despite their
complete lack of supersonic
experience which, in the
consortium, was all resident at
English Electric following the
successful development of the

Lightning. This appeared to lead
to considerable internal politics,
one being the decision to conduct
the early taxiing and flight trials
from Boscombe Down although
the runway at Warton met all the
requirements for that phase of
the programme.

The flight trials programme was
managed by Roland Beaumont,
probably the most successful test
pilot we have ever had in the UK.
Indeed, he was the pilot on the
first flights of the Canberra
Bomber, the Lightning and 
the TRS2.

I was there in support of the
wheels, brakes and tyres, cabin
and equipment conditioning 

TSR2

and the breathing oxygen and
anti-G protection systems. The
prototype aircraft XR 219 arrived
at Boscombe Down in April 1964 
and the work began on checking
systems and preparing it for the
initial taxi trials and first flight.

The braking system on the TSR2
owed much to the developments
carried out earlier on the
Lightning, although the braking
system was much heavier as the
TSR2 design weight was 100,000
lbs compared to the Lightning
45,000 lbs. The tyre pressure was
also much lower, around 50 psi.
After early fine-tuning, the braking
system operated as per design
with the early taxi test resulting 
in braking temperatures of 900˚c,
which were reduced to 700˚c
when the  cooling fans cut in.
There were a number of failures
with the brake parachute during
the early taxi trials resulting in
brake pad temperatures well in
excess of 100˚c. And despite the
cooling fans, a fusible plug on 
one of the wheels operated and
deflated the tyre as per design.
Consequently the taxi trials 
proved that the wheels brakes 
and tyres were operating as 
to specification.

First flight of TSR2.

TSR2 - Taxi and brake parachute trials.
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In the early stages of the trials 
the automatic control in the cabin
conditioning system did not
produce the desired results but
this again was remedied after
some fine-tuning of the
electronics.  

The main problem area for me
was the oxygen breathing system
where very cold, almost liquid,
oxygen was being delivered 
to the personal equipment
connectors which were attached
to the aircrew masks. The oxygen
breathing system in the TSR2 was
similar to that in the Lightning
and consisted of a cylinder full 
of liquid oxygen at around -100˚c.
The liquid oxygen would be
gasified as it passed through a
series of heat exchangers to the
personal equipment connectors
into which the aircrew inserted
their bayonet connection attached
to their breathing masks. There
had been problems on the
Lightning’s breathing system, the
year previously, particularly when
the aircraft was in  inverted flight,
which resulted in floods of very
cold gas reaching the pilots mask.
A development programme had
been undertaken with the vendor
and the matter had eventually
been resolved after considerable

analysis of the multi-phase 
flow regime which exists in such
systems. Obviously the taxi trials
were not being held up as a result
of the defects in the oxygen
systems however, they had to 
be resolved before the aircraft
undertook its first flight and again
further development resulted in
successful modifications to the
heat exchangers.  

Over the period between May and
early September 1964 the majority
of the problems were ironed out
and the systems reliability was
continuously improved to the
levels required for flight. One
amusing incident was that 
the external cockpit
canopy lever became
inoperative and the
cockpit canopy could
not be opened from
outside. The pragmatic
solution, pending the
arrival of spare parts,
which took a few days
to deliver, was each
night to attach a piece
of string to the internal
cockpit canopy release
handle which was still
operational. For a time therefore
we had this wonderful situation
whereby the only way of accessing

the forward cockpit from 
the outside of this £800 million
advanced supersonic aircraft was
by tugging on a piece of string.

The first flight of the TSR2 took
place at the end of September
1964. It did two circuits with the
under carriage down, followed by
a very smooth touchdown during
which the brake parachute was
deployed and the aircraft was
brought to a standstill with
minimal use of brakes.

The programme of flight-testing
continued into January 1965 
at which time the handling
characteristics at low altitude 

and low speed had been 
established, and it was now time
for the undercarriage to be raised.
This led to some problems as 
the undercarriage malfunctioned
and both bogie beams remained
unlocked at an approximately
vertical position. This resulted 
in a rather hairy landing 
during which the bogie beams
fortunately reverted to their
design position and were
thereafter the subject of intense
investigation and strengthening 
of both the hydraulic system 
and strut jacks. 

TSR2 - A slight problem with the undercarriage.

TRS2 - Low altitude handling trials.
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Towards the end of February 
1965 the proto-type completed 
its first cross-country flight to
Warton where it would complete
its flight trials. During this flight 
it did achieve supersonic speed 
for the first time.

On the 6 April 1965 the Chancellor
in his budget speech announced
the cancellation of TSR2 giving 
an indication that it had been
decided to procure the F111 
Swing Wing Fighter Bomber from
the USA despite the fact that the
flight test results from the TSR2,
particularly in the last 3 months,
had indicated that it would 
meet all of the operational
requirements which had been 
set by the Ministry of Defence.
The cancellation as you can 
guess devastated many people
inside the industry who could 
not understand the logic. The
world’s most advanced military
aircraft which was equipped 
with advanced navigation/attack 
and a reconnaissance avionic
systems at least 10 years ahead 
of anything else in the world 
had reached the point in its’ 
trials programme where it was

obvious from all of the test results
that we had an outstanding
success on our hands.

Anglo French Jaguar
Fighter Bomber

After the cancellation of the TSR2, 
I was moved to become Project
Engineer for wheels, brakes, 
tyres, cabin and equipment
conditioning on the Anglo French
Jaguar which was produced by 
a consortium consisting of
initially of Breguet Aviation and
The British Aircraft Corporation 
for the weapons systems and 
air frame, and Rolls Royce and
Turbomeca for the ADOUR 
engine. The lessons I learned 
on the project were more of a
commercial and political nature
than technical. Breguet Aviation
was a builder of Maritime
reconnaissance aircraft and 
had never been involved in any
supersonic projects, Thus its staff
were unaware of any of the
problems associated with high
density modern fighter aircraft.
There was consequently a great
flow of supersonic technology
from Warton to Versailles.  

The project demanded that I be 
in Paris/Versailles or Toulouse
every week and thus, I suppose,
my major achievements were 
that I put on 25lbs in weight over
a two year period and was able 
to chair meetings bi-lingually.

The Jaguar was not as advanced
as the TSR2 with a much less
demanding operational
requirement although it did
specify the need for an ability 
to operate from forward airfields.
This meant that tyre pressures 
had to be kept at a minimum 
and in the case of the Jaguar this
was around 40 PSI to enable it to
operate from unprepared surfaces.

To a youngish engineer, this was 
a very good learning experience
from the standpoint of commercial
politics. The French Civil Servants
proved to be much more
commercially aware than their
British counterparts at the
Ministry of Aviation. For example,
the first six pre production aircraft
had a British equipment content,
as I recall, of around 70%.
However, when orders on the 
first 400 production aircraft were
placed, this had dropped to well
below 50%. Some of the French
equipment used, particularly in
the cabin conditioning and oxygen
systems area, was excellent but
more expensive than technically
acceptable British equipment.
Nevertheless, the French view
prevailed and the more
expensive/more advanced
equipment was installed. This 
was a salutory lesson for me 
as a youngish engineer as to 
how business and commercial
imperitives can outweigh
technical considerations in
decision making. It is something

Anglo French Jaguar fighter bomber.
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given that all such dive systems
were installed on offshore vessels,
none of the major classification
societies such as Det Norke Veritas
or Lloyds Register had, at that time
any detailed regulations relating
to the design of diving systems.
Therefore, we had to work closely
with them to establish ‘fit for
purpose’ regulations. 

Using the modified Perry designs,
Seaforth Engineering (the new
name for Barry  Henry and Cook
Limited) established a very
successful business in the design,
manufacture, installation and
commissioning of saturation
diving systems. This was the first
time that a business of this type
had operated in the UK. Previously
all of our main  competition came
primarily from Europe, principally
Germany, France and Italy.

As an industry, the manufacture
and design of saturation diving

which I have never forgotten. 
Of particular note to me was 
the development of miniaturised
oxygen regulators and miniature
anti-g protection valves, with the
latter also being actuated using
oxygen. These were developed 
for the Jaguar and thereafter
became standard fit for many
European aircraft.

Hyperbaric Engineering

I was recruited by Seaforth
Maritime as Managing Director 
of a recently acquired subsidiary,
an old established Aberdeen
materials handling equipment
manufacture, Barry Henry and
Cook Limited. My remit was to
find one or more oil related
products in order that the
Seaforth Maritime Group could
diversify its range of services
outside of its core business of
logistics support and offshore
vessel operations. Having
identified that the embryonic
North Sea offshore industry 
was likely to require extensive
subsea construction activities, 
we surveyed the global market
place and eventually concluded 
a Technology Transfer based 
Joint Venture, covering  both air
and saturation diving systems, 
with Perry Oceanographics. 
Perry was based in West Palm
Beach Florida, which strangely
enough became the location 
for most of the Board of
Directors meetings.

The Perry diving systems had 
been designed principally for 
use in the Gulf of Mexico and 
thus they required considerable
modification for the more hostile
North Sea waters. Surprisingly,

systems in the UK had quite 
a short life. It was started in the
mid 70’s and by the mid 90’s
hardly existed as the development
of underwater tools and
manipulators which could be
operated remotely meant that 
the requirements for manned
underwater intervention became
infrequent. However over the 15
years it was a very challenging
and lucrative business.
Considering now the boundaries
for manned and un-manned
underwater intervention, the
simple chart below shows the
techniques and equipment used
in underwater exploration and
construction. It shows the range
from the snorkel diver on the
surface through to a deepwater
submarine at 11,000 meters plus.
I would like to focus this evening
on diving from a bell using an
umbilical, and also make some
observations on the use of
submersibles with diver lock out.

Underwater intervention techniques.
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Saturation Diving

Saturation Diving was in 
many ways a break through in
increasing the productivity of
manned underwater intervention.
Previous advances included the
change from scuba diving to the
use of diving bells, often described
as intervention or bounce diving.
However, the real advance, known
as saturation diving, is based on
keeping divers under pressure 
for long periods so that they do
not have to undergo constant
pressurising and decompressing.
It eliminated the need for
decompression after every 
dive and greatly improved the
efficiency of diving operations. 
In other words, the time actually
spent working at depth, known 
as bottom time as against
decompression time, improved
dramatically.  Before these
techniques, which were
introduced in the early 70’s, 
could be accepted for commercial
use, deep diving saturation diving
schedules had to be calculated,
tested and prepared for
operational use. These covered 
the use of different gas mixtures
and, of course, deep diving
systems of the type manufactured
by Seaforth Engineering had to be
enlarged and redesigned with
additional safety factors due to
the need to accommodate divers
for much longer periods and 
to cater for their long term
domestic needs.  

Long duration dives to depths
greater than 150 meters require
the use of saturation diving
procedures. At these pressures 
the saturation of the tissues of
the human body with inert gas

requires long decompression
lasting weeks and therefore 
it becomes economic to keep
divers in a state of limbo at a
holding saturation pressure for
weeks at a time. This holding
pressure is maintained inside the
surface  compression chambers
and the diving bell transports the
divers to the required work  site
at depth in the usual manner,
just like people getting into 
their cars and driving to work
and going into the office or
workshop, but slightly more
complicated.

The divers under saturation 
in the surface compression
chamber are briefed for their
work and transferred to the
diving bell breathing the same
chamber gas. The pressure in 
the bell is increased to the
equivalent of the water depth 
at the work site and the bottom
door is opened when the
pressures have been equalised.
There are always two divers, the
supervisor inside the bell and
one outside at the work site.  

The diver outside the bell is
connected to the life support
system connected to the surface
providing  heating and the
supply of the appropriate mixed
gases. On completion of the work
the bottom door of the diving
bell is closed and the bell is
hoisted and mated to the 
surface chamber. The pressure is
equalised and the divers return
to the living chambers to be
replaced by other divers also in
saturation. Therefore, a pattern
of shift work, can be introduced.
On completion of the work, the
divers can be decompressed and
if the work needs to continue
teams of divers can be rotated 
in and out of saturation working
at different depths with some
working their way towards the
surface and others working
towards greater depths.

The physiology of deep diving is
a very complex subject and not
something which I have time to
deal with this evening however,
there are one or two aspects of it
which fundamentally affect the

Saturation diving operations.
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design of the life support systems
in saturation diving complexes
and these need to be addressed.
In normal ambient conditions 
we generally accept that a
comfortable temperature range 
is between 18 and 22˚c depending
to some extent on the degree of
physical activity. Similarly relative
humidity of between 50 and 65%
is pleasant. These criteria do not
change under pressure as long 
as the gaseous composition of
the environment  is maintained, 
in other words the temperature
and humidity within their 
ranges remain the same even 
at  pressure. There is however a
fundamental change when helium
is used as the inert gas in the
breathing mixture fed to divers.  
It is used as a substitute for
nitrogen to overcome the effects
of nitrogen narcosis and also as 
a lighter gas for easier breathing
and faster decompression. The
thermal conductivity of helium is
almost seven times greater than
nitrogen and therefore heat is
drawn out of the body much
more rapidly. To prevent this
dangerous heat loss from the 
body the oxy helium breathing 
gas and chamber gas need to be
heated to a higher temperature
than for a normal oxygen 
nitrogen mixture. When the
helium mixture is high, say
around 95%, the gases have to 
be heated to between 30 and
36˚c, temperatures which would
normally be uncomfortably warm.
Humidity levels of between
50 - 65 % are normal.

Under normal atmospheric
conditions, the body gives off
a certain amount of metabolic
heat as a normal function. 

The maintenance of set
temperatures will help to achieve
thermal equilibrium making up
the metabolic heat loss and
keeping the internal body core
temperature within safe limits. 
An excess rise in core temperature
will result in hyperthermia or
conversely a reduction will cause
hypothermia. Variations can and
are tolerated by the human body
but the flexibility of the body as 
in most bodily functions is finite
and dependant on the degree 
of variation from normal. The
reasonable norm in saturation
diving for a core temperature 
is 37˚c with breathing gas in the
chamber of 35˚c. In diving bells,
the gas chamber is ideally is at
30˚c. Heating is supplied for the
surface chambers using electricity.
However, for the divers in the
diving bell, a hot water system 
is used and there is a hot water
line in the umbilical to the diver. 
Of course all these systems need
back up as the design philosophy
demands that  a single failure
must not cause a disaster. 

Quite obviously  without thermal
insulation in both the diving bells
and the surface decompression
chambers, there would be a very
significant loss of heat. In the case
of the diving bells, the insulation
required also acts as added
buoyancy for the bell so that in
the event of an emergency the
divers can release the ballast
weight and the bell will float 
to the surface while still 
under pressure.

One of the problems with diving
from a bell is the limitation
imposed by the length of the
divers umbilical which is normally
about 25/30 metres. This means
that the work site has to be within
20 metres of the diving bell
position. If the work site is spread
over a larger area during any
given work period  then it means
that the mother ship has to be
moved. In the early days when 
the ships were tethered this was 
a considerable logistics challenge.
However, with the introduction 
of dynamically positioned vessels,
this became somewhat easier.
During diving operations a
transponder is set on the sea bed
giving signals to the mother ship 
thruster management system
which enables vessels, without
anchoring, to be maintained 
at a position within 2-3 metres
from the datum even when the
seabed may be at a depth of
500 metres. A critical design
characteristic with these vessels 
is that they must have adequate
power and redundancy in the
lateral thrusters systems to ensure
that any failure will not cause the
vessel to drift significantly from
the datum, even in the most
adverse sea states.

Buoyant insulation material being
applied to a diving bell.
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To overcome the limitation
imposed by the 25/30 meters
umbilical, a number of small
commercial submersibles 
were built with diver lock out
capability.  In essence these 
were mini submarines with a 
one atmosphere compartment 
for the pilot and a pressurised
compartment in the rear for the
divers. The procedures for diver
entry and exit were exactly the
same as for diving bells. The
submersibles were launched from
a mother ship and could take the
diver direct to a work site, indeed
to a half dozen work sites in the
space of 12 hours. The major
drawback was the duration
available for diving imposed 
by a combination of the energy
requirement to heat the divers
and the volume of gas required
for the life support systems. It was
just not possible to have enough
battery power in the submersible
to provide an extended duration.
Unlike the diving bell, where there
is a continuous supply of energy
from the mother ship through 
the umbilical, the energy available
to the submersible is finite at the
level contained in the fully
charged batteries. Submersibles,
unlike submarines are not
autonomous as submarines,

which have always been used for
military work, have either nuclear
power or diesel engines and
therefore carry enough fuel to
charge the batteries regularly.
Submersibles on the other hand
have to return to the mother 
ship for battery charging and 
this reduces the productivity 
of the divers. There were some
experiments with tethered
submersibles but they were much
more expensive than conventional
diving bells and the umbilical had
to be much longer with the
attendant problems of the hot
water on the surface being cooled
to an unacceptable level before 
it reached the divers. The gas

Moonpool handling systems.

A driver lock out submersible.

mixture from the surface  is 
also subject to the effect of heat
transfer through the umbilical
wall to the sea water which is
normally in the range of 5-8˚c.
Submersibles were much more
successful in an observation mode
and when using manipulators and
other tools than they ever were 
in the diver lock out mode.

Another major engineering
challenge associated with
saturation diving systems is the
complexity of the mechanical
handling system used to launch
and retrieve the diving bells. The
system has to be designed to be
able to launch and recover diving
bells in adverse sea states where
the mother vessel may be heaving
and rolling and subjecting the
handling system to fairly high
dynamic loads.

The smooth transition of the
diving bell through the seawater
air interface is most critical 
and requires that the handling
arrangement uses a heavy weight,
called the cursor, to drive the
diving bell down to a depth below
the water line of at least five
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metres at which point the wave
particle energy is beginning to
subside and the negative
buoyancy of the bell enables it to
continue to propel itself towards
the seabed without subjecting the
divers to undue dynamic loads.
On recovery, the bell is gradually
raised and mates again with the
cursor but as the ship is likely to
be subject to significant heave, all
diving winches are fitted with high
response heave compensation to
ensure that the cursor and bell are
moving vertically in tandem, and
there is no substantial impact as
the cursor mates with the bell.
The handling system then
retrieves the bell into the diving
flat and must be able to convey 
it safely to the transfer lock even
with the ship rolling. The handling
systems are all designed with a

high factor of safety in terms of
structural integrity, whether the
bell is being deployed through 
a moonpool in a monohull vessel 
or through a launching structure
in a semi submersible vessel.
Classification societies always set 
a sea state limit for diving, this
being dependent on the motion
characteristics of the mother
vessel in respect of heave and roll.

During my time at Seaforth
Engineering we designed,
manufactured and installed some
of the largest saturation diving
systems ever seen  in the offshore
industry. At that time a number of
large emergency service vessels
were built for the North Sea both
in the Norwegian and UK sectors.
These were semi-submersibles
with a wide range of capabilities
from fire fighting, offshore
personnel evacuation to

underwater inspection
and repair. The first
vessels, the Phillips SS 
and the Occidental 
Tharos, were both 
built in the Mitsubishi
shipyard in Hiroshima
where we installed both
large diving systems. 
A thid vessel, the Shell
Stadive, was built in
Pori, Finland. As far as 
I am aware, the diving
system which Seaforth
supplied to that vessel
was the biggest ever in
the world consisting of

four decompression chambers 
capable of maintaining 24 divers
in saturation with two diving bells.
All of the systems were fully
assembled in the workshop and
all the life support and control
panels were fully tested prior to
being despatched to the shipyard.

These vessels were the first 
to be fitted with a hyperbaric
lifeboat as there was a
requirement that divers,

Diving bell handling system on 
a semi submersible vessel.

Diving bell being outfitted 
in the workshop.

The Queen and Prince Philip on a visit 
to Seaforth Engineering.

The Phillips SS saturation diving system.
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in saturation, could be evacuated
in the event of the vessel being in
danger of sinking. This meant that
we needed to be able to launch
the lifeboat and provide it with an
autonomous life support system
for at least 12 hours. This would
allow enough time for a rescue
craft to recover the vessel and
transfer the divers, under
pressure, to a decompression
facility on another mother vessel.
The introduction of hyperbaric 
life boats was fairly controversial
as there was a school of thought
which said it would be better 
if divers stayed in the
decompression chambers 
and went down with the vessel
still under pressure in the
decompression chamber with
emergency seawater activated
heating since this would make
recovery by an intervention vessel

much easier. The Classification
Societies however insisted on
hyperbaric evacuation which
resulted in some very challenging
design problems, including the
use of aluminium batteries which
provided an exothermic reaction
on contact with seawater to
enable the temperature within 
the chambers to be kept at the
35˚c requirement, plus the even
greater problem of trying to
ensure that the handling
characteristics under tow of the
hyperbaric lifeboat were such that
the dynamic forces would not
result in danger to the divers. In
the first towing test, the dynamic

forces were observed to be 
well within the limits. We found
however all of the ten volunteers
inside the chamber became
violently seasick. I am glad to 
say that none of the hyperbaric
lifeboats we designed and
installed ever had to be used.

On the MSV Tharos, the
specification called for the
provision of a mobile diving 
unit in addition to the diving bell. 
In essence the mobile diving uni,
as specified, was really a diving
bell that thought it was a
submersible. It was a diving 
bell fitted with thrusters which

enabled it to
propel itself
away from
the Tharos, 
as I recall a 
400 metre

The Shell Stadive saturation diving system.

Hyperboric lifeboat on its way to Hiroshima.
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radius, since it was still tethered 
to the mother vessel. It was an
observation bell i.e it was not
pressurised and the pilot inside
worked in a shirtsleeves
environment. It was equipped
with a range of manipulators,

which enabled it to do useful
work alongside the divers. 
In essence, it was part of
a sponsored development
programme aimed at removing
the need for manned intervention
as exploration and development

moved to deeper waters. It was a
development programme  which
made a significant contribution 
to the situation which we have
today where the majority of
work underwater, at depths
greater than 150 metres, is
executed by remotely operated
vehicles such as the mobile 
diving unit

Another major achievement 
for Seaforth, this time in
conjunction with the then 
Scottish Development Agency, 
was the creation of a diver
training/equipment assessment/
hyperbaric medical centre 
in Aberdeen which still exists and
was given the name National
Hyperbaric Centre. The Centre 
was created in recognition of
the increasing need for a diving
simulator and underwater
equipment environmental 
testing capability. The only 
other facility available 

The mobile diving unit on the MSV Tharos.

A large deepwater simulator.
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at that time in the UK was 20
years old, owned by the Ministry
of Defence and was not available 
for commercial use.

For diver training the wet
chamber is pressurised to the
target depth and the divers enter
the system though one of the
compression chambers. They 
then carry out a series of tasks,
such as operating valves and
constructing small assemblies etc.

Chamber of the National Hyperbaric Centre, Aberdeen.

The training is designed to
simulate the actual conditions 
in respect of pressure and
temperature which the divers
have to work under.

Another important use for 
the wet chamber was in the
development testing of new
underwater products at their
normal operating pressure and
temperature. These products
included a range of manipulators

which, when fully developed 
and fitted to remotely operated
vehicles, did eventually undertake
much of the work then done 
by divers.

The National Hyperbaric Centre
also established close links with
the Medical Faculty at Aberdeen
University in the development of
hyperbaric medicine and the use
of enriched oxygen atmosphere
therapy.
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Future of the Institution3.

References:

Fighter Test Pilot, Roland Beaumont CBE
Subsea Manned Engineering, Gerhard Haux

Turning now to the future of the
Institution in the wake of the
failed Institute of Engineering
exploratory talks. Let me say at
the outset that every member of
our Trustee Board was extremely
disappointed that the exploratory
discussions with the Institution of
Electrical Engineers and Institution
of Incorporated Engineers failed
to reach consensus on a viable
way forward. Although the
formation of the Institute of
Engineering fell far short of
the claims that it was defacto 
a unification of the engineering
profession, it would have
represented an important step
along the long road to unification.
One of the positives emerging
from the Institute of Engineering
discussions was the greater
appreciation by our Trustee 
Board of some of the areas of
best practice existing in the way 
in which both the Institution of
Electrical Engineers and Institution
of Incorporated Engineers conduct
their business, all of which will be
helpful as we plot the route map
for the future of this Institution.
The planning process has already
started, the Trustee Board set
aside a full day on the 21 April
2004 to consider the issues and
options available. An outline 
of our strategic intent has been
produced and has already been
presented to Council in order 
that we might benefit from their
advice as we move towards
finalisation of both the short 
and mid term strategy within 
the next two months. 

The principal issues on 
which our strategic intent 
is focused are:

1. How to maintain the
Institution’s reputation for
excellence and professionalism 
by controlling the extent to which
we become inclusive by not 
de-coupling membership from
EC(UK) qualifications.

2. How to improve the provision
of high quality membership and
Learned Society activities and
services which will appeal to 
a broad range of professional
engineers and to arrange for the
delivery of these services and
activities to a greater extent
through our Regional Network 
i.e. an increase in the provision 
of decentralised high quality
services

3. How to develop our
international presence by
identifying those countries where
we can grow the membership to 
a critical mass and to examine the
potential for using joint ventures
with overseas professional bodies
as one possibility to improve the
provision of a more cost effective
range of services to our
international membership.

4. Is the best model for the
Institution one whereby it is a UK
based body serving a wider range
of professional engineers in the
United Kingdom, but with a
substantial international profile?

As I indicated previously, the
consultation process with the
membership has already started
with the roll out of the Trustee
Boards ideas to Council, and 
this process of consultation will
continue during the next two-
three months as we finalise the
details of the mid and long term
strategy for communication to 
the membership in the Autumn.

That more or less concludes my
Presidential Address and I would
thank you for your attention. 
I would also like to thank a
number of people who were 
of great assistance to me in the
compilation of this address. Many
members of the Institution staff,
particularly Keith Moore and 
Pete Colman for their support 
in research and the presentation 
of the graphics respectively, and
Astrid Ovington, my PA, for her
tireless work in dealing with my
many changes, particularly as 
they were telephoned in from
many different parts of the world. 
To these people, and many others
who provided the inspiration and
the ideas for this address, I offer
my grateful thanks. I trust you
have found the address to be 
of interest, now it is time for 
some refreshment.

Thank you.



Institution of Mechanical Engineers
1 Birdcage Walk  Westminster  London  SW1H 9JJ
Tel 020 7222 7899
Fax 020 7973 0182
Email enquiries@imeche.org.uk  
www.imeche.org.uk




