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An Association for Retired Professional Engineers

NEWSLETTER March 2018

President s Message

Welcome to the March Newsletter.

Your committee has been working hard and you will see in the Newsletter that we have a greater number of visits than in
previous years, which | hope you will find of interedlost have restrictions on numbers so my advice is to apply early.

I hope you can join us for the Spring Lunch at Northbrook College on Wednesday 18th April. The meal is good value for
money and supports the studekils.s in developing their O6si

The following week we have a tour of the AMEX stadium at Falmer. This is one that the ladieglsaght
interesting tdearnwhat goes on behind the scenes at a Premier Division football stadium.

The Facebook Group (Club) named RCEA (Sugsexhas had a slow start. We are hop
plunged and join the Group and make use of the ability
Derek Webb

PROGRAMME OF EVENTS 2018

Wednesday 18" April Spring Lunch
Thursday 19th April Coffeei at Spotted Cow, Angmering
Tuesday 24" April Outing i Amex Stadium, Brighton
Thursday 26th April Coffeeiwi t h Partners at Swallowbs Returrt
Thursday 3 May Visit T Ford Technical Centre, Dunton (fully booked)
Thursday 17th May Coffeei at Spotted Cow, Angmering
Thursday 31st May Coffeeiwi t h Partners at Swallowbs Returrt
Thursday 7th June Visit i Three Bridges Maintenance Facility
Thursday 21st June Coffeel at Spotted Cow, Angmering
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Thursday 28th June Coffeei with Partners at Swall owés Return

Thursday 5th July VistiVol kés Electric Rail way

Tuesday 17" July Visit T Case New Holland tractor plant

Thursday 19th July Coffeei at Spotted Cow, Angmering

Thursday 26th July Coffeeiwi t h PartnerRetumt Swall owds

Thursday 16th August Coffeei at Spotted Cow, Angmering

Thursday 30th August Coffeeiwi t h Partners at Swall owbs Retur
Thursday 9th August Coffeei at Spotted Cow, Angmering

Thursday 30th August Coffeeiwi t h Partners at Swall owbs Retur
Tuesday 18th September AGM & Talk 7 We plough the Fields and Clatter!

Thursday 20th September Coffeei at Spotted Cow, Angmering

Thursday 27th September Coffeeiwi t h Partners at Swall owds Retur
Tuesday 9th October Talk T Artificial Intelligence and the Two Singularities.

Thursday 18th October Coffeei at Spotted Cow, Angmering

Thursday 25th October Coffeeiwi t h Partners at Swall owbs Retur
Tuesday 13th November Cooch Memorial Lecturei Fusion Poweri within our Grasp?

Thursday 15th November Coffeei at Spotted Cow, Angmering

Thursday 29th November Coffeeiwi t h Partners at Swall owds Retur
Tuesday 11th December Talk i Aspects of Marine Propulsion (title thc)

Thursday 20th December Coffeei at Spotted Cow, Angmering

Tuesday 8" January 2019 Talk T British Tanks i a Relative Success in Combat

but Engineering and Procurement Failures?

All Talks and Meetings will commence at 2.30 pm and be held in the Chichester Room, Field Place, Worthing unless
another venue or time is indicdte

Timings for visits and outings will be as printed in the detailed description of the activity.

Coffee manings commence at 10.20n

Website of the RCEA

Our websitewww.rceasussex.org.ulkcarries the very last information on abbf our eventsAs we occasionally have to

make last minute changes to our programme due to matters beyond our control, we recommend that you always consult
our website.

New Members and Speakers for Talks

The RCEA needs newemberdo ensure that we can continue as a thriving organisation. Please think of appropriate
people you know and encourage thensame along to our talks and hopefytyn the RCEA.

We alsoneed moreanembergo give talks to us on Tuesday afternoons from Sepée toMarch We are aware that

many nembers havéhe knowledge from their working careers to provide interesting talks. If you are willing to give a
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talk please let us knovapeakers from outside organisations are increasingly harder to find and ekeragment for
their services.

New Members
J.Olney, MB BS, FRCR

C.Spiller, Msc, B A (Hons), DipTS(London), MCILT, MCIPS, FRGS

Membership Data

Your committee is currently looking into the possible imations of the forthcoming changes to teneraData
ProtectionRegulationn the way that we record, store and publish information concerning our members. We hope to
be able to present more information on this topic at our next AGM.

RCEA Insurance

Members need to be aware that the insurance policy that the Association holds is solely for the protection for the assets
and liabilities for the Association as an entity. The policy does not provide cover for personalrifggsy/to individual
membersMembersattend the Association's events at their own, @dthough under some circumstances there may be
some cover from the insurance arrangements of the venue owner.

SOUTHERN RETIRED CHARTERED ENGINEERS

We have received the following details oftheal® associ ationds progr amme. Me mber
functions should contact thdon Secretary, Jeff Williams gagwilliams@waitrose.com

Thursday 28 April- Sal i sbury Playhouse to see fAMoonfleetd
Wednesday 16th MayGuided tour ofVinchester

Tuesday % June- Guided tour of Wimbledon Tennis Complex

Julyi possible visit to Crofton Beam Engine.

Thursday 28 August-vi sit to Gilbert Whiteds House

Augusti Possible visit to Watermill Theatre.

Tuesday 11 Septembet visit to Lacock Abbey Museum

Tuesday 2nd OctobelAGM at Potters Heron Hotel, Ampfield

November- Possible visit to Salisbury Playhouse

Brief Detail T Talks, Visits and Outings April 20187 January 2019

Spring Lunch
Wednesday 18 April 2018, Northbrook College, Worthing, 12.00 for 12.30

This occasion is not only an opportunity for new and e:
experienceb6 to chefs and waiters studying at the coll e
There will be a bar for prleinch drinks, the cosbtbe settled individually by members and guests. The cost of the three
course meal is £15 per head including a tip, which in the past has proved to be very good value. Applications should be
made byl April 2018.
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Should the numbers exceed the maximuatiag allowed there will be a waiting list, as in previous years, so please
book early to avoid disappointment. The committee look forward to seeing you there.

Booking form is at the end of this newsletter.

Contact George Woollard 01903 523640,-enail Georgewoollard1@hotmail.co.uk

Outing
Tuesday24™ April 20187 AMEX Stadium Tour

The tour of the stadiupwhich will beof interesto both members and guedtssts approximately 1 hour and 45
minutes and will commence at 11.00am.

You will visit the hospitality lounges, trophy room, press area, changing rooms and the mOseanmival at the
stadium, you will be directed where to park and the meeting point.

Although the tour is booked for Tuesdag/"2pril, the stadium maintains the right to change this date if anything
unforeseen occurs. You will of course be notified of any change well in advance.

Reply Slip is at the end of Newsletter.

Visit.
Thursday 3rd May 201871 Ford Research and Developma Centre - Dunton, Essex.

We have been able to arrange a return visit to Dunton where we will be able to view the equipment and techniques used
to ensure that Ford cars of the future meet specific worldwide regulations, performance and durabilityrtarigetiag

and customer requirements etc. The equipment includes enggitye and emission dynamometers (at least one with
atmospheric control), environmental wind tunnetiest tracks, styling studios, machine shopsany durability rigs for

body and chass componentsetc. Exactly what we will be shown will depend on the confidentiality of the vehicles

being tested but | have requested the areas highlighted above. Cameras will not be permitted. Only 15 places are
available, so we will have to award plaeesl reserves accdng to the time we receive theply slips. RCEA members

will have priority over guests. Unfortunately travel time will be longer than normal visits (approximately 100 miles via

the M25)and attendeewill be responsible for their ownawel arrangements. Members may wish to car share. The tour
starts at 13:15pnT here are a few eating places within easy reach of Dunton and suggest that we meet at around 12
obclock at one of t he mCygrenlythsesisitdsdlly rookeds it anyene@mbermwishing te bet i me
placed on a waiting list camontact lvan Farrow 07971184207 il ivan_farrow@yahoo.com

Visit
Thursday 7" Junei Three Bridges Maintenance Facility

The recenthopened Three Bridges train care and maintenance facility is 1.4 miles long and has stabling capacity for 172
carriages. ltds home to the new Siemens Desiro City CI .
and operated by Govia ThamekliRailways.

Siemens has kindly agreed to host a visit for 20 RCEA members and have offered us lunch, with our group arriving by
11.45. A train from Brighton arrives at Three Bridges station at 11.34 for those travelling by rail.

They need to know shoezses for anyone who doesn't have their own safety footwear

Booking form is at the end of this Newsletter.
Contact Perry Eastaugh 01903 7888&8ailperry.eastaugh@icloud.com

Visit
Thursday 5" Julyi Volk 6s El ectric Rail way.

The visit will commence at 2pm and will include a guided touhefVisitor Centre & Workshop before stopping at

Magnus Vol kés 130 year ol d of fi cteetofiroand train rjgle d spegidlt@k t our a |
Vol kés Engi nwiktake plage atihre Visitor £eng€he \sit will last approx. 2 hourand hcludes return

ticket to Black Rock.

Booking form is at the end of this Newsletter.
Contact Perry Eastaugh 01903 788858, epwily.eastaugh@icloud.com
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Visit
Tuesday 17" July 20187 Case New Holland Tractor Plant, Basildon, Essex

We have been able to arrange a visit to this major tractor productiori plenbnly tractor factory in the UK. Was

built in 1964 by Ford and has built over 1.6 million tractors since then. It has been kept up to date with new processes
and equipment and a visitor centféie plant manages extreme complexity successfully: the facility manufactures 14
tractor rangesl 33 models, 12,000 configurations using 9,680 part numbers. In a year, no two tractors that roll off the
line are exactly the samEor your information | have attached a link below showing highlights of a visit by a group last
year (https://www.youtube.com/watch?v=ktFggqlM.

Only 15 placesre available at £7 each, so we will have to award places and reservefgdootite time we receive
the reply slips. RCEA members will have priority ev guests.

If demand is high it should be possible to organise a further trip or add to the existing trip by special arrangement.
Unfortunately travel time will be longer than normal visits, and attendees are responsible for their own travel
arrangementsviembers may wish to car share. Lunch is available at the visitor centre for an extra £10 and teas/coffees
for £1.25. Alternatively visitors may wish to eatute. The booking form is at the end of this newsletter.

Contact lvan Farrow 01903 523646mail ivan_farrow@yahoo.com

Visit
September (date tbcY National Grid Electricity National Control Centre

Members who heard the talk on the National Grid in February will be aware that the speaker offesed)toaavisit to
the ENCC near Wokingham. We are aiming to set this up for late September/ early October. If you would be interested in
joining the visit, please let Perry Eastaugh know and he will keep you updated on progress.

Booking form is at the endf this Newsletter.
Contact Perry Eastaugh 01903 788858, ep®ily.eastaugh@icloud.com

Talk

Tuesday 18 Septemberi i We pl ough t he Fields and Clatterd
Sally Watts

Sally will give fisteamploughing emgimedas a lrobby. &he mentiomed in conversation with a
workmate an interest in steam traction engines. Through that conversation she was invited to join the crew of a 20 ton
ploughing engine. This led to a husband, and the acquist@afowler ploughing engine in need of a complete rebuild
and experience of steam ploughing under competition and demonstration conditions.

This is a personal account of the hard work and rewards of the steam hobby and the magnificent ploughingatngines th
fed the country in the First World War, their working, and the people who maintain those few which escaped the cutting
torch.

Sally is a professional publiibrarian and small animal keepeho grew up sharing her fath¢Ray Parsons)'s love of
miniature steam locomotives and the steam preservation movement.

Talk

Tuesday9th Octoberi A Ar t i f i ci al I ntelligence and the Tw
Calum Chace, authaf fiThe Economic Singularity and Surviving @l

This talk is about thpossibility that thdirst machine with humatevel cognition may be created within a few decades.

I f and when that happens, it owi ||l b e -inteligeneel and hurnand o we d |
will become the second smartest species on the plaoete years or decades before then, intelligent machines may

render most humans unemployable.

Calum Chace thinks these two developments are so radic:

borrowed from maths to denote maximtnansfamation. They are, respectively, the technological singularity and the
economic singularity.
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The consequences of humkewel artificial intelligence (artificial general intelligence or AGI) woble astonishing. The
consequences of technological unempiewt, if it happens, will also be profounBoth these developments could have
wonderful consequences for usr terrible ones.And the outcome is largely up to us.

Calum Chace is a bestlling writer and sougkdfter speaker on artificial intelligea. He focuses on the mediuamnd
long-term impact of Al on all of us, our societies and our economies. Before becomingimdéuliriter and speaker,
Calum had a 3@ear career in journalism and business, in which he was a merkatstrategy consuitaand a CEO.

Talk

Cooch Memorial Lecturei Tuesday 13 Novemberi i Nucl eariWFuhi anour Gr a:
Robin Stafford Allen FIMechE

We are facing a growing problem with energy for the world population, which is growing at an astounding rate and as the
standard of living is also rising, the demand for energy is rising faster than the population growth rate. The vast majority
of the worlddés energy comes from fossil fuel. This cani
Warming meansve may face a serious food shortage if the climate changes radically.

Renewables are providing only a few percent of the energy for the world and almost all renewable with the exception of
hydroelectric dams, are fiinnatdeadi omd powerowetratsit@ns oat
for -hbadeé energy supply continuously.

Nuclear fission has contributed a significant amount to the lbasesupply, but there are issues with this technology,

and so researchers are examininggi®luclearFusion, the process that keeps the sun hot, as hydrogen is transmuted

into helium releasing energy in the process.

Thetalk will cover this world energy issue and then move on to showing what Nuclear ijsaod how it is being
researchedsing the machines in UK (JET) and the latest machine in France (ITRd®)n will endeavour to show the
progress toward puttingusiongenerated electricity onto the grid hopefully within our lifetime.

Robin joined Culham in 1992, and has worked in Ceyogs and in the Heating and Fuelling of plasmaarmahoff ever

since. He recently spent a sabbatical six years as Director of Engineering for a small tenant company on the Culham site
designing and constructing a largenktrebore special superconduaimagnetfor the AMS2 experiment (a mass
spectrometer) which was launched on the penultimate Shuttle flight to the International Space Station.

Two years ago he retired from working at CCFE on the mechanical engineering of the ipdaimg equipment fahe

ITER machine, and the Britidusionresearch effort MAST machine.

He now works part time for the Institution of Mechanical Engineers and lectureinpadn Engineering at

Oxford Brookes University.

Reports

Talk
Tuesday 12th December 20117 iOperation Chastise- No 617 Squadron, The Dambusters
Dudley Hooley, Director, Tangmere Military Aviation Museum

The Background
In the 1930s Adolf Hitler came to power in a politically fragmented and bankrupt Germany. During the following years it

became aprent that Hitler was rebuilding Germany following the First World War and had military ambitions which

made the country a threat to those about them and their allies. Most of the central European countries were catalysed (to
varying degrees) by these diomments and Great Britain commenced a late, but timelgrmament program.

It is fair to say that the operation to destroy the German dams in the Ruhr began on Tuesday July 26th 1938 at a meeting
chaired by Air Vice Marshal W. Sholto Douglas, Assist@htef of the Air Staff. This was a meeting of the RAF

Bombing Committee and one of the main items on the agenda was to bring to the meetings attention a possible weak
point in the German industrial economy. This potential weakness was a humber of resbataiupplied power and

water to manufacturing industries which in the time of conflict would be turned over to war manufacture. The object of
the meeting was to enquire into the extent to which effective air action against the dams of the resertddirs wou

possible. Bombing Committee paper number 16 was circulated and this document described the types of construction and
siting of the dams, along with notes on the potential damage that could be caused by a number of the air dropped
weapons then availéb
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Squadron Leader C G Burgepresenting the
Air Targets SubCommittee of Aerial
Intelligence, reported that the amount of wai
consumed in the whole of Germany was onl
three times that of the Ruhr and that the bull
of it was obtained from one largeservoir
contained by a single large dam, known as t
Mohne Dam. He added that there were also
four or five other reservoirs in Germany whic
fed the inland waterways, the destruction of
which was likely to leave the waterways higl
and dry, which wouldeverely affect the
German transportation system.

It also seemed reasonable to believe that th
damage caused would be extremely difficult
put right.

At this stage all discussion was about bombing the dams with existing weapons. The largestafsiieern the 5001b
semiarmour piercing bomb designed to be used against ships. When dropped from a sufficient height, it had penetrated
in tests 5ft into concrete and the thickness of a dam at a depth of 40ft was estimated to be approximately X&ft. It was
that, if a bomb could be driven into the wall to a depth of 5ft, the remaining 7ft should be severely damaged or breached
but no discussion was given to special weapons. It was recognised during the meeting that any bomb would be far more
effective when placed on theet side of the dam, rather than the dry side. The possible use of torpedoes was also
discussed. The final outcome of the meeting was that at the present time it was considered that the attack should be
directed primarily against the higtater side of the dam. Attack against the lower side was considered less likely to be
effective unless a bomb could be devised that which would develop sufficient striking velocity to achieve the necessary
amount of damage at low altitude.
The seed had ba sown and then matters rested for three years. In essence however theQpaesiatafn Chastisbad
been established, namely:
1. that the destruction of the M6hne dam would remove a large percentage of the water required by the Ruhr Valley
industries to ppduce war materials along with a substantial amount of hgkbaricity;

2. that the destruction of the smaller Ruhr dams would cause some loss of electrical power and great disruption to the
German inland waterway system upon which a great proportionrafid@eindustry and war making capability
depended;

3. an additional fringe benefit would be the damage caused to industry and infrastructure by the release of large
amounts of water from these reservoirs.

Dr Barnes Wallis

Barnes Wallis was bornin 1887 andech | ed at Chri st és Hospital and Haberda
to afford university, he started an indentured apprenticeship at the Thames Engineering Works at Blatkig&s e
transferred to JS Whites shipyard at Cowes loW, workin@val destroyers.

He joined Vickers in 1921 and, when the Second World War broke out, Barn
Wallis was Assistant Chief Designer at Vickers Armstrong Aviation Section a
Weybridge where, independently of any Air Ministry requirement, he spent st
time investigating how the energy sources of the Axis powers (Germany and
might be reduced or eliminated.

Specialist publications provided him with all the necessary background
information on the German dams and he formed the opinion that knockirgeot
water reserves of the Ruhr would curtail steel production severely.

Barnes Wallis was already developing his theories regarding large bombs ar
these were principally along the lines that a large and heavy bomb dropped 1
great height would develapsufficient velocity to penetrate deep into the grout
before exploding, whereupon the shockwave formed and the collapsing cam:
effect formed by the underground explosion would demolish any target eithel
directly over the bomb strike but, more impantly, for some considerable radiu:
around it.
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This was important as it was the use of the shockwave from the explosion travelling through the solid media (earth)
which caused the main damage.

Barnes Wallis was well familiar with current aircraft desigaying designed the Vickers Wellesley and the Vickers
Wellington bombers, both at that time in use by the RAF. He was aware that no aircraft existed that could lift a bomb of
the weight needed to a sufficient height for his plan to be put into effect.udowe quietly proceeded with his

experiments and turned his mind towards reducing the amount of explosive that would be needed to demolish the dams.

He arranged for scale models of a number of dams
be built, including this replica of the M6hne Dam
which still survives in the grounds of the Building
Research Establishment at Garston.

The model was built in 1941, 2 years before the rair
Experiments proved that, if a relatively small
explosive charge could be placed low down on the
side of a concretdam face, the shock wave caused
its explosion travelling through the water would be
very much greater than the same explosive on the i
side of the dam and this enabled him to start
considering ways and means by which an explosive
charge could be pt&d as required.At the same time
these tests were taking place, Barnes Wallis prepai
paper entitled AA Note
the Axis Powerso which

100 copies were circulated in military and political cusclthe outcome being the formatlon ofa commlttee entitled the
Aerial Attacks on Dams Committee, to take his suggestions further.

He obtained permission to blow up the Nant y Gro dam in Wales, which had been used to provide power for workers
while they wee building a bigger dam. On July 24th 1942, 280Ibs of explosives were detonated against the wall of the
dam at a depth of 10 feet. The blast blew a hole 60 feet wide and 25 feet deep in the dam wall.

The concept of a bouncing bomb was not invented byis\traimself. Naval gunners in the 16th and 17th centuries
discovered they could increase the range of their cannons by 'bouncing’ cannon balls off the water like a stone in a pond.
There were also reports from pilots early in the war who said that, etrezyifiropped their bombs short of enemy
shipping under attack, they would sometimes skip on over the water and still hit the target under the right conditions.
Knowing that he had to get the bombs to detonate right next to the dam wall, Wallis begaeritnent with the

concept of a bouncing bomb as means of doing so.

Wallis began his experiments with bouncing bombs at his home in Surrey. He used his daughter Elizabeth's marbles to
bounce off the surface of a metal tub and land on table further on.

He soon extended his experiments to the National

Physical Laboratory ship testing facility at

Teddington. Using the 670 foot long water tank,

Wallis bounced many different spheres of various

design and of various materials including smooth,

grooved and evenimipled balls (similar to golf balls).

In his experimentation he discovered that the ball i

hit the water at a certain angle otherwise it would di

straight into the water without bouncing. The critica

angle for the ball to bounce was about 7 degrEais.

angle of impact had great implications as to the hei

from which the bomb would have to be dropped.

Wallis also discovered that applying backspin to the

sphere gave better results. If the sphere was spun

backwards, it bounced better because it wasem

inclined to rise off the surface of the water. The

backspin also increased the distance the sphere wc

travel due to the improved bouncing effect.

Also, after a certain number of bounces the sphere would decelerate enough so that it wouldesinlbdt the dam

and not overshoot.

After encouraging results from the test tank in Teddington, Wallis took his ideas, along with the test results, calculations
and designs to the Air Ministry, the Ministry of Aircraft Production, the Admiralty andérglwho he worked for.

He was told to construct and test six half size prototype wegpbeg had the code narblpkeep On December 4th

1942, using a Wellington bomber piloted by Vickers' chief test pilot Mutt Summers, Wallis dropped his first test bomb
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just off Chesil beach in Dorset. After hitting the water, the bomb was torn apart into tiny pieces. All following tests were
just as disappointing. The problem was that the casing which gave the weapon its spherical shape continued to break
apart despite sgmpts to strengthen it. Although the casing broke, the bomb did bounce just as Wallis had suggested. He
believed that, given time, he could solve the problems with the casing and deliver a fully working protolykeegf

Wallis wrote a paper called 'tstcks on Dams' which contained his progrestpkeepand suggested suitable targets. He
submitted the report to senior figures in both the military and Government. The response was far from what Wallis was
expecting! The Ministry of Aircraft Productionlfét could not cope with the manufactureldgpkeepalong with the

production of aircraft which at the time was its number one priority. Furthermore, head of Bomber Command, Air Chief
Marshal Sir Arthur Harris, described Wallis' idea as "Tripe of the wfildescription”. He commented that the revolving

mine would tear itself from the bomb bay and destroy the aircraft carrying it. He also said "The war will be over before it
works- and it never will*. Harris did not want to lose any of his precious Laacasimbers on a "wild goose chase" that
stood little chance of success. He knew from previous attacks just how vulnerable his bombers were.

Luckily for Wallis, Chief of the Air Staff, Air Chief Marshal Sir Charles Portal, who was a central figure intthe Ai
Ministryds earlier plans to attack the dams, had al so
impressed. Portal told Harris to make three Lancasters availatipkeeptesting. He told Harris, "If you want to win

the war; bust theaims".

Release point calculations

Obviously the
Abouncing
would skip across
the water in a
particular way, but
there were still a lot
of variables.

Wallis needed to
ensure the bomb
would hit the water
and bounce rather
than sink, yet still
ricochethigh
enough to clear the
German anti
torpedo netting.

He also had to make sure the bounce of the arc woul dnoi
promptly blow up the lowflying plane that had dropped ifter quite a bit ofmaths, Barnes Wallis calculated that the

bomb needed to be dropped exactly 425 yards away from the dam, exactly 60 feet from sea level, while the plane was
travelling at 222 miles per hour. (Initially, he had thought that the bomb could be dropped fréeet]1 b0t later had to

revise this to 60 feet). As tests with spherical bombs had proved unsuccessful, a cylindrical design was selected and
developed for the task. It weighed 4.2 tonnes and carried 3 tonnes of Torpex explogiextric motor spun theomb

up to 500 rpm before it was released.

This would be a hell of a feat even with modern technoldge Lancaster had a wingspan of 31 metres, which was

actually greater than the distance from the underside of the plane to the water at the reituditedTdlis meant there

was hardly any room to turn, even with the Lancasteros
simple task in a Second World Wara plane. The problem was that the standard altimeter was useless at levels bel

150 feet. On March 28th 1943 Gibson had flown over the Derwent reservoir to see how difficult it was to fly over water
at 150 feet with hills all around. During the daylight he had no real problems but when dusk came he could not
distinguish the horizofrom the water surface and nearly flew into the lake.

The solution to flying accurately at low level was found by the Royal Aircraft Establishment. A year earlier they had

been experimenting with spotlights fitted under Hudson bombers in order to pairgesight while attacking boats at

night. It had not worked very well due to choppy waves in the sea but over a smooth lake it might. After experimenting
with it for a while, two lamps were fitted, one in the nose and one behind the bomb bay. Thapgledeso that the two

beams would meet when the aircraft was at exactly 150 (or, as it was finally, 60) feet. It would be the job of the navigator
to look down through the starboard (right) cockpit window and talk the pilot down until the lamps neeteajutined

altitude.
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This seems like a prett’
genius idea until you
remember that you
have just put two
enormous spotlights
onto your aircraft while
flying in a raid on
enemy territory, which
youbre doi
on the premise
thatmay be t he
seeyou comingThe
craziness of this is
maghnified when you
remember you are
flying so close to the
water that if you turned
too quickly to avoid
gunfire that you are
helpfully providing a
well-lit target for,
youbve just
Moéhneriver one of
yourplne 6 s wi
midnight snack.
Having dealt with the issue of altitude, the team now needed a way to quickly calculate distance. This had a surprisingly

low-t ech solution: using the damdés twin towatriangumarsfrarmear k er s
at an angle that, when held to the eye, would obscure |
the damWhile this was fine in theory, the aircraft vibrations made it difficult to use in practice. Some oftthe bo

aimers relied instead on Chinagraph marks drawn on the

425 yards away from the dam, with the plane travelling at 222 miles per hour, that gave the pilot approximately twelve
seconds to get anrplane that was longer than two and a half school buses clear of the dam they had just launched a
7,500Ib bomb at.

Formation of 617 Squadron

Air Chief Marshal Portal gave the ghead to form the new elite squadron ofi Bébruary 1943; 30 Lancasters wer

allocated to the new squadron, and a target date of May 1943 was@®@pefation ChastiseA new squadron was

formed at Scampton on 21st March 1943, initially known
old Wing Commander Guy 8son was personally selected to lead it by none other than Air Chief Marshal Sir Arthur
ABomber 6 Har r i-n5Chiaf ¢f BomBeo @ommandl &ibson had flown 71 bomber sorties and an entire

tour of 99 sorties on night fighters and was already théehaf four gallantry awardsthe Distinguished Service Order

and bar and the Distinguished Flying Cross and bar.

Gibson had 3 weeks to choose the crews for 617 and 8 weeks to train them. Unusually, Gibson had the authority to pick
his own crews. They wdd have to be experienced veterans who had completed or nearly completed two tours.

However, although many believe that 617 squadron was formed from the very best, highly decorated pilots and aircrew
in the allied force, this was far from the truth. Thganigy of the squadron had no decorations at all and instead of

having flown two tours, some were only one third of the way through their first tour. For some of the flight engineers, the
dams raid was their first operational sortie. Gibson personally keeyfew of the men including his own crew. Only

Flight Lieutenant Bob Hutchinson, a radio operator had flown regularly with Gibson at 106 squadron. They had finished
their tour together.

Although Gibson was not told the target officially, he was givearg good idea of what he was up against at a meeting

with Wallis on March 24th 1943. This was the first time the two men had met. Wallis could not tell Gibson specific
details of the mission as he was not on the list of people with clearance forréefuigh he did however tell him as

much as he could. After the meeting, Gibson left with the knowledge that his aircraft must attack the targets at a speed of
240mph at a height of 150 feet (according to calculations at that time); any variation awltthie plans simply would

not work.

The flying was very intensive; night after night they practised, at first in borrowed Lancasters and later in the modified
types as they came through from Avro. In order to make conditions as realistic as possilerehieyd to fly over

three main locations in England: the Eyebrook reservoir at Uppingham in Leicestershire, the Abberton reservoir near
Colchester and the Derwent reservoir near Sheffield. It is important to remember that neither Gibson nor theerews wer
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aware of their targets at this time, the information was absolute top secret and very few people knew. The crews were
however beginning to guess what their target may be. At first the rumours were that the target was the German battleship
Tirpitz.

While it may seem unlikely for experienced air crews, air sickness was the first problem many of them had when they
started training. Flying at low level caused intense turbulent shaking of the aim#iing like having the individual

pieces of your planeibrate so hard its bolts shear! Many of the crews who were used to operating at the rather smoother
altitude of 10,000 feet suffered it. The airsickness was so bad that some of the men were prescribed sedatives, as though
t he mission we caedeénbughawithow thalagditioncohdpudsito the mixture.

Each member of the crew had a vital role when it came to dropping the bomb. These were:

Piloti control of the aircraft

Flight Engineeii speed of the aircraft

Bomb aimeli aiming and release of btb

Navigatori passing height information to Pilot

Wireless Operatoir Controlling spin speed of bomb

Air Gunnersi defence suppression

The Lancasters were specially modified to take the bomb, and were known as Lancaster B Mark Ill Special (Type 464
Providoning). Their configuration is shown below:

=4 =4 =4 -8 -84

Bomb —

v

L Jd

69/1

On May 11th 1943, just 5 days before the night of the attack, the squadron began training withpketeigdombs at

Reculver (although they were not actually filled with explosjv&hey were amazed to see the drums bouncing over the

water right up to the beach. Still they did not know their targets! After seeing the weapon in operation, it reignited talk

that the target was the Tirpitz or everbU0ats.

The first drop of a fully emedUpkeepbomb was made by Sqgn Ldr Maurice (Shorty) Longbottom on M&yfrddn 75ft,

five miles off Broadstair$ the location had been changed from Reculver for security reasons. Spinning at 500rpm, it
bounced seven ti mes o0 Ydeviation dor this sidl thedhikddolie aamers véas positioned u
ashore on the North Foreland al most broadside to the ai
Lancaster at 1,000ft and 1,000 yards away from Longbottom, with tweremen aboard to operate the noraped

camera. Handasyde had Gibson as observer,and Wyiter gan f |l ew in Longbottombés real
of the mine after release as it slowed to 55mph behind the aircratft.

The film of this test showetthat the wates pout when t he mine exploded rose to
and the estimated depth of detonation was about 33ft. For all concerned the day was eminently successful.

While on training with reaUpkeepsat Reculver, both Shaon and Maudslay damaged their Lancasters by dropping

their bombs too low and being caught in a huge column of water thrown up after it hit the water. By the time the attack
came five days later, Maudslay's aircraft could not be repaired and the atfackengzas down to 19 aircraft from the

20 originally intended by Gibson. Gibson had picked 21 crews for the squadron, the 20 to fly and one reserve.
Coincidently, both Divall and Wilson had sickness and their crews would not fly. This therefore leftrafl and 19

crews. The attacking force had been determined out of Gibson's hands.
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On May 18" the Squadron received Permission toiGmmediate attack of
targets X, Y and Z (the M6hne, Eder and Sorpe dams) was approved f
execution at the first sable opportunity.

On the afternoonof May f6Gi bsondés bl ack Labr
squadron mascot, ran out into the road outside RAF Scampton and wa
by an oncoming car (which swerved into a ditch in an effort to avoid hir
and was killed. At Gibsdhs r equest , Ft Sgt Po
midnight, while Gibson was leading the attack on the dams. His grave
still tended at RAF Scampton to this day.

The Order of Battle
The plan was for the aircraft to fly in 3 waves:
1 Wave 1i 9 aircraft to te M6hne and Eder dams
1 Wave 2i 5 aircraft to the Sorpe, Ennepe Lister and Diemel dams
1 Wave 3i 5 aircraft as backup for Waves 1 and 2
Thefirst waveof nine aircraft (AJG, AFM, AJ-P, AJA, AJJ, AJZ, AXL, AJ-B and AIN) would take off in three
sections ten minutes apart. They would fly a southerly route, crossing the enemy cost at the Scheldt estuary in Holland.
Their first target would be the M6hne dam. Wallis believed that oniyuphkeepwould be required to cause a breach in
the dam. The planners allowed Gibson to use three, firstly in case one was not enough and secondly to expand the gap.
Once the M6hne had been breached, the aircraft that had attacked and no long&igiadpmould turn back home,
while the remaining aircraft witbpkeepsvould go on to Target Bthe Eder. After breaching the Eder, the process
would be repeated and aircraft with remainihgkeepsvould proceed to Target Ghe Sorpe.
The Sorpe would be the primamrget ofthe second waveonsisting of five aircraft (AT, AFE, AJW, AJK and A3
H). The second wave would actually leave Scampton first in order to fly a more northerly route tocthesiaod of
Vlieland then down the Zuider Zee and join the flight path of the first wave just over the German border. The two routes
were chosen to suggest to enemy radar that these were minor attacks. After attacking the Sorpe, the second wave would
useany remaining bombs to attack the secondary targbesEnnepe, Lister and Diemel.

Thethird waveof five aircraft (AJC, AJS, AJF, AJO and AJY) would leave Scampton more than two haoafter the

first two waves. They would follow the route of the first wave and act as mobile reserve to attack any of the primary
targets that had not been breached or move onto the secondary targets. If all targets had been breached before they
reached th®utch coast, the reserve unit would be recalled.

All crews were warned not to stray from the planned routes because they were designed to avoid flak batteries, night
fighter bases and hapots all the way from the Dutch coast to the dams and backwithdg maintain low level during

the whole flight there and back. They were also warned that under no circumstances should anyone return with an
Upkeep intact. It was far too dangerous to attempt to land with an armed weapon. They were advised terbéaabe th
preferably over German land.

After the briefing, the crews sat down to the traditional eggs and bacon before leaving to make their final preparations for
the attack. Some wrote letters to their loved ones in case they did not make it back. Serfiaaheeticulous

inspections of their aircraft and weapon and one or two tried to make a last minute phone call, only to find that there was
a security cover on all communications of any kind outside of the base.

The map above shows the approximateéestaken by the Dambusters from RAF Scampton to the dams in the Ruhr

valley. The black line shows the route flown by the first and third waves. The purple line shows the route taken by the
second wave. The red line shows the attack route on the primgeystédMohne, Eder and Sorpe) taken by all waves.

Note: This map shows locations as in 2003 NOT 1943. It has been used to show the locations of the dams and the route
flown to attack the dams.

12
Session 204/18 No 2 March2018


http://www.thedambusters.org.uk/first_wave.html
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At 21:28 hours the first aircraft of the second wave-E&tarted its take off run. Operation Chastise had begun.

The First Wave

At 21: 39 Gi bs oG foak off. Asthe first warerpaséed through the Balkan area they encountered heavy

flak and intense searchlight activity. This caused Gibson kbmalio silence and issue a flak warning which Five

Group rebroadcast to all the aircraft shortly afterwards with a detailed position report. There was also heavy flak to the
north of Hamme on the approach to the railway marshalling yards.

The second fligt of three aircraft of the first wave also encountered flak near Diilmen. The last flight of the first wave
encountered stronger headwinds and consequently they were slightly late as they crossed the Dutch boarder into
Germany. AB piloted by Flight Lieuenant W. Astell were flying as low as they could to avoid the flak and search

lights, but hit high tension wires and pylons 4km from Marbech. The aircraft reared up in the air, burst into flames, but
then crashed to the ground. Two minutes later the miple@ed and all seven crew were killed.

Gibson arrived over the M6hne reservoir at 00:15 hours. The aircraft assembled incdockmntise holding pattern 10

km south of Véllinghaussen whilst Gibson calledBdn the radio. Astell and his crew were alilg dead, but he did

not know this. Gibson took a few moments to assess the target and its defences. It appeared to be as he had been briefed
with three light flak batteries on the dam wall and three more in the valley. Gibson confirmed the attack wauiéde

out as planned by radio. Using the VHF radio Gibson assigned five of the remaining eight Lancasters to the attack.
Gibson prepared for his run in, the weapon already having been spun up to speed by his W/Op. He first made a dummy
runtowardsthea@m t o get the I|lie of the | and. He flew through |
l ook of ito.
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Mohne Dam The attack run had been planned to allc
the aircraft time to organise their
— =— direction, height and speed before
= - X =— Korbeoh crossing a spit dand that jutted out into
S == - } = == the lake and becoming visible to the
: N — = opposing flak guns. His Lancaster turne
sl - A out of the holding pattern and directly
1 S towards the dam face over the landmar
=~ spit of land that guided the run in. They
/J &3 == 4 had to fly over the spit at 9@Mefore
— - -y ' diving down to 60ft to release the boiink
/L/ — Y the timing was incredibly tight. His
= e of attack bomb was dropped at 00.28hrs and wa
\ = Salporer - watched by the rear gunner to bounce
\} ——— Heaht of et amentall T3 three times before exploding against th
= TT——— | dam face and throwing a vast column o
/‘ e water into he air. The bomb had struck
= J/’ =S ok approximately 150ft off the centre of the
face of the dam and the dam had not
collapsed.

Hopgood in AJM attacked next. The spotlights came on and he commenced his run into the now awaiting flak from the
shore and the tower§he Lancaster was hit and started to burn on the port outer engine. Gibson noted damage to the port
inner as well. Additionally, the starboard wing had received hits as well and it is little wonder that with these dgstraction
the upkeep was dropped jusfies seconds late, it hit, bounced and flew right over the top of the dam wall before

exploding with a great violence down by the power generating house in front of the dam wall.

A red very |light was fired by Ho popttyafldndedfrom/d p&rmpl fra.itee by no:

aircraft climbed to about 500ft and then the strain became too much and the starboard wing collapsed, sending the plane
into a dive to crash and explode near the village of Ostonnen, 6km North West of the dam.

Gibsonnoted that he thought some of the crew may have survived and in fact three survived the crash and two survived
to become POWb6s. Burcher, the rear gunner jumped with
Fraser, the bomb aimer, also médtdeut using the same method due to the low height of the aircraft. Minchin, the W/Op,
was pushed out by Burcher but the altitude was too low and his parachute did not open in time to save him.

Martin in AJP commenced his run with Gibson flying alongsid an attempt to draw away the heavy volumes of light
flak coming from the dam. His bomb threw up a similar large plume of water, but again the dam held.

Squadron Leader Dingy Young took the fourth attack imdABAartin flew parallel with him and insticted his gunners
to take on the flak towers to try and reduce the amount of light flak. The guns had been loaded with all daytime tracer
ammunition which made the fire appear much heavier than it actually was.

Gibson at the same time turned all of hights on and flew over the dam from the south in a further attempt to draw the
flak away. Again a tremendous plume of water but no break in the dam.

AJ-J piloted by Flight Lieutenant Maltby started his run for the fifth attack. Gibson and Martin flevsiglenng take on
the flak and Maltbyds bomb was perfectly placed. This
collapsing back into the lake. The dam appeared intact and Gibson ordered Shannon to commence the sixth attack.
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Whilst this was happening the main wall of the 3T A
dam collapsed, revealing an enormous breach
through which poured millions of gallons of
water. All the antiircraft fire, save that from 4. ¢*"
one gun ceased and the code word for a
successful breach of this dam (Niggerswa
transmitted to bomber command. The aircraft
circled for a few minutes watching in awe as tt
torrent of water travelled down the valley, in
some cases with the headlights of cars visibly
being overwhelmed by the water and slowly
turning green, then browihefore disappearing.
The operation, however, had to continue.
Maltby and Martin then set course for home
whilst the three aircraft still with theidpkeeps
(AJ-L, AJ-Z and A3N) flew to the south east
accompanied by Gibson towards the Eder
reservoir.

This was about 12 minutes flying time away. This journey was made without opposition, although in the moonlight
identification of the dam itself proved initially quite difficult

S == The approach to this target was even more difficult,
dropping down past Aldeck Castle into a valley, flying
towards the Hammerberg spit of land in the lake and
then turning 90° left for a short run onto the dam face
The Lancasters started by circling into an-afdckwise
direction over Waldeck Castle and ShannonZAdvas
given the task of the first attack.
AJ-L made three unsuccessful attempts to get the rig
position. Shannon was having problems achieving th
required height and approach angle, so Gibson put h
into a holding pattern and called Maudslay inlAHe
alsohad tremendous problems getting into position au
e o j Gibson ordered him to hold off. He put Shannon bacl
- BT Heightof reservorr when =) - onto the task and he made two further attempts befol
: | on the third he was able to drop tbpkeep It bounced
twice and exploded south of the dam withpraducing
any visible result whatsoever.

Maudslay then came in again and he releasedplieepduring his second approach. He dropped his weapon slightly

too late and it hit the crest of the dam and exploded with a brilliant flash lighting up theys@efor miles around.

The explosion occurred right behind Maudslayds Lancast
to raise him on the VHF. Other crew members reported hearing a weak unnatural, almost dismembered vgice in repl

and at the time it was believed that Maudslay had crashed, his aircraft having been damaged by the blast. In practice,
however he had struggled away with a damaged aircraft and started on the return journey, but he was shot down by light
flak at 02:36 aEmmerichKlein-Netterdn. Maudslay and all of his crew died.
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AJ-N, piloted by Les
Knight, was then
ordered to make its
approach with Gibson
flying alongside to
suppress the flak. The
bomb bounced three
times and struck the
dam to the south of the
centreand exploded.
The blast visibly shook
the whole dam and ther
the central wall
collapsed, allowing
thousands of cubic
yards of water to roar
through the breach.

The Second Wave

Four of the aircraft took off normally. However, Flight Lieutenant Jo€&tthy in AJQ was not able to take off. His
pre-flight checks revealed a coolant leak in the number 4 engine and consequently the whole crew changed to one of the
reserve aircraft AT and suffered a 20 minute delay in doing so.

Byers (AJK) was slightlyoff course and flew over a heavily defended island. He was shot down by flak off the Dutch
coast at 23:00). There were no survivors.

Barlow (AJE) crashed near Haldern, Germany at approx 23:58. Reports said that he hit power cables. The rear gun bay
broke away and the gunner survived, albeit with a broken back.

Munro (AJW) was hit over the Dutch coast at 23:00 and aborted the mission as the intercom had been knocked out and
there was also a hydraulic problem.

Rice (AJH) lost hisUpkeepat 23:00 ovethe Dutch coast after clipping the sea while trying to avoid the flak. The rear
gunner felt the effect of the near crash most keemlfter the bomb had been ripped out, a sheet of water shot down the
fuselage towards him, picking up the contents of tisarEbefore nearly drowning him! Rice aborted the mission and
returned home.

McCarthy took off approximately 34 minutes later than the rest of the second wave. He attacked the Sorpe dam at 00:46.
It was immediately apparent that the approach to the danexteemely challenging, and so it proved.
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McCarthy flew the approach nine time
but found it difficult to clear the high
hill and then bring the Lancaster dowr
low enough, with the church steeple a
the approach proving particularly
troublesome, and tier McCarthy
himself or his bomtaimer were not
satisfied that all was right and called fi
Statlon _———8 the aircraft to go around again. The
= other members of the crew became
= = restless as the bomber had now been
. : = : —_— = circuiting the dam for half an hour anc
e —— ——321- — they were also mzled that no other
— = — ' aircraft from the second wave had
appeared. Eventually, on the tenth
approach both McCarthy and his bom
- b : = - aimer were satisfied that the approact
= Y ————————— | = was perfect and dropped the bomb
=———— = : alongside the dam.
Two and a half hours later Brown, whi
had received a radio message directin
his aircraft to attack the Sorpe while ir
the air, arrived at the dam and found
by i ] that the ground mist was now even
«308 Height above sea level (metres) ——— .
55} ‘wisightitressroir when Tl thlcl_<er. Brown found the approach no
i : easier than McCarthy, and the
e ey thickening mist made flying the ciraui
i Mile = correctly difficult even though the dan
, itself was clear, and after flying into a
T — — = mist-bound nearby valley and nearly
= - - B e crashing he ordered that incendiaries
dropped round the circuit to help him.

In all Brown flew five separate approaches before pirgpthe mine on his sixth attempt. Although both mines exploded
close to the dam and caused considerable damage, no breach occurred. The loss of so many from the second wave had
seriously weakened the assault on the Sorpe and it survived the attack.

Third Wave

Ottley (AJC) was shot down over Hamm, Germany at approx 02:35. There was one survivor, Tees, who became a
prisoner of war.

Burpee (AJS) was shot down over Gil#ijen airfield in Holland at approx 02:00 . There were no survivors.

Brown (AJF) atta&ed the Sorpe dam at 03:14 as described above.

Townsend (AJO) attacked the Ennepe dam at 03:41 but failed to breach®. Wds the only aircraft to attack any of

the secondary targets and was the last aircraft to return.

Anderson (AJY) did not attack @arget and returned withipkeepintact.

The 617 Squadron dams raid tally

19 aircraft took off to attack the dams:

3 turned back;

5 were lost before the attacks;

11 aircraft attacked the dams;

1 aircraft was lost during the attack;

2 aircraft were lost &dr the attack;

8 aircraft returned.

Decorations were awarded to 34 members of the air crew: Victoria Clgd3istinguished Service Ordérs;
Distinguished Flying Crosi 10; Bar to Distinguished Flying Cros&}; Conspicuous Gallantry MedaPl;
Distinguished Flying Medal 11; Bar to Distinguished Flying Madal

53 air crew were killed in action.

= =4 =48 -8 -8
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Conclusion

Barnes Wallis took the loss of life very badly. His daughter said that he never
over it and when, after the war, Wallls was given £10498an ‘Inventors Award

guoted some words of David from the Bible: 'Is not this the blood of the men
went in jeopardy of their lives'. However, he used the awandn & bursary at

Christéds .
service. Barnes Wallis continued to work at his desk into his 80s and died on g

his old school,

October 1979, at the age of 92.

Hospital,

In discussion, Dudley was asked if the@ught the raid was worth it, given the high number of casualties. He said that it

was, for a number of

reasons: it

cost t he Ger mans abouf

rebuild the dams, who might otherwise have beerking to strengthen defences in Normandy; there was a significant
effect on British (and German) morale; and it also affected President Roosevelt. Finally, to paraphrase a remark by one of

the 617 aircrew, i f

you werrmglndt

there, you arendt entif

Our thanks to Dudley Hooley for another inspiring talk. This report makes extensive use of pictures and notes form his

presentation, but it
Perry Eastaugh
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The 21 Century Steel Industry

Worldwide production of crude steel reached 1629
million metric tonnes (Mt) in 2016 showing an
average anual growth rate since 1950 of 11.5%.
Steel output is second only to concrete as an
engineering material.
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China accounted for close to half of world steel output relying on western technology for quality steel production.

Iron Ore

Today, most steelnkars import high grade ore with an iron content of @&5%. This contrasts with previously mined
UK domestic oré for example around Corbyof just 2630% iron content. Corby ceased steel production in 198@
still makes tube products from boughtsteeli as, being inland, it cannot compete with plants located on the coast

which enable ore imports by ship.

Australia is by far the largest producer of this high grade ore (811Mt in 2015) out of a world total of 2015Mt. Brazil is

the second largest pmtacer at 422Mt.

Europe produced just 39Mt of which Sweden supplied 24.6Mt or 63%. Worldwide, 1600Mt of ore was exgofed
of world production. Nearly half of this went to China which also mines low grade domestic ore.
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Ironmaking

Nearly three quaers of steel is produced using ore as the starting material. This is called the integrated route and
produces a high quality steel.

Ore is fed to a blast furnaéeclose to 600
operating worldwide with annual outputs
ranging from 1 to 3Mt. Thedn ore may
be as lump ore but more commonly ore
fines are mixed with coke fines and fired
on a grate to produce sinter.

Concentrated ore fines may alsogdeletizedto about 1cm diameter balls for feed to the blast furnace. Coal converted to
coke is themain furnace fuel but high grade pulverised coal is often additionally injected along with the blast of air to
reduce coke consumption. In Germany and Austria, pelletised plastics are also injected to redunsians.

Limestone, which acts as a flugmbining with gangue materials in preference to iron, is also charged. Air, preheated to

1000 °C, and which may be enriched with oxygen by a few percent, provides the blast through an array of tuyeres located

2m or so above the base of the furnace.

The ouput of the blast furnace is molten iron containing about 4% carbon and molten slag which has a market for
cement manufacture and road surfacing. Otheprioglucts are a high calorific gas from the coke ovens and a lower value
gas from the blast furnacehd@se are normally blended together and used on site to fire reheat furnaces and preheat the
air blast. Dust is another prodticbut an undesired orewvhich requires capturing, pelletising or adding to the sinter line
before returning to the furnace.

Mot of the iron goes directly to steelmaking although
foundries or if there is a delay for maintenance in the steelmaking shop.

Several new ironmaking processes have been developedpagh@0 years but the blast furnace remains the supreme
producer accounting for 95.5% of world output. The most successful of these alternative methods is the production of
direct reduced iron which accounted for 64.2Mt in 2016 or 3.6% of world outptltisl process, the iron is in a solid

state and is generally charged to an electric arc furnace for melting. Most direct reduced iron is made by reforming
natural gas to hydrogen which gives it a much lower carbon footprint than the blast furnace. érirglohCQ
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