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‘I befieve that the Lancaster
was the greatest single factor in
winning the war.’

Air Chief Marshal Sir Arthur Harris
mber 1945




Introduction

Over the years the Lancaster

has won the hearts and souls

of so many. From the Bomber

Command aircrew that it
brought home from dangerous
operations over occupied
enemy territory, to the airshow-
goer who avidly gazes up as its
unmistakable black shape flies
gracefully across the peaceful
skies that it helped secure.
That the Lancaster was born
to wreak havoc on a distant
enemy might be a disturbing
thought to younger generations
who, perhaps, see it as just
a beautiful old aeroplane,

‘harmless’ even. But there is

no mistaking that the ‘Lanc’
was in the thick of the fight
during World War Two, playing

a significant part in winning the

(Photo: Andrea Featherby)

freedom that we enjoy today.

TRODUCTION



RIGHT The
Lancaster's shape
is unmistakable,
and as PA474
travels to and
from scheduled
appearances sach
year it is seen by
millions the length
and breadth of the
United Kingdom.
(Jarmod Cotter)

OPPOSITE Night
was the natural
environment of the
wartime Lancaster,
50 the rare sight

of one in darkness
nowadays always
evokes a feeling of
pre-‘ops' tension,
s though a crew
wers about to
board for a sortie to
some distant target,
perhaps never to
retumn. (Chis Eicock!
Crown Copyright)
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fasked to name a Royal Air Force bomber
from Workd War Two, most people in the UK
would immediately answer ‘Lancaster', Avio's
mighty four-engined workhorse gained its
conic: status for numerous reasons. It was able

to camy out its intended job efficiently, it was
relizble, and it offered many advantages over its
predecessors in Bomber Command. All of this
combined to give Lancaster airorews a better
chance of making it home.




time, Lanc

consider

hazards
it a ‘tool of the
years they t

ope. There
we bee
as he beautiful aeropk

the fact that it




The Battle of Britain Memorial
Flight Lancaster: why PA474
was used as the main source of
material for this book

The BBMF's Lancaster is without doubt the finest example of its
type in the world. As well as being restored to authentic wartime
configuration {with the exception of its dual controls), the fact that
this bomber is still on the RAF's inventory, is based in ‘Bomber
County’ from where many of its brethren set out on ‘ops' to
occupied Europe, and flies all over our island each summer
providing millions of pecple with the chance to experience its
evocative sight and sound, makes it a priceless national treasure.

As PA474 is kept in airworthy condition by the RAF, it must be
operated and maintained in accordance with military regulations
and procedures ~ which makes it the ideal principal source of
material for this manual. While there is: no question that the other
extant Lancasters in museums all over the world are priceless and
superbly maintained exhibits, the prospect of taking one of them
to pieces for a book such as this is utterly beyond practicality.
However, PA474 undergoes regular examination and maintenance
to keep it in safe fiying condition, which is why the majority of
pictures in this book are of PA474 and its various component
parts. Many of these photographs were especially taken to provide
readers with a wonderful and unprecedented insight into how a
Lancaster is maintained.

ABOVE RIGHT
PA4T4 wears the
550 Squadron BQ-B

the world takes to the skies on a regular basis
between April and September, courtesy of
the Battle of Britain Memorial Flight based at

code to starboard, RAF Coningsby in Lincolnshire. During World
representing the unit ‘War Two Lincoinshire was known as ‘Bomber
‘with which Phantom County' on acceunt of the number of bomber

of the Ruhr went on to  bases tnere.
become a ‘Centurion’,
‘completing a total of
121 operations.
{Crown Copyright)

10 the more than 55,000 Bomber Command
personnel who didn't make it home, and to
their comrades who survived the war but have
had to live with their memeries for the rest of
their lives. Thus, each time PA474 arrives back
in Lincolnshire — whether after a display, or

OPPOSITE Dedicated
10 the more than

55,000 Bomber after carrying out a flypast at a vilage fete or a
Command personnel  high-profile State occasion — it symbolises all
who never made it those lost souls finally making it home. May this
home to see the next  continue for many years to come.

morning's sunrise... There is also a Lancaster maintained in
Jarrod Cotter) airworthy condition in Canada, a country which
10
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Lancaster Mark | PA474 pays a ‘lving’ tribute

has very strong connections with the type. Not
only did many Canadians serve with Bomber
Command during Worid War Two, but Lancs
were also bult in Canada before being flown
to England. After the war Lancasters were
operated by the Royal Canadian Air Force

in various roles too, so it is wholly

‘appropriate that Mark X FM213 still graces the
skies of Canada.

PA474’s role in the BBMF

Th? BBMF was originally known as the
Historic Aircraft Fiight and was a direct
result of the efiorts of Wing Gommander (later
Group Captain) Peter Thompson oec, then
Station Commander at Biggin Hil, Kent. After
gaining his wings in the: summer of 1940, Peter
flew Hurricanes during the Batle of Britain.
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After the war the powers-that-be determined
that Battle of Britain Day should be on
15 September, as in 1940 that date had
marked the height of the aerial confict. And
50 it was that in 1945 thousands gathered in
Londen to watch masses of RAF fighters carry

out the first of what was to become an annual
flypast over the capital. In the years immediately
following World War Two it became tracitional
for a Hurricane and a Spifire to lead the fiypast.

With the passing of time, aircraft that were
anoe the mainstay of RAF fighter operations
decreased in numbers and gradually the jet age:
took over. The familiar and much-loved piston-
engined types were rapidly withdrawn from
frontiine service.

By the mid-1950s Hurricane Il LF363 was.
the only ainworthy representative of its type with
the RAF, and at that time was based at Biggin
Hil. When the Spitfire was finally phased out of
RAF service in 1957 the only three remaining
airworthy examples were those being flown by
the civilian-operated THUM (Temperature and
Humiciity) Flight at Woodvale, Lancs.

There was a strong belief among some
in the RAF that the senvice's greatest Batlle
Honour (Battle of Britain) should continue to
be commemorated in a fitting fashion - and
the best way to do that was to keep these.
legendary fighters in the air. Wing Cemmander
Thompson was an enthusiastic advocate of this
notion and with LF363 already at Biggin, he had
the basis for a grander plan. Peter gained the




authority to form a commemorative urit, but no
Jbfic funding for maintenance or fuel would be
forthcoming and all manpe r would have to
be on a voluntary bass.
With their useful operational careers over
he three Spitiire PR XIXs of the THUM Flight -

PM631, PS853 and PS015 - were allocated to
the unit. They were scheduled to be delivered to
d, Car 112 June 1957, but
ceable and PS8S:
up on fts nose during take-off. Neverthel
jer the next few weeks all three amved and
awaited their RAF pilots.

From Duxord, a three-Spit formation
eventualy f on 11 July, pioted
by legendary wartime ace Group Captain J.E
‘Johnnie’ Johnsen in PS853, Group Captain
James Rankin in PM631 and Wing Commander
Thompson in PS915

What was then known as the Historic Arcratt
Flight (or HAF) was formed at Biggin Hil on
11 July 1957, Howaver, whie the concept had
come to fruition there was a consensus among
wartime pilots that it was not right to form a
bbute fiight to the Battie of Britain using a
variant of the Spitiire that was not designed to
fire uns. The solution came in the form of three
Mark XVis (T nd SL574), recently
brought out of storage for a ground display
at the 1957 Royal Tournament. The Senior

1ded

Technical Officer at Biggin, Squadron Le:
E.H. Sowden, recommended that priority be
given to bringing these up to fiying congition
This was parlly because iney were fighters, but
also because spares were more readly available
than for the PR XIXs.

Peter Thompson air-tested TE330 at
Biggin early in September 1957, It performed
faultiessly and was taxied across to the Station
Flight hangar where it joined up with LF363.
On 15 September, HAF carried out its firs
commemorative fiight over Westminster
Abbey for Battie of Britain Day, using LF363
and TE330. By that time the Flight had
already lost one of its PR XIXs. PS315 had not
been i of health when it arrived
Biggin Hill on 11 July, so it was retired

a gate guardian. Two months later, on 10
December 1957, TE476 was successiully
ar-tested,

In February 1958 Peter was posted to the
USA and promoted to Group Capiain. He had
always referred to the HAF as the ‘BoB Fiight'
and on 21 February it was oficially renamed
a3 the Battie of Britain Fight. Work continued
steadily and on the 23rd SL574 took {0 the
skies. However, in the same month
announced that Biggin iose and t

OPPOSITE TOP On
T November 1967,
PAA4T4 starts up at
Waddington ready for
its first air test after
restoration to flying
condition. It was to
join the BBMF six
years later.

(Crown Copyright)

OPPOSITE BOTTOM
Group Captain Arthur
Griffiths arc, Station
Commander at
Waddington, carrying
out a pre-flight walk-
‘around check of PA474
at Waddington in 1967,
He was responsible for
its retum to the air on
a regular basis.

(Crown Gopyright)

BELOW Two

classic RAF bombers
from Avro =
Lancaster | PA4T4
and Vulcan B2 XL317.
(Crown Copyright)




ABOVE Bearing the
name and arms of the
Gity of Lincoln, it's
always a special sight
to see PA474 flying
over Lincoln cathedral
~ which during the war
would have

been a welcome
tandmark to many
returning Bomber
Command crews.
(Crown Copyright)
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Right was informed it would move to North
Weald in Essex by March 1958,

That Apri the BoB Fiight lost a second
PR XIX, as PS853 was alocated o West
Raynham, Norfolk, where it was placed on
display at the gate. In the following morth it was
dealt yet another biow, and one that must have
been extremely frustrating — despite the existence
of many non-ainworthy Spitfies around the UK,
the Flight's principal fiyer, TE330, was taken away
on 14 May to be prepared for presentation to the
USAF Academy at Colorado Springs.

Things were going from bad to worse. In
May 1958 North Weald closed, so that after a
very brief stay thers the BoB Fight was again in
need of a new home. It moved to Martiesham
Heath in Suffolk shorlly afterwards, where it
remained for three years.

It was here, during 1958, that the Flight lost
its remaining Spitfie XVis due to a series of
accidents and reliabiity problems. On 28 May
SL574 suffered a flying incicent at Martiesham
and was sent for repair to 71 Maintenance Unit

at Bioester, Oxfordshire, returming on 1 July.
Then on 10 September TE476 had a wheels-up
landing. As a resut, the Top Brass’ decreed that
20 Saptember 1959 would be the last time the
Fight's fighters, including Hurricane LF363, wouid
participate in the Battle of Britain fypast over
London. This decision was perhaps vindicated
when SL574 suffered a complete engine faiure
during that very sortie over the capital and crash
landed on a cricket ground at Bromley
In November 1961 the Bof Flight underiook
another move, to Horsham St Faith in Norok.
By this time it comprised just LF363 and PR XIX
PM631, and this is how things would remain
until 1964,
ontinuing what could almost have by
seen as a jinx, it transpired that Horsham in
turn had been earmarked for closure, and on
1 April 1963 the Flight made its way to nearby
Coltishall. After all these knock-backs, surely the
808 Flight was due some better uc!
Galtishall ofiered just such a chance and
things began to improve significantly. PSB53




was made serviceable again and put on charge
of the Central Fighter Establishment on 31
October 1962. In April 1964 it was retumed 1o
the Flight. Then in September 1965 another
Spitfire joined the ranks when Vickers-Armstrong
parted with Mark VB AB910. This brought the
Fight's inventory back up to four, and with the:
fleet and its popularity growing things were put
on a more formal footing at Coftishall, resulting in
the appointment of a team of full-ime engineers.

Another significant acquisition cocurred after
filming for the 1969 classic movie Battie of
Britain ended, when the Flight was presented
with Spitfire IIA P7350 — the world's oldest
airworthy example and a genuine combat
veteran of the Battle of Britain,

Having popularly become known as the
Battle of Britain Memorial Fight, the unit officially
took this name on 1 June 1969,

Angther major milestone came in March
1972, when Hurricane IiG PZ865 was presented
to the BBMF after being refurbished by Hawker
Siddeley. This aircraft had been the very last
off the production line and hence carried the
legend The Last of the Many! on its sides.

November 1973 saw the arrival of & new
and significant wartime aircraft, which would

widen the tribute paid by the BBMF 1o include
Bomber Command as wel as Fighter Command,
On the 20th Lancaster | PA474 was officially
transferred from Waddington, Lincs, where it
had been refurbished and looked after by station
personnel. It had been making a growing number
of appearances around and about, and station
resources were struggling to keep pace with the
demand. The best option, it was realised, was to
place PA4T4 under the care of the BBMF. which
was better equipped with the necessary expertise
and infrastructure to maintain it. However, the
name of the: BBMF remained unchanged and
continued to reflect its dedication to the RAFs
most famous Battle Honour

Less then two years after the Lancaster
arrived at Coltishall it was announced that
the BBMF was moving to Coningsby in
Lincolnshire, in order to free up its hangar
space, and on 1 March 1976 the Flight began
to ferry its aircraft to their new home. Though
the BBMF had arrived at ‘Colt’ with just two

wartime-era aircraft, it left with seven - including ~ BELOW PA474 with
what was then the worid's only ainworthy a BBMF fighter
Lancaster. Their amval at Coningsby delighted  escort of two Spitfires
the folk of Lincolnshire - often nicknamed and a Hurricane.
“‘Bomber County’ - as they'd always had a (Crown Copyright)







w continues 10 comprise
s days perform
working on fron

ne types such
er Typhoon and Boeing E-3D

Sentry. The only exception is the BBMF's Offic
Commanding, which is a full-ime appointmen

g to the additional demands of overseeing
erations, administration and engineering.
years after its formation the
Flight carried out relatively low-key operations,

generally performing around 50 to 60 disp
ar until the mid-1960s. Thereater th
gradually s the BBMF's
grew, and nowadays t's considered
‘the norm’ for between 700 and B0C
e planned on the ops board
The BBMF has grown to become a major

ik between the RAF and the British publ

ncrease:

nciividual

ery year its airc seen by around
six milion pecple. Since 1986 the Fiight has

even been made avaiable to the public during
weekdays — an amazing gesture of goodwill by
@ RAF. The BBMF Visitors' C
lays and a well-stock
nominal fee people can e

brave individuals who paid the
ice fiying such ai

nate

our freedom, their sacrifice is
BBMF's motto... ‘Lest

We Forget

ABOVE Something
which makes the
BBMF even more of

a priceless national
asset is that it is not
hidden away from the
public. Each weekday
visitors can pay a
nominal fee to go on
a guided tour of the
Flight's hangar. In the
winter they get to see
the aireraft undergoing
g such as this,
while in the summer
they may be lucky
enough for their

visit to coincide with
aircraft starting up
for a sortie.

arrod Cotter)

seny

LEFT For the Flight's
50th anniversary,
PA4T4 led all seven
BBMF fighters for
one, possibly
never-to-be-repeated
fiypast at Duxord on
5 May 2007.

(arrod Cotter)

INTRODUC



BELOW PA474 in
service with the
College of Aeronautics.
‘while on laminar wing
flow tests. (College of
Aeronautics)

Restoring PA474

A474 was built as a Bl by Vickers-

Amstrong at Hawarden, North Wales, in
1945. Initially it was earmarked for Tiger Force’
operations and, consequently, service in the Far
East, 50 it was manufactured to FE standards.
However, the war with Japan ended befere it
could take part in hostilties. Instead it went
into storage at 38 Maintenance Unit, Liandow,
South Wales, on 18 August 1945, It was next
maoved to 32 Maintenance Unit at St Athan, also
in South Wales, on 26 November 1946.

After this period in storage PAA74 was
«converted to PR1 configuration by Armstrong
Whitworth, with work beginning on 28 June.
1947. The conversion included the removal
of the Lancaster's turrets. The former bomber
was ferried back to Llandow on 11 August and
temporarily placed back into storage.

On 23 September 1948, PA474 at last
enterad senvice with the RAF when it was
assigned 1o ‘B’ Fight of No 82 Squadron for
photographic reconnaissance duties in East

and South Africa, After joining the squadron

at Benson, Oxfordshire, it was given the
identfication letter "M, and spent the next four
years camying out survey work. This saw PA474
taken on many detachments to small airfields
with relatively primitive facilties before it finally
retumed 1o Benson on 18 February 1952 to
await a fairly uncertain future.

The bomber's lang-term fate became even
more doubtful when, from 26 May 1952, it
'was loaned to Flight Refuelling Ltd at Tarrant
Rushton, Dorset, with the intention of converting
it into a pilotiess drone. Much design work
followed while PAA74 languished somewhat
forgotten at Tarrant Rushton. However, before
the proposed work began the Air Ministry
decided to use an Avo Lincoln instead.

So on 7 March 1954 PA474 was transferred
to the College of Aeronautics at Granfield,
Bedfordshire, where it was to be used for trials
with several experimental aerofoil sections,

‘This new career effectively saved an airworthy
Lancaster for the nation. The trial wing sections
were mounted vertically on the upper rear



ABOVE PA474 minus
propellers, parked
outside Hangar 4 at
Waddington on 8 June
1971, (Crown Copyright)

LEFT A happy scene
at Waddingtan on 7
November 1967 after
PA474's first post-
restoration test flight.
(Grown Copyright)




BELOW PA474.0n 6
November 1974, part-
way through a Major
overhaul at Kemble.
(Crown Copyright)
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fuselage of the aircraft, which at the time was
il wearing its No 82 Squadron badges and
individual ‘M code

PA474 was employed in this role until 1964,
by which time the College of Aeronautics had
completed the conversion of Linceln B2
G-36-3 (the former RF342) to replace it. During
October 1963 the RAF had talked to the
College about taking PAA74 back with a view
to putting it on display in the then planned RAF
Museum, and on 22 April 1964 it was ferried to
15 Maintenance Unit at Wroughton, Wiltshire
and placed into storage. The first steps towards
PA474 becoming a permanent flying memorial
1o Bomber Command had successfully
been taken

The aircraft was adopted by the Air Historical
Branch with the intentian of it being included
in the new museum. It was soon painted in
more fitting wartime ¢ age, though
without any squadron markings, and on
25 September 1964 was moved to RAF

Henlaw, Bedfordshire, to be prepared for the
RAF Museunm.

The first unit equipped with Lancasters
had been No (Rhodesia) Squadron, and
in 1965 Wing Commandsr M.A. D'Arcy,
the Commanding Officer of No 44 (by then
ing Avio Vulcans from RAF Waddington in
Lincolnshire) put in a request to the Ministry
of Defence that PA474 be transferred to his
squadron's care. Approval being eventually
obtained, a party of ground crew left for Henlow
12 May 1965,
On close inspection PA474 appeared to be
airworthy, sa a further request was sent to the
MoD asking that it be flown to Waddington.
After due consideration this request 100 was
granted, and on 26 July a team of experienced
technicians from Waddington started a
recovery servicing'. This included undercarriage
retraction tests, complete engine runs, ¢
swing, flying control checks, electrical and
instrument system checks and whel brake

mpass




checks. Despite having stoed out in the cpen
for 12 months, the only servicing required on
the Merlins was the clearing out of birds’ nests
ark plug cleaning, and fuel
and oil checks! The engines started easily

After PA4T4 was declared fully serviceable
the aircrew on 18 August for what was
supposed to be its last flight,
10:30am crew climbed aboard and the pre-
flight checks were carriex
One by one the Meriins burst into fife, chocks
e d d PA474 taxied across
the rough grass field to the take-off point. A
fair-sized crowd had gathered to watch the
ey were rewarded by
i the Lancaster siowly
rising off the ground.
much surprise around

from the cowiings,

it

mere museum reli, and never expected to fy
50 there was hardly a door or window on the
ich heads didn't appear wher

LEFT A major
milestone in PA474's

authentic wartime
configuration was the
fitting of a mid-upper
turret, seen here beis
lowered into position
during 1976 under
the guidance of Pete
“Gerbs' Jeffery and
Engineering Officer
Flight Lieutenant
Terry Lees.

(Crown Copyright)

BELOW RAF
engineers hard at work
about to remove the
nose section of PA4T4
at Abingdon, circa
1983, (Crown Copyright)



ABOVE Again seen
at Abingdon in 1683,
the Lancaster's rear
fuselage has been
separated from the
centrs section. Note.
that at the time it
was wearing the
AJ-G markings of
Wing Commander
Guy Gibson's EDB32
from the famous
*Dam Busters' raid.
(Crown Copyright)
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PA474 flew over! It made for Waddington in the
company of a Varsity that had been provided for
the press and television crews.

At Lincoln the Lancaster made several runs
past the Cathedral 5o that the photographers
could film it with that landmark in the
background. The Varsity then flew on to land
at Waddington first so that the photographers
could position themselves to film the
Lancaster's arrival. Meanwhile, it made two low,
fast runs down Scampton’s main runway before
landing at Waddington at 1:30pm

After being put into storage in one of
Wacddington's hangars it was decided to repaint
the Lancaster in the markings of Squadron
Leader J.D. Nettieton's KM-B, in which he
eamed his Victoria Cross whist carrying out
the famous low-level daylight raid on the
MAN factory at Augsburg on 17 April 1942,
The markings were those of No 44 Squadron
Lancaster | R5508.

A restoration programme then began that
would continue for many years. By 1966
work was progressing weil and both the front

and rear turrets were in place. However, the
Lancaster was initially intended to be only a
static exhibit, s fis retum to the air would
require overcoming many difficulties. Instead
it stood on display outside the Officers’ Mess
~ until Group Cagptain Arthur Giffths AFc,
Waddington's Station Gommander since Apri
1967, saw it and asked why it wasn't being
flown. Group Captain Griffiths was a true flyer
who simply loved aeroplanes, and he just
couldn't bear to see PA474 looking foriorn
and unwanted. He decided to attempt making
the Lancaster ainworthy again, and to get the
necessary permission to fly it

The project was supported by HQ 1 Group,
but foundsred initially with the MoD from whom
financial approval was siow in coming. What
finally canied the day was the forthcoming 50th
anniversary of Waddington in November 1967,
The celebrations were to culminate with a
guest night in the Officers’ Mess, to which
Chief of Defence Staff MRAF Sir Charles
Enworthy (a former OG Waddington) and many
other distinguished guests had been invited




The plan was to get the Lancas!
before this date.

On 6 November permission for one air
test finally arrived. After an hour's circuit work
in & borrawed Hastings on 7 November to
refamiliarise himsef with such pecuiiariti
propellers, flaps and taitwheels, Waddington's
Station Commander went 1o the Lancaster,
started up the ‘four lovely Merlins' and taxied
out. He pushed the throttles open and away
they went, with no problems at all. The aircraft
flew beautifully and was obviously delighted to
be back in the air after so many years.

The fiight was well received in higher
headquarters and the Lancaster was
subsequently allowed to fly on further
occasional test fiights. Nevertheless, there were:
stil to be diffcuties from time to time. Propelier
ol leaks were a problem until some appropriate
seals were obtained from Hang Kong.
Feathering motors appeared uncbtainable
until MoD Harrogate bought a couple from a
local scrap dealer. On one occasion, a double
plug failure caused such vibraticn that the
Lancaster's No 4 engine had to be shut down,
necessitating the pilot's first three-piston-
engined landing for 20 years! But by and large
PAAT4 continued to fly beautifully, and the only
real problem lay in gaining financial authority
to fly it regularly. Gradually, as the aircraft
continued to give little trouble and gained
in popularity, opposition decreased and the
Waddington Lancaster was invited increasingly
to air shows throughout England, where it was
always the star attraction

Restoration work to bring the bomber up to
the desired condition to accurately represent a
wartime Lanc went on. PA474 joined the BBMF
in November 1973 and in 1975 it was adopted
by the City of Lincoln, the name and coat of
amms of which it stil proudly wears more than
30 years later. When the BBMF moved to its
current home at RAF Coningsby, Lincolnshire,
in 1976 restoration work was still going on, and
amid-upper turret that had been discovered
in Argentina, of all places, was finally fitted the
same year. Even today work continues to get
PA474 into an even more authentic wartime
condition, the latest items being considered
for addition being flame dampers over the
exhaust shrouds.

The only Lancaster to be
re-sparred

On 25 September 1995, having completed the year's display
season, PA474 set off from Coningsby and flew to St Athan to
underge a major wing re-spar programme. This had never been
done before; the lifespan of a wartime Lanc was expected to be
relatively short, so there had been no need to consider that one
might ever need replacement wing spars.

A fatigue meter had been fitted on board PA474. By the end
of the 1983 flying season readings showed that the bomber
had clocked up 3,060 hours, leaving 1,340 hours or about 13
years remaining, based on its usage at that time. In 1984 British
Aerospace (BAe) determined the fatigue index to be 70.7, where an
index of 100 indicates no fatigue life remaining. A decision that the
spar booms would eventually need to be replaced was made in
1990, and BAe was tasked to define the repair.

The intention of the repair design was to replicate as much of
the historic concept of the Lancaster as possible. This included the
use of a unique method of attaching the skins to the boom on the
outer wings, known as plug riveting. However, the repair could not
in any way compromise modern-day design practices and fatigue
enhancement measures.

The new booms were to be manufactured from extrusions surplus
1o the re-sparring programme of the RAF's Avro Shackletons. They
were to be made without driling any holes so that the driling pattern
could be copied from the existing booms. In addition the repairs
‘were required to include new webs and fasteners and new shackles.

A decision was made to keep PA474 flying for as long as
sufficient fatigue life remained available on the original spars.
which had been calculated o expire in 1996. Flying restrictions
were imposed to avoid any heavy manceuvres, and fatigue meter
readings were regularly sent to BAe for analysis.

As the booms were the eritical components they were wisely
manufactured well in advance of the repair date and consequently
completed in December 1993. Later it was agreed that the repair work
would be performed by BAe at Chadderton, near Manchester. In July
1995 BAe formally accepted the contract to carry out the re-sparring.

After its amrival at St Athan in 1996 PA474 was separated into its
component parts and prepared for transportation. Various sections
amived at BAe in November and were placed in purpose-built
holding fixtures to support them during the work. Around 5,000
production hours were spent on the aircraft by both military and
civilian engineers, who often worked from 07:30 until 20:00, before
completed sections were ready to be sent back to St Athan during
early February 1996.

The bormber was reassembled at St Athan, and its first flight
test was carried out on 13 May, Two days later PA474 retured to
Coningsby with its new spar in place ~ and with its annual flying time
carefully restricted this will enable it to fly for many years to come.
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Chapter One

The Lancaster
Story

o] ]

The origins of the Lancaster can
be traced back to 1936 when the
RAF was looking to re-equip with
up-to-date monoplane bombers.
Air Ministry Specification P.13/36
for a so-called ‘medium bomber’
formed the basis of the design for
Avro’s twin-engine Manchester.
However, the genesis of the
Lancaster lay in the failure of the
Manchester’s twin Rolls-Royce
Vulture engines. Four Merlins
were married to the Manchester
airframe and the resulting aircraft
was called the Manchester Ill
- later renamed the Lancaster.
LEFT Lancaster | R5689 VN-N of No 50 Squadron. On
i oo ot iy e
pmnEe e i

Lincolnshire, when both port engines failed as the crew
prepared for landing. (RAF Museurm
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Lancaster:
The story of a bomber

ne of the mast revolutionary departures

from previous aircraft design practice
was the proposed increase in wing loading,
This would allow a heavier type of aircraft to
be operated from airfieids that would most
likely have grass or even sandy surfaces. Up to
that time the normal wing loadings were in the
region of 20ib/ft 5q, but the Avro Manchester
design called for double that. This caused
numerous headaches for the design team, as
the engine loading could not be reduced to
compensate for the efiect of the higher wing
foading on the take-off run, and the rate of
cimb once off the ground, though a degree
of compensation was offered by the constant
speed variable pitch propeller which was
being developed.

After many trials and tribulations with the
design, AV, Roe & Company Limited first
flew the Avra 679 Manchester twin-engined
medium bomber on 25 July 1939 from Ringway,
Manchester. The Manchester was the brainchild
of Avro's chief designer Roy Chacwick, and
was powered by a pair of Rols-Royoe Vulture
engines. By the end of January 1940 some
1,200 Manchesters had been ordered, but
only 200 were delivered due to reliabiity
problems with the Vulture and the Manchester's
performance. For example, ts ‘comortable’
operating altitude was between 10,000f and
15,000k, leaving it vuinerable to flak which was
becorming mare and mere of a danger. However,
one feature of the Manchester which was an
indisputable success was its bomb bay.

With the Rolls-Royce Meriin proving to be an
excellent engine, and with more powerful marks
being planned, it was decided not to waste
any time in trying to imprave the Vuiture, This
cancelation left Avro with a superb airframe in
need of a reliable power plant.

In February 1840 discussions had taken
place regarding a proposed Manchester Il
powered by four Merlins. There was some initial
reluctance about this, as at the time Merlins
were desperately needed for Hurricanes and
Spitfires. However, in July 1940 there was a
change of heart and the Air Ministry informed

Avro of their wish that the development of the
four-engined Manchester should go ahead.

The Avro 683 was to have the minimunm
of changes from the production Manchester,
which had already received approval for an
increase of its wingspan from BOft to 90ft. The
new design had a proposed wingspan of 100ft,
though the Lancaster eventually had a 102ft
wingspan. To mest the demanding schedules,
it was strongly fel that the retention of the Avo
679 centre section would be crucial.

After a number of setbacks Avro got the
approval to produce two prototypes by July
1941, The first of these, BT308, was rolled out
for engine runs on 28 December 1940. By
4 January 1941 the four-engined Avro 683 was
cleared to fly from Woodford. However, due to
poor weather - low cloud, drizzle and fog - it
was temporarly grounded.

By 9 January the weather had improved
sufficiently for BT308 to take to the skies - and
the Lancaster legend was bom! Whike the aircraft
was still widefy known as the Manchester Il it
was annotated as a ‘Lancaster’ on fts Air Ministry
Form 1187 Design Certificate for Flight Trials.

BT308 initially featured the triple fin design
of the Manchester. However, following eary
handling trials it was suggested that the aircraft
be fitted with larger twin fins and the central fin
be removed, It was first flown in this form on 21
February 1941, and such was the improvement
that on its second test fiight BT308 was flown
with both port engines shut down — proving
that the larger rudders could keep the bomber
flying straight

The secand prototype, DG5S, carried out
its maiden fight on 13 May 1941, and it quickly
received authorisation o go for service trials.
Though there were delays, Roy Chadwick
used the time wisely and set about improving
& number of areas he had already identified
as needing attention, as well as initiating a
complete review of the aircraft and its systems.
With Manchester production now ceased, the
Lancaster was approved and the balance of
orders was changed to the new four-engined
bomber. The first production machine, L7527,
flew on 31 October 1941

L7527 difered from the prototypes in that
it had four 1,280np Merlin XXs rather than
1,145hp Meriin Xs. The aircraft's performance

OPPOSITE TOP
The Lancaster was
developed from

the twin-engined
Manchester, which
was basically a good
airtrame in need of
better engines than
the Vultures with
‘which it was equipped.
This is L7247, seen in
June 1981, (Air Ministry)

OPPOSITE MIDDLE
BT308 was the first
Lancaster prototype
and represents the
legendary bombet In
its earliest form, with
small outer tail fins
and a centre fin.
(Rolis-Floyce)

OPPOSITE BOTTOM
DG5S, the second
prototype Lancaster.
(Air Ministry}
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ABOVE A staggering
500,000 manufacturing
processes were
invalved in bullding

a Lancaster, which
was made up of some
55,000 separate parts
- even when you count
engines and turrets as
one item and exclude
all the rivets, nuts and
bolts! (RAF Museum)

OPPOSITE As the
light fades a formation
of Lancasters sets out
for ocoupled Europe.
Afew hours later

they were probably
avoiding flak in the
night skies over a
heavily defended
target. (RAF Museur)
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was simply outstanding; large-scale production
s00n began at several factories and plans
were put in place to get the Lancaster built in
Canada toc.

The first RAF unit to receive the Lancaster
was 44 (Rhodesia) Squadron at Wadding
Lincolnshire. On Christmas Eve 1941
squadron took delivery of three examples of
the type.

on,

Into service

1 was not unti 3 March 1942 that the

Lancaster entered operational service, when
four aircraft from No 44 Squadron set off for
Heligoiand Bight in the North Sea at the mouth
of the River Elbe, on a mine-laying sortie. They
100K off from Waddington at 18:15 and al
retumed safely around five hours later.

‘The first night bombing operation with
Lancasters took piace a week later on 10/11
March, when two 44 Squadron Lancs took
partin a raid on Essen. Each of them carried
5,000 of incendiaries and they joined a force
of 126 bombers which included Handiey Page:
Hampdens, Manchesters, Short Stirings and

Vickers Welingtons. Lancasters were certainly
wel received by their craws, and they quickly
seffled into squadron service, proving themssives
to be sound and reliable workhorses.

Many raids by Lancasters would go on to
make headline news, the fi
daylight operation by 44 and
bamb the MAN Diesel factory at Augsburg in
southern Germany on 17 April 1942. Squadron
Leader J.D. Nettlston ve of 44 Squadron led
the 12-aircraft op, for which he became the
first of ten Lancaster aircrew to be awarded the
Victoria Gross for their expiois.

Lancasters were in service in time to
participate in the first “Thousand Bomber raid
on the night of 30/31 May 1942, codenamed
Operation Milennium. Out of  total of 1,047
aircraft that were despatched to Cologne, 868
reached the primary target.

On the clear moonitt night of 16/17 May
1943 the newly d 617 Squadron
successiully canied out what became the most
fameus single operation in the history of aerial
wartare. No 617 Squadron, commanded by
Wing Commander Guy Gibson, set out from
Scampton in Lincolnshire to breach key dams

i




in the industrial heartland of Germany. For the
sortie the squadron used a special weapon
(codenamed 'Upkeep' and actually termed a
mine, but more commonly referred to as the
‘bouncing bomb’) that had been designed

by the famous and highly respected aviaticn
designer Sir Barnes Wallis

The Lancasters used for the raid were Bl
(Specials), modified to be able to carry one
mine each in a specially designed caliiper device
that could rotate it at the 500rpm required for
it to work successfully. Furthermore, the bomb
would need to be dropped from just 60ft, at
right, and at a specified speed and exact
distance from the dams. To compound things
further, the crews had just seven weeks to train
for the precision aftack as it had 1o take place
within a narrow timeframe.

Nineteen aircraft set out, with sixteen
reaching their targets. Operation Chastise was
carried out successfully, with the Mchne and
Eder Dams both being breached and the Sorpe
damaged. Of the sixieen Lancs thal reached
their targets eight were lost, and only three of
their 56 crew members survived to become
prisoners of war,

It was for this famous operation that Guy
Gibson was awarded the VC, with a total of
34 decorations being awarded for aircrew who
participated in Chastise. The post-raid publicity
was massive, and proved to be a tremendous
PR boost for the RAF.

Stalking the Tirpitz

nother very famous achievement using

Lancasters came as a resutt of the three
operations mounted to sink the mighty German
tattleship Tiroitz. Along with 617 Squadron,
as the war progressed § Squadron also came
to speciaiise in dropping large bormbs, in
particular the 12,000b ‘Talloay', on strategic
targets — and the ops aimed at destroying the
Tirpitz are & further good example of the Lanc's
operational versatility.

In January 1942 Prime Minister Winsten

Ghurchil put out a document to the Chiefs
of Stalf stating that no other sea target was
comparable to-the Tirpitz - the entire woridwide
naval situation would be altered if it could
be destroyed, of even crippled. Although
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BELOW While most
stories obviously relate
1o the aircrew, they in
turn all testify that the
contribution of their
ground crews was
critical. (RAF Mussurm)
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number of attempts by various nits were made
o sink the vessel, it remained serviceable.
Consequently 9 and 617 Squadrons were
tasked o bomb the Tipitz during September
1844 in Operation Paravane. Armed with
Tallboys', they were 1o fly to Yagodnik in the
Soviet Union 50 that they would be within range
of the German battleship.

A number of aircraft from both squadrons
were lost en route to Yagodnik, but the
remaining force set out from the Russian airfieid
on 15 September to bomb the Tipitz in its
Norwegian hiding place at Kaafiord. The crucial
element of surprise was lost when a German
ground unit gave prior notice of the bomber
force's direction, and a smoke screen was set
up over the ship. Attempts were nevertheless
made to bomb the Tirpitz, but many of the
post-fight reports state that the target was
obscured by smoke that made the results
difficut o determine

Later it was discovered that the Tipitz had
ndeed been hit by one ‘Tallooy’ that had gone
through the forward deck and emerged beiow
the watedine on the starboard side before
exploding, while a second near miss had
caused further damage. These bombs
are thought to have been dropped by
9 Squadron's Fight Lieutenant J.D. Melrose
and 617 Squadron's Wing Commander J.B,
Tait pso Dro*", The attack had, however,
rendered Tirpitz unfit 1o go to sea.

The damage having been patched up by
mid-October, the huge vessel was then moved
10 the port of Tromsa, around 200 miles
south of its previous location. This new
berth potentially put the battleship within
range of RAF bases in north-east Scottand,
inciuding Lossiemouth

In order to carry out attacks, however, the
Lancasters would have to be heaviy modified
and fitted with the more powerful Merin 24s




- but the only ones available were already fitted
1o other Lancasters scattered throughout

5 Group. A frantic search located all tne Meriin
24s and these were then exchanged with the
engines fitted to the ‘Tallboy" aircraft. Other
modifications included removing the mid-upper
turrets, pilot's armour, guns and ammunition
from the front turrets, and gas bottles, plus
reducing the amount of ammunition carried in
the rear turret. Extra fuel tanks were then fitted
1o give the aircraft sufficient range.

More than 120 engines were exchanged
over a three-day period — this and all the
other modifications had to be carried out on
top of routine maintenance and repairs, thus
confirming 9 Squadron’s unofficial motto:
There's always bicody something'!

A combined force of 40 Lancasters (20
from 9 Squadron, 19 from 617 Squadron, and
PD329 from No 463 Squadron on “spacial
photographic duties’) left their bases for

Scotland on 28 October, and the following day
set off for Tromse on Cperation Obviate. Heavily
Iaden with extra fuel and weighty ‘Tallooys', the
airoraft took off at +18 boast rather than the
nermal +14.

On approach to the target area an
unexpected weather front caused conditions
1o rapidly deteriorate and bombing was made
difficult as the target quickly became obscured
by cloud. Some aircraft dropped bombs by
targeting the gun flashes they could gimpse
through the cloud, but as the force tumed for
home the crews knew that the Tirpitz was stil
afloat. It was later reported that ha the attack
happened just half an hour earlier conditions
would have been perfect

A third attempt by 9 and 617 Squadrons to
bomb the Tirpitz was initiated during November.
At 03:00 on 12 November 1944 the first of the
Lancasters st off frem Scetiand on Operation
Gatechism. This time they had perfect weather

BELOW Last RAF
sortie by a Lancaster,
a5 MR3 RF325 carries
out a flypast at St
Mawgan in Cornwail
on 15 October 1956.
(MoDiCrown Copyright)
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conditions al the way 1o the target, with the
clear sky offering excellent visioility.

As the Lancasters neared the batlleship they
were greeted by flak, but with their ammament
depleted 10 save weight there was a more
serious risk that the Lancasters might become
very easy prey to the Tirpitz's fighter cover.
Indeed, ground 1ro0ps reported the bomber
force to be heading towards the vessel and its
Captain ordered that the fighters be scrambied,

knowing they could be overhead in ten minutes.

However, the 18 Focke-Wuif Fw190s that got
aloft set off in the wrong direction - they had
‘apparently not been informed of the battieship's
change of anchorage!

Everything was at last in favour of a
successful attack. The ‘Tallboys' rained down
on the Tirpitz and after a number of direct hits
and near misses the battieship rolled over
to port and lay on its side. Huge clouds of
black smoke rose into the gin-ciear sky. The
Lancaster crews' determination to finish off this
significant threat had finally paid off.

Final throes of war

fter the Tallboy’ came the 22,000 ‘Grand
Slam’, sometimes calied the 'Earthquake

bomb', To camy this the Lancaster had 1o again
be modified, with the huge bombs being slung
externally in a dooriess bomb bay. The first use
of the ‘Grand Slam’ came on 14 March 1345,
when the Bielefeld Viaduct in northern Germany
was attacked. The Lancasters capable of
carrying *Grand Slams' became known as
‘Clapper’ aircraft by their crews, because after
releasing their heavy payloads the aircraft ‘went
like the clappers'!

Anather high-profile mission which came late
in the war was the daylight raid to bomb Hitier's
Eagle’s Nest' retreat at Berchtesgaden. This op
o the Bavarian Alps was carried out on 25 April
1945, and though Hitler was not in residence at
the time it was still considered a success. The
same day saw Lancasters take off for the last
raid by the type, a night op against an ol target
at Tonsberg in Norway on 25/26 April.

Lancasters not only made a vital and hugely
significant contribution to Bomber Command's
t offensive, but they also helped to tum
the tide in the major land battles of 1944 by

bombing the German army in the field and fiying
tactical sorties aimed at precision targets. During
the war Lancasters camied out around 156,000
sorties and cropped 608,612 tons of bombs.

Before the Geman sumender Lancasters were
heavily involved in Operation Manna, which saw
them supplying much-needed food to stanving
Dutch people. These sorties were potentially
hazardous as large areas of the country were
still under German control — though with the:
war's end in sight a truce was negatiated and
the Lancs were allowed 10 cay out their vital aid
relief largely unhindered. Some 6,684 tons of food
wers dropped during 2,835 sorties.

Following the end of hostilties in Europe
Lancasters were put fo Use in another
role, being used to repatriate iberated Allied
prisoners of war back to England, this task
being codenamed Operation Exodus.

After the war & number of Bormber
Command units continued 10 be equipped with
the Lancaster until the type was repiaced by the
Auro Lincoln. The last bomber unit to operate
Lancs, 49 Squadron, converted to Lincoins in
March 1950,

With the departure of the lend-lease:
Consolidated Liberators after the war the
Lancaster became the principal land-based
maritime reconnaissance aircraft used by
Coastal Command. The last example of the
type to be operated in service by the RAF was
MR3 RF325, which was used by the School of
Maritime Reconnaissance at RAF St Mawgan in
Cornwall and was retired on 15 October 1956.
Sadly, after a farewell ceremony it was flown
away to Wroughton, Wiltshire, to be scrapped.

The Lancaster also formally seved with
some other countries post-war. It served on
with the Royal Canadian Air Force for some 20
years, operating in a variety of roles including
air-sea rescue. The air forces of Argentina and
Egypt also used the Lanc, as did the French
Navy. The Soviet Air Force assembled two
‘examples from those that had foroe-landed
in Russia during the first of the Tirpitz raids,
the Royal Australian Air Force had two Lancs
on its books, and the Swedish Air Force used
a Lancaster as an engine test bed. Many
Lancasters were also used in experimental and
development trials, and some were put onto the
civilian registers of Britain and Canada.




The main production
variants

BI - Powered by four Rolls-Royoe Merfin XXs,
225 or 245, Most numerous mark bu

followed
closely by the Mark ll. The Mark | and Mark

1l Giffered only in respect of the pov
and associated services and controls. The first
production example carried out its maiden fight
on 31 October 1941

plants

Bl (Special) - Modified o carry loads in excess
Ib, notably the huge 22,000Ib ‘Grand
Slam' bomb. In order 1o c: ch a larg:
heavy weapon the Bl (Special) had to have it
ing externally in a dooriess ‘cutaway’ bomb
area, and had to be fi
powerful Meriin 24s. The first use of the ‘Grand
Slam’ came on 14 March 1945, when the

Bielefeld Viaduct was attacked, The ‘Grand
Slam'’ gained the name ‘Earthquake bomb' due
to the effect of such a large explosion. The extra

and

h the more

s applied to aircraft
yS for specific weapors.

designation ‘Special’ w
modified in various w

Bl - Built by Armstrong Whitworth and powered
by Bristol Hercules VI radial engines, and later
the Hercuies XV, This was the first attempt to
overcome the problem of Rolls-Royce Meriins
not being built fast enough to satisfy an ever

TOP Lancaster | seen
in March 1944 with
H2S radar dome visible
underneath the rear
fuselage. (ABAEE)

ABOVE Lancaster Il
fitted with

Bristol Hercules
radial engines.

(Air Miristry)

LEFT Fitted with
American-built Merlin
28s, this is Lancaster
1l prototype Wa114,
photographed in
September 1942.

(Air Ministry)
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RIGHT EDB17 was a
Bill (Special) equipped
with gear to hold and
rotate an ‘Upkeep’
mine, more familiarly
known as a ‘bouncing
bomb?, for the famous.
617 Squadron ‘Dam
Busters' raid of 16/17
May 1943. (ASAEE)

RIGHT The final
evolution of the
Lancaster's bomb-
carying capability
was the BI (Special),
which was modified
to carry the huge
22,0001 ‘Grand Slam’
externally. (Alr Ministry)

BELOW One of the
few Lancaster Vis,

‘which were fitted with
powerful Merlin B5s or
87s and with modified
air intakes. (Ministry of
Aircraft Production)
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increasing demand. When powered by the
Hercules XV1 the Mark Il could attain a similar
speed to its Merlin-powered brethren, though
when fully bombed up it ceuld not reach the
same height and had a higher fuel consumption.
Of the 300 Mark lis b, some served with

61 Squadron but most were on the strength

of 115 Squadron, which operated them from
March 1943 until Apri 1944

Bl - Fitted with Packard-puit Meriir
or 224 engines. After attempting to pe
Lancasters using Bristol Hercules
American-buit Merfins
better way of keeping pace with the increasing
demand for this reliable and powerful engine.

The Packard-built Merfin 28 deiivered 1,300hp
and differed from British-buit examples in a

28 38

number of ways including carburetion. The
Merlin 38 {equivalent to the British Mark 22)
provided 1,380hp, and the Packard Meriin 224
/as the equivalent to the powerful British Mark
24. The Packard engines were first trialled on
Lancasters in August 1942 using Mark ls R5849
and W4 114 - the latter gaining the status of the
prototype Mark Ill. The Mark | and Ill had aimost
identical performance, but the new designation
arose because there w
procedures. It is reported tha
better fue! consumption.

i

e Mark Il gave

BIll (Special) - Ctherwise calied Type
Provisioning, 23 Lancasters were spec
d to cary 9.2500b “Upkesp’ mines for
the 617 Squadron dams raid of 16/17 May

1943, The weapon was carried in a specially




designed structure that could rotate it at the
00rpm required for it 10 work successfully.

Mark VIl - Built by Austin, some of them

to ‘FE" (Far East) standard for use with the
proposed Tiger Force for potential operations
in tropical conditions. Included an electricalty-
powered Martin mid-upper tuet. A batch of
150 BVIIs earmarked for Tiger Force were
fitted with 1,640hp Meriin 24s, which were
particularly suitable for use in the climate of
its intendied theatre of operations. However,
the earlier than anticipated surrender of Japan
meant that these bombers saw no action in the
Far East.

Mark X — Canadian-buit aircraft manufactured
by Victory Aircratt at Malton, Ontario. Fitted
with Packard-built Merlins, Later examples had
Martin 250/CE Type 23A electric mid-upper
tumets fitted further forward on the fuselage
and equipped with two 0.5in machine guns
rather than Browning 0.303s. All sections were
fully interchangeable with British-buitt parts in
case of battie damage.

Some other variants

PRI - For photo reconnaissance. Conversion
work included the removal of the turrets,

ASRIN - For air-sea rescue duties. Modified to
carry the Cuniiff-Owen Airborne Lifeboat 1A,
MRIII/GRIIl - Converted for maritime
reconnaissance, 1o replace Coastal
Command's Consolidated Liberators returned
to the USA when the Lend-Lease agresment
ended

Mark VI - In order 1o increase the performance
of the Mark Ill, a small number of Lancasters
were fitted with higher-powered Merlin 855 or
87s and designated Mark Vis.

LEFT Lancaster Vil
NX812 in white ‘Tiger
Force’ paint schom
(Ministry of Supply)

MIDDLE The
RCAF used the five
Lancasters converted
1o 10Ns as navigation
trainers, four of which
gained names. This is
FM211 Zenith.

(Nat Def Photograph)

BELOW Nine Lancaster

RCAF Post-war Lancaster Mark 10 conversion roles
I.!E-

108R Hnsbﬂm standerd, then
onverted 10 10BR
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(Paul Blackah/Crown Copyrig!

Chapter Two

Anatomy of
the Lancaster

—C ) ]
Although the BBMF and Canadian

Warplane Heritage operate the only
two flying Lancasters in the world
there are still many ground-based
examples to be seen, some of
which are able to run their engines
and taxi. Despite being constructed
under wartime conditions, these
aircraft are a true representation

of the ‘built to last’ mentality. The
BBMF is fortunate to have many of
the original manuals and drawings,
which enable them to maintain their
aircraft to a high standard. The
following sections should provide
readers with a better understanding
of the design, maintenance and
servicing arrangements of this

well-loved aircraft.
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(Drawing: JLH. Glark, courtasy Aeroplane Monthly/www.asroplanemanthiy.com)
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BOTTOM PLAN VIEW i - TOP PLAN VIEW

ABOVE Former and rib
positions of an Avro !

Lancasts
U (Crown Copyright)
nan Tommer
The fuselage
ecause of its size the fuselage is divided fuselage. This is a stressed skin monocogue

five sections. These are the nose, front  construction, built up with transverse
centre section, centre section, rear centre channel section formers (frames), stiffened
section and rear fuselage. These sections, by fore and aft stringers that connect to
when bolted together, form the main the formers to provide the framework.

RIGHT Inside of the

fuselage looking

forward from the

rear of the bomb bay,

| showing the frame
construction and

| terna itings

(Paul Blackah/

Crown Copyright)

FAR RIGHT Close-
up view of the
frame construction.
1 (Paul Bleckah/
Crown Copyright)
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This framework is covered with alciad (a light
aluminium alloy) shet, the majorty being
22 SWG but in some places 16 SWG. This is
riveted to the formers and stringers with
dome-head rivets.

The completed fuselage is made up of 51

formers, which are identified by numbers and
letters. Formers. 141 proceed aft from the first
complete former in the front centre portion.
Formers A-K (excluding letter |, which is not
used due ta its similarity to the number 1)
proceed forward from that paint.
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LEFT Rigging
instructions for
the Lancaster.
(Grown Copynight)
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RIGHT Bomb aimer's
position, with bomb
sight prominent in the
centre of this view.
(Paul Biackah!

Crown Capyright)

FAR RIGHT
Downward pointing
F24 camera, mounted
in the nose on the port
side in front of the
bulkhead at former E.
(Paul Blackah!

Crown Copyright)

RIGHT View from
the front parachute
‘escape hatch looking
up towards the pilot's
controls. (Paul Blackah/
Crown Copyright)

FAR RIGHT Radio
‘operator's position,
‘with 1154 transmitter
and RL1155 receiver
dominating, The
circular display to

the left of these is

the ‘Fishpond" radar,
intended to give early
warning of nearby

enemy fighters.
(arrod Catter)

RIGHT Details of
canopy construction.
(Crown Copyright)
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The nose

The nose section houses the front FNS turret
he bomb aimer's position, and extends
s far as the joint at former E.

o WiNDsCAEEN
FRAME TO STEEL TUBES

winoscREEN Y.
o sTeEL TuBEs

Front centre section

The front centre section runs from the joint at
former E 10 the joint at former 6. This houses the
piot's, navigator's and radio operator’s stations

JOINT G SPRUCE FRAME
\T6 STEEL TuBES
—

JONT "D JOINTS 1N SPRUGE FRAME

Ry




L

Centre section
This serves as 2
the joint at former 6

ment, running from
to the joint at former 12.

(e0vER REMOVED)

The centre
frent and rear sp:

s buit on the
rs of the mainplane.

on of the fuselage

ABOVE Pilot's seat
(Crown Copyright)

ABOVE LEFT
Electrical distribution
panel situated on

the starboard side,
forward of the rear
spar. (Paui Blacksh/
Crown Copynight

LEFT Centre section
floor construction.
(Grown Copyright)
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RIGHT Situated
behind the front spar
are the emergeney
air blow-down bottles
for the flaps and
underearriage.

(Paul Biackah!

Crown Copyright)

FAR RIGHT TOP
Situated high on
the port side of the
fuselage behind

the front spar is the
aircraft's hydraulic
tank, filter and
automatic cut-out
valve {acov).

(Paul Blackan!
Grown Gopyright)

RIGHT The rear

wing spar joining the
centre section of the
fuselage. (Paul Blackan/
Grown Copyright)

BELOW The mid-upper turret shown with seat

FAR RIGHT Behind hanging dewn, step stowed 1o the left and white
the rear spar is the bags for collecting spent ammunition cases.
flap jack, seen here (Paul Blacksh/Crown Copyright)

with its end covers

fitted. (Paul Blackan! RIGHT Internal view of the mid-upper turret.
Grown Copyright) (Pau BlackahiCrown Copyright)

Ao~
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Rear centre section

This runs from the joint at former 12 to the
joint at former 27 and houses the FNSO mig-
upper turret

Rear fuselage

The rear fuseiage runs from the jcint at former
27 1o the end of the fuselage (former 41), and
houses the tail unvt and the rear FN121 turret.

FAR LEFT Port side of
the rear centrs section
fuselage, showing

the ammo tracking

10 the right below the
mid-upper turret. (Paul
Blackah/Grown Copyrght)

LEFT Reconnaissance
flare and photo flash
canisters. {Jarrod Cotter}

FAR LEFT Mid-upper
turret hydraulic tank -

each turret has its own
oil tank and pipework.

(Paul Blackah/

Grown Copyright)

LEFT Turret system
recuperators. These act
a5 8 basic accumulator
that helps maintain
pressure to the system.
(Paul Biackah

Crown Copyright)

FAR LEFT Rear
fuselage joint, showing
the attachment bolts.
The yellow rail is a
handhold. (Paul Blackah!
Crown Copyright)

LEFT Elevator and
rudder control rads,
running down the rear
fuselage. (Paul Blackah!
Crown Copyright)
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RIGHT Ladder
stawage in the rear
fuselage. (Paul Blackah/
Crown Copyright)

FAR RIGHT Flare tube
at rear of fuselage.
Warrod Cotter)

RIGHT Elsan toilet.
Warrod Gotter)

RIGHT View from the
internal compartment
doors to the rear
turret. (Jarrod Cotter)
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Bomb doors

The two bormb doors run from just aft of the
joint at former E to former 22, They are made
up of a central spar with nose and main

ribs and are covered with a thin alioy skin
(24 gauge). Each door has an hydraulic jack
attachment at each end.

The tail unit

T e tail unit consists of a port and starboard
tailplane to which are attached the fins,
rudders and elevators. The two tailpia
bolted together at the centre of the fuselage
formers 35 and 38. The tailplane s buit up of a
front and rear spar with 16 ribs that are braced
ith stringers; these are then covered with
iclat skin panets.

es are

The fins

The fins are: buitt up from front, rear, and
ntermediate fin posts, with vertical stringers,
ntercostals and ten horizontal ribs. The fin
posts are stiffened by steel liners, which
are riveted to them. The rear fin posts have




FAR LEFT Bomb
doors open.
(Paul Blackah!
Grown Copyright)

LEFT Rear bomb door
operating jacks.

(Paul Biackah!

Crown Copyright

FAR LEFT Corrosion
on door skin.
(Crown Copyright

LEFT Corraded bomb
door reskinned.
(Crown Capyright)

LEFT General view
of the tail unit, with
the elevators seen in
the lowered position
that would cause the
aircraft to adopt a
nese-down attitude in
flight. (Jarrod Gotter)
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RIGHT Fin and rudder
construction.
(Crown Copyright)

DETALS OF MASS BALANCE

additional stiffeners to jate the rudder  them. Two mass balance homs - cast iron
hinge brackets, which are bolted onto the rear ights — are supported by tubular arms bolted
face. The whole of the fin structure is covered between ribs 9 and 10. Each rudder has a trim

with an alciad skin tab fitted to

The rudders The elevators

The rudders are of ar construction to the Each elevator consists of 16 m which
fins, to which three hinge assemblies attach are welded to the main tubular spar, and light

RIGHT Starboard fin
and rudder. The fin is
fixed rigid, while the
rudder is the movable
portion at the rear.
Rudders affect the
yaw of the aircraft,

ie the left and right
movement in the
horizontal plane. Note
also the mass balance
horn towards the top
of the rudder, and the
trim tab at the bottom
trailing edge.

(Paul Blackah/

Crown Copyright)




DETAL SHOWING STRIVGERS
THROUGH B 1T

alloy nose ribs, which are riveted o lugs and
then welded onto the main tubular spar. The
whole unift s then covered with a light alloy
skin, which is riveted in place. The elevators ar
connected inside the fuselage by means of a
steel torque tube; each has a trimming tab and
a balance tab. Early production Lancasters had
fabric-covered elevators.

The wings
T Lancaster mainplane runs from the
rboard wingtip, through the centre

section fincl the fuselage), and ends
at the port wingtip. Each side Is made up of
33 ribs, numbered 5-32 and lettered E-A1.
Of these, E-At form each wingtip, 5-22 form

LEFT Typical
mainplane section.
(Crown Capyright)

BELOW The Lancaster
has a 1021t wingspan,
evident from this
unusual vantage point.
(Meil Glegg/

Grown Gopyright)
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ABOVE Another
unusual viewpoint of
the Lancaster's wing.
(darrod Cotter)

TOP RIGHT Newly
completed skin

repair to port wingtip.

(Crown Copyright)

RIGHT Shackle plate
and bolts that hold
the outer wing to the
centre section.
(Crown Copyright)

RIGHT Skin repair
work o the
underside of a wing
(Crown Capyright)
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TOP The non-retractable tailwheel. (Paul Slackan/
Crown Copyright)

ABOVE Drag stay locking mechanism shown
when the main undercarriage leg is locked down.
The red tube is the undercarriage ground lock
(Paul Blackah/Crown Copyright)

TOP RIGHT Tailwhesl mounting inside the rear
fuselage. (Crown Copyright]

RIGHT The outboard undercarriage jack {upper)
and drag stay (lower). The orange item is the
number 2 fuel tank.

e tail end from
take-off. tis
ntre joint of the
s also attached
iiwheel mounting
fitted in the rear fuselage,
plane

d into a socket be

ane U

located under th

51 |

ANATOMY OF THE LANCASTER



-
N i.mL_ A
¥







54

ANCASTER MANUAL



The Rolls-Royce Merlin
engine

he Rolis-Royoe Merlin engines fitted to the.

Lancaster should be the Merdin XX series.
However, the BBMF Lancaster operates using
Meriin 25, 225 and 500 engines. These are very
similar in spesification, and for the purposs of this
book we wil take a closer look at the Merlin 25.

The Merlin 25 is a 12-cyiinder, 60°, V12
liquid-cooled engine. It has a compression ratio
of 6:1 and its dry weight is 1,430
The two-piece cylinder block is cast from

aluminium alloy. There are six cylinder liners in
each block, manufactured from high carbon
steel. Each piston has thres compression and
two oil scraper rings. The connecting rods are
nickel steel forgings, machined to H-sections.
The one-pice six-throw crankshaft is machine
forged from chrome-molybdenum steel. The
crankcase is cast from aluminium alloy. Two
inlet and two exhaust valves are fitted to each
cyiinder head and each exhaust valve has a
sodium-cooled stem.

Cylinders

The two cylinder assembies, mainly the right-
and left-hand blocks, are known as the A
and B blocks respectively. Each comprises
six cylinders, the upper camshatt drive nit
and the camshaft and rocker mechanism,
which operates the valves incorporated in the
cyinders. Each block consists of a separate
alloy skirt, head and six detachable wet steel
liners which, when bolted togsther, form the
‘cylinder block proper. In adition to providing
part of the coclant jacket, the head also forms
‘the roofs of the six combustion chambers.

Cylinder liners

Each cylinder iner is shouidered and spigotted at
‘the upper end to enter its respective recess in the
bottom of the cyinder head. The cylinder liner is
also provided with a seaiing ring at its lower end
1o form a joint with the crankcase, to which it is
drawn by the cylinder holding-down studs.

Cylinder block covers
The covers are secured to their respective
‘oylinder blocks by studs and nuts, with a

gasket between the two contacting faces. The
main difference between the A and B covers
is that the latter incorporates an engine speed
indicator drive whilst the former is plain.

Valves

There are two Inlet and exhaust valves per
cylinder. Both valves are of the trumpet type
and have satelite-ended stems. The valve
quides are cast iron for the inlet and phosphor-
bronze for the exhaust. The valves are not
interchangeable. Each valve guide is pressed
into its respective bore in the cyinder block until
a conical collar near its top end is seated on,
and is flush with, the roof of the cylinder block.

Camshaft

A single central camshaft for each cylinder
block is mounted in pedestal brackets and
operates both inlet and exhaust valves through
rockers fitted with adjustabis tappets. The
camshafts, which are similar for both blocks,
are driven from the wheel case by inclined
shafts ending in bevel pinions, which mesh with
bevel wheels at the end of each camshat.

Camshaft auxiliary drive

“The air compressor and hycraulic pumps for
the turrets are mounted on the rear ends of the
A and B cylinder heads. Both are driven from
the spur gear wheels attached to the camshaft-
driven bevel whesls.

Pistons

The pistons are attached to the connecting rods:
by fully floating gudgeon pins. The connecting
rods are of the forked and piain type, the forked
rod being fitted to the B-side of the engine.

The pistons are machined from light alloy
forgings and are fitted with thres compression
fings above and one grooved scraper fing
below the gudgeon pin. The gudgeon pins are
made from holiow steel and are retained in
he piston by spring wire circlips. A pair of ol
holes are cried obliquely and upwards towards
‘the centre to meet in the metal above each
gudgeon pin bore to assist in cooling the piston.

Crankcase
The crankcase consists of two halves balted
together. The upper portion incorparates the

OPPOSITE
Rolls-Royce Merlin 25.
(Paul Blackah/Crown
Copyright)

1 Gamshatt cover

2 Generator housing,
‘generator not fitted

3 Magreto

4 Reduction gear

5 Ignition harness

& Carburetior

7 Two-speed single
stage supercharger

8 Coolant pump

9

10 0l control valve

11.CSU oil fiter
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Diagram showing all the installation cannections
for a Rolls-Royce Merlin engine. (Grown Copyright)
Coolant outlets

De-icing connection 1o propelier
Vacuum pump inlet

Vacuum pump retum

Engine mounting feet

Oil pressure gauge connection

Oil thermometer gauge connection
De-icing inlet connection

9 Coolant inlet to cylinder

10 Dowty pump drain

11Ol inlet

12 Coolant pump outlet

13 Coolant pump inlet

14 Starter motor terminals

15 Supercharger bearing vent

16 Slow-running cut-off lever

17 O outiet

18 Constant-speed propeller governor unit
18 Wheelcase breather vent

20 Magneto earthing connection

21 Magneto booster coil connection
22 Throttle control levers (altemative)
23 Boost gauge connection

24 Gabin heater connection

25 Haywood air compressor outlet

26 LAE. pump delivery

27 LAE. pump drain

28 LAE. pump inlet

29 Fuel priming connection

30 Propelier shaft

31 Crankcase breather

32 Engine starting handie

33 Fire extinguishing system inlet

34 RAE. air compressor ol inlet

35 RAE. air compressor alf inlet

36 RAE. aif compressor air & oil outlet
37 Engine-speed indicator drive

38 RAE. air compressor drain

39 Boost control cut-out lever

40 Two-speed supercharger control
41 Fuel pump drain

42 Fusl pump iniet

43 Fuel priming connection to fuel pump
44 Oil dikution connection

45 Fuel pressure gauge connestion
46 Lockheed pump drain

47 Electric generator teminals

48 Electric generator air cooling inlet
49 Electric generator air cooling outiet

LR N N
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RIGHT Front of

Meriin propeller shatt,

reduction gear and
constant speed unit
(CSU). (Paul Blackan!
Crown Copyright)

LANGASTER MANUAL

rear haif of the reduction gear housing at its
front end, and has a facing and spigot at the
rear end to which the wheel case is attached.
The lower portion incorporates the scaw
pumps, fiters, and the mounting for the
hydraulic system pum. This is only fitted to the:
number 2 and 3 engines.

Reduction gear

The reduction gear is of a single-spur layshaft
type and is housed parly in a casing bolted

to the front end of the crankcase and partly in
the crankcase itself. The casing is located on
the crankcase by means of a spigot concentric
with the propeller shaft. The driving pinion

is concentric with, and is driven by, a shart

All these
shafts run in roller beas e propeler shaft
ing, in addtion, a thrustable ball bearing,
enabiing the engine 10 be used with tractor

g) or pusher propeller. A dual-drive unit
s fitted to the reduction ge: r the
purpose of driving the: propelier constant
speed unit (CSU) and vacuum pump unit
acuum

which are both boited to it. The

ar cover

pump is used for the operation of certain
navigational instruments.

Wheel case assembly

The wheel case is bolied to the rear end of the
crankcase and carries the magnetos, coolant
pump, generator drive, slectric tuming gear
fuel pump unit. It houses the spring-drive nit
and certain shafts through which the magneto:
camshafts, slectric generator, fuel, oil and
coolant pumps are diven

Coolant pump

The coolant pump is of the bottom-fed
centrifugal type and serves each cylinder block
from a separate outlet.

Fuel pump

The fuel pump unit, mounted on the facing on
the port side of the
two separate pumps operat C
pump is capable of operating independently of
the other and each is of sufficient capacity
supply more than the maximum amount of
fuel requ




Electrical generator drive

The electrical generator is mounted upon a cast
light alloy right-angled bracket that is located on
the left-hand side of the crankcase

Supercharger

‘The two-speed, single-stage, liquic-cooled
supercharger s of the high-spesd centrfugal
type, embodying a semi-shrouded impslor
‘which is driven from the rear end of the
crarkshaft through a two-speed gear.

Carburetion

The SU twin-choke up-draught type Merfin
carburettor fitted 10 this engina is, with the
exception of the separate boost contro ur

snsibilities of the pilot are reduced to their
lest form and the danger of engine damage
resuiting from incorrect setting is recuced

The SU type Meriin AVT40/193, or
214 carburettor, embodies two compiete
carburettors in one unit. The flow of fuel
through the left-hand carburettor main jet is

directly controlled by the induction pressure-
operated mixture control, whilt the right-hand
Jet s directly controlied by the atmospherically
operated mixture control. Both these mixture:
controls are automatically controlled through
inkwork by separate aneroid capsules
incerporated en each side of the carburettor.
The upper hall of the carburettor casting is
mounted en studs on the lower face of the
supercharger intake eloaw. A large specially
'shaped gasket is used at the joint faces to
provide & gas-tight and fushtight joint

Both the vertical intake passage and throttle
barrels are coolant jacketed, these jackets
being included in the coolant retum from the
B gyfinder block 10 the inlet side of the coolant
pump. A system of cil-heated throttle vaives is
also included to prevent freezing and to alios
for a portien of the scavenge oil being directed
through the hollow interior of the throttle valves
before it is retured to the of tank.

Ignition system
The ignition system cOMPIises two Magnetos.
which are attached to the whes! case,

LEFT Merlin 25 viewed
from the rear, showing
the supercharger

unit and carburettor
clearly. (Paul Biackah/
Grown Copyright)
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RIGHT Merfin spark
plugs - note the twin
electrodes.

(Paul Blackah/

Crown Copyright)

FAR RIGHT This
picture gives an idea
of the size of a spark
plug from a Merlin

- similar to that for

a car. (Paul Blackan’
Crown Copyright)

RIGHT Engine control
details of the cockpit.

(Crown Copynight)
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one on the left, and one on the right.

Attached to these are the high-tension

wiring harnesses for the spark plugs, which
are metal screened and serve a dual purpose
by acting as a cellector for the induced field
around the high tension wires and returning the
resulting electrical current to earth, and aiso
preventing radio interference. Each cylinder has
WO Spark piugs — one magneto provides the
spark for the inlet-side plugs and the other for
the exhaust-side plugs. This ensures that if

one magneto fails, the engine wil stil run using
the cther.

ENGINE GONTROL PEDESTAL

Engine lubrication system

There are four ol circuits in the lubrication
system of the engine: the main pressure feed
circuit; the low pressure feed circuit; the front
sump scavenge circult; and the rear sump
scavenge circuit. The main and lower Cirouits
are served by a single pressure pump and
suitable relief valves, while each scavenge circuit
is served by a separate scavenge pump.

Engine controls
The control lever for the throttie, airscrew and
boost cut-out, together with the engine fuel




. THROTTLE STARBOARD OUTBOARD

THROTTLE STANSOARD GUTECARD —
AIRSCAEW STARBORRD OUTBOARD
THAOTTLE STARBOARD INBOARD
AIRSCREW STARBORRD INBOARD

T STARBOARD WBOARD

ENGINE CONTROL SPROGKET 80X
SEE P13

LAYSHAFT FOR OUTS0ARD GONTROLS= SEE FIG 13
JOOKEY $PROCKET GO ~BEE Fig. I3
ENOINE GONTROL SRROGKET BOX~ SEE FIc. I3

TANK SELECTOR COCK-SEE FIG. 3
INBORRD ENGINE STOP COCK=SEE F16. 3
OUTBOARD ENGINE FUEL COCK CONTROL

cock controls, are mounted on a guadrant e boxes are mount ABOVE Engine and
below instrument panel. Chains and tie outbeard engine boxes are located secondary control
rods ¢ h @ts on the front spar. layout on the mainplane.
control behind the engines. The inbo (Grown Copyright)

T Covers removed
to show the engine
control workings of the
main pedestal in the
cockpit. (Paul Blackah/
Crown Copy




ThNK BEARER i

= Rear sman

W TaNk

PronT span—

Fon ATTAGHMENT oF \
e i

e car

ABOVE Outboard fuel
tank mounting.
(Crown Copyright)

RIGHT Each wing has
three fuel tanks fitted,
which are retained

by straps.

(Crown Copyrighty

FAR RIGHT Fuel tank
‘bay with unit removed.
{Crown Copyright)

RIGHT Here the fuel
tank has its outer
‘covering remaved for
‘maintenance work.
(Crown Copyright)

FAR RIGHT Access
panel open to the
number 1 fuel tank
filler cap. (Paul Blackah/
Crown Copyright)
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Systems

Fuel system Cooling system
The fue! system consists of separate portand  Each engine has its own independent codling
starboard systems connected by a balance tem. This comprises a header tank mounted

pipe. On each side of the fuselage, mounted in hragm, a radiator,

the mainplane, are three metal tanks, each fitted  attached below the engine, and a thermostat

with an electric booster pump. Fuel is drawn The system is operated under pressure,

by the engine pump or pumped by the booster hich is controbed by a the

pump from the tanks through non-retur valves  release valve at the 0p of the header tank,

1o the tank selector cocks. From here asupply  This vaive limits the maximum ¢

is run to each engine. provides a controlied escape of air, which aliows
The two inboard fuel tanks - the number for expansion at difierent temperatures. The

1 fuel tanks - hold 580 gallons each; the temperature of the coolant is controlied by the

intermediate, or number 2 tanks, hold 383 ermo: ch allows the amou

sure an

gallons each; and the outboard, or numbar of airflow through the radiator dependent on
3 tanks, holds 114 gallons each. Each the temperature. The coolant consists of BELOW PAGT4
tank is filled independently from the top of 30 per cent giycol (AL3), and 70 per cent stripped of its engine
the wing distiled water. cowlings, showing

On the BBMF's Lancaster only the numbx the radiators hanging
3 tanks are fully filed and the fuel load never Qil system below each Merlin and
exceeds 1,000 gallo The oil system also has the oil tanks behind
being evenly distributed throughout the other for each engine. This comprises ar the engines in the
tanks. This is done to minimise fatigue and mounted in the engine sub-frame and ar sub-frame.
stress 1o the wings. oler mounted below the engine. The main (Crown Copyright)
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feed pipe is taken from the filter in the oil tank
and passes to the engine oil pump. The o is
returned via the oil cooler to the top of the:

oil tank. Each oil tank holds 37% gallons

of oil (OMDZ270).

Propellers

Four Hamilton Standard three-bladed metal
propellers drive the aircraft. These are the later
wide-blade versions rather than the thinner
blades that were mostly used during World
War Two. Each propeler has the capacity 1o
“feather', which means that if there is an engine
problem and the engine has to shut down, the
individual blades can turn 1o ‘fully fine" so that
na drag s created,

Electrical

Two generators drive the 28v electrical system
on the number 2 and 3 engines. This system
operates the lights, internal and external,
instruments, radios, intercom and navigation
alds. It is backed up by four 24v batteries
located behind the front spar.

Hydraulic system

Two hydrauiic pumps fitted to the inboard
engines operate the hydraulic system. Pipework
from the two pumps runs to the hydraulic
reservor situated fo the rear of the front spar,

to an accumulator and an automatic cut-out
valve which regulates the hydraulic pressure

to around 850psi. This system operates the
undercarriage. the bomb doars and the flaps.

A selector valve on the right-hand side of the
pilot's seat operales the undercarriage system.
This selector is always in either the UP or
DOWN position. When a selection is made fluid
is delivered under pressure through the selector
to the undercarriage jacks.

The bomb doors are centrolled by a similar
selector vaive positioned on the left-hand side
of the pilot's seat. When the lever is pushed
down the docrs open and when it is pulled
up they close. The doors are operated by four
hydraulic jacks, one at the front and one at the
rear of gach door.

A single-cyinder jack, mounted in the
fuselage behind the rear spar, operates the
fiaps. The piston rod of this jack extends
outwards through both end covers; these are

then connected by universal jointed links to
push-pul tubes, sliding in bushes, in the traling
edge of the mainplane. A series of snort links
then connects the flaps to the push-pull tubes.

A handle to the right of the pilot's seat, and
a control valve mounted below the pilots floor,
govern the raising and lowering of the flaps.
This unit has a neutral position, at which the
handle is normally set. When the handie is
moved to the down position ol is supplied o
the downside of the jack so the flaps go down.
After reaching the required position the handle
Is returned to neutral, thereby stopping the flow
of il

Pneumatic system
The preumatic system is cperated by two
Heyward compressors, which are fitted to the
inboard engines. These supply pressure through a
pressure-reguiating vaive, set at 450psi, to an air
bottle situated behind the nose turet. This system
operates the brakes and the radiator flaps.
Alever on the piiot and co-pilot's control
column operates the brakes, This lever is cable-
linked 1o the brake control valve and, when
applied, air from the brake control vaive inflates
the brake bags to 120psi.

Flying controls

he pilot and the co-pilot operate all the
fiying controls. These include: ailerons,
elevators, rudders, aileron trim, elevator trim,
rudder trim and fiaps. The ailerons are operated
by a series of cable, chains, tie-rods and conirol
tubes. The system runs along the port side of
the fuselage and at the rear wing centre section
it enters the port and starboard mainplanes,
where it connects to the aileron cuter wing
bell crank. From there it travels to the aileron
input rod and onto the aileron, which is a metal
framework covered with Irish inen.

The elevator and rudder are cperated by
control rodis that run down the port side of the:
fuselage to the tallplane where they connect to
the controls, which are of
metal construction.

All the trim systems are cable-operated
(8owt) 1o a screw jack, which then connects via
an operating rod to the trim tabs.



yoke. Note bral
lever on the left-hand
side. (R




The instrument panel of the Battle of Britain
Memorial Flight's Lancaster | PA4T4.

remote indicator

12 Magnet:







RIGHT Close-up of the
left-hand side of the
istrument panel.

RIGHT Centre of the
instrument panel.

RIGHT Right-hand
side of the instrument




FAR LEFT Aileron,
rudder and slevator
trim wheels. The
undercarriage select
lever and safety

bolt are in red. The
safety bolt prevents
accidental operation
of the undercarriage.

Kl
Crown Copyright)

LEFT Elevator and
rudder control rods an
fuselage side.
(Paul Blackahy

n Copyright)

LEFT Ailerons with
fabric removed
showing the ribs and
trailing edge.




Six of the
eight Browning 0.303in

machine-guns installed with three through 190° by the use o
in PAGT4's turrets
pointing rearwards.

(Jarrod Catter)




PA474's nose,
with the FNS front
qun turret prominent.

(darrod Cotter)

The FNSO mid-
upper turret. Note the
“taboo arms' below the




RIGHT Rare sight of
the mid-upper turret
with the glass dome
removed. (Jarrod Cotter)

BELOW Rear turret
mounting.
(Crown Copyright}

Rear turret

The FN121 rear turret was fitted with four
Browning 0.303in machine guns, which were
fed ammunition from stainless steel tracks
that ran from two ammunition boxes attached
to the fioor at formers 20-22. The tracks ran
either side of the fuselage and together could

supply 2,500 rounds for each of the four guns.
The turret could rotate
operated in the same manner as the other

rough 190° an

turrets. Once inside the turret the air

qunner closed two doors behind him, which
prevented him from falling out when the turret

s rotated.
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LEFT External view
of the FN121 rear
turret, fitted with four
Browning 0.303in
machine guns.

(Paul Blackah

ICrown Copyriaht)

BELOW Turret
hydraulic circuit
diagram.

(Crown Copyright)
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Bomb bay and loads

spending o
out. The BEMF

bomb carier and

riers

tted.

Bomb loading

2 Ioading bombs, the bomb cell ¢

pushing down the lever o

d side of the pilot's seat. If the
inboard engine: running the doors would

open automatically, but if they v

necessary to ¢ hand
e just aft
of spar 4. Safety brackets were then fitted to
hydrau
sure of the doors whist
operations w

Standard bomb-

c jacks

step-ladder y
the bomb carriers, to make final adjustments,
10 check that the bombs were in positior

Order of loading
Heavy bombs had to be loaded in the comect
sequence. For this purpose each of the bo
gear housings (the o
depended on the type of bombs being
ered above and below the
ation. Typical

carried) was nurr

for ease

options were:

D 0Ib or 1,
Oib Marks |, I, lll or IV AS borr
@ 6 x mines or heavy bombs, plus smal

bombs
@ 6 x 500Ib AS bombs (Marks |, Il and Il
), plus smaller bombs
00Ib bomb, plus smaller

Oib bombs (c

®1x

te that in options B, G and D several
mbs were carried in addition to the
n D might comprise six

@ 5000 GP borr

Althou

-bomb ¢

h not inp

to load the small

bombs and th

number of bomb

the

tre housin

using not being uss

or containers couid be of

AS bombs

ainers

ortant, it was more convenient

bomb conf

o be fitte
s would be

ABOVE Close-up of
bomb
(Paut Biackan

Crown Copyright)

oPPO

Bomb bay,
showing eleven 50010
bomb slips and the
red crutches for the
4,0001b ‘Cookie’ bomb.
(Paul Blackani

Grown Copyright)
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500185 50008 60

Various Lancaster
bomb load
configurations.

(Grown Gopyright)

4-300L8 P
4-250 L8 547,
12801 0 L8, SWALL BN CONTAINERS

ANY ONE OF THE ABGVE LOADINGS: MAY 3E USED

6-500 L8 8 3-250 L8 4 5. MK LILATI) AND 5-250 LB S.4 %

14000 LB HC.--6-500 LB GP & 2-250 LB. GR

6-1500 LB. A MINES OR 6-2000 LB. HG. BOMBS




2501865 5001865

6-2000 LB AR B 3-250 LB SAP

500Ib and 600Ib AS bombs
Fourteen 6 b

Loading 250Ib, 500Ib or
1,000 Ib bombs

500 18. GP

ANATONY OF




ed one man
and one

ve small cruteh handle, wind the  bomb gear hous
inside the fus:

gs. This wil n
ge to release the le
bay to re

ABOVE Bombing up,
a5 4,0001b ‘Caokies'
are taken out to the
fight line during
World War Two.

(RAF Museum) portion of t

). Remove the

arrier

to the top of the
b

omb carriers from inside
ers in the

the bomb cell by releasing tf

RGHT A ‘thousand-
pounder’ on each
side of a container
full of dlb magnesium
incendiaries.

Warrod Cotter)

FAR RIGHT A mix of
1,000 and 500ib High
Explosive GP bombs
and an incendiary
container in the bomb
bay of a Lancaster.

Warrod Cotter)




the carrier may dist
g into the housing.

Adjust t
the fusing box on the carrier to

mb.

(vi). Set the suf

porting le

gear housing in the cocked

J. Hold

of the bomb
tion and pul s
the drum to p

(i) Lift the winch reaction
0Using S0 that the winch nose can be
fitted after the winch on
passed through

{x). Again hold the ratchet in the FREE
tion, pull the cable 1o the gr d
arefully fit the bail end to the ball socket on
the carrier.

(xi). Take up the free ler

qui
he FREE

ss through the housing.

un

3th of the c:

rrier should be
during the lfting

operatio: somb steadying fork may be
ssed for this purpose.

ier s near the bomb
ensure that the guide rolle
e housing, and

xii). When the car

he guide in
pin engages the s

This wil force the hook upwa

e trip
hook rour
complet this operation wil be indicated
by a loud click as-the trip lever operates.)

sure that the locking p
fxiv). U
0 ensure that the ca
the housi

nd the

disengaged from the socket

{xvi). Tighten the front carrier cruteh

sction
curely, but take care not to o
the bomb may be ‘hung up

(xvi). The electrical conr

then be made and locked, but first ensure

BOVE A mixed bomb
toad, just awaiting a
‘Cookie", (Jarrad Cotrer)

BELOW To the left of
the pilot's seat is the
bomb door lever. Faul
Blackah/Grown Gopyright)
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‘However great you consider the Lancaster
to be, it must be understood that it will
never be as great as the men who flew it.”

‘The Panton family,
owners of NX611 Just Jane




Chapter Three

At East Kirkby in Lincolnshire, in the heart of ‘Bomber
County’, Lancaster Vil NX811 is kept in fully serviceable taxiable
condition at the Lincolnshire Aviation Heritage Centre. Visitors
ean regularly see a ‘Lanc’ running in its natural environment
here, and get a taste of night ‘ops’ during World War Two. In
this scene from November 2007, a poppy wreath placed in the
bomb aimer's blister pays afitting tribute to the lost crews of
Bomber Gommand as Flight Lieutenant Mike Leckey runs up

Cotter)

the Merlins. (Ja




ABOVE One of East
Kirkby's many charms
is the sight of a
Lancaster operating
from a grass runway
during fts seheduled
taxi run days - a sight
little seen since World
War Two.

(arrod Cotter)
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Purchasing an airworthy
Lancaster is hardly likely!

Ta see even a static Lancaster offered for
sale nowadays would be a miracle, so the
prospect of an ainworthy exampie becoming
available is remote! The Lincolnshire Aviation
Heritage Centre's NX511 at East Kirkby
represents the most recent instance of anyone
acquiring a Lancaster in recently ainvorthy
condition, and while nowadays it stays firmly on
the ground this aircraft s very much aiive.

The museum is a memorial decicated to
all Bomber Command personnel who never
returned home from operations, but especially
to Piot Officer Christopher Panton. Christopher
was a fiight engineer with No 433 Squadron
RCAF based at Skipton-on-Swale, Yorkshire,
fiying the Handley Page Halfax. He was lost
on operations over Nuremburg on the night of
30/31 March 1944, aged just 19.

Two of Christopher's bothers, Fred Panton
wee and Harold Panton, were young teenagers
still at school when their brother died, and as
they grew older they became determined to do
something to commemorate his memory. What

transpired is a fascinating story, the fruits of
which can be enjoyed by all today.

We pick up Lancaster Mark VIl NX611's
story in early November 1962, when, numbered
WU-15, it made its way to Noumeau, New
Caledonia - a French island located about
1,000 miles east of Australia. It was one of three
Lancasters employed by the French Nawy for
a variety of tasks including air-sea resoue and
communication duties across a wide region of
the Pacific. After just two years al three French
Lancs were withdrawn from service.

Around this time the UK-based Historic
Aircraft Preservation Society was looking to
preserve a Lancaster. The French offered HAPS
one of their retiring examples free of charge,
and even flew it 1o Australia for collection
WU-15 arrived at Bankstown, near Sydney,
New South Wales, in August 1964,

Prior 10 its lengthy flight home the Lancaster
would need a thorough overhaul. In order
to pay for this and the fiight back 10 the UK
a fund-raising campaign was put in hand.
Assistance came from the Hawker Siddeley
Group, the Royal Australian Air Force, the RAF,
Shell and QANTAS, as well as many aviation
enthusiasts.
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WU-15 was overhauled, fitted with an extra
fuel tank and test flown. Then, on 23 April
1965, with the British civil registration G-ASXX,
it was moved to Mascot near Sydney, ready for
its much-publicised departure. It took off on the
first leg of the 12,000-mike journey home two
days later on 25 April. The trip took nine days
and totalled around 70 flying hours, with the
aircraft landing at Biggin Hil, Kent, on 13 May.

Due to the expiry of the permitted hours on
ne engine and propeller, G-ASXX was then
grounded. Restoration wark 10 retum i to the:
aif 100k around two years and included the
overhaul and re-certification of the engines,
propeliers and various other systems. It was
repainted in a night-time camouflage scheme
and regained its original RAF serial number,
NXB11. It later received the name Guy Gibson
at a ceremony attended by the famous bamber
pilot's father.

On 6 May 1967 NXB11 took off for its first
test fight. A second was fiown the following
day, with a third air test being caried out on 9
May. The fourth test fight took place on 17 May
and after the rectification of faults encountered
on previous sorties this was completely
successful,

O 0 s e g o
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couurn

e
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NX611' first public appearance was set for
the weekend of 19/20 May 1967, when the
bomber was to travel to RAF Scampton to mark
the 24th anniversary of the ‘Dam Busters' raid.
It made several other appearances, but without
the required amount of sponsorship funding the
expense of operating it, coupled with the fact
that the RAF's PA474 was flying again around
the same time, was to lead to NX611 being
grounded again. lts last sponsared dispiay took
place at Fiton, Bristol, on 15 June 1968.

HAPS was soon wound up, and Reflectaire
Ltd took over its assets. On 30 March 1969
NX611 set off for its new home at Lavenham,
Suffolk. On 7 February 1970 the aircraft was
on the move again, this time to Hullavington,
Wiltshire. NXB11's final fight took piace on 26
June 1970, when it set off for Squires Gate,
Blackpool, Lancashire. Since its arrival back in
the UK NX611 had made a total of 14 fights.

It was planned to estabish an aviation
museu at Blackpool and to keep the
Lancaster in airworthy trim as its centrepiece,
However, the closest it came to this was during
fim work in February 1871 which saw NX611
carmy out fast taxi runs along the main runway.
This was to be the last time it moved under

‘operational Lancaster
is hardly likely to
appear in an auction
again.

THE OWNER'S VB




BELOW Former BBMF
engineer lan Hickling
works on NX611's
number 3 engine
during its winter
maintenance phase.
Warrod Cotter)
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its own power for almo:
difficuities were later experienced and a receiver
was ¢

An aution of the museum's exhibits \
neld on 29 April 1972. The sales catalogue was
given the title The wutical
Museum'. On the header page insi stated:

d in

tents of th

uld taxi during the morming
It was the last lot, No B3. Its description read:
An Avro Lancaster Bomber with black

and beige camouflage, with French Air Force

markings; G.L.C. registered NX611; buit

945, adapted to cany life-boats, later

christened Guy Gibson.

rst with the RAF, but not

ons, during the w Sbuilt in the

soid to the French Air Foroe

and flew on operations in French Indo-China

and was on supply drops at Dien Bien Phu;

acquired by the present vendor in 1965, when

it was fi

early

W

from Australia to this country

es, particularly in
ne RAF — The

relation to 617 Squadron o
Dam Busters.

Together with a quantity of res and parts
and the jacks and ignition hamess complete.

Even though an engine was fired up in an
attes to impress potential buyers before
the auction began at 2:00pm, surprisingly
bidders came forward and the L: led to
reach its reserve of £12,0C which seems
incredible nowagays. In the crowd that day was
Fred Panten

Soon atter the auction the Right Honourable:
Lord Liford purchased the aircraft privately. It
his desire that the Lancaster should remain
in Britain, However, though NX611 had found a
new owner its future was not assured. A lengthy

spell of exposure to salt air ar
of expert maintenance had taken their toll, and
during the next winter a rapid deterioration of
iy to the
engines and prapeliers. Something needed to
be done urgently, otherwise the borr
be in danger of deteriorating severely and
subsequently facing the scrapheap

Fred Panton, who had himsel
nterested in buying the aircraft, stepped in to
persuade the RAF o preserve it. In January
1973 an engineering officer from RAF Scampton
nspected the Lanc and concluded that it would
be possiole to dismantie the bomber, move
dinshire base 2
static exhibit. Lord Lifferd visited Scampton and
agreed to offer it on long-term loan. Dismanting
work began in August, when RAF Scampton
sent a feam up to Blackpool. It tock nine day
and six Queen Mary traler-loads 10 take N
apart and transport it to Scampton

Following a thorough and meticulous
restoration, NX611 ned at the
4. Final reassembly
day and the difficut task
of positioning the Lanc was completed on
the 25th, when it was finally lowered onto the
concrete and steel supports which had been
constructed for it. On 17 May Lord Lilford
laque and officially handed NX611
r to RAF Scampton's Station Commander,
Group Captain J.8. Fitzpatrick. To round off the
ceremony
newly installed gate guard

2 general lack

its overall condition followed, especi

lber cou

heen

d restore it

irveied

PA474 carried out a flypast over the




the end of the ten-year loan period agreed
by Lord Littord approached, various parties
became interested in buying NX611. Amongst
them were Fred and Harold Panton, who had
been keen at the time of the Blackpool auction
and had also been involved in the negotiations
which ook it to Scampian. The Lincolnshire:
farming brothers purchased the Lancaster from
Lord Liford on 1 September 1983. fts future
secure, the Lanc remained on gate guard duties
at Scampton until May 1988, by which time it
had spent almost 14 years there.

The task of cismantling the bomber at RAF
Scampton began at around the beginning of
April 1988. In order to achieve this it had to be
moved onto a newly constructed car parking
area opposite the guardroom, in order for there
1o bea firm hard staning for all the heavy
ground equipment, such as trestles, jacks and
safety raisers. The first major components to
be removed were the outboard engines and al
four propelier assemblies. As things progres:
the fuselage was spit into three sections for
the move by road to East Kirkby, a distance of
about 30 miles.

Following arrival at fts new home, the
task of putting the Lancaster back together

began. This took the team from RAF Abingdon
approximately four months to complete. Once
reassembled NX611 received some cosmetic
attention and was given the codes of the
former bomber station's two resident Lancaster
squadrons, Nos 57 and 630. A 57 Squadron
DX-C code was applied on the starboard side
and a 630 Squadion LE-G code to port. Fred
and Harold's long-held wish to pay tribute

to Christopher and all his felow Bomber
Command airmen was now a realty.

In 1993 they decided that the bomber
shouldn't remain just a static exhibit. Former
RAF engineers lan Hickling and Roy Jarman
were therefore recruited, and in January
1994 they began the task of coaxing the four
Rolls-Royce Merfing back to fite one by one
Within just three months the number 3 engine
(starboard inner) was ready. A first start up
was carried out on 20 April - the first time one
of the aircraft's engines had been run since
the Blackpool auction back in 1972, This was
followed by a longer run the next evening, when
the site was opened to the public to watch the
Lancaster's engine spinning a propeler

It took just another three months to get th
number 2 engine (port inner) going. This was

ABOVE East Kirkby
also boasts a restored
World War Two control
tower fully fitted out
de, which visitors.
can look around.
(Jamod Cotter)
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OVE NXG11's port
side Just Jane nose
art. Jarrod Cotter)

BELOW Night-time
taxi runs by NX611
always attract a large

crowd - even on a cold
November evening.

Warrod Cotter)




brave act that cost him his ifte to save another,
for hich he was posthumously awarded the
Victoria Cross.

Here we ask Don Schofield, the Lancaster’s
training captain, what it means to have the
bomber fiying in the skies of Ganada and how
they go about it.

Q: Many RCAF crews flew on Lancasters with
Bomber Command. in your experience what
does it mean to them and ther reiatives 10 have
FM213 fiying in Canada?

A: To have a living, breathing connection with
their past that they can see, hear, and touch
is a muli-faceted experience for many of the
veterans and their famiiies. For many it fosters
fond memories of the camaraderie of their youth
and intense pride and relief of returning from
battles well fought.

For others it is a searing reminder of the
pain of the loss of comrades, or equally
ugly experiences such as wounds and
imprisonment. For those, however, who
survived at least relatively unscathed, it is
a means 1o explain 1o generations two and
sometimes three their junior ‘what Granddad
did in the war'.

| once had the experience of meeting Jack
Friday of the original Mynarski crew who was
doing just that. Jack fiew with us that day and
after we landed we went into the canteen, and
while we were having post fight tea he took out
his logbock and had me enter and sign off the
final entry, crossing out the last ‘missing’ fine,
and replacing it with 'returned’. with the date
and time etc.

That says it all better than | ever could.

Q: How does flying the Lancaster compare
o other types you have flown in your career,
especially more moder multi-pistons?

A: The only similarity between the Lanc and
the Airbus 330 on which | did my last fight
was that they were both Rols-Royce powered.
I have heard it said that nothing advances
technology faster than a war. | was just lucky
enough to have started in the pilot business in
the late 1950s when we were about 1o go al
Jet. | was trained on the Chipmunk and then

Will NX611 ever fly again?

brought back to running order, there has
been much debate and speculation about whether or not
NXB11 will one day be made airworthy. Here: the Panton family
give their thoughts on w
Lancaster at the Lincolnshire Aviation Heritage Centre, and the
latest feel

what it means to them to have the

e as being a living
memorial and tribute to Bomber Gommand and all of the men
and women who lost their lives operating them. There is never
aday goes by when someone around the world does not talk
about a Lancaster, and that shows to us its importance in
keeping the memory of the Second World War i

‘Both the sight and sound of the Lancaster are enormously
evocative and have different effects on different people. For
some it evokes feslings of respect and reverence, for others it
symbolises sadness and great loss, and for others it evokes
pride and patriotism. But hoy
Lancaster to be, it must be understood that it will never be as
great as the men who flew them,

“Many people ask us if our Lancaster will fly again. To this
question there is currently no definitive answe
fact the will to do it; the logistics of
finances needed to restore it

‘From 1994 to 2007 we have been running the engine:
from 1996 to 2007 we have b he flight

dition and it

you consider {

There are three

all, that is w
s in museums that will never be able to fly
again, so it seems a great w
the ability to be made ainworthy. Flying NX611 Jc
never been ruled out as a possibility and it
considered, but it is not something that has b
With one Lancaster already flying in Britain, we are in no rush
to fly ours.
“The
Jane after the taxiing se

She is looking in good shape and wi

can do, such as tail-up taxi runs. We v
Lancaster as a way of educating men, women a

about the aircraft and the hardships of the S

We hope to be educating peopie for many years o come.
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ABOVE FM213 in the
skies of Canada, a
fiying tribute to the
many RCAF personnel
who flew with Bomber
Command.

(Doug Fisher/
wiw,warbirddepot.com)

BELOW Don Schofield
in the cockpit of
FM213 - the ‘Mynarski
Memorial Lancaster'.
(Doug Fisher/

www. warbirddepot.com)
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the Harvard, so taitwheel, prop-driven stuff was
not unfamiliar. When | got to the T-33 at AFS
my reaction was “‘Wow, this is easy!' Other

than the basic movement of controls there is

no real parity between these generations of
aircraft. When we were restoring the Lanc some
people commented how it would never get

past the modern design criteria. This in no way
diminishes the fact that, in its day, the Lanc was
‘state of the art’

Q: Gan you give an outiine of the procedures
you must use to fly the Lancaster around in the
restricted airspace of Norih America, and the
principal equipment needed?

A: Procedures and equipment. A very
complicated question with an slegantly simple
answer - GPS! We have a wonderful GPS

on board that allows s to go just about
anywhere with ease and precision. We are

all active or retired airline types and all very
familiar with our operating area, o it is not
often a real challenge. Cne of the more
different’ experiences of late was operating
VFR in the New York Gity area, all of which
by the way, was done with very detailled
briefings and blessings of the FAA. Whizzing
past, or rather under, the approaches to

JFK at 500ft, past the Verazzano Narrows
bridge, the Statue of Liberty, and looking
down into the hole at Ground Zero was what
modern youth would call a ‘real mind blowing
experience’!

Although we: 6o not as a matter of policy
fiy in IMC, the GPS | mentioned plus the
standard IFR kit of VOR, DME, ADF, LORAN
G efe make it pretty hard to get lost. If we
are not really familiar we always get detailed
briefings, often from ATG or from local pilots
whenever we operate in a ‘new’ venue. We
always carry the required flight infermation
publications for both VFR and IFR fight and
the ATC types are usually so fascinated by
the opportunity to control a real World War
Two aircraft that they are unfaiingly heipful

QOur GPS is a Garmin 206, which is so
clever that in adcition to a moving map it has
a complete instrument panel presentation that
draws all of its information from listening to
the constellation of satelites:

We have all of the required kit to operate
IFR (as opposed to IMC) because it gives



big metropolitan
s (read: many, many
We generally
choose not 1o fly in clouds or rain uniess we
have 1o because, 10 be frank, she
like a sievel One sage said that flying
avy rain would probably require the
installation of biige pumps!
Q: When you fly a crew members' sorbie, what's
it ke flying to Toronto around the CN Tower and
over Niagara Falls?

Flying around Toronto and Niagara ABOVE FM213 taxies.
ust a matter of being intimately aw in after a sortie with
of local procedures, ie the Canada Fiight Dan Schofield in the

www.warbirddepot.com)

the line of good

on board may get to

but we are usually quite busy keeping up
ays called ‘situational

Insurance and running costs

In the post-9/11 world, warbird insurance
became a huge cost factor and is growing
ever more 50. People are becoming
concemed that this could effectively halt
the operation of some large multi-engined
warbirds.

The cost of insurance for a Lancaster is.
difficult to determine. The BBMF's example
is a military owned and operated aircraft,
and as such there is no private insurance
company providing a policy. The Canadian
Lanc is instired under a policy that provides
universal liability cover for the CWHM's
entire, large fleet of airworthy aircraft. It is
not rated separately, and therefore has no
policy specifically tailored for it. Besides, to
get a quote for a policy you need to know
the value of the item to be insured, and the
value of an ainvorthy Lancaster is something
nobody seems keen to guess at

‘The following short list provides some idea of PA474's running
costs at the time of writing:

il - approximately £11 per gallon (37 gallons x 4 tanks)
Fuel - approximately £1.20 per litre (average 600 galions,
‘or about 2,730 litres, loaded per trip).
Tyres — £1,300 each: wil last for 150 landings.
Brake bags - £2,000; will last for between 10 and
200 landings.
Mid-upper turret fairing - approximately £45,000.
Flame dampers for exhaust shrouds — £32,000.
Bomb aimer’s blister — £4,500.
Overhaul of main undercarriage oleo -
approximately £6,500.
Engine overhaul - £60,000 to £110.000.
Gost of a Major service taking 14,858 man hours —
£920,528.




re that the Lancaster is
ss piece of national heritage.’

enant Ed Straw,




Chapter Four

The crew’s
view

—C )

are once flying an RAF

aster was

a nightly
required of many, nowadays itis a

experienced by very few

privile:
They do not take this for granted
being fully aware of exactly why
they are airborne in this flying
memorial. The purpose of this
chapter is to provide you with an
insight into what it is like to fly in
the BBMF's Lancaster, from the
various crew members’ points

of view.

LEFT With Flight
Lieutenant Ed Straw
as captain, this is
arare scena of the
crew of PA4T4 hard
at work during a
sortie. (Ed Straw)
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Pre-flight
checks

he external and

internal pre-fiight
checks, as stated in
Lancaster technical
manual AP2062A-14,
ars carried out by the
engineer, and are as
follows:
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External pre-flight check

Canry out a systematic inspection, starting at the entrance door and working clockwise around the
aircraft. Gheck for signs of leaks and damage and check that all panels and hatches are in position
and fasteners are secure. Ensure that the airframe is clear of snow, ice and hoar frost. Check:

First aid kit
Rear turret
Tailwheel
Static vent
Pressure head
'VOR aerial

Tyres

External power supply
Internal pre-flight check
Ground/flight switch

Intercom switches

Navigator's radio and master RT switch
Navigator's instruments

U/E warning horn

Air intake control

‘Bomb door selector lever

Captain's radio

Navigation lights switch

[External lights master switch

U/E position indicator

Accelerometer

Flight instruments

Direction indicator

Landing lamps

Boost gauges

Flap position indicator

Fire warning and feathering button lights
Supercharger switch

Master cocks.

Boost control cut-out lever
Throttles.

Pneumatic pressure gauge
Handbrake

Co-pilot's VHF radio
Radiator shutters
Emergency air selector knob
Electrical services switch

Fuel booster pumps

Tank selector cocks

In position

Condition

Checked

Checked, plug removed
Checked, cover removed
Fiag removed

Checked, condition noted

In position, ON when required

FLIGHT, check voltage. Set to
GROUND when external power available
NORMAL — emergency

OoN

Congition. OFF

TEST

COLD AIR (wire locked)

OPEN

ON

As required

As required

ON. Day/night screens set DAY.

2 greens. Changeover checked

Resat

Checked

Caged

up

Static readings noted

Switch ON. Check reading against flap position
Test. Day/night screens set to DAY

M gear

Checked. OFF

OFF

Full and free movement, set maximum
Pressure avallable (minimum 250psi)

ON. Gheck pressure at each wheel, handbrake OFF

ON

AUTOMATIC

In (OFF), tell-tale wire locked

OoN

Checked

Checked, agree with F700

TEST in tum, check ammeter reading
(3-5 amps). OFF

Checked. Set as required




Introduction

) is to ensure

OW The flight
engineer doing his
pre-flight checks. Here
Wing Commander
Colin Reeves examines
the undercarriage.

G




Lancaster start-up

Pre-start checks

F700 P Signed The engine start is usually carried out with two
Chocks P/C In position left and right people In the cockpit, one person in each wh
light E  Satisfactory and compigte. POB well, standing on the tyre, and one person in
(People on Board') front of the Lancaster with a headset, who acts
Flying controls P Full and free movement as the safety man. The start-up is carred out
Brakes P/C ON (P), pressure checked (C) following a set procedure, as follows:

(minimurm 200psi)

Undercarriage P Down and bolted, 2 greens
Flap selector € Neutral
Radios N/C On and checked
Master cocks C  OFF
Fuel E  Number ... tanks selected
Helmets P On
Starting checks
Crew intercom ALL Checked
Emergency intercom N Selected and checked, re-select
normal
G4B inverter N ON (cxDG) (‘check directional gyro')
Static boost € Noted
Booster coil master c ON
switch
Throtties € Halt-inch open, friction set —
RPM levers C  Maximum friction set
Start clearance N Obtained Power to the aircraft is switched on by
Anti-collision lights c oN means of the ground flight switch, aft
Crew chief's start checks G Al locks, covers, plug and ladder of the forward main spar
removed. Fire guard in position. Area
clear for start

Engine start-up drill
The following drill should be followed for each engine. The items in
italics are stated unchallenged, but monitored by the checkist reader.

Start number 3 engine

Master cock € Number 30N
Ignition cock € Number 3 ON
Clearance P/G Ciear number 3
Turning number 3
Fire warning light c our
Ol pressure E Rising
rpm P
Bomb doors UG Closed
(rumber 3 oniy)
Start remaining engines in turn The control tower is contacted to
Start number 4 confirm that the airoraft is about to
Start number 2 start engines, and they are informed of
Start number 1 the number of persennel on board
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Take-off checks

Once all four engines have started and are up
10 their comect operating temperatures and
pressures, the chocks are removed and the
pilot then carries out engine power checks 1o
ensure each engine's magnetos are operating
comectly. During this check each engine's rpm
is allowed to drop a maximum of 50. If it drops
any more than this the aircraft is shut down and
the fault is rectified. If the engines are within
limits the aircraft then taxies to the runway.

Take-off

frer taxing to the end of the runway,
the aircraft ines up for take-off and the
following checks are carried out

Take-off clearance N Obtained
Pressure head heater E ON
Radiator shutter c Automatic
Windows and hatches  F/C/E  Closed left (P), closed right (C),
hatches
secure ()
IFF N ON
After these checks have been successfully
completed the pilot will begin the un. When
the aircraft reaches 90 knots it wil become:
airborne, the undercaniage will be raised, and
the follewing checks are carried out:
After take-off checks
Brakes 3 On, off
Undercarriage PE P lights out
Climb power c Set
Engine temps and = Checked
pressures
Flaps c UR, indicating selector neutral
Door E/G  Ciosed and locked focked only if
leaving the circuit)

Handling pre-display checks
Radios NG

Altimeters
Crew security
Fuel

Display brief
Anti-collision lights

LANCASTER MANUAL

PN QFE set. Compared
ALL  Ghecked secure

E Checked and set (number ... tanks
selected,
1.and 2 booster pumps ON)

P Complete

G off

Display flying a Lancaster

BMF Lancaster Captain Flight Lieutenant
Ed Straw gives an insight into a typical
display sortie:

Taxiing
“The pre-taxi checks are completed and once
the oil temperature on each of the Merfins has
reached 40° the airoraft is ready to move. As
part of these checks | throttle back the two
inboard engines and the ground crew remove
the chocks from the main wheels. Once taxi
clearance has been obtained, and the crew
have re-checked everything is clear of the
aircraft, | release the brakes using the lever on
the left-hand side of my control column.

‘Once taxi speed is reached | call “thousand
inboard" and the co-pilot sets 1,000rpm
on both inboard engines. | then retard the
outboard engines to idle rpm, thus preventing
the aircraft from accelerating too much. Taxiing
the Lancaster isn't difficult but takes time and
practice to feel totally comfortabie.

‘The pneumatic braking system is basic




and the technique required to taxi is to use a
combination of brakes and bursts of engine
power. |f the rudder pedals are positioned
centrally when the braks lever is applied then
equal braking will be applied to both main
wheels and the aircrat should decelerate in

& straight fine. By applying left rudder pedal
and re-applying the brakes, mare braking wil
be appiied on the left side and the aircrat wil
commence a tum to the left. The same principle
applies for the right side, which is calied
differential braking.

LEFT Pre-flight
briefing led by

Straw, who will ensure
everyone involved with
the sortie is fully aware
of exactly what's
required.

{Crown Copyright)

BELOW Taxiing out to
the runway.
Warrod Catter)
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raid of 16/17 May 1943.
{Courtesy Les Munro)

Les Munro -
‘Dam Buster’ pilot

he following questions were put to Flight

Lieutenant Les Munro cnem oso 0s DFC,
who was one of the pilots on the famous 617
Squadron dams raid of 16/17 May 1943 Les
continued to fiy throughout Worid War Two and
today ves in his native New Zealand.

@: How cid the Lancaster compre with eariier
bomber types you flew, such as the Welington,
and what do you remember thinking afer your
first fight in one?

A: The only other bomber that | flew was the
Welington and that was at 29 Operational
Training Unit, Bear in mind that it was a twin-
engined plane and | have been asked (0
compare it with the four-engined Lancaster

- quite a difference! Both planes, however, had
no vices and were relativaly easy to fly, With
the Lanc you were conscious of its exra size
and weight, but you were aiso conscious that
you had four powerful engines. | was quite
comiortable piloting both planes. | just accepted

the experience of my first ight in & Lanc at
1654 Heavy Conversion Unit as another step in
my flying career.

Q: When fuily laden with  heavy bomb
1oad, how did it cope with take-off and fiying
10 targets?

A: The Lancaster never had any trouble taking
off with a full bomb load. ‘You were, of course,
governed by the maximum permitted all-up
weight, fe the total of the weight of the plane
plus sufficient petrol to make the return trip

10 the target and back, plus the bomb load.
The shorter the distance 1o the target the less.
petrol needed and the greater the bomb load;
comversely the longer the diistance to the target
the more petrol put in the tanks and the lighter
the bomb load. | seem to remember that when
1 first started operations the all-up permitted
weight was 65 or 66,0001, and as the planes
were fitted with more poweriul Meriins this
increased to 72,000lb, probably more by the
end of the war, A further major factor was the
length of the runway to be used and the wind
strength. On a short runway the peritted all-up



weight was reduced to provide a safety margin
Invariably, however, the long runway was used
for most operational take-offs

Q: How well could it withstand hits by flak and
machine gun fire?

A: Uniike the Welington, with its geodatic
construction and consequent abity to
withstand quite a lot of damage, the Lanc was
more vunerable. It could, however, withstand
quite a bit of damage if it was not subjected to
& direct hit or did ot cateh fire.

Q: Didl you ever retum 1o base with one or more
engines hit and shut down, and if so what do
you remember of how the Lancaster coped?

A: On one oocasion | had an engine failure just
after take-off and it is testimony 1o the power

of the Meriins that | was able to continue to the
target at St Etienne with a ful bomb load on
three motors, armiving short rest of the
squadron, and when the attack was aborted
returned 10 base with the bomb load stil on
board. On two other occasions | had an engine
put out of action but was able 1o return to base
without ary problem

Q: What was it fike to be the captain of your
Grew and aircrafi, and how much did you feel
the burden of responsibiiity for their safety?

A: | believe that | assumed the responsibilty

of the captaincy of aircraft and crew without
any problems. The responsibiity for their safety
wias just part of the job as pilot that | accepted
without thinking of it as a major issue. By

the same token other crew members such

as the navigator and the gunners had equal
responsibility for the safety of the aircraft and
crew on an operation: the navigator by ensuring
that we didn't stray over heavity defended areas
on the way to and from the target, and the
gunners by searching fhe sky for nighi-fighters

Q: How would you feel physically and mentally
after a particularly long-distance sortie, to Berin
for example?

A: On a long trip | had no problems mentally as
far as | am aware - check with my crew in the
hereafter to confirm that! | think that it was only
natural that you would arrive back after, say, an
eight- or nine-hour trip feeling somewhat jadec
but | never reached the stage that | had difficulty
in maintaining alertness.

BELOW The Lancaster
Bl (Specia) that
dominates this phato
was being flown by
Les Munro.

(Courtesy Les Munro)
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Once the aircratt is turming, opposite brake
is required to stop the turn and point the
the required

ection. The aircraf

mementumn in the tumn, and
5 to be applied with
5P the turn at th
desired heading. However, once confidence
has been gained using the brakes it's helpful

to make use of ard engines. For
example, if you want to tum to the right a burst
of number 1 engine will start the aircrait turning
and - with the appropriate anticipation — a

vil stop the turn

The Lancaster is taxied using a combination
of these techniques. Throughout the taxi, the

ontinu

nitore

right-hand side of the cockpit, to ensure that

the pressure is adequate. Fully charged system
pressure is 450psi and the minimum pressure
taxi Is 200psi. Sma

of the four eny

Take-off

‘Having taxied onto the runy
Jp with the nose pointing to the right of the
centreline, so that I'm looking to the left of the
nose along the line of the runway. Once all the
pre-take-off checks are complete, | call “Zero
[ nd the co-pilot advances the throttles

until zero boost s indic

I line the aircs

d on the gaug
aft on the brakes, with
] eck the engi
instruments before looking at each engine. If
e my grip on the brake lever,
g the aircraft to start moving. | anticipate:
ing to the left with rig
even use some right bra
straight.

move, | re-

ABOVE Captain
and co-pilot on hold
awaiting clearance to
move onta the active
runway. (Ed Straw)
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ABOVE During the
take-off run the tail-
wheel is raised off the
ground very quickly
to adopt the correct
attitude for rotation.
(uarrod Cotter)
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‘On take-off the Lancaster has a marked
swing to port which has to be countered
immediately if directional control is te be
maintained. This swing is more pronounced
if the surface wind is from the left because
being a tail dragger, the aircratt will want to
“weathercock” into wind. If the wind is from
the right this heips me to control the swing.
Once satisfied that the rolling line is good, and
anticipating more swing with power applied, |
call for “Plus 7"

The co-pilot advances the throtles evenly
and the noise level rises dramaticaly as the
Merting come alive. | counter the further swing
to the left with increasing amounts of right
rudder, while keeping the control column fully
back to keep the tailwheel on the ground. it's
not uncommon to use all availabie right rudder
on take-off, and in the early stages of the run
some right brake may also be required to keep
the aircraft straight

‘As the speed increases the Situation quickly

improves, as the greater airlow over the
rudders means they become more effective.
Once | sense the increased rudder authority
1 push forward on the column to raise the

tail and gain the take-off attitude. As the tail
rises the rudders come directly into fine with
the propeler sipstream, providing even more
rudder authority. and the need for right rudder is
considerably reduced.

Throughout the take-off I'm looking straight
down the runway, using the rudders to remain
on the centreline, and aileron 1o keep the
wings level. The co-piot, holding the throtties
in position, is monitoring the engine boost
and rpm gauges while the navigator cals the
inciicated airspeed. At 90 knots [103mph] he
calls “Rotate” and | pull back on the control
column and select a very shallow climb angle.
Once aitborne | squeeze the brake lever on
1o stop the wheels rotating, then off, and cal

‘Gear up". The fiight engineer selects the gear
lever 1o the up position and | see the two red
lights fluminated to my left side to signify the
gear is traveling.

| maintain the shallow climb angle in order
to accelerate the aircraft more quickly and
therefore be better placed should we suffer an
engine failure. | wait for the two undercaniage
lights to go out, signifying the wheels are up,
and then re-check the airspeed and altimeter.




The first
pass of the Lancaster

display is carried out in

‘clean’ configuration.

(Jarrod Cotter)
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View over
Flight Lieutenant Ed
Straw’s shoulder as
the Lancaster flies
over Duxford's runway.

(Grown Copyrig

Pass with
bomb bay doors open.
Warod Cotter)

el




the second fighter display will be shorter at
approximately 3 minutes and 30 seconds. We
receive “1 minute” and *30 seconds to go"
calls from the fighters and | use these cues to
accurately position the bomber for the take-
over. The final pass of the second fighter is

at 100 along the display line, puling up

it a victory roll. The Lancaster should be
running in to take over as soon as this victory
roll is complete.

When we receive the *1 minute” call |
instruct the co-pilot to increase the engine rpm
10 2,400 and re-confirm that all the pre-display
checks are compiets. These checks ensure that
the aircraft is comecty configured to safely carry
out a display. | commence my first run at 100t
and 160 knots for a “clean” pass along the
display line, allowing the watching crowd
to absorb the magnificent sight and sound of
the Lancaster.

“The navigator will call display datum and
start his stopwatch, calling the time in seconds
beyond the datum. At an appropriate time
lbeyond the datum, based on the wind and
length of crowd fine, | initiate & imbing turn
10 500ft and bank the airoraft away from the
crowd in order 10 retun the Bomber 10 *crowd
centre”, Once the climb is commenced | call
“Minus 4" (minus 4 boost) and as soen as the
airspeed reduces below 150 knots call “Bomb
doors open

“The bomb door lever is by my left side
but, because | have both hands on the control
column throughout the dispilay, the navigator
behind me has to lean forward and operate the
doors. | see the amber light illuminate in front
of me, signifying the doors are opening, and
call “Zero boost” to stabilise the airspeed at
approximately 140 knots, | continue turming the
aircraft back towards the display datum and

BELOW View out
of the cockpit over
number 3 engine, with
a large crowd on the
ground at the Imperial
War Museum Duxford
- the new 'AirSpace’
hangar dominates the
site. (Crown Copyright)
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Awheels-
down pass is another
aspect of the bomber's
display sequence.

Warrod Cotter)




lowers the undercariage lever situated
between the seats and the undercariage
starts to move. | am made aware of this by
the noise of the wheels lowering and by the
wo red lights appearing on the lefi-nand side
of my instrument panel. | commence a gentie
turn back towards the crowd, checking that
I have two green lights to indicate that the
undercarriage is down, and position the aircraft
o fly Gown the display line at 100t in the
“approach” configuration.

‘Approaching the display line in a gentle
t &t 120 knots | call *2850" and the co-
pilot raises the rpm levers, increasing the engine
om from 2,400 to 2,850. | continue to monitor

descer

ihe aitspeed and cal for the appropriate boost
setting, normally zero boost, to maintain 120
knots. Now on the display line approaching
crowd centre, | squeeze the brake lever on,
then off, to stop
“Gear up". The fight engineer moves the
riage lever to the “up" position and my
fwo green indicator lights turn red.

‘Next, just before display datum, | call ‘Plus
7", the co-pilot pushes the throtties forward and
e experience the faniasiic noise and surge of
the four Rolls-Royca Merin engines. | bank the
aircraft away from the crowd and aim to track
out at 45° o the dispiay line, cimbing to 5001,
With the surge of engine power the aircraft tries

any wheel rotation, and call

undercs

well as turning | am

o pitch nose-up, 0 as
pushing forward on the control
i v

mn. | wait

until we accelerate through 120 knots and
cal *Flaps up", the co-plet o
stage the two fighter aircraft are closing in on
the bomber to re-join on the wing, se my
flying nesds to bs as smooth as possible as
1 position the Lancaster for the final pass. |
maintain plus 7 boost and 2.850rpm untl 140
knots is achieved and call “Plus 4, 24 (plus 4
boost, 2,400

“The airspeed is important here because the
r on the inside of the tum wil be siower
than the bomier. For the fighters, particuiariy in
close formation, any airspeed below 140
knots is siow and very uncomfortable, so,
as the formation leader, | must ensure our
140 knots and

iging. ALt

preferably above 150.

“The final pass the display ine is at
300k in three-ship formation. Descending
from 500ftin the tum | cail for “Plus 2° or
*Zero boost" to maintain airspeed in excess of
150 knots while keeping at 2,400rm. If the
formation intends to land at the venue the final
pass will be planned in the direction of the in-
s runway, 50 that at the end of the crowd fine
the navigator can call “Fighters, break break
g0, whereupon they can initiate their break
toland.

The Lancaster will continue up-wind to allow
sufficient space from the fighters ahead ibefore
turning downwind at 5001t to land. The entire
BBMF three-ship display is given a 15-minute
slot by display planners, whie the Lancaster
display alone takes approximately five minutes.
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BELOW Heading in
towards Duxford's
Runway 06.

(Crown Copyright)

each engine and managing
avigator o

preparations for the r

well as makir

xt venue. The co-pi

s kept extremely busy, cantinuously adju
the throttie and rpm lever

the engines. Finally, all three

ynchror

mportant task of monitoring my p
3 that my actions are corect

erformant

Circuit and landing
The Lancaster circu
most appropriately
When on the down

and then check that the
d call “Below
gineer lowers the

ise of the

j indicator

5 seconds fo

ing the wheels

ts to go green, indic
‘Below 150,

flap | hav

vard to mai e atlitude and

pre-landing checks, which
nd response checks in
the navigator Undercar I chec
that the undercariage lever is down and that
the safety bolt is over the top of the lever, and
re-ch reens indicating the
. | respond “Down,

K

ck that | have two.

wheels are lockec
bolted, two greens’

Next he calls “Brakes’
all “Off

check the brake

lever is off anc
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At this stage

ften the boos

the co-pilot resets ze

e final approac

am aiming to

03mph] ot

Lancaster finals The final
pass is another ‘clean’

fiypast. (Jarrod Cotter)

blished in th
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PA474 flight test schedule

Current aircraft limitations and restrictions are not to
be exceeded.

GENERAL DATA

GERTIFIGATE OF AIRWORTHINESS
Certified that this aircraft has been fight tested in accordance
with the appropriate Fiight Test Schedule and that it is:
*a. Airworthy and functionally serviceable 1o the required
standard,
*b. Airworthy and functionally serviceable subject to minor
rectification as entered in F700 and dogs not require
further tests
*c. To be retested after rectification as entered in the F700.

Signed ...

AIRCRAFT GENERAL
Ambient Ar Temperature
FE
Preumatic Pressure
Brake Pressure Port
Brake Pressure Stb
Emergency Al Pressure
1,100 to 1,200 Ib/in)
Hydraulic Accumulator Pressure
220 Ib/in) o

No.3 Stb
Controls and Trims -
Check full, free & correct sense.

satis/unsatis
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AFTER START
Atter starting No.3 -~

Close Bornb Doors satis/unsatis
At 1,200 RPM Noi No2 No3 MNod

Oil pressure (Min 30psi)

Oil Temperature (Min 15°¢)
Rad Temperature (Min 40°c) . <
Fuel Pressure Warning Light oot onvout onjout onout

Magneto Dead Cut yes/ino yes/no yes/ino yesino
Generator Charge (1,300rpm)
Vacuum ey
Voltage voits
TAXIING
Check operation of:
Compass, Remote satis/unsatis
Magnetic satis/unsatis
DI satis/unsatis
Tum & Siip satis/unsatis
Maximum Brake Pressure at each wheel Port

Stb

Funcion of Brakes, judder and face,
Captain's

Co-Piot's Port safis/unsatis
Stb  satis/unsatis

PRE-TAKEOFF
At Zero Boost

RPM

Oil Pressure (min 30psi)
Qil Temperature (min 15°c)
Rad Temperature (min 60°c) . .
Mag Drop Port (max 150)
Mag Drop Stod (max 150)

No.l  No2 No.3 No4

Supercharger Operation  yes/no yes/no yes/ino yes/no
Generator Charge ... amps .. amps
TAKE-OFF

Start timing at zero boost and brakes off.

Open throtties to +7 boost.

Unstick at ... .. knots IAS.

Ciimb at 140 kis. With +4 boost and

2400 rpm to 7000f i possile.

Time to 3,000ft min . sec
Time 105,000 min . sec
Time to 7,000ft . min . seo



CRUISING

At 3,000ft, fly at 150 kis and 2,000rpm.

In steady conditions Noil No2 No3 Nod
Boost

Oil Pressure

Ol Temperature (max 90°C)
Rad Temperature{mas 150°c) .
Supsrcharger Operation  yes/ o yesho yes/ho yesho
Generator Charge

Hycraulic Accumiator Pressure m| ooops) .
Trim: Elevator Tim
Rudder Trim
Alleron Trim

STALLING
Arrcraft clean, Pitch fully fine, Throttle closed
Staling speed {onset of buffet)
Staling speed {full stal)

Kis

.. Kis
POI‘VS‘EEIIDQEIW"B\JVEJ

Wing Drop
Undercarriage and flaps lowered ,
Wing Drop Pavsm-ma:ameum

OPERATION OF UNDERGARRIAGE AND FLAPS.
At 150Kts straight and level time the following:
Undercarriage down
Flaps Down

ENGINES
At 2,000ft, 150kts and 2,000rpm:

No.1 No2 No3d

No4

Boost

Oil Pressure
Rad Temperature
Feathering
Unfeathering
Generators

yes/no yes/no yes/no yes/no
yesino yes/no yes/no yes/no
. amps . amps

LANDING/SHUT DOWN

After landing, at 1,200m:  No.1
Ol Pressure

Ol Temperature
HadTermefa(ue(rmme“! anin
After shutting down engines 1, Banas,
Operate flaps fully down then myup

No2 No3 No4

Fuel Contents  No.1

No2

No3

No.1

No2

No.3
Total fight tims. .. ......
INSTRUMENTS
Check each instrument for function:
Compass satis/unsatis
ol satis/unsatis
AH satis/unsatis
T8 satis/unsatis
Altimeter satis/unsatis
RCOI satis/unsatis
ASl satis/unsatis
RADIO
UHF satis/unsatis
VHF satis/unsatis
GENERAL REMARKS
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|

RIGHT Time for the
captain to take the
Lancaster hame to
Coningsby.

(Crown Copyright)

RIGHT Flight
tenant E Straw
signs the aircraft in.
(Crown Gopyright)
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nose directly
drift by banking the a

the term

ing dow

technic

puling back or

straight down the

il touich ger

s down o

whereupon | call “Flap up” in ord

5 st

s and deceleratin

@ column
Il apply some bra
run. Once

for the after land



Emergency equipment
and controls

‘echnical manual AP2062A Voiume |
anu, des the following details regarding
he emergency equipment carried aboart
Lancaster during the Second World War:

Fire extinguishers - The automatic fire
extinguishers mounted one in each nacele
may also be operated by the pilot from push:
buttons on the right of the instrument panel.
Six hand firg extinguishers are prov
which one for the pilot is mounted o
cockpit rai

Parachute and crash exits — Parachute
exits may be made from the hatch in the fioor
of the nose or from the main entrance door.
The pilot's paract towed immediately
behind his seat on a panel at the end of the
navigator's table. The hatch in the nc
released by means of the handie at the centre,

ifted inward:

ind jettisoned through the hole.
type emergency exits are fitted
in the roof of the fuselage, one in the cancp:
above the piot, one just forward of the rear
spar. and one above the rear end of the

main fioor. These should not bs used as
parachute exits.

Dinghy - A Type J dinghy stowed in the
starboard [mainiplane may be inflated and
released in any of three ways:

(i By puling the release cord running inside
the fuselage along the roof aft of the rear spar.

(i). From outside by means of the loop on
the starboard side
of the tail plane.

(. Automatically by an immersion switch.

A special emergency pack is supplied with the
aircratt; it is camied in the dinghy compartment
stowed on 1op of the dinghy to which it is

ied by means of a lanyard. In addition to
this pack, standard emergency packs Type 4
and Type 7 are stowed on the starboard side of
the fuselage, just aft of the rear spar

Three ‘push-ou

djacent to the leading edge

=
(RAF Museum)
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st-aid outft - Th
o aft of the

Crash axe and
wed on the starboard
8 door.

Fuel jettisoning - The contents of both No.1
fuel tanks may be jettisoned by lifting and
turning anti-clockwise the hydraulic control
handie on the left of the piot’s seat. The flaps
es and speed

se items

LEFT Entrance to
the rear gun turret,
showing the gunner's
parachute stowage
position. (Paul Blackah/
Grown Copyright)

FAR LEFT First-aid
outlit, stowed on the
starboard side aft of
the entrance door and
accessed by pulling
the handle.

(arrod Cotter)

LEFT Emergency
equipment at the rear
spar, including fire-axe
and gloves.
(Pau Blackah!
Grown Gopyright)
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COLOUR KEY

(RAF Museurm)

RIGHT There are three
‘push-out’ emergency
exits fitted in the roof
of the fuselage, this
being the one in the
canopy above the
pilot. These should
not be used as.
parachute exits.

(Jarrod Cotter)




Navigating the Lancaster

BMF Navigation Leader Squadron Leader
L Jeff Hesketh profiles the role of the *Nav’

‘As navigators know, preparation is all-important
in the outcome of a sortie, flypast or display. To
this end, for each upcoming season the fiypast
and display bids are colated by the previous
October; a rough outiine plan is then proposed
by New Year and firmed up by March. Sorties
range from annual fixtures such as Biggin Hil
and Duxford, whers we “land away", t0 others
varying from local o national importance or
remembrance.

The Lancaster is only allocated 100 fiying
hours during the display seasan, to preserve
fatigue on the airframe. However, 110 hours
are actually planned, knowing that some hours
will be lost due to inclement weather and also
aircraft unserviceability. These hours also have
to include pilot and navigator trairing, display
work-up and Pubiic Dispiay Authorisation
flights. Initial event timing is completed by the
BBMF Adjutant, who does an outstanding job in
keeping tabs on every detail of administration

To minimise fight time, the initial timing pian
is based on a straight line from Coningsby to
the display/fiypast venue flown at 150 knots
(keeps the mental maths easy - 2}anm per
minute), together with a timing four-minute hold
at the IP or “initials point” - & distinctive feature
of vertical or horizontal extsnt, eg a mast, road
junction, forest shape or lake — f t's a "timed”
fiypast such as a Royal event or graduation
revue, More details are put on the plan by the
navigator, who craws up charts on % mil or
Y mil maps, with an OS 1:50K map used for
the IP to target” mun.

“These charts are further embelished with
the radiio frequencies required, timings, tracks
and distances, together with potential diversion
airfield details. For a display we always plan
1o *un in” in the direction we wish 10 *run
out", to achieve minimum fiying time to the
next event. Quite often two routes are planned
where & transit is required over high ground,
one “straight line” for good weather and a
bad-weather option taking a longer lower route
- for example, Coningsby to Blackpool has a

straight line” route over the Pennines to the

North of Manchester Control Zone for good
weather, while we have a back-up route fiying
through the Grewe to Wigan corridor in case of
bad weather over the hils ~ and stil make the:
venues on time!

"We try 10 avoid fiying through the “chain link
fences” of controlled airspace, but many times
it's unavoidable and requines co-ordination by
the navigator with the ATC unit involved. Almost
without exception we're allowed into their
controfied aitspace. We pian 1o avoid gider sites
and light airfields, used predominantly at the
weekends and Bank Holidays, not to merition
the danger areas, firing ranges and restricted
airspace that increasingly cover the UK.

If we are in radio contact with airfields as
we transit from venue to venue and the ATG
request a fly-through, then providing it does
not interfere with our timing we are more
than happy to oblige — cleared down to 1001t
and 300ft. The Lancaster flying on its own is
planned to fly at 1,000ft utiising the low-level
fiying system. This is 16 avoid the increasingly
busy general aviation traffic above. It's quite

the BBMF's Navigation
Leade

(Crown Copyright)
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BELOW Approaching
RAF Wyton for the
sunset ceremony as.
described in the text,
‘with the white water
tower (visible to the
right of the canopy)
used as a reference
point. (Paul Powell/
Crown Copyright)

ertaining when a private Cessna tries to fly
ter, perhaps bissfully una
of our *fighter escort” 2,000ft above! At Nav
School we were always taught o avoid large
towns, but with this aircraft it's appreciated if
we fly over. The Lancast
compiaints, only comments such as can
come back again and lower!

‘Many of our trips are what we call *out
and back”, where the Lancaster takes off from
Coningsby ically, five fiypast locations
three passe: and two display locat
(each five minutes), and then returs to base,
This example equates ta seven events for one
aircraft on one day. The fight time for this is
typically 70 minutes.

These types of sortie save our ground
engineers time traveling to tur the airoraft
and, in addition, should we hay
u/s it would be at Conings
display season mort
aircraft appearances were made from an

er
near the Lan

er attracts no noise

an 700 individual

mprised
463 nota

a testament to the dedicated r
undertaken by our 27 eng
‘Due to the distinctive sound of the four
Merlins and our slow speed compared with
madern-day jet fighters, many abservers on the
ground s00n b
On many b

golfers wave and hous:

dme aware of our presence.
cricket maiches are stopped;
g ves are seen waving
tea towels dashing into their garde s Stop
ahead and their occupants stand and wave. A
far ery from Worid War Two,

Flying down 10 2501t, which is our minimum
heig Ids and ove s green
and pleasant land, it is a very proud fesling
ndeed. In the Lancaster, the navigator stands
behind the pilot, map and stopwach in hand
using his “Mk 1 eyeballs” ta view over the pilot’s
shoulder or ook out of the blister to the side —
ack to basics indeed. To a

t outside ai
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use a stand-alone Garmin 496 in the Lancaster,
10 act as secondary aid to map and stopwaich
and to give an accurate groundspeed display.

“The navigator is responsible for the R/T,
using the radio, with callsign *“Lancaster”, and
using the IFF, which is located on the Nav
table behind. In summer it can get very hot
in the cockpit, with the canopy acting like a
greenhouse. Low-level fling requires fix points
with vertical extent - masts, chimneys and so
on - but above 1,500 feet we can use lakes,
forest shapes and towns, 50 our fing is @
blend of the two. Basically we navigate with
a heading and time for that navigation leg,
‘working fram big fealure 1o litie feature for our
tracking, slowly inching or “walking” our fingers
over our prepared maps, which have been
folded 1o achieve maximum effect and fit our
nav bag - when you see the crew walk out to
the Lancaster the navigator is easily identified
by his distinctive nav bag.

“We describe the next tuming point to help

the pilots find it, and this is crasschecked
against our timing at the tumn as to whether
we are early or late. Often it is the nav's hand
pointing “ever thers” that steers the way, but
all crews work together in the best interests
of crew resource management! At first it's al
t00 easy to follow roads and fook just in front,
but soon you get to find masts minutes ahead
50 you can seitle down ta iming checks and
maybe admire the view.

“The Lancaster is only allowed to fiy VFR
(visual fight rules) and not in the dark  that
calls for interesting planning where a sunset.
ceremony at Shrivenham (near Swindon) s
required, S0 as 1o retum east to Caningsby and
stil land before dark. Very strong emotions are
felt by the Crew at this time, under the Perspex
canopy; as the engine exhaust stubs glow
red the thought goes through our minds that
it would have been this time of night that the
actual bombing raids would have taken off in
the war - with many crews sadly not returning.

BELOW A final
lbanked pass shows
a delighted group of
joying the
‘sight and sound of the.

Crown Copyright)
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Flying the Lancaster in formation with the.
Spitfire and Hurricane we use the collective call
sign *Memorial Fight”. Hers planning is sightly
different ~ we don't plan to fly over large towns,
as the fighters have a giiding range of 1.5 miles
per 1,000 feet should their single engine fail.
‘The Lancaster stil flies at 1,000 fest but the
fighters will be above in the block, anything from
3,000 to 4,000 feet. 'm toid by the fighter picts
that occasionally the Lancaster can be lost from
sight = not only due to their poor downward
visibility, but because the camoufiage works as
wel today as it did in 1945

‘A further consideration is that when in
formation we have to avoid any precipitation as
1his could cause the fighters” wooden propeliers
10 delaminate, whereas the Lancaster's are
metal. In addition, we have to be aware of
diversion airfields, which must have a supply of
AVGAS for the fighters,

“The Lancaster's speed range in formation
s limited; if we're early, we can't ly too slowly
because of the fighters - typically below 130
knots - and if we're late we can't acoelerate
as fast as they can - max 200 knots. Often
the Lancaster and fighters separate after one
event and fly independently to displays and
fiypasts, then form up at a nominated time and
rendezvous for a three-ship formation display at
a major venue before making a night stop away
from home base.

In 2006 | wass privileged 1o navigate the
Lancaster for the Queen's 80th Birthday
Fiypast in June. This was only one part of the
day's events - absit a major one. Flying from
Coningsby with four fighters, our first event
was a photo shoot en route to a flypast at
Waterbeach, followed by a hold at Fairlop for
the fiypast at Buckingham Palace.

*The Lancaster was to lead the flypast of 49
aircraft of 15 different types, one of the largest
formations of aircraft seen over Londen since
Worid War Two. "Memorial Fiight™ was our cal
sign for the Lancaster leading two Spitfies
and two Hurricanes, with “Windsor Fermation”
running in from Clacton at much greater speeds
one minute behind.

“The timing was perfect ~ too early and Her
Majesty would not have been en the balcony,
and too late and | would have had 44 fast jets
coming in close behind me at 280 knots at one

minute spacing! An immeciate right tum on top
of the palace put the Memarial Flight over Lords
Cricket ground, Play was stopped for several
minutes — what a sight and sound - leather cn
willow and eight Rolls Royce Meriin engines
passing 800t overhead. Routing over the RAF
Museum to the north clearing London Zone,

we then passed south-east over the Queen
Elizabeth Il Bridge to Margate with a Spitfire
and Hurricane for a formation display, and finally
landed at Manston.

‘Other fiypasts aren't as grand as that:
often they're memorial caims built of stone,
perhaps at the edge of a forest or at a road
Junction, as a memorial to a downed crew,
with just a hanaful of people in attendance, but
nevertheless stil as ing and carried out
with the same professionalism. If the visibility
is on limits and we are looking out for a group
of people accurate navigation and timing is
vital, as we don't want to commence a series
of fiypasts at a nearby car boot sale! Limits are
3.7km, 700ft cloud base for transit, Skm and
1,000ft for displays.

*On the day of a Sortie the crew attend a
metearological briefing two hours prior to
1ake-off, and this can often call for a rapid re-
plant The knock-on efiect requires new ETAS
for the display organisers, and fiypast events to
be passed or confimmed. Some are cancelied
due 10 the weather in some areas being below
our limits. A new plan is then calculated.
NOTAMS (Notices to aimmen) are checked,
indicating that the fiight will be active within a
radius of two miles around the venus and up
10 2,000ft aftitude 15 minutes either side of the
display time - professionally we strive to be
on time.

*A crew briefing by the captain is given one.
hour before take-off, covering sortie overview,
timings, weather, fuel, performance, check-
in frequencies and “loser plans” (in case cne
aircraft arops out). The navigator briefs the
route, safety alitudes, diversions, Royal fights,
and the all-important time check, together with
wind, frequencies to use, times, orientation of
the venue and crowd lines at the display or
flypast venue. The display by the Lancaster can
involve either a “tail chase” or *head-cn” take-
over from the fighters — this may vary at sach
display curing the sortie.




LEFT Target map with
the times and run-in
route shown in detail.
The IP is within the
‘square and the target
is marked in red in
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ABOVE Navigator's H2S
‘equipment. This was a
ground search mapping
radar system used as

a fixing aid or for blind
marking, introduced

in 1942, There were
severe restrictions

on its use in order to
reduce transmissions.
‘on which enemy ight-
fighters could home. A
fix was given as bearing
and distance from

an identified ground
feature on the plan
posttion indicator (PPI)
The operator's skl

in reconciling the PPI
display with standard
topographical maps
was the key to accurate
marking or flare
dropping. (Jarrod Cotter)
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At 35 minutes to go an “out brief" is
completed by the captain. With the comect
legal authorisation completed, the crew board
at 30 minutes bef e-off. The engines
start d run-ups on the mi
Meriin engines are followed by a ti
off to make the fiypast precissly on t
to preser

5 minutes, 2

aircratt is exactly

and at precisely the

Coningsby to RAF Wyton on the occasion
of an evening fiypast for the Battie of Britain
Reception attended by several veteran
athfinders”, RAF W
Pathfinders, which in 1945 had seven Lar
and eleven Mosauito squadrons, located in
the vicinity at Wyton, Easington, Gravely and
rboys. The map shows the latest take-off
me - corrected for wind (18:50L — the fight
always works in local time) to meet the time on
target (TOT - 19:10).

was the home of the

vy

Initial air traffic control is with Coningsby
departures, which is studde on a pre-set
frequency on the radio behind the navigator.
Take:of is completed using the Coningsby CFE
he altimeter - fransit height 5001
f the military air traffic zon
regional Bav—\sle, setting is set, and once
of Coningsby racio communication is next with
Cottesmore, requesting traffic information (1
information service). Routing is then to the west
of Growiand glider site to a turning point north
of Peterborough, denoted by a railway line
crossing a lake.

*At this turning point a
made and the speed

1o the sest o oys. During this
nal pressure setting on the altimeter
wil be cnenqezn 1o the Ghatham regional




‘Maps are then changed 1 the more detaled
Ordnance Survey (.123), which shows the run-in
track (210° magnetic) and the time the Lancaster
has to leave the IP (19:08.30) at a pre-planned
il ar groundspeed of 150 knots to make the
TOT (19:10). During the transit or during the
hold the: naigator wil fine tune the leaving time
comected for local head or tail winds.

f the Lancaster is two minutes ar
at the IP. a hold will be carried out. I
less than two minutes, then a timing dog-leg
wil be carried out 1o make the TOT. Once the
aircraft has left the IP a tracking check feature
s the wood at just over two mies o run.
Looking shead just to the right of the fiypast
venue is a large white water tower, and the
Lancaster is aligned with this to the right
(see photograph p.120)

*As the aircraft approaches within
appraximately 1% miles the individual building
is identified and the Lancaster is fined up
perfactly by the piot to overfly the Officers
Mess at precisely 19:10, 1o coincide with the
RAF ensign reaching the bottom of the fag pole

more early

in front of the Oficers’ Mess. Three passes are
completed, then the return to Goningsby via the
escape heading shown (320°) is to the west of
Peterborough and Boume. {See photo of the
Wyton Mess p.121.)

Al five of the BBMF's navigators a
volunteers. Four are from Cranwell —
Qualfied Navigation Instructors teaching
vanced fast-jet techniques, and two Central
Flying School navigator examiners - while
I'm the Standard Evaluation navigator on the
E-3D AWAGS part of the ISTAR wing at RAF
Waddington. The job of a BBMF naui
requires a great deal of commitment, not just
from ourselves but from our famifies as wel,
as virtualy every other weekend batween April
and October is given up to flying the Fiight's
Lancaster or Dakot

“The BBIF is kept going by the passion and
selfiess commitment shown by all the aircn
ground crew and support crew It is indeed
an honour and priviiege to fly this magnificent
aircrat built in May 1945, part of our nation's
aviation heritage.

ABOVE Navigator's
station on board
PA4TA. (Paul Blackah!
Crown Copyright)
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ABOVE Flight engineer
Squadron Leader lan
Morton monitors the
various systems on
board PA4T4,

(Grown Gopyright)
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The flight engineer’s
duties

quadron Leader lan
overview of the flight
d the Lancaster:

The flight engineer or FE, more commenly
known as “Eng” by the crew in
Air Force,
ers of
engineers are senior nan-commissioned officers

ompleted previous service in th

probably one of

crew. The ma

who have

RAF as a technician. The remainder are dir
entrants, fe the
become an FE.

“There are also a small number of FEs who
ve been commissio the ranks fo
become FE of

joined the service purely to

n retired in 1991) and
peller

of tuition, each FE selected for the Fiight has

to study intensively to acauire the technical

ster

ledge demanded to operate the Lar
systems safely, using documentation dating

straightforward to learn. BEMF
is dual-controlled so is operated with two
piats, which means that some of th tasks
the FE — the handing of a

Lancaster

t originaly fell 1

gine controls including the th and RPM
levers, alof are now the remit
of the co-piot. As a resul, after dealing with

his routine tasks the FE has plenty of
left to devote to the big picture and aimnanship.
The benefits of having a crewmember in
uation during display flying can't be

apacity

o the technicalities of
have been many occasions in the past where
this has proved his worth. Take, for example,

Fiight Sergeant Ben Bennett, who flew i the

) rols along
/@ acts on ops one night in September 19
resulted in the award of the Disting
Aedal. It is the memory of FEs like Ben that
makes holding the position of FE on the BEM

's Lancaster FE wil visit the BBMF
o he day of his flying cuties to seff-brief
the sortie, He will ascertain the dispiay venues
and read the display fles to familiarise himself

h the sortie profile and whether the Lancaster
is going solo or being accompanied by th
Fiight's fighters. Hav e total

n for the event (the Lancaster
to five ground cre

arding

prior to

ing ascertained

er in the

normaly

addition to its four fight deck crew), rations are
ordered if required.
The fuel load is checked, the standard

usage being 150 gallons per hour, plus 2
gallons for each display and a mini
overhead destination fuel of 280 gal
He'll alsc 1 the appropriate aeronautical
documentation for the route. If landing av
from Goningsby he'll crosscheck the airfiek
facilties, including handiing agent and fuel
avalability (arge holdings of AVGAS and 2
means of deiivering them 1o the Lancaster are

5

“olie




take-off the

and commence 1

*AL 30 mintes pri

alk 10 the aircraf
ting Engines checki
35 1he checks, the Eng wil respor
cived and crosscheck the plots an
d ther

st. Whilst the nav

tions. The

10 see what pl

h 20s) days

1g makes checks of the engines’ oll pressures
and temperatures along with the coolant
tart; before openiy

y Merlins, minimum

Very hot ih

particular
minute increase to

at the Flight he'l ues of
utinise the Lancaster's technical log (Form

e Lancaster

ve been started, the
s to fight
He'l

700) to see that all is in orde

rarely flies with

e crew ke
The Eng ¥

fight inspection in

reference cards

is available from all tanks under grav
booster pump supply. During the

gine run-up
and generator

cks oil p
cutous checked,

er and Fuel Off", returning to the
alance
ing and a have

t to complete his
lation:

end a

engineers panel.
(Grown Copyright
1 Engine oil pressure
gauges
2 0l temperature
gauges
3 Coolant temperature

gauges
4 Fuel tank gauges

5 Fuel tank selectors
& Fuel pump switches

umber 3 tanks

have guards fitted;
they are last tanks
selected for use)

7 Low pre:
warning fight
8 Fuel pump test

ammeter

ure fuel

 Pressura head heater
switch

10 Dimmer switch and
light

11 Power switch to
panel

12 inspection lamp
socket

13 Emergency air
selector knob
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BELOW View from
the rear gun turret as
Hurricane Il PZ865
follows the Lancaster
during a transit flight.
(RAF Goningsby!
Crown Copyright)

member v

sing the cre
ortunity to ensure al is
vecking the brake
hat no pudd
on the tarmac after the er

“With all the checks comy
off clearance ed, the Eng monitors the
engines both inside the aircraft and
off power is applied: 7 inches ¢
1 is normaly all that's req

n order

boost at
to pul
the old girl safely into the air. Once airborme,
nmand the Eng wil select
dercarriage UP, monitor i traveliin
ensure that the undercarriage doors close
- there's no hydraulic cor
raulic accum
which is situated by the crew rast-bunk, well
out of sight

and

1S or pressure

ying the power is redk
and the after take-off checks com
cruising height, normally 1,000 to
the Eng checks all s s are functioning

correctty inside and visually checks the exterior
of t

ircraft {the

ant oocurs on ho
deed).

jays, but ol leaks are

rare
uring the cruise, the pik
ngine handing between ther
is busy navigating and mal
leaves the Eng to be Jac!
make sure that al is in order. At som
d a full set of eng
entered into the F7
engine health, Fo

mention the ground crew's) are esseni
summer days, when the skies above England
are busy with light aircraft, gliders, helicopters
and other aronautical machines, so keeping a
d lookout is part of everyone's routine.
During the flight the Eng will initially feed fuel
he inboard tanks (number 1 tanks), o aid
ief and thus reduce structural fatigue,

r tanks (numbers 2 and 3)
Switching from number 1 tank
ves going through the

on that side,
'@ utmost ¢

piit the fiying
the Nav
g radio cals, which
Of-All-Trades and

P

on fine

ion is carried out with tt

this at
one wing at a i




‘When armiving at the venue most eyes are
on the lookout, but having descended to low
level (100ft is the absolute minimum) the Eng
monitors the engines more closely, especially

at the higher power settings. Height and speed

are every aviator's friend, so both assume an

from memory
back" can be welcome. During the y
Eng will mentally record the engine oi pressure
at the higher power settings for entry into the
F700 after landing. When the BBMF's fighters
accompany the Lancaster,
cast in their direction, both for co-ordination and
their well-being,

Onice the display is complets the Eng wil
make an accurate fuel
captain a bottle of water from the cold box
- he's earned

watchful eye is

heck and pass the

second radio. Approaching the destination,
e Eng ensures
the fuel system s set for landing, lowers the
undercarriage, and crosschecks the brake
pressures and flap positions along with
monitoring the engines.

‘After landing the engines are “run up" again
to check their serviceabilty. This can often
delay in proceedings at busy airfieids
whist the Lancaster finds a spo
wind and b ciear well behind, so
wash doesn't cause any damage.

Once the engines have been shut down
and the fusl and electrics switched off, al that
remains is to complete the F700 paperwork
and discuss any technical problems with the
Grew chiet. Then, mor often than not, there'll
one of the most mportant aspects of being
a crewmenmber on the BBMF: escorting visitors
o and around the aircraft. Accompanyi

use &
um
at the prop

when they e aircrew

Tiwo, makes the fight engineer's position, like the

rest of the crew, something very specil.

BELOW Looking aft
from the astrodome
a5 PA474 banks to
starboard.

(Crown Copyright)




‘Patching and replacing parts would mean
a long toil, and many were the times we
worked day and night without a break.'

Stan Wells,
groundcrew, 626 Squadron




Chapter Five

The
engineer’s
view

 —C

It's a great privilege and a big
responsibility to care for one of

the only two remaining airworthy

Lancasters in the world. Personnel

who've never worked on historic
aircraft soon learn those rare
skills that were second nature

to engineers and ground crew

working on Lancasters dur
World War Two.

LEFT Ground crew performing an engine change on Lancaster
1W4783 G-for-George of No 460 Squadron, Royal Australian
Air Force, circa May 1943, The work was obviously a success,
as this Lanc went on to complete 90 operations before flying
1o Australia for a War Bond tour. It is now on display in the
Australian War Memorial, Ganberra. (RAF Museur)
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Al
|

| ABOVE PAAT4 awaits
the BBMF engineers
1o start work. Note
the mobile tool chest
in the foreground.
The raised platform
around the number 4 Safety first!
engine is purpose-built  Any aircraft should be treated with respect,
for working on the especially one that has f
Lancaster. en the Lancaste
(Jarrod Cotter)

RIGHT With the
‘spinners removed the
propellers take on a
different look.

(Jarrod Cotfer)
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ipment such as sturdy
loves and overalls are
o protect against
e. slipping and injury
When replenishing

shouid be taken 0 er

pilage, noise

s and greases care
sure that what you're
using s the right product for the job, or

hanical damage can result. Ghecking is

essential, as many container ilar in
appearance,

Finally, befors entering the airc
pockets should be emptied, to p

mage' (FOD).

all your

t *foreign

objec

Tools and working facilities
A good set of BA and BSF spann
sockets is essential, as is a good general
purpase tool kit including screwdrivers,

10cKing Specialist tools
such as box and peg spanners for stripping
components and riggin for setting up
flying controls, are also required. These can't be

and

from original ch
required is det
e Lance

must be available to spiit the ai

of

er, but remember that adequate
ft i

necessary, to ift out the tumets, or to remave
and refit the engines
A pair of b
out flap and undercarriage functions, wheel
chariots to allow easy removal of the arrcraft’s
main wheeis, and engine staging to allow work
to bec it the engines

drauiic rigs is essential fo cary

ried ou

Jacking and airframe support
To jack the Lancaster you require two 25
onne jacks with jacking adaptors (which fit into
hat are boited to the front spar

special socke
p
a pair of
In erder to raise the aircraft you firstly lift the
rear luselage using a crane, which attaches to
an eyebolt screwed into the top rear fuselage
place at former
ear fuselage is lowered onta it. The
positioned inboard of the number
ft raised h
enough to allow the undercariage to retract
Then the nose tr dositioned at former

stie is then put i

steady the ai
on the

A smaller tail trestle can be used for
remaving the tailwheel. The aircraft must be
chocked before raising the tai

gs.

ABOVE Supported
by jacks, this is the
Lancaster undergoing
‘scheduled annual

maintenance

during the winter.

arrod Cotter)
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ABOVE Positions of

Lancaster access and

inspection panels.
(Crown Capynight)
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Servicing a Lancaster

he servicing cycle of the BEBMF Lancaster is

eight years between majors. This is worked
out according to the hours flown, the fatigue
life of the airframe, components that are fitted,
known structural failures and the risks of flying
2 60-plus-year-old aireraft. Al these factors are
considered and a schedule is produced. This
schedule not only takes into consideration the
aircraft itself but also the parts in it which have:
their own specific lifespan, sither in flying hours,
landings or calendar time. For example, a main
wheel s lifed for 100 landings, so this would
have (0 be removed and serviced regardiess of
whether the aircrat itseif was due a senvice.

Because of the size of the aircrat the fight

servicing is carried out by the individual trades:
airframe, engine, and electrics. When servicings
have been completed they're signed for on the
appropriate document, form F705, in the aircraft
flight leg form F700. This form is then signed by
the pilot to acknowledge he acoepts that the
aircraft is ready for fight.

Before Flight Servicing

This is carmied out within 24 hours of the
aircraft’'s scheduled take-off time. If the aircraft
doesn't fly within that period then the

service has to be repeated. The following items
are checked:

1 Internal and external checks to ensure all
panels are secure,

2 Check of all the flyng contrais to make

sure they're in working order and free of al

restrictions,

Tyre pressures are checked.

Al Plexigias s checked and cleaned.

Crew hamesses are checked.

Oil, coolant, pneumatic and hydraulic fluids

are checked 1o ensure theyre at the comect

level and are replenished if necessary.

7 The aircraft s refuelled to the required level.
The electrical systems are checked, eg the
navigation ights.

9 Engine controls are checked for resrictions.

o0sw




After Flight Servicing

Valid for seven days, this is carried out as soon
as possible after landing to ensure that any
problems that are identified can be comected
befors the aircratt fies again. Such problems
may include worn tyres, broken fasteners and
oil leaks. The ground crew

Refuel the aircraft.

Clean the exterior to maintain the aircraft in
display condition.

Tidy the aircrew haresses.

4 Carry out a visual inspection, lookin
Gracks and damage such as exhaust stubs
that have holed and loose screws or panel
fasteners.

»

©

Turnaround Servicing

This is carried out f the aircraft is scheduled
to fly again within a few hours of landing, and
involves the following:

1 Refuel the air

s necessary.

2 Clean the windscreen and cancpy.
3 A quick visual check of the exterior of
the aircraft

aren’t

s cked during this
senvicing, as everything is oo hot

Lubricants and fluids

Fuel - Avgas F18 100LL, 2,154 gallons fhowever, PA474 flies with
between 600 and 1,000 gallons).

Oil - OM270-Agrosheil 100, 150 galions

Hydraulic fluid - OM15/H515

Coolant - AL3.

Lubricating oil - OM150, used for hinges and bearings

ABOVE With the fuel
bowser in position and
the boom extended,
refuelling begins.

(Paul Blackah!

Crown Copyright)

LEFT Corporal Crosby
refuslling the number 1
port fuel tank.

(Paul Blackah!

Crown Copyright)
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RIGHT Wheel
retraction sequence.
{Uamod Cotter)
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Primary Servicing

This service is carried out at 56 ! flying

time or thereabouts. Requiring about five

ans and taking two to three days, it

ction of the airframe and
ar and tear:

technici

consists of an insp
engines for general

ed and lub
e is inspected and

Flying controls are inspec

[N

hecked for
debris. A soap sample is taken to check for
any contaminant in the oi.

4 The oil tanks are drained and ol
is changed
5 The magneto contact breaker points are
checked to ensure that they're set coectly
Annual Sei ing

This is carried out at 112 fiying hours or
annually, whi ormes first. It usually

e end of the display season and
takes approximately six months ta complete. It
inciudes everything camied out during primary
servicing plus the following:

hever ¢

sta

1 Thelnteral and external structure of the
aircraft is inspected for cr rasion.

2 Xerays are taken of the ru ns. filap
and mainplanes.

3 Wheels are removed and serviced.

4 Brake units are inspected and tested.

5 Flying control runs are inspected

6 Flying controls are inspected, rigg
range of movements carried out.

7 Undercarriage hycraulic components are

ergency blow-down
8 s are

ried out.

At the end of the annual service the aircr
of engine ground runs.

c
3

Once thes
then air tested.




Minor Servicing
This is carried out every four years and is
basically an annual senvice plus

1 The wing joining bolts are removed

and inspected.

Wing plug rivets are removed, holes are
inspected and rivets are replaced. (British
Aerospace personnel are responsibie for
this task )

Instruments are removed, serviced and
refited

»

@

Major Servicing

Caried out avery eight years by an outside
agency, who will tender for the contract. This is
a much more in-depth service
all the work carried out during the Annual and
Minor services plus:

hich includes

1 Flying controls are removed and fabr
replaced on the ailerons.

2 Und age is removed and overhauled

3 Fuel tanks are removed and overhauled.

4 Engines ara removed 1o allow for the engine

ic is

bearers to be removed for non-destructive
testing and inspetion

Oil tanks are removed
Radiators and oi caoler
for overhaul,

Propellers are removed for inspection.

All hydraulic and preumatic components are
removed for
Flying control cables and engine control
cables are removed and inspected

ABOVE Engineers
working on the
number 3 engine.
(Crown Copyright)

d overhauled,

@

@

s are removed

~

verhaul,

©

The opportunity is also taken to repaint the
aircraft. Depending on the condition of the
paintwork when it arrives for its service, the
airorait is either stripped to bare metal or the
paintwork is simply scuffed to acoept new paint.
Engine ground runs and ar testing
carried out once the service is complete.

Common faults

Commeon faults with the Lancaster include

inor oil and coolant leaks, which are generally
rectified by tightening jul
hoses. If this doesn't solve the problem new
pipes will be manufactured and fitted.

ps on rubber
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RIGHT Dye penetrant
applied to a tube to
identify cracking from
the tapar pin holes.
(Crown Copyright)

FAR RIGHT Typical
example of loose
rivets. The looseness is
‘evident by the damage
to the paint around
them. (Crown Copyright)

BELOW PAA74
received a new type of
exhaust stub in 2006,
Made from material
which was claimed to
be more hardwearing,
some had been tested
the previous season
and stood up 10 the
test so well that they
were fitted to all the
engines the next year.
Here, the engines are
seen during their winter
overhaul, with the
shiny new stubs easily
identifiable compared
10 the weathered older
ones. Jarrad Cotter)
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Fabric tapes that cover the transportation
joints and various seams on the aircraft often
peel back and have to be replaced using new
tape and dope.

Loose rivets require replacing and regular
checks are carried out 1o locate any areas that
require atten

Brake bags overheat and lose their pressure
50 require replacement. Although this is not a
major job, if the problem should occur when
the aircraft is away from base it requires a lorry
ne jack, a whee! chariot, wing
trestles, a crane and additional ground crew.

.

NDT - non-destructive testing
There are four methods of non-destructive
testing carried out on the Lancaster: X-rays,
ultrasound, magnetic particle and dye
penetrant

The X-ray checks are carried out to examine
parts or areas on the Lancaster that can't be
easily accessed, such as the fins, flaps and
engine bearers. The X-ray check will usually
show up any internal corrosion or cracking.

The ultrasound check uses sound waves to
detect cracking around the bore of a hole, To
do this & probe is inserted into the hole ~ for
example, the wing joint shackle holes - and a
meter reading indicates if there is any sign of
damage around it.

Magnetic particle checks are used 10 look
for cracks in ferrous metal components. The
component s painted with a fluid containing
iron fiings and an electric current is passed
through it. The sampie is then examined under
uitra-violet ight, which will highlight any faults
that are present. Afterwards the sample is de-
magnetised.




FAR LEFT Inside one
of the Lancaster's
wheel wells.

(Crown Copyright)

LEFT Port mainplane
with the number 1
fuel tank removed,
clearly showing the
tank retaining straps.
(Grown Copyright)

Dye penetrant checks are used to look component. These detal dates of fitment, when
for cracks in both ferrous and non-ferrous an item is due for an overhaul, and what repairs.

ents. The component is painted with have been carried

oM
a fluorescent purple dye, cleaned, and then
te developer, which, after
‘approximately 40 minutes, wil highiight any
cracks. These show

fine purple fines.

Keeping records
The BBMF Lancaster is operated using a Form
700. This log records the aircrafts flying hours,
landings, and any faults that occur. The fon
that log the aircraft’s fiying hours (F724
faults (FFO7A
BBMF, whilst any other papsrwork, such as that
for Maior or Primary services, is kept for eight
years and then disposed o

Engines and pr
log cards, which

's have their own
the particular

ABOVE Various
RAF Form 700s
appertaining to PA4T4.
(Paul Blackah/

Crown Copyright)

LEFT RAF Form
707A showing various

entries, (Jarrod Cotter)
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RIGHT Number 3
engine with all the
cowlings removed,
revealing various
components not
normally seen, the
most obvious
eing the radiator.

arrod Cotter) g

BELOW When all
the flying’s done, it's
down to the engineers
1o carry out an after-
flight inspection and
then carefully put the
Lancaster away in the
safety of the BBMF's
hangar. (Jarrod Gotter)

Picking a new colour scheme
missions, and to collect as many phot
as possible to ensure that the finisned

the BEMF changes its squadron codes to
eflect a specific aircraft that flew on operations
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Heroes without wings

A\Muugh itis aircrew stories that we
read about most, the vital work of the
RAF's wartime ground crews should never be
rooked. It is sobering to note that around
8,000 men and women of Bomber Command
were killed in the UK while carmying out ther
various ground-based duties, often under
dangerous and trying conditions. Not the least
of these was working round the clock in the
open air on exposed airfieids, often in the
extreme coid and wet of British winters. Many
suffered ill health as a result of this constant
exposure to the elements, and some became
chronically il

Try and imagine your fingers numb with
cold, fumbiing with frozen nuts and bolts, pipe:
work and engine cowlings, while standing on a
raised scafiolding platform at ex ight as

a blizzard of snow or sleet sweeps around you.
You blow on your hands and Stamp your feet.
trying hard to get some circulation back info

them. You can't just leave the job till later: ‘ops'
are on tonight

Through the following extracts we get an
insight into the work of a Lancaster's ground
crew, and their close relationships with the
airorew — who respected them enormously.

Stan Wells, groundcrew,
No 626 Squadron,

RAF Wickenby, Lincolnsl
We really loved our own aliotted Lanc. She was
fussed over like a new car, though we did not
always get a brand new machine fresh from the
factory. She was as much ours, of course, as
ihe airorew to whom she was assigned. She
was swept and cleaned inside, and woe betide
anyone who left a cigarette end around or was
sick and said nothing,

“Naturaly, the enemy sometimes took a
hand. If a kite came back from ops peppert
with holes and jagged edges, we would jokingly
curss the aircrew for not being more carefull

‘It was a proud boast to start the engines
first time, regardless of the weather. However, a
snag such as a sudden mag drop could not be
helped. The Squadron Engineering Officer and
" were always on hand to help sort out
a ticklish problem. Tools were in short supply

but we improvised and some ingenious ABOVE Wartime
concoctions resulted. engineers work hard

*Patching and replacing parts would meana  on numbers 3 and 4
long tol, and many were the times we worked  engines to prepare a
day and night without a break, for it was a Lancaster for its next
matter of pride to get one's kite back in the night of operations.
line as quickly as possible. The weather was (RAF Museurn)

perhaps our biggest enemy; soaked to the skin
or blue with cold, we wouid be kept going with
constant mugs of piping hot tea, brewed on our
own stove.

Retations with the aircrews were excellent
During their tour of ops we got to know a orew
very well, Often we would play cricket, football
or have @ round or two at cards over a brew-up
at the hut when take-off was delayed. This was
particularly 50 during the summer and autumn
of 1944, when the second front opened and the
daylight trips began in eamest.

In the dark grim days of 1943, with the
Battle of the Rubr in ful swing, and again over
the winter of 19434 - the Battle of Ber
s were hoavy and few crews got past
ten trips. Some were unlucky, gaing down on
the last five. When a crew did not retum there
would be glum faces, but within a day or two
& new crew would arrive and the whole cy
would begin again

Once a kite was airborme we would take
itin turns to wait up for her, and always there
would be some of us 1o greet the crew when
they retumed. After each operation we would
proudly paint a bomb symbol with a stenci
up on the kite's nose, and much friendly
competition existed as to who had the kite
the most ops,

Extract from Lancaster at War by Mike Garbett
and Brian Goulding (lan Allan, 1971)
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Cliff Allan, groundcrew,
No 467 Squadron,
RAF , Leicestershire

‘A parade of fiight persornel at the MT [motor
transport] section folowed breakfast, and then
it was all aboard for the dispersals in a fog,
thickening fast.

“Lancaster "H-Harry" loomed ahead,
immobile and inoffensive, as the truck drew
near and skidded to a halt. Reluctantly her
ground crew dropped on 10 the crackiing
dispersal pan, the truck moved off and
“H-Hanry" was swallowed up by the dark
curtain swirling behind, The call “G-George"
drifted back from the cab and we knew we
had arrived at our charge. “George” stood
completely covered in white hoar frost; from
each airscrew hung a two-inch wide icicle
leading o the ground, and tapes holding
engine and tuet covers were frozen solid,
“Dusty” Coleman, our rigger, found the door
into the airoraft weided tight with the frost
and disappeared into the fog 1o report. All the
aircraft of No 467 Squadron were enveloped in
the deep freeze and, no doubt, so was al
5 Group.

‘It was a great relief on days fike these to
compete the Dis daily inspections] without
snags, but this was not always the case. One
such day followed a pilot reporting an airscrew
that did not respond between coarse and fine
pitch. After the Dls, the engine with the faLity
prop was test run and shut down. Jack, our
Aussie corporal, went through all the possible
faults but could find nothing amiss; so, by
agreement with Laurie Parker [sergeant], made
the decision to change the prop.

‘It was not a long job to fit a new one, but
nonetheless a frustrating task assembling
the necessary equipment. Requisitions for
replacements were left in our corporal’s
capable hands, and two of us joined him
for a trip back 1o the maintenance hangar.
There he hunted down a new prop whilst we
commandeered a portable hand-crane.

“The sky had been very grey and overcast,
and a slight flurry of snow looked ominous. The
spinner was removed, the rope sling attached
10 the old prop, and the large hub loosened to
allow the oil to be drained off; then the hand-
crane was brought into use,

‘Everything was going smoothly when, just
as if someane had tumed a switch, down came
the snow thick and heavy. Unperturbed, we
carried on, swinging the prop away and on to
the edge of dispersal. By the time the new prop
was cranked into the air a blizzard was raging
and, though only a few yards from the engine,
‘we coulan't see it for the binding snow. The:
quick decision to abandon any further attempts
was unanimous and on hurriedly applying
covers we retreated to our shack. This was one
of the rare cocasions when we had to submit to
the weather and continue the following day."

Frank Hawkins, armourer,
No 9 Squadron,
RAF Bardney, Lincolnshire
‘Our day would normally commence with
daily inspections, when the amourers wouid
visit their designated Kites and go through the
procedure of checking guns, turrets, bomp
gear, efc. These Dis were very thorugh as
the squadron - indeed Bomber Command in
general - had, during the winter of 19434 in
particular, experienced above average trouble
with gun stoppages (usually attributed 1o icing)
Wik icing may wel have been a contributary
factor, Maguire [Piot Oficer, Squadiron
Armament Officer] was of the opinion that
the answer lay in the fact that the armament
staff on many stations were overwhelmed; the
monumental task of preparing and handing.
vast quantities of bombs and incendiaries
every day meant that other aspects tended to
“go to the wall". It was always maximum effort
and a month of continuous operations was
a shatiering experience; and month foliowed
month with enly a quick breather in between.
*All the armament staff at Bardney were,
during the winter of 19434, either fully
or partially employed in the handiing and
preparation of bombs: no one was immune
- except perhaps for the WAAF on the
‘ammunition belting section. Al armourers could
‘expect 1o be, and often were, diverted from
their normal duties to back up the hard-pressed
teams in the bomb dump and under the
aireraft.”

Extracts from Lancaster at Wer 2 by Mike
Garbett and Brian Goulding (lan Allan, 1984)




LEFT The engine
cowlings and spinners
have been removed.
Nota the nase section
joint fabric tape has
also been removed.
The aircraft is being
prepared for paint
stripping.

(Bruce invine)

Dakota and Shackleton this Major saw a team  BELOW The paint

From Mickey to the

of entirely civiian contractors carrying out the removal is complete,
Phantom work to @ new maintenance schedule, sothere  leaving the aircraft
would be N0 PrevioUs Experence to fal back  with a bare metal
uring the winter of 2006/7 the BBMF on. The c of the aircraft looked sound, finish. (Bruce irvine)

Lancaster underwent a Maior service. The
contract for this was awarded by the Nimrod
rated Project Team, which manages the
tile of Britain Memorial Flight, Bruce Ivin
from Classic Aircraft Maintenance Ltd, tF
Project Manager, telis his side of the st

The ad in the EU Jounal was si
MoD have a requirement to carry out
maintenance on BBMF Lancaster PAG74
Winter 2006/07. Interested parb
ntact the Nimrod IPT, DLO
RAF Wyton.” After a complex competitive
tendering procs
Airm
tique's Classic Flight

The previous Maior was carried out in

1999 at RAF St Athan by RAF personr
although the tradesmen of the Classic Flight
were experienced on large aireraft such as the

ontract was awarded to

2, the engineering section of Air

and
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ABOVE The aircraft
is jacked and trestled.
All the engines, engine
bearer frames and

BELOW The rear
fuselage is separated
from the rest of the
aircraft to allow the
removal of the rudder
and elevator control
rod runs. (Bruce irvine)

but as with any project of this size and nature
of work, ould not be taken for granted that
there wouldn't be any surprises as the paint,
panels and various components were removed.

“The work identified as “Major Maintenance
is detalled in an Air Publication and s the core
tasking. Additional tasking was alsa identified
at the initial tendering stage; what could not
be identified, initialy, would be the rectification
tasks. As these tasks arise they must be
identified and scoped and then authorised
by the MoD representative before work can
commence. This meant constant kiaison with
the MaoD to ensure that the work being carried
out was required and was carried out 10 the
highest standards

It was decided that the best way to tackle
the job was to divide the workioad into two
parts. As the Project Manager | wouid lead the
project for the contractor, be responsible for the
control and overall co-ordinaticn and also be
the link with the Engineering Authority (DE&S)
from RAF Wyten, who had overall responsibility
for the aircrait. The physical hands-on aspects.
however, would be the respansibiity of
Aflantique's Giassic Fight Chief Engineer,
Ben Cox.




“This would allow Ben to concentrate on
the day-to-day tasks and allow me to focus
on supporting his activities, whilst working in
conjunction with the DE&S engineer (Chief
Technician Golin Robertson) to keep the aircraf
on course for its output date whilst ensuring
that the appropriate level of rectification was
being carriedt out. The Major would then be
ided into phases: initial inspection and
removals, detailed inspections, repair and
rectification, reft, and finally functional test

“The initial timeframe to carry out the Major
was approximately six months. To make
sure this deadiine was achieved it was
decided that the best way to perform the
maintenance was to keep the airframe work
in-house but to subcontract the bay
maintenance items, for exampie the hydraulic
and pneumatic components.

"The contract also required the aircraft to
be stripped to bare metal and resprayed. This
would also be carried out by a subcontractor.
At any one time over 100 tradesmen would be
working on the aircraft o fts various parts. With
50 many different subcontractors and precise
deadines, the control of the project was no
mean feat in itself

“The Lancaster arrived at Coventry Airport on
2 October 2006 to a large crowd of bath public
and media. Somehow the story had leaked out
and it appeared that all the surreunding roads
leading to or running next 10 the airport were

4l of cars waiting for the aircraft. On arrival the
bomber flew a circut, which gave the crowds
something for their patience. After taxing to
the required siot, where again there was much
media in attendance, the crew disembarked
and carred out the necessary paperwork.
Mickey the Meocher made its Iast public
appearance as it was towed into Ar Atlantique's
hangar, where it would stay for the next six
months or so.

‘As the aircraft was to be stripped back to
bare metal the decision was taken to carry this
out as soon as possible. This would allow the
inspestions for surface corrosicn to be carried
out early into the servicing, ghing us time to
make any repairs if required. However, before
stripping could commence the propellers and
the engines had to be removed. They could
have remained in situ for the sirip, but as they

were coming off anyway this was the best time
todoit, as it reduced any risk of contaminating
the engine bays or paint-stripper damage to
the propelers.

"With the Spinners removed, aCcess was
gained to the hub bolts and the props were
removed using a crane. As the props had

ABOVE Work being
carried out on the
engine bay rear
bulkhead. (Bruce Irvine)

LEFT Inspected and
repainted, the engine
bearers are refitted.
The red item behind
the bulkhead is the
engine oil tank.
(Bruce irvine)
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ABOVE Engine refit in
progress. (Bruce Irvine)
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been overhauled the previous year all that was
required for these was a simple inspection

‘The RAF policy on Merlin engines is to “life”
the engines at 500 hours, afier which they're
completely overhavled. On this accasion all
four were stil within Ife, 5o only some simple
“top end" maintenance was required. This was
carried out by BBMF tradesmen. Removal of
the engines took several days as many of the
ancillary components had to be removed or
disconnested before the engines themseives
could be taken off. At this stage it was
important to ensure that everything was labelled
comectly and the use of digital cameras became
second nature to ensure the correct refitting
of components.

Al copper pipe work had to be heat treated,
as the copper hardens through ageing. Each
pipe or pipe assembly had to be removed and
labelled in such a way that it would still be
identifiable after it had been in a funace for
several hours to anneal the metal.

“The next big job was the bare-metal strip.
This was carried out by a specialist aircraft
painting company called Sprayavia, which is
based at Norwich Airport. The aircraft was
surrounded by scaffolding to provide a safe
working piatform. Transparencies were masked
with three different layers of protection, then
a chemical stripper was applied to the main
areas of the aircraft. The stripper and paint
were then removed using water. However, in
some areas the only option was to rub down by

hand - a long and laborious job. The paint strip
took a team of six painters some ten days to
complete.

“When the aircraft was finally down to bare
metal and the staging removed from around
it, the job of carmying out detalled inspection of
all the surfaces began. A litle corrosion was
found in various locations, but the surtaces:
were generally in very good condition and littie
remedial work, other than that already identified
was required. One area which had previously
been idenified as ‘Additional Work' 1o t
core fasking and in need of attention was
starboard wingtip.

‘During the: previous winter maintenance the
port wingtip had been found to be cormoded,
and although the starboard looked in good
condition it was thought that a itte time
investigating the tip after it had been stripped
of its paint would be useful. It proved to be
the comet thing to do. The leading edge was
coroded and a repair to the upper surface
was lso showing signs of corrosion. The
wingtip was removed to allow ease of access,
the upper surface: skin was replaced, and the
comosian on the leading edges dressed
and repaired.

Ancther area that was brought to our
attention was that of the rear panel of the port
bomi door. A stainless steel skin had replaced
the original alloy skin and it was thought that
this had been fitted over the old alioy during
one of the various trial fits that the aircraft had

e




undergone in the 1950/60s. The stesl skin was
removed to reveal what was expected: a badly
corroded existing alloy skin. This was removed
and the stringers and frames beloy
inspected - fortunately they were found to be
in good condition. This was a bonus, as trying
to find or remanutacture these stringers and
frames could have proved time-

‘As the detalled inspections progressed more
and mare components were removed from
the aircraft for bay maintena for
deep inspection. As the flaps were removed an
inspection of the flap operating ubes revealed
one of the aspects of the task we had al feared
- a major component failure.

The operating tubes on the starboard
side were found to be corroded and in one
specific area a crack had appeared. The DE&S
engineer was informed immediately the problem
was discovered and, after discussing various

it were

onsuming,

to allov

tous
~ but we were 99 per cent certain that no spare
tubes existed, and even if they did they could
be as corroded as the ones fitted. A check of
heid at RAF Ceningsby confirmed
new control tubes would have to

was 1o remove and replace the tubes

be made.
“The tubes were removed and dispatched to

Retro Track and Air basad in Dursley who took

on the task 1o remanufacture. But there would

be a penatty,
of this size w

this would take time. Tubing
secially milled

and there was n
provide the diam

requined

er, wall thickness and
50 it would have to be sourced
outside the UK. The tube also contained inserts
that were fixed inside the tube and served as
the mounting point for the connecting
these would also have o be remanufactured
This wouid all take approximately 16 weeks,
and in a project such as this time was the one
thing that we didn't have

The inspections and removals cantinued

h no further great surprises other than finding
some cracking on the engine frame welds. The
frames were removed and repairs carried out by
Skycraft, who did a really great job retuming the

ABOVE Engine
systems pipe work and
electrical cables are
refitted to the engine
bearer. (Buce Irvine)

LEFT The inboard
engine is now
complete with radiator
and oil cooler.

(Bruce Ivine)
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BELOW A view of
the port inner angine
fitted to the bearer
assembly.

(Bruce Invine)
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frames well before the engine reft was planned.

‘One of the additional requirements during
the Major was the removal and replacement
of the elevator and rudder flying control rods.
These rods run the entire length of the port side
and transmit the pilot's operation of the control
column to the relevant contral surfaces. They
had been “snagged" earier as showing initial
signs of wear where they run through bearings
housed in the various frames of the fuselage,
and would have to be replaced.

‘During the manufacturing stage of the
airoraft these control rods are nomally added
&s each saction is being constructed, o the
only way to remove them would be to take
the fuselage apart. Through discussion with
BAE Systems, the BBMF and DESS, it was
suggested that we might be able 1o take the
nose off and withdraw the rods that way, but
after inspecting the control rod run, with various
components now removed, we discovered that:
(a) the rivets that held the rod male and female
end fittings, which linked all the rods together,
would net go through the bearings: and (o}
there was a slight deviation from a straight line
that would not allow the rods to be taken out
through the nose section. So that approach
wasn't feasible.

The altemative was to spiit the aircralt at
each transport joint. This would allow easy
acoess to the control rods for both removal and
replacement but would take considerable: time.
The simplest way was to spit the aircraft at

the rear fuselage transport joint, as it had been
some four years previously. The bolts would be
reiatively new, making the spit easier, and we
had sufficient trestles to support the airoraft.

‘Splitting the aircraft at the rear fuselage
joint still meant removing the rods through the
bearings, which we knew wouldn't work. Th
rods would still have to have the end fitlings
taken off inside the aircraft before removal and
then refited after the rod had gone through
the bearing. Although a lengthy process this
was the best way to proceed, s it provided
the least risk to the project. The idea of spiiting
the aircraft at the rear transport joint was
put forward to the DEAS engineer and BAE
Systems and, with both in agreement, we were
given the green light to go ahead.

Spitting the aircraft was relatively simple. It
was jacked up 1o its level postion using jacks
under the mainplanes. An eye-bott fited to the
tail section was then attached to a crane by a
sling and the tai section was raised to the level
position. A restie was then positioned under
the airorait and the tail section rested upan it
Two more tresties were positioned either side
of the rear section transport joint and the work
of removing the blts began. They were siowly
removed untilthe final one came out with no more
than a sight tap. The rear section was then simply
pushed away from the main fuselage, giing us
ampie access to remove the control rods.

“This proved 1o be the easy part, as it then
took nearly three weeks to remove and replace
the existing rods, with each one having to have
the end pieces removed in situ. The old rod
was then removed from the aircraft by sliding
it through numerous bearings, a new rod was
cut to the exact length, the okd bearings were
replaced, the rod was sid back in and the end
pieces were fitted

The wear characteristics of the rudder and
elevator control rods also made Us question the
possibilty of wear in the aileron control rods, as
these are of the same canstruction, and upan
further detailed examination we found similar
wear characteristics just beginning. Our findings
were put to the DE&S engineer, who agreed
that the rods should be replaced. Luckiy, at
this point the flap and traiing edge of the wing
had been removed, allowing easier access, o
replacing the rods was an easy option to take.




With the Lancaster now on jacks the
undercarriage couid be removed for bay
maintenance. The removal itself prov
enough. but when the legs wers taken to
the bay and stripped down some infernal
damage was discovered. No spare parts
wers available o replace the unserviceable
components and the anly option open 10 us to
meet the timescale was to use the senviceable
components from each panel to make up
one serviceable leg. Fortunately a spare panel
assembly (one complete leg unit) was avaiiable
from the BMFF, but as this had been in storage
for some time it was agreed that it should be
inspected prior to fitting. Lucklly everything
found to be serviceable, and betw
legs and the spare we
provide a complete undercariage

*As late autumn gave way to winter th
work in the hangar changed from inspection
and removal to rectification. Loose rivels, wom
anchor nuts, minor corrosion and cosmetic
skin replacements were the order of the day,
with the scund of air drills whizzing in the
background replaced by the prappt of a rivet
gun and block

‘Other than the cnes mentioned above,
no major recification tasks were required. It
was good 10 see the airoraft in such a good
condition - a real testament to the tradesmen

imple

and women at the BEMF who regularly service
the aircraft and to those who'd carried out
Major maintenance in the past. It gave us the

confidence that the maintenance schedules

used for the past 60 years really worked, and
with the aircraft in such a good condition, with
some 5,000 fiying hours on the clack, it should
be good for at least the same again.
By January 2007 many of the ¢
that had been sent for bay
ere beginning to return and could start 1o
be refitted. Cockpit instruments, hydrauiic
component: rmiage legs all had a
new lease of life, and internally the aircraft was
taking shaps too. The extra control rods for
the ailerons had arrived and had been fited as
far as possible. The fuselage had gone back
together as easily as it had come apart and the
new eontrol rods for the rudder and elevator
were in pl smooth and precise. The

and unde

and fel

ABOVE The aircraft
s off its jacks. Fabric
tapes have been
applied to all the
transportation joints
before the aircraft is
primed. Bruce invine)

BELOW After the
primer has been
applied the aircraft

is masked ready for
application of the
camouflage paintwork.

(Bruce Irving)
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FIGHT When the
camouflage has been
applied the markings
are added. Here the
roundel is going
through this process.
(Bruce Irvine)
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flap-operating tubes remained the one thing
outside our control, outside anyone's control
really, as the tubes had to be specially milled
and it just took time. The tube inserts were
ready and we just had to wait

“There was still plenty to do on the fue tanks,
engine bearers had 10 be fitted and then the
engines themseives had o be installed with all
their accessories and ancillaries. The idea of
going into repaint at this stage was debated
but some sections of the aircraft could not
be painted, as the traling edge was stil off,
awaiting the flap tubes. Although it would have
been very unlikely, painting the aircraft at this
stage could have resulted in a slight colour
distortion and no one wanted anything but a
perfect finish, as the first event the Lancaster
was scheduled for was a commemoration
ceremony at RAF Coningsby for the two units
the new paint scheme would represent — 100
and 550 Squadrons

‘Finally the call came that the tubes were
ready and could be picked up, which was done
s 500n as possible, and just four hours later
they were being readied to be fitted. With the
tubes in place the wing traling edge could then
e fitted and the vital repaint commenced.

“The repaint took a team of ten painters
two weeks to complete, turning what was a
rather strange looking aircraft back into one
of the most distinctive in UK skies today. The
black, or night, underside, with camouflage
green and dark earth upper surfaces, have
remained constant throughout the Lancaster's

life with the BBMF. However, with each Major
maintenance the nose-art changes. In this case
it changed from an affable Mickey the Moocher
to the Phantom of the Ruhr, a distinat change
10 a far more sinister scheme. Nonetheless, the
nose-art is fantastic and | must thank Sprayavia
for their considerable input and patience in
achieving the final result

“With the paintwork complete we were able to
get back to work on completing the instaliation
of the engines and the final few components.
Although o final output date had been given,
alaunch for the BBMF's 50th anniversary was
planned for late April and we realised what an
important paint in the Fight's history this was. Not
to have the Lancaster thers in its new squadion
colours would be unforgivable.

‘As the date for the ceremony grew closer
and closer we realised that the tempo in the
hangar would have to be increased if we were
going to get the aircraft out on time. At this
stage 12-hour days and seven-day weeks were
not uncemmen. Although the MoD didn’t push
us, and safety was paramount, professionalism
and a pride of being part of something great
forced us to put in the hours to get the aircraft
out on time

‘Slowly it was coming back together. The
paint scheme was complete, including the
nose-art, all instruments were refitted and
the hydraulic components were in place. The
undercarriage units had been refitted, as had
the engines and propellers, so hydraulically and
electrically the aircraft was sound; but the proof
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ABOVE The nose art
s hand painted using
an enlarged copy of an
original photo.

(Bruce Irvine)
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BELOW PA474's
repaint is finished and
the major servicing is
nearing completion.
Engine ground runs
are required and

then the remaining
cowlings and spinners.
can be refitted.

(Bruce Irvine)

lifted into the air and a minute or so later the
main wheels cleared the runway. As the aircraft
started the climb we saw the undercarriage
retract and the doors close. The Lancaster then
banked to the right and headed off to carry out
the air test.

“If it back in five minutes it's failed,” was
one comment, but five minutes led to ten
then to 20 and 30, and after about 40 minutes
we were informed that PAA74 was making its
approach. As the bomber roared overhead
we realised that everything must have gone wel,
though there might be some minor snags to
sort, As we waiched the undercarriage come
down and the aircraft siowly descend through
the sky | held my breath, waiing for touct
and for the brakes to operate. As the aircraft
taxied back into the siot it had left some 45
minutes earlier | let out a great sigh of refief,

The engines stopped and the crew
emerged. As we suspected, there were a
couple of minor snags that were quick fixes,
and a minor o leak that was also soon sorted
Some hydrauiic fluid had been seen very slowly
leaking from one of the main oleos, and at first
we thought this was merely the aircraft setting
but it continued to weep, albeit very slowly. The

wn

jobs we could carry out were completed and
some other snags were addressed, but the
aircrew were happy 10 take the airoraft back to
RAF Coningsby. So as the evening started to
draw to a close PA474 took off from Coventry
Airport once again, this time not to return. After
a magnificent fiypast the aircraft banked to the
right and fiew home.

*After landing the leak from the oleo didn't
stop, 5o the leg was removed and repaired. The
leaking fuel tank was also replaced, and at the
time of writing PA4T4 has flown over 100 hours
during the 2007 flying season.

My thanks go out to all these invoived in
this project. If | were to list everyone I'd be into
ancther page, but special thanks go to Ben,
Bob, Dan, John A, John and Paul - without
your dedication this couidn't have besn done.
The tradesmen and women at the BBMF
answered my questions on the phone and
checked their stores system time and time
again, Thanks too to Colin Robertson, whose
open mindedness helped no end in geting
over the problems we encountered, and to
all the subcontractors | used to get the job
finished with 36 hours to spare. Good project
management, or just luck?
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Appendix 1

Part numbers

For ease of identification, each area
of the Lancaster is designated a letter
followed by the actual part number:

B - data and rigging

BBH - repairs

C - cockpit deck and fairings

D - fuselage siructure

E - cowlings and fireproof bukheads
F - wing structure

G - tailpians and elevators

H = fin and rudders

K - undercarriage, main and tai

N - furnighings
© - power plant

P - fuel and ol

Q - piping services, hydraulic and
pneumatic

R - flying and trim controls

§ - instrument and panels

T - radio and radar

U = ancillary equipment

V- electrical systems

W - bomb gear

X gun gear

Z - sundries

Dimensions and weights

The undercarriage legs and hydraulic
components were all manufactured
by Dowty, the whesls, brakes and
pneumatic components by Duniop,
and the turrets by Fraser Nash, Each
company operated its own numbering
system. The Merdin engine has its
‘own four or five-part number system
prefixed by the letter D. A Packard
Meriin is prefixed by the letters PD.

Al dimensions are with the Lancaster tail up:

Height - 20ft &in
Tailplane span - 33ft

PA474 avionics

Maximum take-off weight
(wartime) - 61,5000
BBMF Lancaster - 48,000

Fuel - 2,154 gallons (the BBMF do not
il above 1,000 gallons maximum)

Ol tanks - 150 gallons

Mein hycrauiic system - 19% gallons

Successive modifications have totally
superseded the original avionics. The
current equipment is as follows:

V/UHF - a PTR 1751 V/UHF radio.

VHF —an AD 120 VHF radio.
Intercom — an ARI 5388 intercom.
IFF = an ARI 23373/1 IFF system.

DME - DME, ARI 23414, instalied
under SRIM 4147 Part A.

VOR - a VOR system, installed under
SRIM 4147 Part B.
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PA474 general limitations

Weight limitations
The ail-up take-off and landing weights are imited to a
maximum of 48,0001,

Centre of gravity limitations

The position of the centre of gravity is not to fall outside the
following limits:

Aft: 60.6in aft of the datum.

Forward: 41in aft of the datum.

Speed limitations

The maximum speeds for operating the aircratt are to be as
follows:

Diving — ot to exceed 200 knots.

Undercamiage down - not to exceed 150 krots.

Flaps selected - not to exceed 150 knots.

Qperation of bomi doors — ot to excesd 150 knots.

All fiying = ot to exceed 200 knots.

PA474 engine limitations

normal
Manoeuvres involving negative normal accelerations are
not permitted. The following accelerometer readings, which
include accelerations due to turbulence, are not to be
excesded:

Normal operation and displays - 1.5g

Never exceed - 1.8g.

Stalling

Intentional stalling in accelerated flight is prohibited. The
limitations regarding stalling laic down in the Aircrew Manual
are to be observed.

Crosswind limitation
The maximum permissible crosswind compenent for take-oft
and landing is 15 knats.

The following engine limitations are never 1o be exceeded:

mm  Boost Temperature *C
ib/sqin Coolant Ol

Max take-off to 1,000f 3000 +18" 135 105
Max climbing 1 hour limit 2850 +9 125 %0
Max continuous 2850 +7 105 90

‘Combat’ 5 minutes limit 3,000 +18" 135 108

“+18 Ib/sq in boost must nat be used below 2,850rpm.

Under normal operating conditions, the following engine
limitations are not to be exceeded:

pm  Boost Temperature T
b/sqin_Coolent  Oif
Take-off (max) 5000 +9 136 106

3,000 +7 135 105
2650 +7 108 €0
Normal climb 2400 +4 108 20
Cruise 1800 +4 105 90
Descend at 150 knots at -2 to —dib/sq in boost to attain
500ft/min rate of descent.

Take-off (normal)
Max continuous
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Maximum overspeed
The maximum permissible overspeed is 3,150rpm for
20 seconds.

Oil pressure

The oil pressure under normal conditions should remain
between B0 and 80Ib/aq in. The minimum permissibie oil
pressure is 30lb/sq in.

Minimum temperatures

“The engines are not to be run at above 1,200rpm until the
following minimum temperatures have been achieved:

Oil: +15°C.

Coolant: +40°C.



Appendix 2

Surviving Lancasters

Listed hers are the: 15 extant Lancasters which are currently on public: dispiay. Additionally Lancaster VIl NXB64 WU-21 is
undergaing a comprehensive restoration at Le Bourget in Paris. Another Lancaster is stored dismantied in the USA and
various cockpit sections (both original and mock-ups) also remain, including the Imperial War Museum Lambeti's Mark |
DV372 Oid Fred, which has been on public display since just after the end of World War Two,

[
1 Mark|
2 Markl
3 MarkX
4 Mark X
5 MarkX

6 Mark X
7 MarkX

8 MarkX
9 Mark X
10 Mark X
11 Mark X
12 Mark VIl
13 Mark Vil
14 Mark Vil

15 Mark |

No Location

R5868 S-Sugar RAF Museum, London, Hendon, UK

'WA783 G-for-Gearge  Australian War Memorial, Canberra, ACT, Australia

FM104 Toronto Aerospace Museurn, Ontario, Canada

FMI138 Aero Space Museum, Calgary, Alberta, Canada

FM159 Nanton Lancaster Society and Air Mussum, Nanton, Alberia,
Canada

Fm212 Windsor, Ontario, Canada

FM213 (C-GVRA) Canadian Warplane Heritage Museumn, Hamiton, Ontario,
Canada

Greenwood Military Aviation Museum, Nova Scotia, Canada

St Jacques Airport, Edmundston, New Brunswick, Canada.

Imperial War Museum, Duxford, Gambridgeshirs, UK

KB944 Canada Aviation Museum, Gttawa, Ontario, Canada

NX611 Just Jane Lincoinshire Aviation Heritage Centre, East Kirkby,
Lincolnshire, UK

NXB22 RAAF Assogiation Aviation Heritage Museum, Bull Creek,
Perth, Westem Australia

NXBES Museum of Transport and Technology, Austin, Auckiand,
New Zealand

PAAT4 Battle of Britain Memorial Flight, RAF Coningsby,

Phantom of the Ruhr  Lincolnshire, UK

Status
Museum display

Fuly ainworthy
Museum display
Displayed
Museum display
Museum display
Museumn display
Museum display

Fully airworthy
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Appendix 3

Glossary and abbreviations

ADF - Automatic direction finder, a radio receiver that points
o a selected transmitter.

AP - Armour-piercing bomb.

AS - Anti-submaring bomb.

BAe - British Aerospace.

'BBMF - Battle of Britain Memorial Flight.

Boost - The pressure of the fuel/air mixture in the induction
manifold of the engine. Measured in pounds per square inch
on the boost gauge in the cockpit, this indicates the power
level delivered by the engine.

CFS — Central Flying School.

CSU - Gonstant speed unit. This urit, fitted 1o the engine,
automatically controls the engine rom and the propeller
pitch mechanism so that they operate at high efficiency
over a wide range of fight conditions. The pilot sets the:
required engine rpm using his control lever, and a governor
automatically controls the pitch of the propeler blades. Thus
the aircraft fiies at the most eficient value for the engine
power selected and the speed of the aircraft.

DME - Distance measuring equipment; gives the distance to
the transmitier.

F700 - Form 700 aircraft logbook.

FE - Far East (as in FE Standard).

GP - General purpose.

GPS - Global positioning system.

HC - High capacity bomb.

HE - High explosive bomb.

IFR - Instrument fight rules.

IMC - Instrument meteorological conditions.
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1P - Initial point.

LC ~ Low capacity bomb.

LORAN C - Long-range aid to navigation level C.

Mass balance hom ~ A weight on the flying control surface
that assists in its movement

MG - Medium capacity bomb.

NOTAM — Notice to airmen. Advisory notice giving
informatian on the estabiishment, condition or change in any
aeronautioal facility, service, procedure or hazard.

0C - Officer Commanding

‘QFE - Airfield atmospheric pressure reading.

tpm — Revolutions per minute.

SAP - Semi-armour-piercing bomb.

SBC - Small bomb container.

SWG - Standard wire gauge.

Taboo arms - Exterior arms on the mid-upper turret, running
around a track, that prevent the: gunner from shooting off the
taiiplane.

THUM — Temperature and Humidiity Flight.

TOT - Time on target.

Trim tab — A small control surface that, when set, enables
the aircratt to fly straight and level without any forces on the
control column.

U/C - Undercarriage.

USA bomb — A bomb manufactured in the USA.

VFR - Visual fight rules.

VMC - Visual meteorological coniitions.

VOR - Very high frequency omni-directional radio range; a
navigation aid.



Appendix 4

Useful addresses

Airframe Assemblies
Hangar 65

Isle of Wight Arport
Sandown

Isle of Wight PO36 OJP
Tel 01983 408661/404462
Produces replacement airframe and wing components.

Anglia Radiators

Unit 4

Staniey Road

Cambridge CB5 8LB

Tel 01223 314444

Builds replacement raciators and oll Goolers.

ARCo

Duxford Airfield

Cambridgeshire CB2 4QR

Tel 01223 835313
Maintenance on historic aircraft.

Classic Aircraft Maintenance Ltd
90 Conduit Rd

Stamford

Lincolnshire PES 1QL

Maintenance on historic aircraft.

Duniop Tyres.
40 Fort Parkway
Erdington
Birmingham
West Midiands
B24 9HL

Hanley Smith
7 Sauth Rd

Templefieids

Harlow

Essex

CM20 2AP

Tel 01279 414448

Overhauis undercarriage legs.

Lincolnshire's Lancaster Association
PO Box 474

Lincoin

LN5 BZW

Registersd charity, supporting the

Battle of Britain Memorial Fiight.

Ormonde Aircraft Ltd
Hangar 2
Nottingham Airport

Tollerton Lane

Nottingham NG12 4GA

Tel/Fax 01159 813343

Produces replacement airframe and wing
components.

Retro Track and Air
Upthorpe Iron Works:
Upthorpe Lane

Dursley

Gloucestershie GL11 5HP
Tel 01453 545360
Overhauls engines.

Supermarine Aero Engineering Ltd
Mitchell Works

Steventon Place

Bursiem

Stoke-on-Trent

Staffordshie ST6 4AS

Tel 01782 811344

Machine components.

Vintage Fabrics Ltd

Tel 01376 550553
Fabric for the flying controls, rudder
and slevators.
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Go-piot - 64 Extinguisher butions — 67 H2S squipment - 124 Second
Co-piat's control HS radar dome - 33 DG595 - 27
- F24 camera - 42 Standard three- First production
Co-piot's rudder FE' Far East) bladed metal ine
-65 standard - 18 propsers - 64 L7527 - 27
Coventry Aiport - 144 Fins — 46 Page BIW4TES
Cox, Ben— 1 Fire extinguishers - 115 Halfax - 82 G-for-George - 131




MR.3 RF325 - 31

Mk X KB726 - 86
o J
Mkl R5868
§-Sugar- 155
Mk w4783
G - 155
Mk DVaT2
O Fred - 155
M| PA4TS
tom of
- 10
MV X 1
Just Jane - 155
Mk VI NXG22 - 156
MVl INXBES - 155
MVl NXB54 - 155

Lancaster types:

ASRUN (air-sea
rescue) - 35

81-33
B (Special) - 33
Bil-33
Bil-34
Bl (Specil) - 34
MM - 35
MkMI =35

0 (OM270 - Aroshell
100564, 155
Oil control valve - 55

467 (RAAF) - 141
550 148
617-28,29,30,31
826141
630-85

Rankin, Gp Capt, Temparature and

James - 13 Hurmicity Fight - 12
Rate of cime ‘Thomgson, Fit Sat,

indicator ~ 66 George - 102
Rear turet - 46 Thomgson, Wg Cer,
Reconnaissance flars Petec— 10

canister - 45 “Thousand Bomber’

gear - 58 raid - 28
Reeves, Wg Cd, Thottles - 65

Coin - 93 Force - 16,35
Reid, it Lt, Willam — 102 Tipitz ~ 29, 80, 31. 32
Robertson, Chief Tech,  Tonsberg, Norway - 32

Colin - 184 Toronto Aerospace
Rols-Royce Merin - 27 Museum, Canada - 55

Merin 26 - 55,56, 57 Tim —64

25-55 Tromso - 30

500-55 Tum and sip
Fols- indicator - 66

Vulture - 27

Canadian AT recuperator - 45

Foroe - 10 Turrets - 70
Fioyal Tournament - 13 FNS nose - 70, 71
RPM indicators - 67 FNSD -
Rudder - 48, 63 ~70,71

FN121 rear - 72,73
Schofield. Don —87. 88 Martin 250CE 234
School of Maritime mid-upper

Reconnaissance - 32 tumet - 35
Senicing - 134 Type 464

Annual - 136 Provisioning - 34

Minor— 137

Major - 137 Undercarriage — 50
‘Shackie piate - 50 Undercarriage
Skin repair - 50 indicator - 86
‘Sorpe Dam - 29 Upkeap' - 29, 34
Sowden, San Ldr,

EH-13 ‘Vacuum ncicator - 67
Spark plugs - 60 Vacuum system
Spayavia - 145
‘Squires Gate, Biackposi,  switch— 67

Lancs - 83 VR {visual fight
St Jacques Arport, rules) - 121

Edmundston, VHF radio - 67

Canada - 155 Vickers:

Staling - 164 Armstrong - 15, 18
Starting Victoria Cross - 22, 87

ehecks - 93, 04
Staw, Fit L1, Ed~98:6,  Walis, Sir Barnes ~ 29

103114 Wels, Stan - 141
Supercharger - 53 Westminstar Apbey - 13
Swales, CacA Whes! case:

assembly - 58
Swedish mr Forue 32 Windsor, Ontario, Ganada

Tailplanes - 46

Take-off -98 Xeray - 13

Talboy' ~29, 31, 32

Tarrant Rushtan, ‘Yagodnk, Soviet
Dorset ~ 18 Union - 30



(Jarrod Cotter)

This book has hopefully given the reader an

insight into the maintenance and flying of the
sole remaining RAF Lancaster. But we must
remember that all you have seen and read about is
a commemoration of the more than 55,000 Bomber
Command aircrew who never came home from
operations. This is reflected on a plaque positioned
just aft of PA474's main entrance. Each time
the crew enter and leave the aircraft they pass
the Bomber Command crest and the simple but
extremely meaningful words:

‘TO REMEMBER THE MANY'
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