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THESE 11LUSTRATIONS are

typicol of the many types of
warships in which the
machinery is run and main-
tafined by personne! of the
Engineering  Branch

Coean-going tug

Motor terpedo boat

Antl-submarine trawler

Submarine

Fleet destroyer

“Dide"" class cruiser
“Tribal™ class destroyer
Fast minelayer

“Fiji*" class cruiser

“Melson ' elass battleship

“King George V"' class
battleship

Escart aircraft carrier
“County'" class cruiser

Fleet aireraft earrler
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ENGINEER " IN- CHIEF

OF THE FLEET WRITES THE

FOREWORD -

I [5 with great pleasure that 1 accept the

vpportunity affered by the Editor of writing a
foreword to this issue, since it gives me a chinee o
pay tribute in the technical Press to the work of the
Engineering Branch of H.M. Navy.

The article which appears o this ssue gives some
iden of the training and duties of engineer officers and
ratings who nwmber abou 25 per cent, of the whole
of the ITAN-P0WEr iof the \1".1.. These men serve
wherever the White Ensign flies, in ships varying in
size [rom large |Ii|1||f"!ll|h and aircraflt corriers down
o submarines, minesweepers, trawlers and the small
craft of the Coastal and Amphibious Forees, in shore
Ihl'.l:"‘:é ,lllll 4-5|.|I1]i.~hr1w:||.k and on ._!_i! 5[;|_|_i_l:|-|]"1 |'|.Pr'|'1;r-,|:.|_!
naval mircraft.

Fheir work is ot spectacular and is seldom referred
1o ine the Press, bt whenever one reads of o Aeet action,
the safe arcival of an important convay, a landing on
0 hostle coast, or an air strike by naval aircraft, i Engineer Vice-Admiral Sir lohn Kingeome, K.C.B,
can be .|.'.-L'r-'r|lr|| that the r'|||_zi|.rrn|:|_|7 personnel have M.l.Mech.E., M.l.Mar.E
played thei part towards the suceess achieved.,
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under sail may be said to have coma to an
end with the action of the “‘Arethusa”
sgainst the forts of Odessa in (BS54

For many years we clung to masts and
yards but for all practical purposes the
knell of the wooden ship and the sailing
ship as engines of war was soundad in the
RussianWar, From that time some of the
sallors began ta be displaced by stokers and
30 years later engine-room complements
sccounted for a third of the men in the
Mavy. In 1900 there were some 970
englneer officers and 24,000 men employed;
in 1910 1,450 officers and 37.000 men;
during the |91418 war the Engineer-in-
Chief had under him a body of afficers
and men exceeding B0000. While It is
not possible to give actual figures at this
time it can be sald that the number of
officers and ratings employed n the
Engineering Branch in this war is far greater
than ever before,

The Engincer-in-Chief of the Fleet

How the department of the Engineer-in-
Chief of the Fleet at the Admiralty came
into existence has already been shewn and
a list has been made of the officers who
have been at its head, The Engineer-in-
Chief’s zealf comprises two groups of
officers, those at the Admiralty and thase
serving a3 overseers in the warious ship-
building and engineering centres,

The design of new machinery, the prep-
aration of specifications, the preduction,
inspection and testing af main and auxiliary
machinery driven by steam and all, are all
deale with by these officers,

Similar work In connection with the
armament of the Mavy is carried out by
engineer officers under the Director of
Maval Ordnance and the Director of Tar-
pedaes & Mining,

The engineering work done under the
Director of Dockyards is enly second in

EMGINEERING IN THE ROYAL MAVY

Flg. 1—The erulsing and bigh pressurs turbines in the alt engine roam of the
crubier H M5, Shaffield,

importance to that done under the Engineer-
in-Chief, Just as the office of Engineer-in-
Chief in 1887 was filled by a naval engineer,
so the appointments in the Yards had
gradually ceased to be hald by clvilians,
the much esteemed John Dinnen being the
first naval enginser to hold such a post of
Engineer Manager. At each Yard will be
found drawing and estimating offices,
foundries, smitheries, boiler shops, fitting
and machine shops, cach Dockyard consti-
tuting an engineering concern comparable
with the largest af induserial establishmen s,
The principal duties of the engineer officers
consist of directing the fitting of new
machinery aboard shins, the resair of the

machinery, including gunnery equipmaent
of ships in commission, and the general
over-sight of Yard machinery.

Maval Engineers and the Fleet

Having thus briefly reviewed the work of
the Engineering Branch of the Mawy at the
Admiralty and In the Deockyards, we now
turn to consider more fully first the
history of the Branch and then its werk
in the Fleat.

When the naval engineer first made his
appearance he was a mechanic straight
from bench and forge. Millwrights, black-
smiths and such all found their wav inta

Fig. 3—A Fleet destrover; ons of the small ships which have dons such great work in protecting
our shipy fram submarine aitack.
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the early steamers. These pioneers matrie-
ulated in the same school as George Stephen-
son. From |811 to 1837 they were Just
enginemen and came and went as they chose,

In 1837 things undarwent a great change.
The engineers were made Warrant Officers,
First, Second and Third Class., Records
began to be kept and a system of training
Inaugurated. In 184| the engineers wern
granted 3 gold band on the cap, and steam
engine buttons on the coat and collar
Mext year. ta stimulate them to higher
things, the grant of a silver medal “Far
ability and good eonduct”™ was inaugurated.
In |1B47 an Order in Council created the
ranks of Inspector of Machinery, Chief
Engineer, and Engineer First, Second and
Third Class, ranking with the Masters and
Asgistant Masters. Chief Enxlnqers wWare
commissloned afficars, had entrance to the
ward-roeem and a year or twa later appearad
in the Mavy List.

As might be expected the Crimean'VWar
led to a great development in the Engin-
eering branch of the Mavy. OF the new
entrants, many ware undesirable and soon
disappeared. A shortage of likely men led
Chief Engineer Murdach In 1859 to tour
the shops of Mewcastle, Leith and Glasgow,
his recruits being known as ““Murdochites.”
In the "‘80°s'"' the engineer boys became
engineer students and some gained admis-
sion to the Reyal School of Maval Archi-
tecture and Marine Engineering at Sauth
Kensington. Such well known men a3
Seaton, Sennett, Corner, Chilcatt, Durston,
Milton and Morcon were graduates of the
School, the activities of which in 1873
were transferred to Greenwich College.

In 1868 the new clisx of Patcy Officer
Engine-Room Artificers had been estab-

HISTORY AND DEVELOPMENT
T e T

lished and in 1875 a Committee was set up
to enquire into the best means of securing
the higher mechanical skill and sdentific
knowledge for the Enginecring Branch,
Through the recommendations of the
Committee, separate messes for engineers
were abolished. H.M.5. Marlborough was
illecated as a home for Engineer Swudents
and plans for the R.N. Enginearing College,
Keyham, were laid down. In 1880 2
training school for engineer studerts was
constituted at Keyham College and in 1888
H.M.5. Marlborough pald off and all her
students were transferred to the College.
Since that date the R.N. Engineering College,
Keyham has been in continuous use for
training officers in engineering, with the
exception of the years 1914-191% when it
was taken over for training special entry
Cadets. The Collegs is now belng moved
to a new site at Manadan, Plymouth, where
extensive instructional bulldings are already
bullt, The syllabus covered at Keyham
compares favourably with honours degree
standards and officers who complete the
course are exempied frem all sectiens of
the Insticution of Mechanical Enginesrs
examinations.

The Engineering Bramch of the Mavy
to-day has a personnel greater than at any
previous time in (ts histery, its officers
ranging in rank from Wice-Admiral to
W¥arrant Engineer. These officers have
come from many sources, some having
passed through the R.N.E.C. Keyham, a
farge number ef temporary officers having
joined the R.N., R.M.R., and R.M.V.R,
from civilian engineering, others are officers
promoted from the ranks of the engine-
room artificers, while there s a group of
officers who have risen from the sokers

mess deck through che grade of mechanician.
The horse-power of a modern battlaship
is in the region af 1530000, cruisers have
engines of 80,000, while destroyers are of
0,000 h.p. Taking the combined fleers
the total horse-power rung Into foveral
milllens, The source of nearly all power
in a ship lies in har boilers, bt her machin-
ery spaces contain not only bollers and
main steam turbines with their assoclated
pumps and steam and water systems, but
also all the auxiliary machinery necessary
for satisfactorily running and fighting.

It should be remembered that 3 madern
warship is more self-cantained than a big
hotel. It has to generate and distribuce all
its own electrical power for operating
machinery and gune and for lighting
throughout the ship. It has o distl all
water used for boilers and demestic pur-
poses.  In additlen a great amount af
refrigerating  machinery 15 required to
store provisions for large numbers of men,
often in hot climates. The galleys and
steam cooking arrangements, togethar
with ventilation and heating of the living
spaces also come under the engineers.
Than teo, there are the water-tight doors
and arrangemants for pumping, flooding
and draining the multitude of water-tight
compartments which have te be maintained
in good order so that the ship can be main-
tained in a seaworthy condition in che event
of damage.

The arder of priorities for the functions
of 2 warship is "'to float, to move, to fight'"
in that ne ship can fight effectively under
madern conditions unless she maintains
a reasonable manceuverability, By virtue
of their normal duties, the engineering
personnel are concerned with pumoing

Fig. #=F.M.5 Implatable; one of the Flost carviars which have redured the dangers of alr sttack to the JMavy.



ENGINEERING IN THE ROYAL MAVY

Fig. 5—Tha King iochking nie ans of the allfired furnaces in & boller romm ol LML Duke of York.

and counterflooding to maintain stability,
and the maintenance and operation of fire
fighting equipment, These are major
factars in the control of damage which are
essential o enable a damaged ship to play
her part in battle or, as a last resource, to
return to harbour.

The cara and maintenance of the great
mass of machinery in a warship calls for a
large and competent stafl. A bartleship
carries some eight or nine engineer officers,
a eruiser four or five and the destroyers
and submarines one each. There are about
four times as many artificers and twenty
times as many stokers. The engine room
artificers are highly skilled as fitters and
turners, bollermakers, coppersmichs and
gnging smiths and form the nuecleus of the
malntenance staff together with mechanicians
promoted and trained from stokers, while
evaery member of the stoker complement
from chiel stoker to the newly joined ind
class stokers have their [obs to do both at
sea and in harbouwr.

At sea, the staff of a ship is divided into
three watches. each watch doing four hours
duty in the machinery spaces out of every

twelve, Inaddition, purTion-: of the Englm}-
room personnel are required to keep
watches for damage control purposes,

while all members of the ship’s company
are required for duty during periods of
action and at dawn and dusk each day
whilst at sea in dangerous waters. YWhen
in port there are periodical surveys and
defeets, large and small, have to be made
good.

Mow, with the Increasing activitios of
cur ships in the wide expanse o the
Pacific, s further demand has been made on
existing maintenance resources. This has
brought into being numbers of large mobile
repair ships manned partly by engineering
branch personnel and partly by the new
Maval Branch named Special Repair Ratings
{Dockyard) recrulted from trained trades-
men. These repair ships, forming part of
the Fleat Train, are in additlon to the sub-
marine and destroyer repair ships which
have long been a feature of repair faciities.

Engineer officers of high rank serve on
the stalfl of Commanders-in-Chief and Flag
Officers of Squadrons and Flotillas.

Maintenance of Maval Aircraft

Dhiiring tha war afl 19141918 3 very small
forca known as the Royal Maval Alr Service,
started before the war, was cxpanded inta
a large efficient corps to carry out the duties
of what is now known as Coastal Command
of the RAF, and enginear officers were
attached ta the R,M A5, for the prodection
and maintenance of airerafe and air ships.

{n 1917 the Royal Flying Carps and The
Royal Maval Air Service were merged to
farm the Royal Alr Force and nearly all
the officers and men ef che B.MAS. trans-
forred to the R.AF.

In 1924 the Fleet Air Arm was formed by
the R.A.F. to operate alrcrafc which were
ship-borne since by this time the Navy had
developed a practical form of aircrafe
carrier. The Mavy was given operational
control of these ship-borne aircraft and

many naval officers were attached to the
F.A.A. 33 pilots and observers.

In 1937 the Mavy was given furthes
contral of ship-borne aircraft which became
an integral part of the Mavy, who then
beocame responsible for the administration
ol maval aircrafi oxcepl AL regards l!-l:i'ngﬂ
and supply.

In 1939 soma three months before war
broke out, the transfer of control af naval
aireraft to the Mavy, In accordance with the
1937 agreement, was finally made. From
this date the MNavy has been responsible
far the maintenance and repair of its own
alrcrafe.

At the beginning of war the Mavy awned
anly a few hundred aircraft of which about
half were employed for training purposes.
MNow it has as many thousands of aireraft
a5 prior to the war it had hundreds

Permanent naval engineer afficers who
specialise in aviation not only have o
possess the equivalent of an honours
degres in Aeraonautical Engineering but
in additian learn to fly service aircraft,
have a short period of operational flying
and thereafter be respansible for the repair
and maintenance of naval aircrafc

During the war the numbers of these
officers have been augmented by the recruit-
ment of a very large body of aeronautical
engineers, The day te day servicing of
aircraft is the responsibility of air mechanics
and the re pair is carried cut by air artificers,
For the purpose of maintenance and repair
these ratings are divided into the trades
of (A)airframes, (E) engines, (L) electrical,
(Q) erdnance

The Mavy is a world wide organisation
and it iz necessary therefore that the
facilitles for the operation, repair and
maintenance of naval aircraft should be
buile up an a sound basis of world wide
facilities so that ships carrying aircraft can
operate speedily in all the oceans. At the
present time many thousands of naval
officers and men are employed on alreraft
maintenance duties from the British Islands
to the Pacific.

Probably few of the majaor forces of the
armed services of the British Empire have
expanded so rapidiy from small beginnings
as the air erganisation of the Mavy has done
in this war. To-day it farms one of the
main affensive weapons of the Fleet

Having thus outlined the histary, devel-
opment and duties of the Enginetring
Branch we now proceed to deal in deeall
with many of its activities, from tralning to
operational woerk on land, sea and in the
air, In order to define the marine and
aeronautical subjects we have grouped
these into two main sections, the second
section appearing under the title of “'The
Maintenance and Repair of Maval Alrerafe."”
Further sub-divisions separate the many
subjects covered in our stery: a full list
of these Is given in the detalled index at
the end
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THe TecunicaL TRAINING
oF Stoker RATINGS

Fig. b—A Bartleship of the King George V class, one of the eypes of ships in which a stokes may ba called wpom

Fe}EHIND the many told and untold deeds

Blof gallantry and devotion to duty of
""the men who go down to the sea In ships""
lies ancther story which, if more prosaic,
eoncerns the foundation stone of all that
goes to bulld up and maintain the magni-
ficent traditions of the Royal Mavy. This
is the stery of training, and, although we
are canfining our subject mactter o the
engineering branches, the inside picture
covers such & wide range and has so many
aspects, that we must of necessicy Eive but
listle more than a framewark coverage, in
the form of a cross section of some of the
activities involved.

As aur first section, it seems ficting that
wie should commence with the lr.'lil'lil'lgI of
stokers;, the men whose main duties keep
them down out of the limelight, in the
machinery spaces of a ship, althaugh their
wark ta-day is less arduaus than that of
many years ago {see Figs. 7 and B).

Ta give a sort of background course
before gaoing to sea, the Admiralty has

tn sarve oa oarplatien of his raining.

allocated two old battleships as a Stokers

Training Establishment, these ships at
present belng situated off Plymouth, urder
the title of H.M.5. Imperieuse.

Ta digress far a moment, it is rather
interesting to recall briefly the history of
the foir previous ships of the same name,
a5 Tollows:—

Imperieuse (1} A 38-gun frigate captured
from the French off Spezia an Octcber
llth, 1793. Renamed “‘Unite”"’ about
1803 /4 and used as a convict ship in 1840,

Imperieuse {1} Another 3B-gun frigate
caprured from the Spaniards on October
Sth, 1804 and renamed. Inaction between
(807 and | 80% making many small captures
and landings on the French coasc. Was
off Italian coast 1811-1813 and ook part
in |.|nr||ng operations at Anzio in Ocrober
I1Bi13.

Imperieuse (3} A 30-pun ship, desigred
as sail but completed as scraw steamer,
Launched Deptford 1852 and was in

Fig. 7—The work in the boiler room of & modern
warship v leas ardusies than (n the aarkies fppes;
this wiew |s takes on board HM.S, Garth, s Henst
clasy destroyer, famous Tor its E-bowt activities

the Baltie 1854/5, Peiho in August 1859
and China [862.

Imperieuse (4). Twin screw armoured
crukser, B.400 tons, launched Perosmauth
[883; had four 9.2° and 6.6° guns, and
would do 14} Enoes. Ciriginally b.riz.
rigged, but completed with single mast
amidships.

Flg. 0 (Lafel<ln tha days of the sarly coal-lred batilsbkips, a
sioker's work in the bollar roecm was an arducus job. Contrase
this vlew with the one in Flg, T
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Fig, #—N maw dedlt of stoker ratings arvive on Board 0 esmmence their twelve weeks Erainimg codurss

Roturnisg to our story of stoker tralning,
we commence with details of—

The Daily Routine

After a new draft of stoker ratings has
arrived on board as featured in Fig. 9, it
sottles down to a daily routine of which wa
Eive an sbbreviated winter time table as
fexl s - —

2.0,

500 Call the hands

6,30 Hands te breakfast and clean inte
the rig of day.

.20 All Divisions fall in for P.T. (A
view of a divislen stripped off for
BT, an the quarterdeck is given
in Fig. 10.)

Fig. 10 — Physical
Eraining s carcigd
oel  daily as pare
al thi syllabhes of the
Traiming Course on
. Imperisuse,

Drivision stripped off
fer P.T. an the
Guarterdoch.

7.45  Finish P.T. Classes under instruc-
tion fall in on quarterdeck.

B.55  Divisions and Prayers.

10.00 Stand easy.

10.18  Out pipes (l.e. end of stand eary),
Hands carry an with their wark.

11,40 Classes under instruction muster
on farecastle; cooks to the gally.

I1.50 Secure (i.e. dismiss),

1200 Dinner.

p.m

115 Hands fall in.

2.30 Stand easy.

140 Out pipes; hands carry on with
their werk,

350 Secure,

4.00 Cooks to the galley.

410 Tea. Liberty men to cean, Shift
change into evening rig.

4.30 Liberey men fall in {2 view of men
embarking on the liberty boat i
given in Fig. 18: these boats also
leave ac 5,30 p.m. and 6.45 p.m.),

500 Evening Quarters,

630 Supper

8.00 Stand by hammocks.

B.45 First post,

2.00 Last post,

10,00  Pipe down.

Allstokers under training have one organ-
ised afternoon’s recreation per week when
they land from 1.30 il 3.30 p.m, for games,
swimming or route march.

THE SYLLABUS OF INSTRUCTION

The syllabus of instruction as now laid
dewn for Stokers 2nd Class {who must be
|7} years old), calls for a twelve weeks
course, the first four of which are employed
generally in getting wsed to the layout of
che ships and during this time the rostine
duties are such as earried out by scamen

in narmal warships.

The Fifth and Sixth Weeks

—of the syllabus commence with che
ratings being grouped into classes, after
which an introductory lecture is given by
the Enginesr Officer A very comprehensive
Machinery Handbook is then issued which
containg a wealth of infermation and (llus-
trations on the design, function and opera-
tion of all types of ship's machinery; it
includes a chapter on ferrous and non-
ferrous metals, their uses in a 5i’|lp, also
tables of carbon steels and copper zine
alloys. This is issued free of charge o each
rating, together with a Stokers' Lecture
Book giving details for the course,
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The classroom lectures for the pericd
deal with the fellewing subjects:—

The most osval types of boilers met
with in the Service, l.e. the cylindrical
return tube, the Babcock & ‘Wilcox,
Yarrow and Admiralty 3-drum water tube
boilers, their differences. together with
advantages and disadvantages.

Boiler mountings are described and their
uses demonstrated by means of models.
The theory of combustion of fuel is coupled
with the methods of steking and raising
af steam, the fire irons and their uses,
how fires are cleaned in a water tube boiler,
etc.

The maintenance ef boilers is an Import-
ant subject and includes the methods to
be adopted to prevent internal corrasion
when not in use.

Furnace decails, boller and funnel casings
uptakes (l.e. casings between funnel and
bellery and funnel guys alss form the sub-
joce of lectures during the fifth week.

THE TECHNICAL
TRAINING OF STOKER RATINGS

Fig. 11—This, of course, i+ an old hand af the job and not a stoker mnder
trifming, nevertheless cleaning the Inside of tha Tannsl i all
pari of a steher's rastine work,

Fig 13=Receivlng lnstruction in the methed of Mashing wp am all-fired bodler from caobd,
wiing & L-tiaba,

At least one day of the week is spent on
practical instruction on the subjects pre-
viously covered in the classroom, thus
linking theary and practice. Boilers are
cleaned internally and externally (see Fig.
11} and the ratings have the job of cleaning
up the room, afcer being impressed with
the necessity of cleanliness in this part
of the ship.

The Seventh Week
—af the syllabes covers
classroom subjects —

The purity of boiler feed water and the
necessity of using only pure distllled water
for this purpose to avoid scale-forming
substances also solids in solution which
will cause a rise of density; the apparatus
used for testing feed water,

the following

The exclusion of air in feed water, 1o
prevent corrosion, by pumping up with
de-aerated water,

The necessity of using feed heaters
whereby o great saving of fuel iz effected
by using the latent heat in the exhaust
steam

Automatic feed
superheaters.

regulators and boiler

The storage of oil fuel, its eourse fram
the tank o sprayer and the sprayer details
{with models).

Raising steam from cold in il fuel boilers,
using tha “'U'" tube and hand pump; the
burning of il fusl, with smoke making
and prevention—its causes and remedies,

The cleaning of oil fuel filters and the
testing of a gauge glass are also included.

During this week, the classroom lectures
are followed wp by practical instruction
an the same subjects in the baller room,
Beilers are connected up and blown down,
tests are made on a gauge gliss and boiler
water is cested for density; the oll fuel
system |5 demonstrated and filters cleaned
and ratings have to light up a boller from
cold using a U-tube.

The method of flashing up from cold
when no steam is available fs illustrated in
Fig. 12 and the line drawing Fig. 13. One
of the nermal ol fuel sprayers is removed
from the beiler and a special lighting up
sprayer of small autput is ficted (n it place.
Oily waste s packed round the U-tube
which Is then placed threugh ene of the
air doors Into the combustion tube [or

Fip. 13=Shows how & U-tubs I uied Tor
Hghting-ug.

above it if the boiler has a closed fromg a1
in the line drawing).

As will be seen, one flexible hosa from
the U-tube connects with the sprayer,
whilst the ather is connected to the control
valve box through which the cold ail fuel
is provided by means of 2 hand operated
pump. The oily waste, together with a
further supply in the combustion tube. is
ignited, and in thiz way the fuel s heated
to becween 170 and 210 degrees Fah,
accarding to the type af oil used. on i
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way to the sprayer in the front of the
boiler. As soon as the sprayer is flashed
up, tha rtemperatura I3 controlled by
adjusting the amount of U-tube expesed to
the cone of fame preduced frem the
Sprayer

When sufficient steam pressure has
been raised, the oil fuel heater can be
used. and the steam ail fuel pump started;
the -tube and lighting-up sprayer are
then disconnected and the normal sprayer
and its pipe replaced. While this is being
done, another sprayer can be used.

A general wiew in a typical oil-fired
boiler room of a eruiser (H.M.5. Sheffield)
is given in Fig. 4

The Eighth and Ninth Weeks

—aof classroom instructionare partly devoted
to brief descriptions of the action and uses
of some of the auxiliary machinery gener-
ally fiteed In turbine driven warships. This
covers boiler room auxiliaries such as feed
pumps for supplying water 1o the boilers,
forced draught fan engines for providing
the air for the combustion of the fuel in
the boiler furnace and ail fuel pumps for
supplying the fuel to the sprayers

The engine room auxiliaries dealt with
include the air pumps and extraction pumps
for removing the condensate and air from
the condensers, main circulating pumps for
circulating sen water through the main
condansers, also supplying coallng water
for lubricating oil and drain coelers, and
fareed lubrication PuUmps for the bﬂrlng;
af the main engines,

EMGINEERING IN THE ROYAL MAVY

Fig. |8—This genaral wisw, takes on hoard the crulser H.MS Sheffiskd, shows a typicsl ofl-fired
boller rosm.

Other subjects In the weeks' syllabus
includa the evaporator for providing dis-
tilled water for the boiler feed and for
domestic use, the condensers for condens-
ing cthe exhaust steam to maintain the
supply of feed water, and the various
dynamo engines, which, in a battleship
may be up to might in number. In addition,
forced and drip lubrication is explained as
well as the different lubricating oils.

The practical boiler and engine room
instruction follows closely on che class-
room work; the turbine drainage system
for preventing water from accumulating
in the turbines is explained togecher with

Fig 1 5=A wiew in the Centra Engine Rocm of one of the ships, |soling berween the main low presises

turbines

Ia tha fordgraend 8 rating i logging a gauge resding, whilsl in the rear the

Chial Steker i taking a silver nitrate test of fead water,

the gear wind for turning a reciprocating
engine o the starting position,

A view in the centre of an engine ream
is given in Fig. 15 and is taken from a point
looking between the maln low pressure
turbines. The rating In the foreground is
logging a gauge reading, whilst in the rear,
the Chief Staker is taking a silver pitrate
test of [eed water

This test is to detect any salt in the feed
water and s carried out by allawing one
or tweo dreps of silver nitrata to drop inta
3 sample of water held in a test tube; |
galt iz prazent a milky loaking cloud will
appear. On testing water from beilers
or reserve feed tanks, where lime may be
present. 2 few drops of nitric acid are
added first to prevent the formation of 3
cloud due to the lime.

The work of the eighth and pinth weeks
includes the cleaning of the evaporator,
the engine room, the engine room bilges,
also other maintenance werk.

The Tenth Week
—of the ctraining syllabus covers the
fellowing classroom subjects:—

A description of soeme of the various
types of reciprocating engines and steam
turbimes, the latter including the Parson’s
reaction type and the Brown Curtis multl-
stage Impulse type. A Machinery Deman-
stration Reem i3 fitted up where various
eguipment of this kind, both in actusl
and model form, can be better explained
and domonstrated, The view Flg. |6
features part of this room and shows small
campound rociprocating engines, whilst
an the wall are various types of ther-
mometers and pressure and vacuum type
gauges, In the lefc hand corner, part of
a drain cooler can be secen; the opposice
side of the room is devoted mainly te
reaction and Impulse turbine models

The starting of main and auxiliary
machinery is dealt with, &5 well a5 the
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The methods of testing for foul and
explosive gases are explained including the
construction of the safety lamp and its uses.

A brief cutline is given of the equipment
for pumping. floading. draining and oiling
ship, also the methods of cleaning ofl fuel
tanks, w'.'ILEl.‘I'.IE|'.{ compartments, feed and
fresh water tanks. The mnecessity for
maintaining the plating surfaces in a clean
condition to avoid corroslon is stressed.
The arrangement of watertight sub-divisions
af the ship is dealt with including waer-
tight dears, hatches and scuttles

For the practical wark of this section,
the ratings are given a tour of Inscruction
in the ship, where, in the different depart-
ments they put into practice the classroom
subjects.

Damage Control

A fighting ship expacts to suffer damage
in the normal caurse of events at sea in war-
time and therefore has an organisation
cavering the broad aspects of self-defonce
in every portion. This organisation is
known as damage contral.

question of bearing and lubricating oil
temparatures and the ratings have to
acquire & knowledge of same of the tools
and materials of the engineering depart-
ment. and their uses.

Visual aid working models, made fram
plywood by the ships staff, are used to
assist in explaining the operation of various
components; those we have photographed
i Fig. 17 ihaw, Tram lefe ta rlgllt. the ¢losed
feed controller, the beoiler autematic feed
regulacor and the ofl relay dynama gov-
ernor gear.

Practical instruction takes the ratings
inta the t‘-"!*i": room, where th!:f follow Fig. IT—Wikual aid warking madels mado by the ship's 306l Tram plywoad, assist in esplalksing ils
tha I-'Irﬂ'll[ of steam, water, lubrication, opwration of varicus components] left o FAght—the clased fend controller, the baller
closed exhaust and other systems; warm sutnmatic fesd regulator, and the ol relay dymarme governor pear,
through and start up the auxiliary engines
and on the main engines check up bearings
and lubrication, operate the turring gear,
drains and valves. Maintenance work in-
cluding the cleaning of engine room and
bilges, also forms part of the week's work.

The Eleventh and Twellth Weels
—in the classroom mainly deal with the
varfous precautionary methods to  be
adepted an board ship, For instance there
are many parts of a ship in which there is
little or ne ventilation and the bottled up
air becomes foul or stagnant and, under
certaln condlclans, axplosive. These com-
prizedouble bottom compartments, bunkers,
bellors, condensers, distillers, evaporators,
wing spaces, store rooms, mailf and reserve
leed tanks, oll tanks and petrel compart-
ments,

Fig, B (Mighti—Liberty men going ashaore on
tha 430 g, lberny boas.
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Fig. 1P=0pan ventlation walves can spread
Mo ing.

The damage which a ship can receive
is wery wvarled and complex, the main
types being flooding, fire, damage to
machinery and equipment and damage to
personnel. The objects of ship safety are
to reduce the effacts so that she can continue
to fight with the utmost vigour in spite of
any damage: i, however. one individual
Fails in carrying out a ship’s safety rules, the
result may be disastrous.

All  ratings throughout their twelve
weeks course receive a grounding in the
methods of combating damage and each is
given a little booklet on the subject en-
titled “Ship Safety'. Twe [llustrations
frem this bookler are reproduced herewith;
the first, Fig. 19, shows how the effects of
flooding can spread through neglect in
carrying aut watertight discipline by leaving
ventilation valves open, the second, Fig.
20, illustrates how suction hose can be
choked by personal gear, either left about
instead of in lackers, or thrauth the opening
of badly secured locker doors fallawing
an explosion.

Fire is one of the most common and one
of the mest dangerous forms of damage
which a ship susting, because of the

amount of inflammable material carried
such as petrol, oil, paint, explosives,
cleaning gear, bedding, otc. In view of

this, everyone in a ship’s company must be

a potential fire-fighver and the principal
rules of extinction cover twe methods,
“‘cocling down’'—wheore water sprays cool
the surfaces of burning matter. bulkheads,
etc., belaw the point af combustion, and
the fire goes out, and ‘‘smotharing’'—
where an agent is uted to blot out the
oxygen so that the fire cannet burn,

The illustration Fig- 21 shows a sguad
of stoker ratings staging a fire fighting
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Fig, 1=Personal paar left about chokes suttian
oo ot

demanstration, althcugh, for the purpose
of the photograph, they are not wearing
their anti-flash gear, which is always warn
during battle to protect those parts of the
bady not eovered by clathing, that is the
head, neck, hands and wrists,

Commencing with the equipment in the
centra of the picture we have the Damage
Control Officar standing by a diesel portable
pump which will draw water frem the
sea at the rate of 70 vons per hour and
deliver it to the branch pipes held by the
two centre ratings wearing “‘fearnought’’
juits, smeke helmets and antl-fiash ploves,

The lefc branch is known as a “Fyrex'’ and
by turning the head to the left will produce
{o) a jer 30 fr. long ar 25/30 Ib, per 1q. inch
{b) a spray which gets wider the further che
head is turned wntil it assumes (c} a solid
wall af water, The *‘Qilfire’" branch
{right} gives the water a whirling motion
as it |eaves the nozzle producing a spray
which can be used on eil fires, as the name
siggests. If the spray is directed 5o as to
cover gradually the area of burning oil,
an emulsion Is formed which effectively
smothers the fire.

The ratings stationed by the two scutties
(commoanly called “port holes' by thowe
[41-14 a.l:qum:ited with :lﬂlp'l terms] are &n-
suring that the breathing pipes from the
smoke helmers can only take in fresh alr;
each also holds a **life-line" srrached to the
fire fighters® waists.

The machine to the left of the picture i
a foam generator for big oll fires and holds
20 gallons of special compound which,
mixed with either fresh or sea water,
produces &80 to 900 gallons of foam per
minute at 35 Ib. per 3q. inch pressure; this
foam &5 light, non-injurious and non-
corrosive and |3 effective for 36 1o 48 hours
after discharge, and has the great advantage
that it can be poured into compartments
which cannot be entered due to heat and
smoke.

The machine in the right fereground of
the illustration is a poruble Drysdale
Snorer salvage pump which 5 used to
reduce flecding by pumping water back
into the sea, through a fitting in the scutthes
which is blanked off when not required, at
a rate of 7O tons per hour, The electric
starter for the pump stands an the floor
in the centre foreground.

Fig. 11=Ali ratings tahe a course in Damage Control; here = & fire fighslng demessiration wich
water and foam equipment (lor the purposs of the photograph the ratings are not
wearlng the wwwal anti-ash pear).
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The two ratings on the right are *'stard.
ing by'" with two-gallon Mu-Swift and
Foamite generators. The |er frem the
former ks used for small fires of wood,
fibre, rope and bedding, etc., whilst the
spray Is directed against incendiary bombs
and oil fires. The Foamite s principally
used for small il fires or any fire except
where electrical apparatus is concerned.

Instructional Films

=form n regular feature of training and
are of considersble assistance in “'putting
over'’ the actual procedure to be adopted
in carrylng out certain jobs. For Instance,
there is one called *‘Ship Safety'" which
deals with many aspecrs of damage contral ;
others are entitled ''Boller Cleaning'”,
VLubrication,” etc. and a fllm called '*Meet
the Ship™ is shown at the commencement
of the Instructional period.

The Information Room

—|3 ancther wery important feature on
board H.M.5. Imperievse and in which
avery facility is provided for stokers under
training to broaden their general and
technical knowledge, and study various
aspects of naval and land wartare. This
is located in what was the Ward Reem and
is uged by 150 to 200 ratings each day,
including watchkeepers when off duty, the
narmal times being from 12,15 ta 1.15 p.m.
and 5.15 eo 9.0 p.m.

The room is divided into sectians com-
priving tha Wastarn, Eastarn and Far
Eastern war frants, the hame fronc and
Empire section and a local section, the
latter covering entertalnments and activicles
ashare from symphony to Ensa concerts,
cinemas and theatres, ote.

A view of one part of the reom s repro-
duced In Fig, 22, the far wall being devoted
to a summary of the daily wireless bulletins
a3 aflecting the theatres of war, the place
names being linked up frem the bulledn
boards by red tapes to their gesgraphical
situation on the large map.

THE TECHNICAL
TRAINING OF STOKER RATINGS

Flig: I1—& view in the Information Rasm whers svery Tacility in provided for stokery ander tribsing
w0 broades their general amd technical knewiedge, snd study various sspocts
of maval and land warfare

Fig. 23—A Handicralt Seation for wotdwarhing and cartosning sncourages

ratings to develop am fnteresting
Bobby during of-duty Bours; & good
selection of toobs is coversd by an
Adrmlralny grant,

The books on the table fand they are
arranged like this afrer each "'sitting™)
are displayed in groups such as Army,
R.AF., Mavy, blography, Empire, aspects
of British life. national and international
affairs and post war planning. To show the
freedom of thought encouraged we made
a note of the following books as representa-
tive of the general display, “*Brivish Trade
Uniens," “Liberty versus Equality,” *"'What

Fig. 34 jLeft)—A cormer of the Informatien Reem
devoted te photographs and displays comcermning the
Pacific theatre of war; the subject mattar iy changed
wvmry bortnighe

C
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Fig. 15==i Dutch division of woklsr ratings wnder imiruction marches off after Sunday morming divislons

14

about India,” *‘Agenda for a Post War
Waorld,” and *'The Means to full Employ-
ment.""

A view of a section featuring the Pacific
theatre of war is given in Fig. 24. The
photograph  display stands are changed
every fortnight and comprise up-to-date
views of war eperations In all spheras, not
merely from the naval aspect but rather a
preponderance of Army and R.ACF,

As all ratings are lectured for one hour
a week on adult education and current
affairs {usually Saturday merning), this
Information Room affords an excellent
wiy of following up such instruction by
means of the periodicals, books, maps and
photographs, etc. Visiting lecturers have
included a Reader of Law fram Birmingham

L= - WA

University, B.B.C. officials on discussian
groups, members of sockal and  health
services, ete. During our stay aboard, a
Dutch naval officer lectured onm the war
In the Far East. Three evenings a week
wre alse arranged for voluntary educatienal
classes.

The maintenance of the room is made
possibla by wtilising the rebate allowed on
M.AAFL {Canteen) purchases, the modi-
fieations amd setting out of the displays
are, however, all carried out by the stokers
themsealves,

A Handicrafts Section

—{or woodworking and cartooning en-
courages ratings to develop an interesting
habby during aff-duty hours, The men

work under the Instruction of a rating who

Flg: Me=Tha stoker retings muster their kit an the guarterdeck of HLM.S. Imparicwse ready lar the
Captain’s inspection.

has served his time as a joiner in civil life.

the good selection of tools provided being
covergd by an Admiraloy grant

The articles preduced include stools.
trays, lamp standards, phote frames, dolls®
houses, toys, etc., an |llustration of a typical
selection being featured In Fig. 13. Many
items are made from odd wood fram stores
packing cases, etc., such as the bottom of
the castle held in the rating's hand on which
we can read "'selected compressed cooked
corn beel.'" A small fee, with a maximum
of 5s. per article, = charged, to anable a
stock of good weed ta be maintained;
a small model boat for Inscance would oost

about Is. &d.

The Entertainment Side

—is not neglected and frequent concerts
are arranged through the generosity of
visiting artistas who give their services

free. Wa had the opportunity of being
present at one of these given by the

Plymouth City Police Male Yaice Chair,
35 strong, in the starboard battery

Their rendering of the Lost Chard, The
Holy City. Fishermen of England, and
many other well-known favourites, was
recelved with enthusiastic applause, as
were the variety turns by the other artistes

On the following occasion the B.B.C.
arranged for a Brains Truse to be held on
board comprising Dr, C. E. M. Joad, Mr.
Quintin Hogg, Miss Barbara Ward, and
HMr. Denald McCullough,

For our last illustrations we feature 3
Dutch Royal Maval section of stokers
under instruction marching off after Divi-
sions in Fig. 25 and in Fig. 26 we see 3 kit
muster for Captain's inspection.
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Thiz brings uz to the end of our story
of the technical training of stokers, with the
drafe leaving the ship during their twelfth

THE TECHNICAL
| TRAINING OF STOKER RATINGS

week on board, the first pare ef which has
been given over o general revision of
instruction.

__qé__;-j__hh_.

STOKER I

Az a I'Il:l.lni conclution to thiz section {12 months)
we guote an extract from Lord lellicoe's STOKER |
despatches after the Bawtle of lutland, (2 years)

May (916

“lt must never be forgotten that the
prelude to aetlan is the work of the
Engine Room Department and char,
during action, the officers and men of
that Uepartment perferm their most
impartant duties without the incentive
which knowledge of the course of the
action gives to those on deck. The
qualities of discipline and endurance are
taxed to the utmaost under these condi-
tlons and they were, as always, most
fully maintained throughout the opera-
tions under review. Many ships at-
tained speeds that had never before been
reached, thus showing very clearly their
high state of steaming efficiency, Failures
in material were conspicucus by their
absence and many instances are recorded
of magnificent work on the part of the

(3 manths)

{2 yeors)

{18 months)

LIEUTEMANT (E)
(B years]

CAFTAIN (E] ..

STOKER RATINGS WHO SHOW EXCEPTIONAL ABILITY
MAY BE PROMOTED DIRECT TO COMMISSIONED RANK

LEADNMG STOMERS COURSE

PROVISIONAL MECHANICIAN
CANDIDATE (1 peor)

MECHAMICIAN CANDIDATE
MECHAMIZIAN I

ACTING SUB-LIEUT. (E)

LIEUT. COMMANDER (E)
COMMANDER (E}

AS SHOWN BELOW
I7] Exceptiomal ratings may be rated at 9 months,
Must s=rve 12 months as Stoker 11
Must be under 18] years of age,

Duration 3 months. May be taken 2 years from the date
of being rated Stoker |

Must have attained necessary standard on completion of
Leading Steker’s Course,
Drafred te sea as Acting 5P.Q.

Must serwe | year ot sea as Acting Stoker Petzy Officer
{abave). Commences Professional Course lasting I years,

Must pass successful Professional and Educational Exams,
at conclusicn of above course,

Specially selected 1B months after conclusion of Mechan|-
cian's Course, Maximum age 2B% years.

Courses at Greenwich lasting 12 menths and confirmed
as Sub-Lieuc. (E) and sent to sea.

Must have served 16 months as Sub-Lisus, (E) and have
obtained Esgine Room Watchkeeping Certificave.

Must have served 8 years sa Lieuterant (E).
Seleczed fram Lisutenant-Commanders (E).
Sebecied Froan Cuininanders {E)

Engine Room Departments of injured
ships.'’

THE MORMAL AVENUE

ABBREVIATIONS

HM.T.E.—Mechanical Training Establishment.
5.P.0.—5toker Peury Oflcer.

Raman Figures—Class.

Ldg. Sto.—Leading Stoker.

£PO.
Hust have gualified for 5.F.0, at eonclusion of Ldg. Sto's. Course at M.T.E.
Must have served 2 years as Lﬂdih‘ Stoker,

CHIEF STOKER
Must pass an examination. Candidates for exam. must have served 2
years a3 5.P.O. and possess a Boller Reom Certificate.

|
WARRAMT MECHAMICIAM
Must pass professional and educational examinations. Candidates
1o have served 2 years as Mechn | and Il Professional Exarination

is competitive.

I.IEI..I'I'ENANT (E}
Promoted by sslection. Must be under 35 years of age.

|
LIEUTEMANT COMMANDER (E
Promoted after 8 years service as Lieutenant [E}.
Mechn.

ta  count.
COMMANDER (E)
Promoted by selection from Lieutenant Commander (E).

LI;II' time a5 Wi

S-TCH'i.ER n
STOKER |

LEADING STOKER

OF ADVANCEMENT OPEN TO STOKER RATINGS

Must be 17} years old.

Must serve ane year na Stoker Il Must be 18] veare of spe,
Exceptional mtings may be rated earller,

Must serve I years as Stoker |, Must possess an Auiliary
Watchkeeping Certificate, Must pass 2 preliminary educatianal
gaminatlon. Must pasy 3 successful s=amination at the end of
a 1 months Training Course at M.T.E,

MECHANICIAN CAMDIDATE
Must be under 19) years of age.  Must obtain necessary standard of marks
at eonclusion of Leading Stoker's Course at M.T.E.  Sent to sea for | pear

as Acting 5.P.0.
HECHANICIAM 2nd CLASS

Muse pass a successful sxamination at the conclusion of a 2 years Profes-
sional Course at M.T.E Must be under 32 years of age.

HECHAHICI.&!N st CLASS
Must have served 1B months as Mechn Il Exceptional ratings may be
advanced from & to 11 manths after being rated Mechn. i ST pRSS B
professional examination,

|
CHIEF MECHANICIAN
Must have served & pears s
Mechanician | and |

COMMISSIONED MECHAMICIAN
Must have served from 8 to 12 years a5 Warrant Mechanician

LIEUTEMANT (E)
Promoted by sebection after & years as Comd. Mechn,
49 years of age.

Must be under
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THE TRAINING OF
MAYAL ARTIFICERS

Fallowing the subject of stoker training
In gur first section, the story now broadens
aut into the wider field of training Maval
Artificer Apprentices and, a5 an introduc-
tion, we propose to give a brief outline of
the methods of entry, the instruction
curriculum and the oppertunities of ad-
vancement to officer rank,

The Methods of Entry

In peacetime, there are two methods of
entry as an Artificer in the Royal Mavy.
The first is to commence as an Artificer
Apprentice, and this constitutes the greater
proportion of the total entry; the second
method is to join direct as a 5th or Acting
4th Class Artificer, this being determined
by age after serving a recognised appren-
:Fr_q::hlp in an outside :nglrr::rhlg firm., Ic
is with the Apprentice entry that this
section k& concerned.

Maval Apprentices must be British sub-
jects and are entered between the ages of
15 and 16 years by examinations held twice
yearly, one in the Spring, in open competi-
tion conducted by the Civil Serviee Com-
missioners, and the other in the Autumn
by an Admiraley examination on the recom-
mendation of Education and other authori-
tigs, A number of these boys have
previously passed the School Certificate
examination.

Frior o |oining the Service the boys
are allowed to choose the branch they
prefer, that is, Engine Room, Air, Electrical
or Ordnance and the successful candidates,
Ir medically fir, join either at Resyth or

Torpoint, with the excaption of Air Appren-
tices who join at Lee.an-Sclent for kitting

up and thres weeks training and then
move on to one or other of the establish-
ments mentioned.

The R.M. Artificer Training
Establishments

The three R.N.A.T.Es are situated at
Torpoine, Cornwall, at Rosyth, Fife, and
at Mewcastie-under-Lyme, Staffordshire,

Torpoint and Rosyth are siscer estab-
lishments, the training being identical
throughout. One small difference is chat
all the O.A. Apprentices are trained at
Torpoint, Apart from this, E.R.A.. EA.
and A_A. apprentices are splic berween the
rwo establishments. This fact should be
brormne in omind as the resder follows the
training at Rosyth which is shown in detil
in the following pages.

The establishment at Mewcastle-under-
Lyme takes all the A A, apprentices after
the completion of their first year's basic
training at Torpoint and Rosyth., Hers
the apprentices are given tho speclalised
trade and technical training required to
fit tham to become Alr Artificers.

The dingram above shows the distribu-
tion of apprentices of the various branches
and trades throughout the A.MN.AT.Es.
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| EMTRY EXAMINATION |

{Age 15 ta 16}

|

ccrdrlnnu Engine Room  Eleccrical Alr
Artificer rtificer Artificer Artificer

0.4, (E.R.A)
|

| R.NATE TORPOINT -

| |
E.Rl.A EA DA AA

|
| | RMAT

(E.A) (AA)
| |
|
1
| RMATE  ROSYTH |

| | |
ENON E A ER.A,

NEVWCASTLE-UNDER-LYME ,

|

| Alrframes
| & Engines
| (AJE)

| | |
Fitter & Bailer Engine  Copper
Turner maker Smith Sanich
F&T) (B (ES.} (C.5.)

The Instruction Curriculum

At present the course for Artificer
Apprentices e, ER.A (Engine Room
Artificers) E.A. ([Electrical Artificers) or
O.A. (Ordnance Arcificers) lases four years,
divided into eight terms of & months, with
leave periods of 1 weees at Easter and
Christmas and 3 weels In August. If
successful in their final examination, they
then go to sea as Artificers 5th Class and
complete their tralning in sea-going ships
in & to 12 months, When passed as
competent they are rated Acting Artificers
dth Class with the status of petty officer
and can then advance progressively to st
Class Artificer.

The majority of E.R.Azx evencually pass
the examination fer Chief E.R.A. and become
rated as such after a few years when they
have cobtained a certificate stating they
are in all respects capable of mking charge
af the engines of a small ship. Similar
advancements to Chief Electrical Artificer
and Chief Ordnance Artificer are available
for E.As and O.A s,

All the apprentices at the Training
Establishmants do similir work for the
first 4 months, learning 1o drill holes and
ta chip, file and scrape at che bench. At
the end of this peried they are allocated

to their different trades after carrying out

a practical cest. The full list of trades

ls as follows:—

E.R.A, Fitter and Turner, Boilarmaker,
Enginesmith or Ceppersmith (mar-
ine engineering).

E.A. Fitter and Turner (electrical engin-
eering).

O.A, Fitter and Turner (ordnance).

Fer the next year all the Fitcers and
Turners continue to improve their skill

at the bench, whilst the Boilermakers,
Enginesmiths and Copperimiths learn their
trades.

After |BE manthe the Fitters and Turners
change from bench to lathe instruction and

|
Electrical &
Qrdnance
Loy
il | I
Fitter & Boiler Engine  Capper
Turmnm maker Smih Smith

(F&T)  (BHM) {E3)  (CS)

all apprentices have short periods in trades
other than their awn so that when their
tralning is completed they will be capable
of tackling simple jobs of any trade. Pro-

gressive trade tests are carried out at the
end of aach & moenth term and apprentices

must obtain the required passing standard
before goeing en te further Instructien,

For the third year, the Fitters and Turners
lathe instructicn is supplementad by work
on other machines, such as milling, boring
and grinding, ate., whilet the sutzide trades
{l.e. B.M., E.5. and C.5.) are mainly engaged
on welding practice. During this year
all apprentices recelve instruction InInternal
combustion engines and practical electricicy.
In addition, Coppersmiths de some pactern-
making and foundry werk.

Fitters and Turners in their fourth year
go back to the bench for a peried and all
apprentices spend a few weaks working
aboard ships undergoing refic and repair
in the Dockyard; this gives them an [nsight
inte conditions aficat.

Towards the end of thelr time each
apprentice has to take che Admiralty
passing out test job which decidet his
final position as a competent craftsman,

Oppertunities of Advancement
to Rank of Officer

Cadet (E) A limited number of D
Class Artificer Apprentices whe have
distinguished themselves n work and
recreation and are likely to make good
officers are telected mach half year for
entrance to the Royal Maval Engineering
College, Keyham as Cadet (E} (See the
following section entitled “The Training
of Engineer and Alr Engineer Officers”).
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Warrant Rank Artificers can beceme
War-ant Engineers, Warrant Electricians
and Warrant Ordnance Officers after 6 to
7 years service, of which 3} years must
have boen at sea, on passing an Admiraley
examination. There are twa alternative
methads of prometion from ‘\Warrant
rank The firse is that confirmed Warrant
Officers under the age of 36 are eligible
for direct promotion to Lieutenant (E).
The second is they are advanced to
Commissioned Officers from Warrant
rank by selection fram a zone of B ta 12
yearn seniority a3  Warrant Officer.
Thesz officers generally attain Lisutenant's
rank and can reach the rank of Lieuzenant
Commander before retirement.

Sub-Lieutenant (E) E.R.A.s at sea are
allowed to sit for an examination before
l:her are 1‘“. years of age which qua'liﬁus
ther for a ong :fu:r': course of irl.ld:f At
the R.MN. College, Greenwich, passing
out 45 a Sub-Lieutenant (E).

Al the ranks just mentioned become
aligible for advancement to higher ranks
under the usual Service conditions, (One
or two have reached the rank of Rear
Admiral (E).)

The training details, as summarised in
this very condensed form, enable a broad
pleture to be obrained of the apprentice-
ship scheme and the future prospects of
tha boy who has the ability and dever-
mination to make good,

THE ROYAL MNAVAL ARTIFICER
TRAINING ESTABLISHMENT,
ROSYTH

We now propose to follow the training
of ER.A. and E.A. apprentices in some
detall and for this purpose we spent some
time at the Rosyth Establishment to obcain
tha kllowing description and phutugrnph:
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THE TRAINING
OF

NAvaL ARTIFICERS

Fig. 17.—Tha new sntry Ariificer Aporastioss arrive in thair civilisn clothes ar the Rowyth Tralniss
Establishiment and parade for the Enginser Caprein's inspection.

which cover all phases of an spprentice's
life from entry to passing out,

For the commencement of our stery we
start with the hn;rs who, h;wmg bean
accepted as Artificer Apprentices, are
provided with rail warrants and travel on
the appointed day, in civilian clothes. to
join their establishment. Arriving at the
lecal railway station they are metz by their
Divisional Petcy Officer Instructor who
will be waiting with motor transport to
convey each group of boys without delay
ee thelr new hame.

A brief parade at the Training Establish-
mant far the Enginesr Captain’s inspection
(see Fig. 27) i3 Immediacely followed by
a hot meal and once this important pre-
liminary has beepn completed, the new
entries are shown their dormitory in
which a single bed and clothes locker is
allotred o each apprentice and blankers,
towels and all necessary items of gear
supplied.

Ar Rosyth each dormitory (s centrally
heated and has within the same building
its own lavatories, wash pl:cl: and hok and
cold showers. The view featured In Fig.
28 is of a typical dermitory which accom-
modates 33 apprentices and a potey officer
apprentice.

During the next few days each boy is
fitted out with complete uniform, Is shown
the routine of the establishment and gers
acquainted with the other 80 or so boys
who joined at the same time.

Each new group of apprentices forms a
Division called after famous Admirals,
namely. Rodney. Anson, Collingwood,
Hawke, Howe, Duncan, Benbow, Grenville,
Keppel. Cochrane, Jervls, Drake. Hood,

Raleigh and Effingham, anly twa of the [as5t
sewen divisions are at Rosyth at any one

time, being composed of Air Apprentices,

Fig. 28 [Leftl—This view Iy taken ls & typleal
dormitory, which b centrally heatsd and
ascomadutes 1] apprenticas and o pecty officer
apErentice.
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Fig. 19=The new sntry apprestices are firt tawght the wie of hand tools st the sench, inclsling
chippimg, Ming, hackwawing, prefiiminary marking off amil sbnple Fiting.

These divisional titles are retainmed during
their entire stay, arising from which a kean
inter-divisienal spirit Is to be found in all
activities.

Evary Division has a divisional afficer,
a divisional instructor who will be a Chief
or Petty Officer, and two petty officer
apprentices who are selected from the
senior apprentices. The selection of patty
officer apprentices by the Caprain of
the esmblishment is the result of three
years observatian and a boy needs to be
above the average in all respects to be
considered; im the last tarm a few are
rated C.P.O. apprentices. These lads play
an important part in the routines of the
establishment and have ample opportunity
to develop their power of command and
leadership. By their example they oxert
a great  Influence, especially with the
younger apprentices,

As previously mentioned we are coanfining
our story to the training of E.R.A. and E.A.
Apprentices, but we would Interpose a few
remarks about the other branches. The
Air Apprentices, for instance, spend one
year on the fitting bench in addition to
school Instruction and at the end of this
period they produce a test job and sit a

school examinatian. Those successful pass
on to the Royal Maval Artificer Training
Establishment at Mewcostle-under-Lyme
for specialised instruction in  aero
engineering.

The Electrical and OQvrdnance Acificer
Apprentices complete a course similar o
that of the Engine Room branch except
that they are all fitters and turners and take
electrical engineering and ordnance res-
pectively instead of marine enginearing as
a technical subject

A Class (New Entry) Artificers
(0 te &th maonth)

When a new class ha: settied down, 2
start is made on training. After breakfase
which I3 taken atx &.55 am., the facrory
classes fall in at 7,30 a.m. for the marning
instruction which lasts untll the dinner
break from 11,45 a.m. wncdl 1.20 p.m,,
afternoon work then costinuing until the
tea intarval at 4.40 p.m. and two or three
evanings a week rasuma for the evening
period of schoal Instruction from 5.45 p.m,
until 745 pm. Two intervals of “stand
easy’’ are given from 100 am. to (0.(5
a.m. and 2.50 p.m. to 3.0 p.m., soup, during
the winter months, being served at the
marning stand easy.

As mentioned earlier in the currlculum
summary, all apprentices do similar work
during their first term, this period being
spent on the bench where they learn how
to use hand tools correctly, their work
consisting of chipping. fling. hacksawing,
preliminary marking off and simple fitcing
(see Fig. 29)

Ta add a touch of human interest we
had a chat with one of the new entry
apprentices, a Rodney Division lad named
R. A Edmonds (see Fig. 30) and obtainad
1 cross section of his life story. Born in
Shirley, Birmingham, on 15th August 1929,
he, as an enly child, fallows twe generations
of engine drivers, his facher being em-
ploved an the L.M.S, Fl.aiiwa}-, as was his
grandfather before him,

The father's ambition had always been
to enter the Mavy and he passed the
necessary examinations when a boy, but
cbhjections from his mother prevenced him
from fulfilling his ambitien. He now sees

his son taking the first steps In working
cut the life he wanted.

From the age of 1| ta 13 years, young
Edmonds attended Sharmans Cross Senlor
School in Shirley, fram which he passed to
Bordesley Green lunler Technleal Schoal
for a two years course, having secured one
of the 30 places available, cut of the 300
or so wha sat for the examination, During
this period the war came close ta his home.
for his family were bombed out by a land
mina in 1940 and meved to Satley, Blrming.
ham.

In Qctober 1944, Edmonds st for the

Maval Artificers Apprentice Examination
and was one of three who pasied, out of

vight Birmingham boys who entered. In
this examination a total of 1,000 marks
are awarded, Le. 500 for mathematics and
500 for sclence, a pass reguiring a minimum
of 400 marks. Edmonds’ result was Jo4
for maths. and |57 for science and ha ex-
plains his low percentage on the sclence
side by cthe fact that the axamination
covarad mainly physics whereas, having
attended an engineering school, his knew-
ledge galned was mostly applied mechanics,

This boy's stery must be typlal of the
many thousands who have passed throigh
the Training Escablishments and although
his travels have so far only taken him to
Denmark and Germany {a holiday in June
1939) his future will no doubt open up &
broader sphere of activities in company
with his fellaw artificers. [This lad B
further featured on the extreme right of
the frent row in Fig. 27 and [ater in the
Junier Recreatian Roam at Rosyth (Fig. 89)
again on the extreme right}.

Fig. 30—R. A Edmonds, & mew sntry apprentics
froem Birmlngham, semmences work st his
allgmed Besch pasitian on a simiple chipping

oparation | his iseed kit of tooly stands apen
Wt the rear of the wice,
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To return to the work of the A Class
apprentices. their practice jobs during the
term condist of the following:—

|, Chip a hexagon out of mild steel bar
plece, 21° diameter by 2}4° leang. Mo
definita finished size is required and
na time limit is fised.

L Make twa pairs of outside and one
pair of Inside calipers also one pair
of “nddlags’’.

4 Fllg the chipped hexagon (I} 1o a
true hexagan, but to no definite size.

4 Makeaspanner from forging supplied,
In a time limit of approximately 7
hours.

5 Toengue and groove the hexagon (3)
and fit with a key. Time allawed
45 hours.

B Make a tool chimp, the spindles of
of which must be filed from § rough

bar and screwed ) © with stecks and
dies
&

The Trade Allocatlon Test Job which
follzws is the plate and cube illustrated in
Fig. 33 for which a time of 27} hours ks
allewed, marks being forfeited for excess
time. As a result of this, and a schoesl
examination, the E.R.A, apprentices are
selected for the trades of Fitver and Turner,
Bollermaker. Engiresmich or Coppersmith,
These trades are alloeated in the following
percencages—Fitter and Turner 73, Beiler-
miker |6, Enginesmith 4, Coppersmith 7—
the first 30 per cent. of apprentices in arder
of merit being allowed their own cholce,
the remainder being allocated by the
Instructional Officar

Iz should be understood ar this poing
that these trades are concerned with
mantenance work done in harbour and
that all Engine Room Artificers must be
fanpetent to supervise running machinery
in thips at sea, irrespective of their trades.
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Fig M=~ gemeral vias in the Factory Machine Shep) o Chorchill Plaoos Ring asd Serlacs Grinder

The E.R.A. and E.A. .

will be szen Al work in the foreground.

Ihe Factory Machine Shop

Before proceading with the work of the
B Class Apprentices we show one or two
general views of the factory Machine Shop,
Fig. 31 showing the grinding section in the
fereground, the machine nearest the
camera belng a Churchlll Piston Ring and
Surface Grinder. The next view Fig. 32
features a row of Lang 13" swing Junior
Lathes in the fereground, whikt to the left
can be seen the end machine of a row of
Ward Mo, 24 Capstan Lathes fitted with
air chucks

The equipmant installed in the Machine
Shop covers a very wide range and com-
prises 160 lathes from 3" to 16" centres,
|4 shapers from 12" ta 167 stroke, |2
milling machines (horlzontal and vertical),
1 harizental borers, 5 eylindrical grinders,
| Churchill Piston R-r-.g Grinder, 4 Ward
Capstan Lathes, 10 drilling machines {(sen-
sitives and radlals), 2 openside planers, |
bevelgear generator, | worm gear generater,
| Kendall & Gent Bolt Threader, | tosl
grinder and a variety of cald saws.

Throughout all shops a low pressure
(100 |b.) air system [ installed for pheumatic

Fig. 3—Anather wiew i the
wienidye Macking Shep feat-
wrlng o row of Lasg 11° Junisr
Lathes Bn the foregreund |
saveral Ward 1A Capstan

Lathas with alr chochs are
imstalled, one of which can

b seem to the bt ol Che
picturs,
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tools, gas blow torches and the air chucks
an the YWard Capstans,

Whan entering the Wnrkshnp:. the
apprentices |leave their overcoats or rain-
coats in a dressing room where they don
overalls; washrooms of the type depicted
in Fig. 35 are provided for cleaning up
after the workshop period

B Class E.R.A. (F and T's) and E.A.
Apprentices (6th to I2th month)

The practice work to be carricd out
during the second term by both E.R.A. and
E.A Fitters and Turners consists of the
following jobs:—

l. Make a hexagon block and plate, with

two keys and keyways—time allowed

4% hours.
Make o hexapon plate gauge.

Fit two keys, using an A Class cube
and plate test job—I0 hours.

Bt

4. Wsing Exercise (3), increase size of
centre by filing to form a double
rectangle and make three blocks to
fit in several positions—40 hours.

5. Make koyed cubn, with two keyways
and keys—40 hours.

6. Make a zmall vice u-jirlg serewerd
spindle supplied from D Class prac-
tice work—20 howrs.

The keyed L block (see Fig. 33) is the test
job for this period (time—45 hours), the
L& m e:ldlng with & cerain ainount of
productive work,

During the first twelve months covering
the A and B Class periods, the apprentices
after spending a three week disciplinary
coursea spend 36 wesks on the bench, one
week on the marking-off rable and two
weeks on the drilling machine.

C Class E.R.A. (F & T.s) and E.A.
Apprentices (1 to |} year period)

It is during this term that the E.R.As
and E.A.s practice work commences to

differ in some respects so that it is more
wuited te tha class of jab appropriate to the

EMGINEERING IM THE ROYAL NAVY

€ Cluge

Fig: B3=Fitters and Turners asl Electricsl Artificers Test Jobe Lefi—plote and cuba (& Clas)
the Trade allocation job for il trades; contre—bkayed L Block (B Class, &k te 11gh
mioath); Fight—large dibls hegagon (& Clase, | o ] year seriod).

Fig. 3a—Fettnrn apd Turpers (D Class, |

v I year period)] lorging a hesagon hesded

Bl g pracoice werk during thoir 4 weeks Engimesmithing Gourse

branch in which they will ultimately be
employed. Yvhere the differences occur
will be noted from the following :—

I. Make a hexagon T bleck—time
allowed 35 houwrs.
L Make a cottered sleeve. cercain

machining being done on the shaper
(E.A.s make one ta a smaller scale)
time 35 hours,
3. Make a small T block.

4. Dewrance cocks to be |:|.Ju.ll:|:=u. baked
and tested (E.R.A.s only)
Make a base for a small scribing
block (E.A.0 onlr'.

5. Make a small male and female hexagen
35 houwrs

Fig- 15 jLefti—Dweralls sva domived when eiigring
the ‘Waorkshops, overcoats oF raincsats beng
lisfe 1s & dressing roam | waskrooms of ke tyse
depicted are provided Tor cleaning up abier
the workihep pariod
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Fg. M—ln the D Class pariod, Fittars and
Turnars alie spemd 1 weshs fn tha Boiler
Shop and 4 weeks Coppersmithing| prace
ties work in the lntter courss s hers
duplooed, the appremtica brazing Nangsa

and umlonE (0 @ COppEr pipe.

6. Make a circular T block—25 hours.
Make block for large surface gauge
{roughing done in shaping machine)
[EAs only).

7. Productive work for advanced E.R.A s
further exercises far backward ones,
Small V blocks to be shaped (later
hardened and ground in F Class)
(E.A3 only).

The test job for the peried s the large
double hexagon shown in Fig. 33, time—
40 hours, During chis term both E.R.A
and E.A.s have spent 1| weeks on the bench
and I weeks on the shaping machine,

PR N—

D Class E.R.A. (F & T.5) and E.A.

Apprentices (1] to 2 year period)
The apprentices now commence 4 cam-

pml‘:nshr.- course on machine tools, and

2 ARTIFICERS

maching syllabus of practice work.—

Parallel turning. turning to size, ¥
thread cutting and bolc head machin-
ing.

35 hours.

The term test job Is the §° unfon (see
Fig. 37) done afver B weeks lathe instrue-

tion (time—I0 hours).

TRAINING
The ELR.A. and E.A, Appreniices Syllabus

distribution of practical wors being as The lathe and machine syllabus, for E.As
lallaws ;e I5 a5 Tolbows =—
& R EA. . Make small serew jack, incarparating
Lathes 10 weeks I weeks parallel turning and turning to size,
Boller Shap r — X
Smith’s Shep .. T $wska 2, Turn standard B.A, bolt and nut.
Cnppersmu.hmg 4 4 3. Make adjustable tap wrench,
Revisian e * S 2 1" 4, Make s.r|1.1||5r.r|h|r|g black and I'll!l-llgs.
The following is the E.R.A lathe and 5, Make threaded and screwed spladle

used for B Class vice practice |ob,

The test job is the §° union as for the
E.R.A. Apprentices.

L. Turn medium sized Whitworth nut. For thelr "'outside trades’ work, tha
3. Turn standird Whitwoerh bale and 2 weeks spent by the apprentices on boiler-
nut using forged bole made as the making, is devoted to belling and rolling
test job in the Smith’s Shop (see boiler tubes, followed by cutting and
Fig. 34). driving them out, alse light plate work,
4. Make threaded and knurled spindie including riveting. and making a section of
used for B Class vice practice job stove piping. For the 4 weeks engine-
5. Make a “brazing—metal'' boss or smithing they have to forge and temper &
Ehnnactinn. set of chisels :m:l. lathe tools, make and
6. Make a scraw jack—time allowed o jfoy coll spring (17 approx.) forge o

1" bolt with welded head, also forge and
emper a flat raccher drill. The test job
consists of forging a hexagen headed balt
by swaging down and knocking up the head
asillustraced in Fig. 34. The coppersmithing

It Is during this term that they spend a
short time in each of the other “‘outside

Fig. J=Fere are tha next progreselve oo jobs covering lathe practice which follow the bench ted

Jobi bn Fig. 333 lefe—]" umlan and naie (D Ciass, Floeers and Termers and Electrical Arci-
ficwra) | contre—strewsd spindla (E Clans, 1 ta 1| year peried, Electrical

trades™ as  mentioned prE\'iﬂIJll:.l.. the Appifigmrs) | ripght=—sil fusl sprayar (§ Claws, Fittars and Turnar ],
|
- e ot period of 4 weeks covers Linning, soft
[ Vros w soldering and the use of a saldering iron,
2Ty o Tar
kT I —_— s brazing over a fire and with a blow lamp,
e’ P G o Dun I AR - sockeoting a pipe and brazing on flanges or
A TE g el Armiwheda  Taegacy i 1 4 )
R 1 ¥ ¥ k= i . unions {see Fig. 36) and remetalling a pair
e i i e 2 r | ol brasses. The test job is a copper pipe
Y= e e e e | with brazed flange, union, saddle piece and
551"." -.'..; i i socketed joint
I*i = N E Class E.R.A. (F & T.s) and E.A,
] { Apprentices (2 ta 1) year period)
= I For most of this term the apprentices

Fig. Ji—A& line drawing of the oll fusl sorayer bedy; dewils af the handwhesl and nar, sbs sprayer
cap are omitted b0 conserve space,

spend their time on lathe work as indicated
im the following distribution of practical
Wark fe—
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period of rainisg,

Fig, i closs-up wview of the twming oparation on ths ol feal
wprayer baby,

E.R.A. E.A,
Lathes ., 18 weeks 10 weeks
Toolraom sy A W 1w

srection and [in-

ing up of mar-

ine machinary 3 . -
Electrical {schoal) — | week

The lathe and machine practice syllabus
for the E.R.As covers the following =—

|, Make square thread spindle [R and
L hand threads) with corresponding
NuLs.

1. Turn plain taper plugged cock and
shall from castings.

3, Practice multiple start spindles and
nuts.

4. Turn Dewrance packed cock and
plug Trom castings.

Fig. ¥—An E Class Fireer and Turner at work sn the oil fusl
sprayer test job &t the end of his 1j year

EMGIMEERING IN THE ROYAL NAVY

Fig. 42 [Right) —
The appranths s
the asrly stages of
turming the mein
circulabing g
shalt.

This term's test jab is the ail fuel sprayer
shown in Fig. 37 and the line drawing

Fig. 38. the time allowed for thiks being
4> hours. A view of one of the appren-

tices in the early stages of turning the body
is given In the views Figs. 39 and 4). Incl-
dentally this boy's father is an Engineer
Lieutenant now serving as the Engineer
Officer of a destroyer.

A certain amount of productive turning
Is alsa dene during the term.

The E.As Class E, lathe and machine
practice syllabus is as follows—

|, Square thread and multiple start

spindles and nuts (R and L hand).

1. Slotring and keyway cutting practice
Lapping exercise
4, Turn springs for surface gauge and

sutomatic centre punch.

5 Make surface gauge fittings
Make automatic centre punch.

o

Fig. 4|—F Class (1| o } yesr perbod] Fitters and Turners and Elscrrieal
Artificers spond 2 wesks on millisg precthoe; here a square s
baing milled an a helical toethed pinion,

e . a m m E b
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ARTIFICERS
The ERA, and E.A. .

Fig. 44—A Fittor amd Turner on production wark is his chird pear (F Class] of trainisg.
Hery e is furning up & main cireolating pump shalt for replacsmant
mh AR Americen typs destropEr.

Fig. Ad==fn F Class Fitter and Turner facing 8 cast iron

angle bracket om o borigontsl baring machineg
ithin Iz a malntemarca job far tha Mazhing Shep

7. Make double
B.A. dies.
Production work.

The end of term test job is the screwed
spindle illustrated in Fig. 37, time allowed
—4] hours,

F Class ER.A. (F & T.s) and E.A,
Apprentices (1] to 3 year period)

During this term the apprentices take
courses In  electrical maintenance and
internal combustion engines in addition to
condnuing their machine shop practice as
will be seen fram the following :—

handled stocks for

E.R.A. E.A.

Lathes and other

machines 10 weeks 13 weeks
Milling ... x e JE 2
Grinding | o ]
Electrical  (Fac-

tory ... : . S 4
Electrical (School) 1, =
L.C. Engines

{p!trﬂ” o 5 ¥ weeks

The E.R.A.5 lathe practice work includes
turning a threaded spindle with nuts, sliding
tlseve and taper pin, for which they are
allowed |5 hours. Practice work on
milling and boring machines Is featured in
Figs, 41 and 43 respactively: in the first
asquare is being milled on a helical toathed
pinion and in the second a cast lron .1ng:|r,\-
bracket is being faced on a harizontal
boring machine: this is 2 maintenance |ob
for the Machine Shop.

Fig. & (Righti—Fiitgrs and Turners, whils in the B
il G Classss, recelva 1 and 4 weels slactrical
Imitfiicthan respactivaly In this Elecirical Bemon-
wration Room; thay have to strip, resssembis
wd rectify faules on coampound, shunt and seris
weund motors, alio fans and maotor generstors,

L B

. niinl] W AT 5 ||.-_.|- i me -,1-- e 11...., i
T T i :_-‘l_:._l L1 .=q€=,“ j_s ""ﬂ.*__J:ﬂ: _'TB
g " i il L :
F : ; = o) TR
e Al o - ¥ —nf kO 1 S P
k — i — SN e —_— - = =R —
A0 e e e

Fig. 83=—=A lins drawing of the maln circulating pump shafe which b mackined all over
fremy atesl bar (ses Fige. #1 wnd @4k

Anather production job, cne of many
done in the lathe during this term, is illus-
trated in Figs. 42 and 44; this is a new
shale fer a maln elirculating pump on an
American type destroyer, the drawing for
which Is reproduced In Fig. 45. There ks
no test job far this cerm,

The practical electrical instruction for
the E.R.A.g Is carrled out in the Electrical
Demonstration Reoom In the Factory (see
Fig.45). Here they havetostrip, reassemble
and rectily faules on compound, shunt and
series wound mators, alse fans and motor
EEnNEraoers,
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Fig. AT—Hisetrical Artificars spend 4 and § weoeks respectively,
during thalr F and G Clasi parhads, in the llectrical Dawmons
virntlsn Room| here they are shown carrping ot
tests om & ring main breaker which s part

mf u ship®s slecirioa] imtallation

The lathe practice work for the E.As
cavers the turning of a vice spindle and a
imall taper shank three-jawed chuck;
production turning |5 also carrled out as
'Nv&”.|$rn|||||1g:|n::|g’rlndlngpl'.‘l.::.il:g. Thare
Is no test job. The illustraclan Fig. 47
thows E.A 5 in the Electrical Demanstration
Room in the Factory carrying out tests on
4 ring main breaker which is part of a ship's
fing main elecerical installation,

P —

- — =

G Class E.R.A. (F & T.s) and E.A.
Apprentices (3 to 3} year period)

It is during this and Class H terms that
the apprentices spend a few weeks assisting
in repair work, under an Instructor, aboard
ships undergoing refic and repair In the
Deckyard as will be understood frem the
erm “'afloat™ in the following distribucion
ef pracoieal wark

ER.A. E.A,
Bench T weaks 13 weeks
VAfloat™ 4 4 W
LC. Engines
(dimsel) . SN
Electrical
(Factory) ... 4 6 weeks

Erection and lin-
Ing up of mar-
e mach nery L] o~ —

The bench practice work for E.R.As
|:|IJI"|I1g the period under review covers the

fallawing :—
. Grind in and eamplete the Dewrance
cock turned in E Clasy

1,C.E. Imstructian for Fliters amd
1% I8 wenhy craining 5 weeks FCia,
paraffin englmes, and § weeks G Class
dlevel anginsi). In chis vinming shop, faslts ars

baid wn and have oo be traeced and rectblled

ENGINEERING IN THE ROYAL MAVY

diesnl wngine

Fig. 48— Class (1 to 3} yaar period| Flovers and Turnars stripping 4 Dorman
"When reassembisd after inspecting for wesr or

broakage;, the engine mut be rum by them in the

2. Fit two keys and taper pin to sliding
sfeeve turned in F Class—time 35
houirs,

3. Make circular H block—time allowed
40 hours, (Thiz job is shown being
marked up by the fstrucoor In Fig.
50 and in the drawing Fig. 51.)

4, Pack the Dewrance :ock (2), turned
In E Class.

Mo test job is set for the bench wark,

Az seen from the details above the ELR_A
spend 5 weeks in instruction on internal
combustion engines (diesel} fallowing 5
weeks on pétrol engines in the previeus
term. In Fig. 48 we see some of them strip-
ping 2 Derman diesel angine, after whichthey
check up on all clearances, test for wear
on cylinders, Inspect avery part for break-
ages, etc,, and then reassemble, replacing
any defective pare. The functioning of all
components such as oil pumps, etc., is ex-
plained, injectors are tested, and the appren-

nast ibhog (Sen Fig. 49)

tiees must run the engines in the adjoining
shop after reassembly.

In the view Fig. 4% we have part of the
Engine Test shop, the apprentice an the
right being in the process of transferring
an engine from the next shop after re-
assambly.

During the engine test, faults are laid
on by the instructor and the apprentices
have to find and rectify tham,

The petral engines seen in the illustration
include 3 110 h.p. Chrysler, %5 h.p. Ford
¥8, and a 100 h.p. Power Meadows, the
diesels being a 90 h.p. Perkins, 40 h.p,
Gardner and 160 h.p. Gray Marine (Ameri-
can).

The E.A. Apprentices G Class bench
practice work is as lollows:—

I. Make a woolmaker's vice uslng the
spindle turned in E Class,

1. Make a hexagen block with tangue
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piece and two keys—time allswed
35 hours

3. Complete the surface gauge, the
fittings for which were made in E
Class.

4. Make small double cube and split
plate—25 hours.

5, Make strap, block, gib and cotter.

There |s no test job for the bench work,

i,

H Class ER.A. (F & T.s) and E.A,
Apprentices (3} to 4 year period)

The distribution of practical work for
this last term is a5 follows:—

E.R.A. E.A,

Banch ... 5 weoe ks L weeks
Laihes .., P 4
Herking off .. | |
LCE. {revision} | P —
Gunpery  (Fire

Contral) ... i | week
YAfloar™ . Lweeks 2 weeks
Schoal Revision

& Examination 2 & i
Admiralty Test

b ... T 4 .
Disciplimary

Caurse T .

For the E.R.As practice bench work
they have ta make a 1§” large double cube
and Iplll pdzl.n in 45 lwurs, the E.As |ob
belng to make a square black with two
placet and twe Reys in 48 hours. Both
branches undertake revision turning in
the lathe.

Belore we proceed to  describe the
Admiralty passing out test jobs we give
an ilustration of the Test and Practice
Job Marking Room in Fig. 52 whilst in Fig.
50 we have a closo-up of an Instructer
markng up a clrcular H block, one of the
practce jobs for Cliss G Fitters and
Turners (E.R.As). To shew the accuracy
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The E.RA. and E A, Apprentices Sylladus

Fijf. B0—Huvw, am Imidructar l4 marking up a ciroular H bloch, & Class G Figtars
wnd Twrmess practics jab, details of which are shows in the deawing
Fig. 5. Tha system of marking v described s tha rest.

demanded on this job, which iz typical of
all other work, we reproduce detwils of
the marking sheet as follows and this
should be read in conjunction with the
drawing Fig. 5. The error allowed on
the drawing dimensions mentioned is -
005" for dimenstons and +.003° for fies,

Tt Class
Circular H Block Standard Time 35 hours
Maximum Marks 100

A Dimensions Deduct | mars for every
5/1000" errar,

Drawing
Dimensions

I.. Length of male. |.875"
2. Length of female (2 in no.}) 1.4375°

). Difference between side:
af slots and circumference
of female blocks (2 places! 1.00°

4, Thickness of the twa arms
of male (2 places) .. e 100"
5, Thickness of reduced part 500"
6. Length of 2 arms (2 places) 500"
7. End of slot to end of blacks
(females) (2 places) S0
B Fits Try feelers berween male and
female blocks on each side and betwean
butts of blacks—cotal 29 places, Add
total feelers that will enter }° and
deduct | mark for every 3/1000°
clearance,
C Reverse Deduct up to 5 marks for
reversibilivy.
D Angles Deduct up to 5 marks fer
truth of angles and alignment.
E Finish Deduer up to 10 marks far
finish of filed surfaces, corners, general
finish by sighting.

e

L T

EROGRESSIVE  TEST  god

H {ﬁj 1 i WP

(1)

Seain-Paidan

A ) BE

{1

Fig. §—A drawing af the circular H biock, the practics
joh which i being marked up by the imtrucsar

in Fig. 50

Fig: BT (Laly =8 vimw i the Test and Pracoice Job Harking Ronm,
where Certain praciice ond sl eest snal Adoalraliy pakuing wut
jmtet are mmarkeid
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Fig. Fl=The large biock, wtrap, gk and eotver, ene of fewr Admiraty passing ot el jobs for Fitters and Turnar,
Tha small replica was o formsr pasbng sut |sh far Blecirical Artifloars.

Final Percentage
(a) lobs completed in a time in excess
of standard time:—
Parcentage obrained minus
Excess Tlmi > 100
Standard Time 1
(b} Jobs completed in standard time
ar underi—
Mo penalty.

The final or passing cut test s an Admiral-
ty set test job together with an Admiraley
Part || examination In technical subjects
ard it is the result of these, combined with
the result of the Admiralty Part | school
examination held at the end of D Class,
which decides an apprentice’s final position
as a competent craftsman, Four test jobs
are standardised for each of the two branches
i.e. E.R.A. (Fitters and Turners) and EA.
Apprentices {we deal with those for the
“asyrside trades'’ later) and every half-
year the Admiralty select ene E.R.A. and
one E.A, job as the test jobs to be sec.

- e - g

ER.A. (Fitters and Turners) Admiralty
Passing out Test Jobs

In the illustration Fig. 53 we feature—

The Block, Strap, Gib and Cotter
—in ies assembled and exploded states
together with the rough material and
forgings (supplied) from which each part
it made. (The small replica was a farmer
passing out job for E.A.s)

In the making of this, and the other three
test jobs, milling and slotting machines are
rot allowed and slotting must not be done

in the lathe; chasers, taps, stocks and dies
are also forbldden. The internal faces of
the strap and the two fitting faces of the
block must be hand worked and the one
a push fit in the other, excess metal else-
where can be removed by machining, The
screwed spindles (square and YWhivworth
threads), must be In slignment with the
rest of the [ob and the machined finish
nuts have te be fingar tight.

When marking the job great importance
is attached to the fitting of the block in
the strap, the fit of the gib and cotter in
the block and strap, the fit and excellence
of the threads and to the accuracy of all
dimensions. When turned surfaces are
finished with a file ar emery cloth they
are penalised.

In addition ta fits and finkkhes. thers ara
50 dimensions to be marked and to show
the accuracy demanded we give a very
brief selection:—

Dirawilsgy  Error sllowed

O mpaekns wlihaul peialiy

Length of block L O&1" 008"
Widthof block ... 1.7% .oo1”
Depth of block 1.75° oo2*
DifHerance In dimen-
sions ag each end of
block {1} ... ; o2
(2} ... - 002"

Length of slot in block |.75° 05"
Alignment of screwed
spindle with block

{1} 004"
1) 004"
Dimensions acrass

flats of nuts 2.375" oo

The standard working time & 75 hours;
ne allowance is made for completing in a
shorter time, but marks sre deducted if
exceeded,

The Claw Coupling

—Is featured in Fig. 54 and here again the
accuracy of all dimensions is Important; in
additlon the sleeve had o be a push fit
in the half coupling (002" clearance allowed
and 5 marks deducted for every additional
0017}, the keys must be a push fit In sleeve
and coupling (.002° average clearance
allowed and 3 marks deducted for each
additional 001" average). the spindle has
to be a sliding fit in the square half coupling.
and all couplings must be capable of being
ratated 5o as to engage in all three posiclons
when the square thread nut 5 dghe
{The nuts have to be warkable by hand.)

Important points noted in marking are
the fic of the coupling halves at butts and
faces, the fic of the square and bearing
parts of the spindle, the fit of sleeve and
keys and the general reversibility of parts
except koys and keyways,

The general method of abtaining dedue-
tions is given in the Enlll:wing mﬁmp[ﬂ:—
For a dimension of |{" the allowance is
003" and one mark is deducted for each
subsequent error of that amount, so that
an error of ,011% will be penalised by 3
marks. Fallure ta abrain 40 per cent. In
any seccion (and there are elght marking
sections for the claw coupling) may mean
total failure.

The standard time for the job is 90 hours,

-_—_ﬁ_‘—bjb—

The Gudgeon End

—Fig. 35 is the third of the E.R.A, (Fitters
and Turners) Admiralty passing out best
jabs to be featured. Like the athers in
this series it is a combined machining and
fiteing job, i.e. lathe, shaper and bench.
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Fig. S4—Tha claw coupling, which Is the sseand Fitters and Turners Admiralty passlng out tevt job we iHuse
trater all these jabi are shown in their reugh, machined, and asssmbled wtates, tha fargings in sach

When completed the brasses and liners
mist te a push fit in the block (9 marks
deducted for every additional .001° abave
AK2° average clearance allowed), the pin
aworking fit In the bushes and the assembled
pin to be froe to revolve when in position.

bnstamca belmg supplied.

I common with all the test jobs, marks
are deducted for any new part required
to be supplied 25 5 result of carelessness
or bad judgment. For the gudgean end
this means a penalty of 16 marks for a new
block, & each for brasses, 8 each for pins,
& for liner and 10 for nut.

Far the marking of the job. impartanes
iz attached to the fitting of the brasses and
bearing pin, the correct position of the
pin and brasses in the gudgeon, and the
fit and excellence of the threads.

The standard time for the test is B5 hours,

Fig. 55—Ths third sxampls of Adrmiralty passing out test jobs for Bltcers and Turners hars featuras the g pran
end,  On all lowr testa, milling ard alateing machines are not allowsd and sletting munt not be dana
In the lsthe; chasers, taps, stocks and dies are abis farkidden.
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Fig. Se=This lncomntive snd (e the et of the Admiralty passing out cest jsbss for Figtars snd Twraees ]
far all gmamples machining iv done and certain excess matal Femoved an the lathe and
shaper only, other parts have to be hand woried. penalised.

The Locomative End

—illwtrated in Fig. 54 is the last of the
E.R.A. (Fitters and Twrners) Admiralty
passirg out test jobs,  Any machine except
& slatter or miller may be uied far all parts
except the inside of the strap, which must
be hand worked throughout, As an excep-
tien ta the general rule, the §° Whitworth
threal en the cotter can be cut with dies,
and taps can be used for the corresponding
nuts, but a deduction up to 5 marks s
made for a slack nur,

Brasses and blocks have to be a push fic
n the strap, an average clearance (arrived
at fram a total taken at 16 places) of 0027
being allowed, & marks being deducted far
overy additional (0017 clearance. The pin

Fig: BE_This dashpas machanismn b ane of the fnsr Bdembraiey passlag our teet jobs for Blacericsl {totalling 31), the finish of threads, the

ENGIMEERING IN THE ROYAL MAVY |

must also be a working fit in the brasses, |
and reversible, the total clearance being
taken at B places and subject to che same
allowance and deduction as for the brasses
and blocks.

When marking, great importante @
attached to the fitting of the brasser and
blacks in the strap. the fit of the gib and
cotter in both block and strap. the fit and
excellence of the threads and che flt and
pasition of the pin.

The standard time for the job is 35 hours,

il

E.A. Apprentices Admiralty Passing
Out Test Jobs

Cur story now deals with the lour test
jebs far the Electrical Artificer Apprentices,
the general rules for which lay down that
only a lathe and a drilling machine may be
used but chasers are permitted, slotting
and shaping operations can also be done
in the lathe. Turned surfaces which have
been finished with a file or emery cloth are

1 rl
|I s e T Ry M
o :r't-: ] :I:__
i s =y
g i L §
<} M. i I i I i
| eie=y R B A R T
iy —
= H il it | .!
Ty Bl i H Fli mhea: 1
: 4
- 1
= o

® OO0

Fig. §l=—# detailed drawing of thes Dashpot Fechanism,

The Dashpot Mechanism s the first
to be illustraved (Fig. 58}, the matersals
used being brass, mild steel, cast iron and
spring steel. The principal fits required
are as follows (see drawing Fig. 57)—

Spindle (| }—to be a lap fic In bush {2)—

clearance allowed 0002°, B marks |
deducted for each additional 000",
—ta be a sliding fit in handwheel (3
—to be a taper fit in the guide hiack (4) |
—up ta 5 marks deducted for badly
ficting taper. I

Guide Block (4}—to be a sliding fit in

the female bedy (5) and reversibie.

Bush (2)—to be a push fit in the male |

body (&), '

Plunger and Mut (7F}—to be a sliding

fir in the female body (51

In marking the job, great impartance is
attached to the fits as detailed above, all
dimensions given to four places of declmaly

|

i

Aortificars. For all thows jobs chasers are pormitted, bat only a lathe or deliling machine i
may be wssd aithough shaping and siotting can be dene in the lathe sharpness of all square corners and the

safTa2
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Fig. ¥—Dwawing of Gas Valve.

finish of lapped surfaces. The small spring
(8) by the way, which is made in the lathe,
has 12 coils, is 0937 diametar and § * leng,
030" error in length being allowed and
005° on diameter.
The standard time far the job is 120 hours.
The Gas Valve iz featured in Fig. 60 and
for this the materials comprise cast brass,
high tensile brass, mild steel and spring
steel the fics required on the varlous parts
being as follows (see drawing Fig. 59).
Sleeve (| p—push fit In valve box (1) and
valve box cover (3}—maximum deduc-
tlons 10 marks each,
Adjusting Plunger (4)—lap fit in valve
box cover (3)—maximum deductions
10 marks.

—sliding and reversible fit in sleeve
{I}—maximum deductions 20 marks.

) (@) (6)
€)

( ,,”

Fig. #i—The Meciprocating Ol Fump.

Fig. 42 (Might ' —Thix reciprocating oil pump & the

third of the Admilraley passing owt test jobs for
Elsctrical Artificars to be (Hustrated; great
impartance s attached to fits, all dimensions
mhich wre gleen to foee places of declieals, fnisk
of thrasds and lapped swriaces,

19
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Fig. 80—Here we faature tha gas valve as the second of 1he Electricsl Artificess Bulrmiraley passing

wut teat jobs, Pesh, sliding, lapped and tapered s are colled Tor and certain ity hava
te be reversible.

Shuttle (5)—push fit in valva box (2)—
maximum deductions 5 merks,

Bye-Pass (6)—tapared fit in valve box
{2}—maximum deductions 5 marks.

Keys (7}—sliding fit, and reversible, in
valve box cover (3} and sleeve (I)}—
maximum deductions 20 marks.

All screws have to be 3 hand fit in their
threads and reamers are allowed for the
tapered hales; the small B.A. threaded
holes are tapped. The paints ofimportance
in marking are the same as far the dashpot
machanism. The standard time allowed
Is BO hours,

The Reciprocating Qil Pump is shawn
in Fig. 62, the various composents being
marde  from  ease  iren.  bram, copper,
steel and spring steel.

Referring ta the

drawing Fig. 61 the various fits required
are a5 follows:—

The pump plunger (1) and the cam (2) to
be sliding fits in the guide bush (3) and
fit all ways,

The spindle (4) to be a taper fic In coup-
ling (5).

The key (6) ta bea push fit into the spindle
{4) and when assembled together to
be a push fir Into the cam (1) and
reversible,

The pump plunger (I} ta be a lp fic in
the pump barrel (7).

The spindle (4) to be a working fit in the
spindle bush (B) and the cam bearing
body (%).

The guide (10) to be a push fit in the
pump barrel (7).

When completed, the julb s not accepred

untll assembled in the position as Indicated
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of gunmetal, high tensile brass, cast lron,
mild steel and spring steel companents.

This test job when completed must be
assambled in the position shown in the
drawing Fig. &5, that is with the axls of the
inlet and discharge orifices (7) at right
angies to the axiz of the driving spindle,
the governor valve chest |5 also to be at the
right hand side when lesking an the driving
end of che spindle.  The various fits required
are o frlboosws—

The gowernar body (1) has to be a
sliding fit in the bedplate (I} and fit
all ways,

The wappet (3) te be a working fic in the
governar body (2).

The driving spindle (4) to be a sliding fit
in the operating cam (5} and fit all ways,

The piston (&) to be a lap fit in the
cylinder (7).

The lever bearing screws (B) to bea wark:

ing fit in the bell-crank lever (%) and
pawl (10} of the trip assembly.

Fig #1—Tha faurth Admiralty passing our west Jab for Electrieal Artificers is chis trip governar The dr‘lv‘lng splndin H" to be a 'ﬂ'ﬂ-rklﬂl

wmrvo vabes.  This [lustration aaly shows the sxpledsd parts, the sisambled tompsnant fit in the spindie bushes (11 and 12
baing fasturad second feorm the bl b Fig. S

in the drawing, that is, the wop and bottom
faces of the guide bush (3} are to be screwed
hard home by hand In the pump barrel (7)
and the cam bearing body (%), when the
dimensian of }° shown berween adjacent
faces of (7) and (%) should be obtained.
Two sides of the square in the guide bush
(3} are to ba paraliel to the axis of the dis-
charge orifice in the pump barrel (7}, the
axls of the cam spindle is likewise to be
pqr:llnl to it and the l:n:upllnl is to be on
the same side as the discharge orifice,

The standard time for the job is 105 hours,

The last of the Electrical Artificers
Admiralty passing out test jobs is—

The Trip Governor Serve WYalve

featured In FIES‘ 63 and &4 which |s made up Fig. =~ group of the four Admiralty passing cut test jobs far Eleccrical Artificars,

taken particslarly to show the trip governor servo valve (secand
fram left) soen axploded in Fig. &3,

an = "@} One spindle bush (1) to be a push fie
(5} R e —_ inte the governaor body plug (13) and
i MBI R Wl f the ather bush (12) a similar fit inte
"3 B! SRR b, the governar bady (2).
L‘,_.."'r_ o g 5 =~ 4 The standard time fer this test job is
¥ o T ik 5 ||--I 3 \___) 100 hours,
S~ R RE

—~ Ve 5
(2) GI— I )

= Ll ) ——
T - mj The “‘Outside Trades''—
./ L1 el B.M., ES. and CS.

-~ E \ - Earlier in this saction we mentioned that

4 -\]'-;' in addition to Ficters and Turners, Engine

Room Artificer Apprentices cover the
three other trades of Boilermaker, Engine-
smith and Coppersmith. As we have

I already dealt very fully with the practical
Fig bi—Datails &f tha Trip Gavernor Serva Yalve. !rliﬂtﬁl of Fitters and Turners, both E.RLA.

O
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Fig. Gb—Seandird half yearly test joba for Bollermaken, Enginasmiths and Coppersmitha.
(The letcered refarances are given b the text below).

and E.A. branches, we now propose to  The Distribution of Practical Work € Class (| to |} year period)
touch, only very Ill1ghl:l;-'.. the werk of for the “'Outside Trades" Boiler Shap .. 33 i £
the “outside trades’” apprentices, —is a5 follows:— Enginesmithing o 23 _
' Broadly speaking the Bollermakers under- A and B Classes (0 ta 12 months) Cappersmithing = 2 16
> g2 1 course of rolling and bending plates, B.M, ES. C.5. Foundry ... P = 7
i il b d I I wi ;
4 rf\'lﬂﬂlt- ﬁ:ltl;"s bl rr! r.u[ iJ!: ai:: an: G'I:‘I'I.F.: ; weeks  weeks  weeks A general viow of Coppersmiths at work
course in all forms of electr ¥ itters bench ... 17 17 17 on test Jobs and repair work for thips ks
'; acetylens welding, whilst the Enginesmicth’s  Boiler Shop .. 21 — e given in Fig. 67 an example of ship's :;rk
course covers forging, spring making.  Enginesmithing = 2 - being the evaporator coil on the foremest
tol making and welding. The Copper-  Coppersmithing — — - 2l forge, this coil being featured again in the
smiths are trained in pipe bending, fitting  Drilling machine ' ! ! Oxy-acetylene Welding Shop in Fig, 71,

and Brazing and spend a shart time in pattern
making, moulding and foundry work: they
also de a considerable amount of electric

and gas welding.
! Tha types of work undertaken by these
apprencices I3 first exampled in Fig, &6

whith shows the standard term (half
yearly) test jobs, Indicated by the lettered
ltems, as Tollows =,

Enginesmiths: A (Class B) Wheel span-
ners: B (Class C) Eccentric rod; C
(Class B) Tongs with welded shank;
D (Clazs D) High tensile brass farging;
G (Class E} VWelded 4-way piece.

Coppersmiths: E (Class B) Copper pipe
reduced and tapered, with flanges and
branches: F (Class C) steel feed pipe,
for water or steam, bent to tEﬂ'IF|itE'.
G (Class E) Welded #-way piece.

Boilermaker: H (Class B) Water tight
bucket, rivered and rimmed; | (Class

k C) Square to round, formed from one
’ flat plate; )] {Class D) Jloggle patch.
b I This is ficted over fracture atc bute
strap on boller drum and after water
prassure testing is removed for oxam-

ination of rivers a..ﬂ-d its fit; G (Class E) Fig. 87— A general vlow of Coppersmiths on (et jobs and repsir work for shipe. On the ferems
Welded 4-w ay plece. forge will be yeen the svaporstor coil festered in the Ouy-acetylons Welding Shap in Fig, 71,

L I - =
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The nearer view Fig. 68 shows on the front
forge, the C Class test job (see F. Fig 66)
whilat tlie spprencice ar the anvil ia finishing
ona of his Admiralty passing out test jobs
(see C Fig. 7). On the rear table a B
Class vest job is being bullt up as E Fig. &6,

D Class (1} to 2 year period)

B.M ES. C.5.
weeks weeks weeks
Boller Shop ... Iz 4 4
Er:gi|"'|i';1i.|'r||ﬂ'|||'||.l'I i 12 4
Coppersmiching 4 4 ]
Revision 0 1 1 2
E Class (1 to 2} year period)
Welding 18 8 18
Boller Shop ... 2 — —
Enginesmithing — F] —
Capparsmithing — - 1
Erection and lin-
Ing up af mar-
ine machinery ] 3 3

Fig. &¥—Ballermaker appremtices reinfercing
the worn bore of a worm whesl for the
meariag gear of a destroyer by
prp-acsiylens wolding.

ENGIMEERING IM THE ROYAL MNANY

Fig. b=Capperamiths at work. O the front ferge is the © Clas oesn o (s F, Fig. #)
whilst the apprentice at the anvll b fnishing one of his Admiraly pessing oue

tent jobay {sew €, Fij. TFL
belmg

As will be seen fram the above all the
E.R.A, "outside trades’ spend I8 weehs in
the VWelding Shap (l.e. ¥ weeks on oxy-
acetylene and 9 on electric arc) and the
illustration Fig. 71 shaws work proceeding
in the Ouy-acetylene Shop, On the fore-
mast bench is the evaporator coll previously
depicted In Fig. &7, whilst on the second
bench, seaming straight runs is being
practised. Production werk is being done
on the end bench by reinforcing the bore
af 3 warm wheel for the steering gear of a
destroyer, Ms a result of wear, the bore
was §° oversize, so it was bored out a
further §* In diameter and is now baing
built up to machine to 3.47° diameter. A
better view of the operation is given in
Fig. 9.

In one of the ten electric arc welding
booths {Fig. 70) an H Clam Enginesmith
,ﬁ.ppr\cnn:zusar.wnrhDnnhealthnﬁ-drﬂirﬂl‘-}'
passing out test jabs. Here he is building

Om the resr tabis 5 B Cass eevt |ob b

bullt up as E, Fig. &

Flg. Ti—An Engnmmith (M Clos| st work
on ons of the Admirslty pessing out
rmet fube,

up & |4" diameter mild steel shalt ta 24"
diameter. after which it must clean up by
machining ta 2}" dismeter and be screwcut
with a vee thread (see J, Fig. 78).

F Class (2! to 3 yoar perlod)

B.M. ES 5.
weeks  wooks  weeks
Lazhes and other
machines ... E| 3 3
Bailer Shop ... | - —
Enginesmithing - 9 —
Pattern rmaking — — |
Foundry — - 4
Coppersmithin — 5
Fitting bench .. 3 3 2
Electrical (Factocry) 1 1
I.C. Engines
{petrol) - L1 5 §

Fig. Tl [Laftl—Hars Boslermaler apprantices are al
wark in the Oepacetylens $hop,
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Flg. T1—F Clasa @} 16 1 yaar parlsd) Bellarmakers outtlag

aut |" plote Toar production wark

The photographs we toock to illustrate
the abeve work are as follows:—

Fig. 72. Boilermakers cutting'out [” plate
for production werk.

Fig. 3. Boilermakers rolling a 217 diam-
eter by 2° 6 long steel cylinder from {°
plate for production work on a battleship
These bending rolls take up ta 6 ft. lang:
a larger machine, taking up o B fr.. was
used by the apprentices for making the
81t by 2° 10" diameter boller drum, from
L° plaee, used for patching practice,

Fig. 74 shows Coppersmith Apprentices
in the Foundry pouring gunmetal into a
meild shey have made for a quill for piston
rings.

a3
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Fig. Pi—Bailarmshars (F Clava) rolling a 317 dinmetor by 1' 87 long seel cplinder from

1" plate lar produitian work on & Bartleshis

Fig T& (dhwes =Coppnecemith

Apprenticey [F Clase, ) to 3

year perled) spond 4 weske in

the Poumdry. Hore we ass

them powring gunmetal lnta

a mauld for & quill for pittos
rings

Fig: TR (Ll =Ballsrmaes
appremtices (G Claam, 3 to 3)
yuir perlod) mbing up a new
beilar which will e used for
east work | passing out.

G Class (3 to 3§ year period)
B.M, E.5. C.5,
woais  werks  woeks
Boiller 5hop ... il - =

Enginesmithing - I -
Cappersmithing - — I

“*Afloat"" o 4 4 el
I.C. Engines
{dieseal} 5 5 5

Erection and lin-

ing up of mar-

ine machinery 3 3 3

The lllustratien Fig. 75 shows G Class
Boilermaker Apprentics twbing up a now
baller which will be usd for their passing
put test work, part o which congists af
putting in six complete tubes, water testing
them and then removing by cutting eut
(sex E, Fig. 7&).
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H Class (1} to 4 year period)

B.M. E.5. C.5
weeks weaks wooks
Boller Shap ... L] — —
Enginesmithing — 13 —
Coppersmithing == — 8
Foundry i —_— — 2
LC.E. (revision) I | I
“Afloar"" . 2 1 2
Schoo| Revision
and Exam. 1 2 2
Admiralty test
ot L. . 4 4 1
Disciplinary
COLFSE i 3 3 k}

In the illustration Fig. T? wie ged H Class
Enginesmiths using a 5 cwt power hammer
an the first stages of forging the connecting
rod {see L Fig. 78) which is one of their
passing out teat jobs. An spprentice in
C Class controls the hammer,

The B.M., ES. and C.5. Admiralty
Passing Out Test Jobs

The Admiralty passing out test jobs, for
the three "'sutside trades’’ are as follows:

Boilermakers. The illustracion Fig. 76
features examples of the various jobs, de-
tails of which are enumerated below.

|. Makeand rivet a jeggle patch (A) on
a boller drum. Afeer drilling, the pateh
is examinec and then bolted vo drum and
the clearance checked, fellowing which, It
is riveted, caulked and water pressure
tested to 200 Ibs. per sq. in. and then the
rlvets are cut out for examinaclon. Eaeh
candidate Is allowed the assistance of two
mates (E.RA. apprentices) who work in
the capacity of skilled labourers. The
standard time allowed ks |1} hours,

1. Makea double funnel ring and hinges
(B} to drawing supplied. The matzrial is
cut from | " alate and the two pins are forged.
Time allowsd—I5 hours,

EMGIMEERIMNG IM THE ROYAL MNAVY

Flg. Th=<Boilgrmahers Admiralty passing out test jobii—

&, Joggle paich for a boller drum. B, Double Panngl ring snd hinges,

Flce 0O, Stmwe trunk (b0 pads warer e,
" Are 8,

welded e pite

3. Make an alr trunk (€} with branch
plpe, to drawing. Me paper to be used In
joints and job to be oxy-acetylene and arc
welded where indicated. This @5 water

tested when completed. Time allowed—
30 hours.

Ja. Alternatively, make a stove trunk
(D} te drawing. Mo jointing material of
any kind te be used and |ob is water tested
on completion. Time allowed—216 hours.

4, Make a double welded (oxy-acerylene
and arc) “‘Sulzer'’ joint (G) out of " mild
steel plate using a jig and fuller. Twa
screwed water connections to be positioned
in drilled holes In corrugated sleeve and
weldad joints are tested vo 650 |b, per
§q. in. Time allawed—20 hours.

C, Air crenk with brards
E, Boiler tubes afier fullng tul Mom iiss

—Debile welded {oxyaoeipless and mefalle are] Sefied’ (ol

5 Roll and bellsmouth one row (11
generator and 2 fre row) of boller tubes |
into Admiralty pattern boiler drum and
watar pressure test to 300 Ibs, per sq. in.
After test, tubes to be cut out (as “'E")
and removed by splicting Internally, clesing
imand driving out, Time allowad—b6 hours.

S5a. Alvernatively roll and bBafl-meuth |
4 generator tubes ind 2 fire row tubes into

steam and water druoms of Admiralty
pattern boiler, Work invalved Is similar
to (5}

6. Arcweld acest plece (F)using bevelled |
edged pieces of plte. Afeer welding, the
test plece to be ground to dimensions on
drawing supplied and weld surfaces cleaned
by filing: the job I3 then subjected to 1
tensile or bending test. Time alfowed—
2 hours.

Enginesmiths, The passing out test
]c.h:. for this trade, as illustrated in Fig. T8
are as follows: — )

| Farge distillbr pump crosshend  (E)
to drawing supplied. Forging to  bel
one piece from 47 square steel and power |
hammer used. Finished |ob to be such
that it is necessary to remove §° of metal 5
frem the entire surfice ta produce M
drawing dimensions, Time allowed—I4
hbl;rﬂ.

la. Aleernativey. forge connecting rod |
(L} for reciprocating engine; procedurs 5
25 (1) and dme the same, (See Fg. T7).

Fig: TF [Lefti—Enginamiths (H Class) an & § o
power harmmmr, ir the Brat stages of forging & °
ronnecting rod fram 3)° sgusre soeel, This
wone of their Admialty passing out test jobs sed
In depleved we L In Fig, ™, &n apprencice in
€ Claw controdi the hammar.

i..,_



E. Farped dispillar pumep erosshand;
pered cald chisehi; H. Arc welded tass ploss:
waging shak and 53 machinsd coumterpart;
mnneming red for reciprecming engine

L Forge brass handrail stanchion (D)

(1 to drawling suppled. Here again the pro-
bes cedure is a3 (). Time allowed—5 hours.
und a0, Alternatively forge brass hydrant
_!?‘* C* spanner (K) from |}° diameter high
£ tensile bruss to drawing supplied. The job
ing: s to be in one piece and no allowance is

irs. made for machining. Time allowed—5§

ith  haurs.

e 3, Forged welds {A), using two pleces
ley of |* diameter and two pieces of 14" diam-
lar eeer steel bar to length of 1B® berween

‘mirks. The marks must be made to
od ‘eolncide with o trammel supplied, by
he lengthening or shortening, as necessary.
o Time allowed—2 houras.
ed 4, Make a steel spring (F) to drawing

a nﬂlhd. The spring is tested by sus-
= ing fram it a 50 Ib. weight on a 3ft.

Mlong wire and then dropping a 2 Ib, weight
it ~on to the 50 Ib. weight from a height of
78 3 ft. ko’ produce a shock whilst the spring

Is in tension. The large weight is then
E) “pscillated up and down and then removed,
S ~and the spring should return to its original
r 20 marks dre deducted for every
h |" difference In length, before and after
nl - test, over an allewance of §°.
a2 5. Make the following ser of tools to
4 ‘drawling supplied and temper same—cross
' eut and flac chisels (G): right hand side
d - cutting tool, roughing and boring tools (B).
e “and §* clearing tool to drill 37 deep {l).

- Time allowed—2 hours. The tools are to
be finlshed by fitters and tested for temper
;-1_[. considered necessary by the Enginear
4 r.

6. Weld by oxy-acetylene process, a
stanchlon piece (C) with base plate and
lug, to drawing supplied. The steel parts

R

Fig. TB<Enginsimivhs Admiralty passing ot test jabe—
&, Farged welds (anck place b msde fram pwos Ength hand ferged iegathar)
E, Owy-ameivlana waldsd pranesion jlece with buss place and lug) D. Forged bres handvall stasehian
F, el wprimg made Lo &rawbng:
, 1° casring vl 1o drill 3° deap; J, Arc eeslded
¥, Forped braam Bydran

B, Thres lathe toahi;
G, Hind forged snd tam-

LY Spanner; L, Forped

are supplied in the required sizes but the
edges to be welded are to be prepared to
drawing, by the candidate. Time allowed
—5} hours,

7. BRelnforce by meeallic arc welding, an
engine shaft to dimensions on drawing.
After welding, shaft will be machined [not
by waldar) for Inspection of walding.
Built up and machined pieces are shown at
{J, {&EE alio Fi', Tﬂ}, Time allowed—
5 howrs.

ARTIFICERS
B.M,, E.5 and C.5, Pm:.f.ug wd Test j.:.'b.f

TRAINING

B. Arcweld a test piece {H) a5 described
under item (&) of Boillormakers tese jabs,

Coppersmiths. The passing out tesc
|obs for Coppersmiths, as [llustrated in
Fig. 79, are as follows:—

I. Make a socketed gipe (C) with saddie
throat branch and inlet pipe branch, Twe
circular plpes are made up from copper
sheet and joined wich 1 iocket, The saddie
throat branch is made from copper sheet
and fitted, leaving the crown in the branch,
Fit inlet pipe branch and three drilled
flanges, all seams and flinges being brazed
with spelter. The seami of the two circular
pipes are to be on the cpposite side 1o the
axial centre line of saddle and branch, The
completed Job |8 water pressure tested to
100 Ibs. par sq. in. Time allowed 50
hours. (See also Fg. 68).

la. Alternatively, make solid drawn
copper pipa (D) with wuddle branch, two
bosses and pig's ear. Of the two bosses,
one must be brazed internally and the other
externally and two dran pipes must con-
nect bosses to plg's ear which s to be made
frem sheet copper. Three drilled flanges
to be fitted and the complets Job water
pressure tested to 300 lbs. per sq. inch,
Time allowed—30 hours.

2. Mould and case |* bore valve box
(F) from pattern and esre supplied. The
motal for this box |5 to be mixed and
malted by candidate and finished casting
is water pressure tested to 650 Ibs, per
5q. Inch. Time allowec—5§ hours,

3. Re-metal a small pair of brases (E)
about 4" diameter, after running out old
matal. Time allowed -1] hours,

4. Bond and fMange a 41" external
diameter lap weided =ecl water cooled
exhaust pipe (A) to drawing from material

Fig. T*—Cappersmiths Admiralty passing out tet jobsi—
A, Stanl water aooled exhusst plpe; 8, Stanl water coalad tee phece; . Copper sackoed gipe wi
wadd e ibrgmt branch &nd inlet plpe braech | D, Salld drawn coppar pipe with saddis branck, vwo
hoaes, and pipy esr) E, Ae.meanlling small pair of brassi; F, Mould and can 1% bom vabvs Box;
G, Arg welded tear piace.
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Fig. B0=In the Marine Enginssring Demomtration Reem whers the technical aspects of recipro-

antimg moachinary, bollars

irsipes amd moaring sailiaries are fEudrhi

The senlor

apprentices are being shawn the functivm of & boller fesd regulatar,

supplied. All drilled flanges to be welded;
the jacket to be made in halves with seams
along centra ling of inside and outside of
bend, seams af jacket to be oxy-acerylene
walded and joint of jacket to flange. arc
welded, The pipe before jacketing Is
tosted to 300 lb. per sq. In. and the jacket
tested to 50 Ibs. per 3g. inch, Time
allowed—52 hours.

d3. Alternatively, make a water cooled
T piece {B) from 44" external diameter
lap welded pipe o drawing from material
supplied. Three drilled flanges to be
welded ta pipa and all seams welded, The
pressure tests arc the same as for (4).
Time allowed—&0 hours.

5. Arcweld a test piece (G) as cescribed
undar item (8) of Bollermakers test jobs.

Rosyth Apprentices Aid the War Effort

This brings us to the end of our story of
the practical training instruction fer E.R.A.
and E.A. apprentices at the Resyth Estab-
lishment and at this point we could not
add a better testimonial as to thelr ability
and quality of work than to state that for
the first three years of this war they made
good over 4,000 defects for the Rosyth
escort vessals, from skimming a valve o
a ({.mplctz refit af al_u:qH:tr:.- machinery.

SCHOOL ANMD TECHNICAL
INSTRUCTION

Whilst the major part of the apprentices’
time it spent on trade training, a prapartion
5 devoted to school and technical Instruc-
tian., This Is divided into two sections,
the school subjects, mainly maths., mechan-
jts, heat and electricity, being taken in tha
first two years of training, The technical
subjects are taken In the final two years

and include marine engineering, engineer-
ing drawing and more advanced mechanics
and electricity, vogether with a course on
waorkshop practice.

For this side of training at Rosyth, » well
equipped instructional block Is provided
compriging some 17 classrooms, demon-
stration rooms and three drawing offices;
this building also contins an information
room complete with photographs, jourmals
amed pamphlnn nf topical interest In
this connection it Is intoresting te note
that all apprentices devote one hour each
week to current affairs and adult education.

Junior Apprentices attend school lor

about seven hours per week where they
recelve Instructlon from a saff of qualified
schoolmasters, Part of this [nstruction
iz given in working hours, Local examing-
tions are set for A. B, and C. Classes. and
all junior apprentices sre reguired to pass
an Admiraity Examinztion In 3chogl sub-
Jects In D, Class before commencing
technical instruction as senlar apprentices.
Most of the senior insiructlon s given in
evening periods of twe hours 3 week per
subject; one of these two hour perieds 18
devoted toi—

Mechanical Drawing, which briefly,
cavers the following far all apprantices ' —

E Class: simple geometric constructions,
Watt parallel motion, orthographlc pro-
jection, simple drawings, intersections,
developments and projections. Length af
course—|B weeks,

F Class: involutes, oicloids and helices,
ecc., pear teeth, cams, drawing office prac
tice, conventional representation of screw
thraada, nuea, belts, beys, heyways, e
Length of course—I7 weeks,

G Class: correct methads of sectioning
machinery dealls, constroection of addi-
tional views, etc., free hand sketching of
machine parts and production of full
working drawings from sketches, lsometric
projection as applied to pictorial freehand
skketching, production of freehand pletorial
sketches on isomotric principle from simple
machine components, making pictorial
sketches from  orthographic  blueprints
L::ngth of course—IB weeks.

H Class: sketching of details of a small
assembly. followed by asombly drawings
sectioned as necessary. Length of courss
—1 4 weaks.

Fig. Bl—H Class Electrical Artificsr apprentioe im & clasirgorm, bearning the fusctlons of an eil fesl
pump motor, starter and sutomatic contrall,

| —
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TheMarine Engineering Syllabus

—i5 for the E.R.A.s anly and is also mhken
during two hourly evening periods per
woek for npprentices when in their E,
F1 Gand H Classes, the Ienglh of each term's
course being approximately 16 weeks., The
wibject marter is too lengthy to detall in
this article, but it ks sufficient to say that ic
covers all the technical aspects of running,
maintenance and repair of reciprocating
machinary, bollers, turbines, and marine
auxiliaries, the latter including evapora-
tors, refrigarators, alr compressors. vari-
able speed gears, catapults. and intermal
combustion engines.

A wiew In the Marine Engineering
Demonstration Room &5 given in Fig. 80
and here we fee apprentices receiving
instruction in the operation of the Yvair
“Robot'' Boller Feed Regulator by mesns
of o sectioned regulator and the adjacent
dizgram.

The Electrical Practice Syllabus

~for the E.A. apprentices In their E, F, G
and H Classes is also taken In evening
ptrln-d: of two hours each, with sach term's
course lasting approximately 16 waoks.
The very datailed subject matter is breadly
clissed under the headings of magnetism,
plectro-magnetism, current electricity, In-
struments and electrical machines,

In addition te the evening work, all
E.R.A. and E.A. apprentices receive practical
and tochnlcal day time instruction In the
Factary. in their F and G Class terms (see
digtribution of practical werk for these
clisies gliven earlier). The assoclated lec-
ture rooms in the Factory contain sectional
models and instruccional data and in Fig.
Bl we see a class of senior E.A. apprentices
learning che iayout and functions of an
oll fuel pump motor, starter and automatic
contraller. it Is interesting to note that
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TRAINING

Sehoo! wnd Technimal Instruchion

Fig. 12==An Electrical Artificer appremtics in the clasroem puts the finishing
touches (m RBiz notebook to an excelient diagram, bn colawr of
a 1 ton winth motar apd controller

the Chiel Electrical Artificer taking the
lecture has over 30 years continuous ser-
vice In the Mavy and was in the Caollingwoed
with the present King in the Battle of
Jutland., He has five sons in the Navy,
one of them being in the class phatographed,
The next illustration, Fig. B2 shows one
of the E.A, apprentices putting the finishing
touches in his notebook to an excellent
diagram, in colour, of a 3 ton winch motor
and contraller,
The Workshop Practice Syllabus
—for all E.R. A, and E A, apprentices covers
instruction periods of one hour per weaek
whilse in A Class, and two hours per week
in E and F Classes, and includes the follaw-
Ing:—

Production of ferrous and mnon-fercods
matals,

Cutting tools and cutting speeds for
varlous materials,

Heat treatment af tool stsels,

The various general types of machine
tools, including punching and shearing

machines.

ﬁzllgpt_ micramerors, &

Flanging, caulking, ferruling, jointing
and packing

Galvanising. tinning, seldering and braz-
Ing.

All the principal processes In turning
and fitting. marking off and erection
of machinery: enginesmithing, copper-
smithing and bellermaking, al3a iren
and brass foundries.

Woarkshop repairs to wory and defective
machinery.

An Instructional Film Hut

=i attached to the Workshops so that
film and *still" demonstrations can be
interwoven with practical caining. Hera,
16 mm, talkle equipment s Inszalled fer
showing internal combustion engine, marine
engineering and workshop practice films,
alse documentary films supplied by the
Admiralty for adulc educatonal purposes,
In addition still projectors are available for
use In lecture work, a typlal “shot'' des-
cribing the action of & geared ¢il pump being
featured In Fig. B83. The il projectors
ara also used in the classrooms; the operat-
ing of the equipment in the Film Hut is
dene by a Wren cinema projectionise,

Fig. 8 [Loftj==ln the Instructienal Film Hut the action of 5 peered
puma by thrown an the sereen by & ol prajactar. Technlcal
Inatruciion ls alded by ihe sxtenilve we of @ 1§ me, Bim
projector snd sowed uni
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Up to this point in our article we have
considered the workmanship and technical
training at some length. &€ is however
part of the scheme that a healthy reipensible
artificer should be trained who will make
a good Chisl Petty Officar, for it muse be
remembered that an  artificer reaches
C.P.Os rate within 18 to 24 months of
leaving his training establishment. Turning
therefore to the apprentices’ other activi-
ties we deal with them broadly under the
heading of—

MESSING, RECREATIOMN AND
PHYSICAL TRAINING

The provision of good feeding facilities
is essential in establishing the bisis of a
sound constitution and the Galley it Rosyth
maintains a high standard in this respect.
The view reproduced in Fig. B4 shews some
of the equipment installed which includes

four steam Jackson bailers, six steam ovens, Flg. B4—5 view in tha HMain Galley shawing stearm cookers in the farsgressd with doemestic
five damestic type gas ovang, X range owens in tha rear.

ovens with het plates, one gas grill, a chree-

S$.—108, 1 [Eatslbshed—3March, 1911, AL R.T,F,, RO3IYTH.
TE=Te | {Hevieed—November, 18971

GEMERAL MESS MENU.

Far weak snding ard Pebrusry, AT
Dy wndd Dt | lipenbfiust | inasr Tem Bujupes
| |
[ Fotate Boup [
| Hanat Poark | Soup
Bundey Bacon & Egg dtuffing, Apple SGauce Precocd
BELh Jan. Bunner Beans |Bakewall Tarta HRrisket &
Foamt Potmto=g & Joan Picklea.
— e |Gueen Pudding &
Fon Boup |
Porrldge Beaf Fiam & Poddings
Mohday, Grilled Carcots |Gnrdinee henna &
goth Jons Beausnges Eoiled Potetoca Chipss
Cremole Pudding
Ecotech.Broth
Bonrcl Leflb
Tuesdny, Corn flokesm | Cabbage Chocolate Cakey Riscclesm &
Hth JaRa Bmokod Hanhed Fotatoes Prag.
Haddock Apple Tart 4
— _ y Costard |
aravy Ei.'ll'.l.'p
boEnt Beof
Wordne aany , Fricd Bread & Cmliflower Lemon Curd Wal eh
dlet Jun. Beans Foiled Potatoes Ciken Rarcblt.
follepe Pudding &
Sauce
- Vepelable Soup
Anpout of Deal
Thuraday, | Bacon & Egg Haricot Beans |
1t Pebs Omeletin Bolled Potatoes Cookles Sausage =R
| Beleon Tart Casgsroli.
I- — = il -
| Whert Flakes | Valotta Boup |
Friday, | Liver & Fonst Lamb |
Zng Fub. | Sauts FototosmCabbage Syrup | Fried Fish
Wamhied Potatoos | & Potmtows
| Nonmouth Pudding & Buuow |
| Bulligotewny Soup
Baturday, ! BruBage & | Etewed Bresk
i Frigliees. Scrasolofl Erdiyrooula) Poan e lommslade _‘-LE‘_\L_

Fig. 08—This reproduction of part of o General Mess Mena shows the varlety of food provided; the
additional items per day, not Hated, include tea, sugar, milk, bread aml butier,

pan gas fish fryer, five steam jackected
coppers, twa long cointer het plates, an
electric mincing and mixing machine and
an electric potato peeler.

B50 persons are victualed from this galley
daily and all sit down to their meals at the
same time. The reproduction In Fig, 8%
aof part of a typical General Mes Menu
shows the varlety of food provided: the
addicional items per day, not lsted, Include
tea, sugar, milk, bread and butter.

The Junlor and enler Apprantices
Dining Halls are situated one on elther side
of the Galley; the view In Fig. 87 5 taken
lecking towards the entrance doors to the
Senior's hall, the six range ovens being on
the left. As the boyr come in they line
up at the hot plite under their respective
Divisien notices, Le. Grenville, Benbow,

Duncan, Howe, Hawks and Keppel. The
Saniar Dining Hall, having a seating capacity
for 360, is featured in Fig. 86 the Wrens
having just completec the laying of the

tables,

The Canteen (Fig. B8] i a favourite
rendezvous for the spprentices off duty
and is administered by M.AAFL The
C.P.O. Canteen Manager, seen behind the
counter, maintains an extremely wide range
of gonde.  M.A AF L slen supplies pare af
the wictuwalling and sperts requirements of
the establishment.

i
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ST S

The Junior Recreation Room (Fig.
ﬂ] provides ample room for leisure actvi-
ties: the tables and periodical stands leok
racher bare in the illustration, but this was
due to the late arrival of papers on the
‘Sunday morning the photograph was taken.
The new entry Rodney Division apprentices,
featured in the early part of our training
story. will be seen |n civillan clothes in the
fareground (R. A. Edmonds being on the
extreme right), Air Apprentices of :he
Keppel Divislon are at the rear.

i Meppsl

Jil‘l.y“i—‘—‘i ’

Fig. B {Abows=—RAnathar view In the Galles loaking towards
the entrance doprw to the Senier Diniag Hall; the bops
lime up nr the hot plags under thelr repective Division
modlces, e Grenville, Benbow, Dumcan, Howe, Hawle

ARTIFICERS TRAINING

Messing, Recreation and Plostea! Training

capacity of 36D, and i» the sams dize ad the Junios
Diming Hall us the cther slde of tha Galley

Fig. B8 [Below}—Ths Canbein cisries autrmmaly
wide rangs of goods Trem cabes and colfles to
lightars, faunials peny, ink, s,

Fig. 89 |Ledg)—~ wlew |n the Junlar Recreasion Foom |
absemes of raadin g et was dus ta Ehe lots arrival
al dally papars. The nes snirp Redney appreatices,
featmred |m the sarly part of thi settion, wibl be
aman in the Toregraund |im cwilien clothes); Alr
Apprentlces of the Keppsl Divsles are at the sear.
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Fig. 0=~ correr of the Reading Raam and Library lor the sse of afl approntios. On the wall ls
the snslgn of HL.MS. Peanclope, szl black with smoke Frans the smoke screan put up
durlng her sxpleit in halping to save 8 Malts convoy.

The Reading Room and Library for
allapprentices contains fictien and reference
books, including general knowedge and
technical subjects. One of the School-
masters (RN} of Warrant Officer rank is
detailed as librarlan and is assisted by
apprentices who velunteer for the job.

A corner of the room s illustrated in
Hg. %0 and on the wall will be wen a
tattered ensign which has an interesting
history, This ensign was flown by the
cruiser H.M.5. Penclope whilst escarting
3 convoy to Malta wnder Admiral Vian,
when the Iralian bactle flect camE GUT TO
prevent cur much needed supglles from
getting through. Manseuvring into the
right wind quarter the British cruisers
were ordered to lay a smoke sereen which
s0 effectively concealed our mevements that
our escorting craft, light in comparison with
the Italian ships, were able to dash back-
wards and forwards threugh the screen to
deliver crippling blows en the enemy fleet.

Still black with the acrid oily smake, the
ensign was presented to the AUNATE
Rasyth whera it hangs to-day a5 illustrated,
{The stary of this famous action is admirably
told by €. 5. Forester In his book '‘The
Ship.'"").

The System of Physical Training

One feature of our visit to Resyth wa
to note the lavish Rcilities available for
physieal and recreational training, including
a well equipped gyrenasium. one of the
finest swimming bathi in the country and
extensive playing fialds complece with
athletic arena. All types of games are
played from rugger, scccar, hockey, cricket,
etc., down to table-tennis, chess and
draughts; all kinds of athletics are alwa
encouraged Including field events such
as javelin-throwing. discus, putting tha
shot, etc,

Physical Tralning is divided Into two
groups, compulsery and voluntary. Undar
the former, the lunior Divisions (lLe. A,
B, C and D Classes) cre given two pariods
of 50 minytes P.T, per weak and the
Senior Divisians (ie E F. G and H Classer)

Fig. Fi=Sonlor apprintims proparing for 8 phpbed
eralning display is the wall squipesd grmaanium.

one period of approximazely one heur
Befare leaving the Junior section, O Class
is examined in a physical training tabld
jaid down by the P. and R.T. School and
Admiraley prizes are awarded to the twe
outstanding performers.  Admiralty prive
are alsa awarded to the best performar and
runnar-up in the Senler and lunior vaulting
and agllity compettions which are held
towards the close of the Easter term,

Fig, T (Leftj—Az the Rosyth Uraining Evcasdivhmut
s gna of the linest irdsar rwimming bathe in th
cauntry ) 100 fe long by 58 1t wide, and with wath
air amd water ferperatars  thermostatically
eantralled, 1t ofes  axcellent  facilivies i
recreatbon asd wwlEming intruetion,
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« oo Reereation and Phydeal Training

The (llustration Fig. 91 shows Senlor
approntices preparing for a physical train-
Ing display in the gymnasium.

For woluntary physical (raining  he

mnasium s open every evening for
practice |n vaulting. agility, paraliel and
harizontal bar work, boxing and fencing,
for which a staff of expert Instructars is
glways present. Boxing s a popular
sport at Rosyth and several apprenticas
have been successful in local amateur
competitions.

Swimming. Allapprentices, on joining,
are tested in the Admiralty Provisional
“Swimming Test. Those whe fall are graded
 backward swimmers and put In two special
practices a week, In their own time, un:il
praficient, The bath which, as previously
stated, |s one of the finest in the country,
(see Fig. #1) is available every evening for
free practice in swimming, diving, life
m‘irl.; and water paln, and instrucrtors amn
always on duty for the purpose of coaching.
Incidentally, a very strong representative

team can be raised to challenge local Fig. ¥1—A gama af watsr polo in the Swhmming Baibe; facllition are sMarded for practising
Public schools and Universities. diving, life-saving and water polo in fres practice pariods

as follows, and In the order mentioned :—

Winter—Rughy, soccer, boxing. hockey,
cross eountry and P.oand AT,

Summoer—Athletics, cricket, beat pulling,
water polo and swimming,

Saturday afternoon s alweys deveted to
voluntary recreation but overy effort it
made to provide as many different types
of games, etc.. as possible; asan encourape-
ment, apprentices taking part In organised
games on Saturdays are granted an extension
of leave of ane hour. except H Class which
normally has late leave.

The next series of picture show variow
sports in prograss. Fig. 94 for instance
features an inter-divisional league rugger

Fig, Ml—A game of Mughy loetball b grags s
on pne of tho Mugby piiches jaid ous on
the Traming Establishment
Rocreation Growids,

A view of a game of water polo in progress
is given in Fig. 93: the bath, being [0Cfe.
long by 30 ft. wide and 12 ft, at the deep
end (with both xir and water temperature
shermestatically controlled) provides ample
scope for this spore.

Organised Recreation is one of the
compulsory features of training, and all
Divishons take part in this from .30 pom.
o430 p.m. one aftermoon a waal Durlng
this period, games are organised so that
everyone takes part in some form of
recreakioi,. T he apstem s arranged an
inter-divisional lines between the Senor
and Junior sections, the competitions in

Pig. #§=The Recreation Grounds offer every fecility for cutdoor sports and recreational

displays im suitable weather, Hers we sen rope cimbing as part of as
which the Divisional teams compete being Pt e
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match, whilst Fig. 95 shows rope dimbing Ll
as part of an obstacle race, the final of which i
is the climbing upand over an Inclined board
made slippery with soft soap (see Fig. 96).
A typical P.T. tableau is given in Fg. 97.

The Boat Pulling Regatta on the River
Ferth is one of the annual events of the
Training Establishment and in Fig. 99 we
show a typical start, the cutter crews
getting well under way in Fig. 98; part of
the Forth Bridge can be seen in the back-
ground.

T I b |1|:'1-_::.1Hr.l|. 'I"'I

In addition to these sporting acrivides
thers are other forms of recreation. The
apprentices run their own brats band
which plays at all parades (see Fig. 103),
they also have a dance band ccmposed
entirely of apprentices, which provides the
music at their own socials and dances.

There are two cinema shows in the large
hall every week and in addition various

Divisions form their own concert parties.
& Fig. "—Competitors in an obstacle race climb up and owe inclined pra
A music club is in being and has a fine o i s ........r'" E

selection of gramophcne records from
which recitals are glves several evenings
a waak, Billiard rooms for the Senior and
lunior apprentices are being constructed
and will shertly be avalable,

A well Mlustrated and topical magazing
entitled "‘Artifex" which deals in a2 light
vein with the activities of the Establish-
ment I3 produced twice a year and is very
popular with apprenticesand ex-apprentices

!

Apprentices Welfare

Included in the facilits available for the
general welfare of che apprentices is o
barber, bootmaker and milor, whilse in
Fig. 100 we shaw a Surgeon Lieutenant (DY),
known throughout the Mavy as "Toothy",
busy on a job ef work in his well-equipped
Dental Surgery.

The view in the Sick Eay, Fig. 101, which
is under the control of a Surgeon

Bli

Fig. M<Cuttnr orews well undes
way Im the assusl regatta; part
of tha Fasth Deldge cin be eemn
in the Backgeauni,
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.« The Facilities_for Apprenticer Welfare

R e

~— e 'ﬁ
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Fig. ¥—The Boat Fl.l“in;_ﬂ-lqltta on the Kiver Porth |8 ons of the anneal events of the Fig. I00—A Surgean Lisutenant (D) [knewn theoughour the Mavy
Yribning Biatdbinmnt; bars Jo & typlcal ftart: as “Toothy") Rnds @ job of work to da in his weileguipped
Diental Surgery at tha Trainisg Esablisbment.

e chose a non-service time o get the
best wiew of the interior ef the Chapel
{Fig. 102).

-m

i

Our concluding feature concerns—

The Divisional Officer Perlod, an
allocation of 35 minutes a week during the
first year of instruction, in which talks are
given on Service life and maters generally.
On these occasions apprantices have oppar-
tunities to ask guestions on any subject
they like and not necessarily concerned
with their training. Tha boys come te
Iook upon the D0, as “'father”. they o to
him abaout clothing, with reqeests for leave,
in fact his assistance issoughtfor everything
they want.

On the cther hand the Divisienal Officer
is axpected to know every dpprentice and
issues a report on individuals when re-
questad ; such reports carry 3 lot of weight
when a sslectlon for promotion to Cidet
(E} is made.

Fig, 101=Tha ampey beds In the spotless Sick Bay
weak wall for the gemeral health of cha
apprentices wnder training.

Commander, speaks well for the general
health of the apprentices under training.

The spiritual welfare of the beys is looked
after by the Chaplain, who arranges that
tha Chapel [z always open for prayer,
maditation, Bible reading or the perual
of the bocks and pamphlets in the bookcase.
Religious instruction s givan onoe a wesk
for 35 minutes and about 85 per cent. of
the C. of E. apprentices ara confirmed
bafore leaving the establishment (seme, of
course, are confirmed before joining).

Fig: M2 (Right|—The Chapel i3 always open for prayer,
maditation, Bible reading or the perusal of the
boaks and pamphiets in the bookiase) we choss
& nenservice fimee to get the bEit wiew of the

Imtariar.
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Fig. 103—Far aur last picturs ot the Rosyoh Training Estabilishment we show Sunday mormaing Divisioss, with
Hand, on the Parads Gradund i as will ba sean, wintry conditioins psevall, swiih wew on the Eround.

As we take our leave of Rosych, with the
view of Sunday morning Divisions an the
Parade Ground (Fig. 103), we trust that chis
detalled story has given a cemprehensive
Insight into the thoroughness and scope
of the training of Maval Artificers.

E.R.A.s at Sea

The last three photographs in this sec-
tion are included to show the type of
equipment the E.R.A.s training enables them
to handie at sea. In Fig. 104 we see E.R. AL
at the throttles of a recoproating engine
on board & frigate. In Fig. 105 the E.R.A,
on watch in a corvetta is receiving 2 message
from the bridge via the voice pipe. while
Fig. 106 depicts the engine room of a
submarine used for instructional purposes.

Fig. 184 [Mighti—E.A.A 5 at the throtties of o reciprocating
angine an board o frigate.

Fig. 105 | Balow j=Ths E.RL.A. on waich Im a corveite recelv. Flg 106 {Balow| =& view In the engine roam of & submarine used for

ing & memags from the bridgs vis the volce pips

Imstructional purposes,
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EO atempt to deal in detail with the
gyllabus of instruction, for what is
wirtually a university course, for the tran-
ing of commissioned officers of the Engin-
eering Branch of the Royal Mavy, wolld
devalop the tralning angle te such an extant
as to outweigh the breader sphere of
activitles of the Branch, which iz the mzin
theme of this article. We propose there-
fore to touch this subject lightly, but at
the same time to endeavour to convey,
by moans of o variety of photographs, some
of the fundamentals invelved.

Except for a brief mention of the trainig
of Alr Artificers in the previous secticn,
our story has so far been concerned with
parsonnel engaged on the marine engineer-
ing side, this section however., glves e
first |ink with the asrenautical engineering
ficld which forms the subject matter of the
lattar sections in this issue.

To obtain the information and phote-
graphs now given we vizited—

The Royal Maval Engineering College,
Keyham

—the purpote of which is to give a sound
basic training in Engineering so that officers
ﬁ-._r latar lp-chliin in tha many forms of
ghgineering in the Royal Mavy. Although
specialisation is taken up at a later date,
oll Engineer Officers are given basic train-
ing In Agronautical Engineering.

Among the positions held at present by
Keyham trained officers are those of the
Engineer-in-Chief of the Fleet, the Director
of Aircraft Maintenance & Repair, the
Deputy Director of Dockyards, and the
Chigl Inspector of Gun Mountings.

To this end the College has served con-
tinuously—except for one short interrup-
thon during the war of |?14/|1B—since it
wan established in 1880 in the buildings
which it still occupies at Keyham, adjoin-
Ing the Devonport Dockyard. Prior to
(880, Maval Enginear Officers were tralned
In the Rnra] DI:II:kT.ﬂ.I‘dI pnder a system ef
apprenticeship, but subsequently the major-
Ity of them received their professional
education ‘at Keyham'.

The College s under the charge of a
* Captain of the Engineering Branch, assisted
by two Commanders from the same branch
of the Service, one for Administrative dutics
and the other as Director of Studies.
The teaching staff & compased almost er-
tirely of naval officers, the engineering and
Ingtructor secchons being represenced in
approximately equal proportions.

ﬂ. 10T [Mighi—dn aerial view of the new Ropsl
Havad Englmenring Colleges bulidings ar Hanadas,
an the outikiris of Plymaeth,

G
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The Course of Training, which occupied
six years in 1880, has been repeatedly made
sharter and mora intense; under present
war-time conditions it is limited to just
under four years, Including a period of
about eight months in the middle of the
course which s spont on active service
at sea, Mast of the officers joining the
College now, do so with the rank of Cader,
at an average age of about |8 years, sharthy
after their entry into the Mavy (these
Include a selected number of Artificer
Apprentices a5 mentioned at the com-
mencement of the artificers training sec-
tion}; other officers fein the College at
about the same age, sfeer several years
training as Cadets ar the Royal Maval
College, Dartmouth,

The first year of the College course is
devoted mainly to continuing the general
education of officers under instruction,
with the object of laying, in classroem and
labaratory, a firm foundation of mathe-
matical and scientific methed in preparation
for later technical studies: a short time s
alse spent on histary, English and a fareign
language.

After the first year, technieal education
gradually dominates the course. A thorough
theoretical training In marine and electrical
engineering Is supplemented by practical
work in the Engine Test Shop and Electrical
Waorkshops of the College, whilst instrue-
tian in thermo-dynamics and metallurgy
enables officers to master the physical
properties of the materials with which they
will spend their time in the Service,

The College has its own Fitting Shep
which plays an important part in the course
and other trades are studied in the Dock-
yard, 8o thit Engineer Oficers may have
the varied knowledge necessary to direct
the labours of the many skilled rating,
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AND AIR ENGINEER OFFICERS

found In a modern warship. ‘Wider inter-
ests are served by the study of ship con-
structlon, machine design, mechanical draw-
ing and the economic of enginecring; a
short course in aero-engines has also recently
been added to cthe currculum, The
satisfactory completien of the College
course s accepted hr the Institucon of

Mechanical Engineers 2s a qualifiation for
Associite Membarship.

Engineering skill is, however, only ane
af the two main objects, and the highest
importance is attached te the development
of officer like qualities. On the parade
ground, in the administration »f the College,
and In all recreational activities, officers
under instruction are glves the oppors
tunity to acquire those powers of command
and that understanding of men which will
be s essencial ve them n the Fleet, whilse
.\PEI:i.ill lectures are Prnvided o cqulp.
them for the duties of Divisonal Officers.

For many years the College has trained
Engineer Officers for the mval forces of
the Dominions and India, and during the
present war officers of several Allied navles
have received instruction. The war has
also brought other tasks, including the
engineering training of a farge number of
officers of the Air Branch of the Royal
Maval Velunteer Reserve, and the establish-
ment of a Fire-fighting School. Young
officers of the Reoyal Corps of Naval Con-
structers have also been accommodated at
tha College during their drst year of
training.

The Mew College Building: at Manadon

Even before the War, it had become
apparent that the Cellege peeded larger
and more modern premises with betcer
educational environment. and the site

shawn in the asrial view Fig. 107 has been
acquired at Manadan, on the outskirts of
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Flg. 188—dk gernral view in the new Drawing Offlce ar Manaden, shawing & clas of sewly jsined Cadats
recelving preflminary instruction in mechanical drawing: the room has accammadation for
50 at 3 timae and the sgulpmest Includes sls deafting machines ssem ot the far sl

Flymouth. Many instructional buildings,
including three hangars, an aero-engine
test bench and engine repair shop for
training in aerc-engineering, are already
in use, and in due course, whilst praserving
its traditional connection with Devonport
Dockyard, the College will ba transfarred
o Hanadon entirely.,

The foregoing dotails, having served as
an intreduction to this section, we now
propose to give a little more detailed
information concerning the sylhbus of
instructien and in particular to cthe portions
we illustrate with photographs. Ffor this
purpose we have divided the story into
two sub-gzections comprising the marine
and aeronautical branches respectively,
the first being dealt with under the ttle of—

THE TRAINING OF
ENGIMEER OFFICERS
Officers qualifying in Engineering underga
a course of training which is divided into
thres pariads (1) comprising four terms
{I—1V) af fourteen weeks each, (2) a period
of eight months at sea, and (3) five torms
(V—IX) of fourteen weeks each, The
subjects taken are collated into five groups,
but as it will be impossible for us to touch
on all of tham, wa list them at the autset
to show the range covered:—
Group |
Woarkshop Appliances | and |l
Mechanical Drawing
Ship Construction
Marine Engines and Boilers
Electrical Engineering |

Flig, 9% [Right p—Enginesr Oifoers in the new Fitoing
and Machine Shop stManadon. Here they acquire
& thorsugh knowledge of elemantary fitfing wark
amd the ability to wie all the hand tools dnd work-
ahop machines ususlly feted on board H.ML shipa,

Group 1
Electricity and Physics
Mathematics |
Mechanics | and 1l
Thermodynamics |
Chemistry and Metallurgy
History
English
Foreign Language

Group 3
YWorkshep Practice
Care and Operation of Machinary
Testing of Engines and Boilers
Aero Englnes—theory and practice
Arronnutical Workshop Practice

Group 4
Marine Engineering
Machine Design
Mathematics ||
Thermadynamics Il

Machanics 11l

Group §

Elzetrical Enginearing I

Electrical H.F. Disoribution and Service
Electrical Gear

Care and Opersion of Elecerical
Machinery, and Elecerical Workshop
Fractice

Economics of Engineering

Chemistry and Mesallurgy

Our first illustration Fig. 108 introduces
the subject of—
Mechanical Drawingund deplets a general
view in the Drawing Office st Manadon
showing a class of newly |oined Cadets
receiving preliminary instruction in the
use of Instruments. The room has accom-
moadatian far 50 at a tire and the equipment
includes the six Mavitta drafting machines
seen at the far end,

This subject is divided under twa haoad-
ings (@) mechanical drawing and (b) ree
hand drawing. Having mastered the pre-

liminary technique in (a) the instruction
develops up to the driwing of machinery
items, to warlous scales, from frechand
sketches, without further reference to
the originals; cermain drawings are also
finished and tinted in conventional colowrs,
The syllabus under (b) concludes with the
making of fully dimensioned Ffreshand
sketches of engine parts, giving all tha
necessary views and irformation for the
caompletian of a finlshed drawing.

Waorkshop Appliances and Practice are
the next subjects we deal with and chese
are considersd under two sub-headings
(g} Fiteing Shop and (b) Dockyard Shops
Instruction in these shops b arranged to
pnsure that officers chraln an adeguate
knowledge of workshop methods, the work
undertaken being calculated not only to
stimulate interest, but to produce a high
standard of practical workmanship, Repe-
titian jobs are aveided, those selocted baing
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with a vlew to encouraging Ingenuity in
devising methods of carrying out repairs
on board, and te provide as thorough an
wndersmanding os paossible of the diversty
of uses of the machines and tools available.

During the Fitting Shop perlods the
instruction consists almest entirely of
practieal work under the supervision of
compatent instructers, supplemented by
amplifying lectures. Commencing wth
glementary bench and machine work the
course progresses through various machin-
ing processes in the making of such I'.hlllg!-
o4 squere thread bolts, three-start threaded
tpindles. double turned stepped plston
rings and oll fuel sprayer components etc.,
up to advanzed machining ecalculated to
show the varlety of ways of doing both
simple and awkward jobs. At this stage
gereral toolroom practice is undertaken
including the grinding of limit gauges to
various fits and the heat treatment of teal
steels and springs etc.

The (llustration Fig. 109 shows officers
under instructlon In the new Frting and
Machine Shop at Manadon.

Aftar the sixth term the instruction
betomes more general and concentrates
malnly an genaral refitting of ships machin-
ery, including adjustment, overhaul, exam-
ination and maintenance of reciprocating
steam engines, diesel engines, condensers,
alr compressors, turbo-fans and turbo-
dynames, manoeuvring and safery valves
ete. Mere speclaslised machine work e
al2o undertaken such as helical gear cutting.

In the view repreduced in Fig. 110 we
see seventh and ninth term officers under-
hklnl top overhauls &n warious motor
baat .nglns; an which the:p check Flup.
tippet clearances. oll pump. fileers etc.
and adjust the clutch and ignition settings,
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Fig. | Bz part of the gensral reficting imtruction givan to afficers during thalr seventh
amd nimth termas in Waorksbop Practics, they kave to strip down and refit
varicud reclprocating engines.

It Is interesting to note that almesc all the
instruction in this shop Iz carried out by
active service or retired Chief E.R.A.

in the Dockyard Shops the Instructors
are tkilled dockyard tradesmen and here
the officers carry out practical work in
the Pattern Sheop, Foundry, Boiler Shep.
Englne Smithery and Coppersmith's Shop,
Az far as possible, all raw materials required
for the Fitting Shop are prepared by the
officers under instruction in the appro-
prizte Yard Shops.

Fig. 11}=Thia 1,100 h.p. Sterling Admiral motor torpedo boat sngine is ane
i ar P

of wewaral Fntarnal

lled In the Test Shop

on which afbears in thelr wventh and sighth terme can apply
tharmadysamics to practice,

For aur next practical subject we have—
The Testing of Engines and Boilers
which is undertaken in the Engine Test
Shep by officers In thelr seventh, eighth
and ninth terms. Trials are carried ouwt
on the varlous machines and equipment,
instruction being given in starting, stripping
and watchkeeping ; opportuniy is alio taken
durmug H'.l: trials far oﬁ-:rdlnaﬂﬂg the
thermadynamics learnt in earlier terms.

The |.C.E. section of the shop is equipped
with test benches fitted up with modern
high speed petral and diesl engines en
which the trials are run to ascertain
specific consumption, coupled with which

fuel loops are plotted at various foads and
speads, The effects on performance of
al[prlng the times of |gn|ti¢n or Injection
are also observed and exhiust gases are
analysed for various running conditions,

The working of a modern jerk pump for
compression ignition engings is examined
and pumps and Injectors are stripped,
cleaned and re-assembled, Other equip-
ment Installed includes a Fernborough
indicator and a cathode ray oscillograph
for observing the various werking condi-
tions of high speed petrol engines.

The type of engine on the test benches
s eypified by che 1,200 h.p. Serling Admiral
motor torpede boat engine shown in
Fig. 111 bevond which is a 750 h.p. (520
K.W.) General Morors dlesel engine.
The centre officer [n the illuscration s
in the Roval Canadian Mavy.
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In the next picture Fig. 112 we show a
Fard V8 spark ignition engine, of 95 b.h.p.
at 3,600 r.p.m.. coupled up te 2 Heenan
& Froude hydraulic brake and wired to a
cathode ray oscillograph from which a
pressure curve from any cylinder can be
obtained and thus the timing of the engine
checked and the performance estimated.
The curve seen on the indicatoar rises
unifermly from the base line ta maximuem
compression pressure, then sharply up to
maximum firing pressure, falling away on
the exhaust stroke down to the bise line
again. The glasses on the wall ire for
measuring the petrel consumption (note
the striped background which is converted
ta harizontal lines when looking through
the liquid and so shows the level at a
glance).

Located in the same section Is a 31,000
B.T.U.s CO, refrigerating plant with pre-
cooler (Fig. 113) which Is the sime as
fitted to all ships of the crulser clss and
larger. Trials are run under varying
condltlons of brine and circulating watei
temperatures to observe the effect on
output and co-efficient of performance,

ENGINEERING IM THE ROYAL MNAVY

Fig. 113—=Thix Ford ¥8 engine, which develops #5 bohop. st 3,600 rp.m. iscouplad ip tooa Hemnan
& Froude hydraulic brake as well 3y to a cathode ray oicillograph on which the
effect of |gnition tHiming li damanitrated.

Fig. 1i3—Thin refrigerating plant in the Engine Test Shop ls the sama as fitesd to sll ships of
tha cralser cism and iargar. Gunning sndar varying conditione of brine amd circuleting
water temparstures tropical region resulis can b slmoleted,

On the wall above, is the heat-sntropy
chart (right) for CO, gas, on which Is
thown the refrigerating cycle; the left
chart is a diagrammatic layout of the pre-
coolar, a fitting brought inte use far crapleal
service,

With his head i||={ visible on the left of
the photograph is a Polish Sub-Lieutenant
reading the temperature of the gas Inlet
ta the evaporator, the centre offcer, an
acting Lisutenant in the Royal Canadian
Mawy, is :t:n-:i-r.g at tha rear of the pump,
adjusting the precocler inlet valve ta give

Flg Did [ighif—& Neyal Gansdian Favy Sul-Lissten-
ani (0} (left] and a Royal Ind Wavy Aging Lieu-
twnant (E] are respectively reading the absobutn
wacwurm bn the Kenotometer and moting the readings
of steErm recsiver And slage prowmurel on the BT HL

Turbo-Dyname In the Engine Test Shop,

correct pressure; the condenser |3 situaced
to the right.

The Steam Section of the Emgine Test
Shop comprises s range of equipment
including Boilers of the small tube Yarrow
and il burning Babcock & Y¥ilcox types,
en which furnace temperatures can be
chserved by optical pyrometers and boiler
efficiencies deduced, There is alio an
EVApOrating plaml: for r|sf..|1||n; baller feed
water from sea water, optical and electrical
torsionmetoers from which can be caleulated

crank effort diagrams and the torque of
a reciprocating engine and ies BHP.

The BT.H. turbo-dynama, Flg. 114 s
used for demanstrating the water consump-
tion and thermal and sverall efficiancy af
a turbine of this type, In the illustration,
the Royal Canadian Mavy Sub-Lieutenant
oan the left is reading the abselute vacuum
in the Kenctometer tituated above the
condenser, whilst at tie turbo generator
an the right an acting Lieutenant of the
Royal Indian Mavy s noting the readings
af the tteam recelver and Stage pressures,




ENGINEER OFFICERS TRAINING
The Electrical Engtocering Group

ENGIMNEERING IN THE ROYAL NAVY 49

tube enables the grains per pillan of chler-
ine {and therefore of flt) in the water o
be caleulated. (A more elementary des-
cription of this test is glven In the section
dealing with the training of soker ratings)

Ve next turn our attention to—

The Electrical Enginecrisg Group in
which thae Lra-nan 14 -:|-::=.i3rmr_| to give
cfficers a sufficient knowledge of theory
and werkshop practice to snable them to
deal with problems of maintenance and
repair of the electrical machinery which
will be under their supervision, This
consists of a lecture course under the title
‘Electrical Engineering’. practical work in

the Eloctrical Test Shop and Electrical
Bip. 113=Th=s teeting of boller snd fesd water is done in the Engine Test Shop. W 1 »
By rmssns of this squipmant It |4 posiible to determing ths quavotive .urk-shr.l ps and instruction In Electrical
alkalinlty snd salisity of the wabter uisd. High Power Distribution and Service
Elgctrical Gear.

The illustration Fig, |16 i saken in the
Low Power Electrical Laberatory where
modern galvanometers and requisite instru-
ments are available for the testing of
instruments, the wse of potontiometers,
the determination of B/H wrves by the
Fimg methad and H'rstr.-rr:n': lasdes  in
samples of iron by Hopkinson permeameter,
using & fluxmetar. Two |u|'r.t SO0 amnpere-
hour batteries are instlled for supplying
the low voltage required. In the photo-
gr.:ph o which wa refer, twe ninth term
Lieutenants are calibrating an ammeter by
meant of a Crompton pocontiometer,
under the eye of their lecturer,

The next illustration, Fig. |17 gives g a
view inthe High Power Electr cal Laboratory
Fig: 116—=Twa Lisstenants (E] in thair pusing out terrma (Fth] calibrating sn ammeter where the equipment Includer all npes

by means of a Crampion potentionmeter under the sye of their lscturer in of meters and gnnera'::-rs. both AC. and
the Low Pawer Electrical Laharstory. D.C. The current as received from the

A modern Drysdale pump is also in-
stalled and trizls are made to find out the
impeller, pump and pipe characteristics

The tosting of boiler and feed water is
tarried out by means of the apparatus illus-
trated in Fig. 115 by which it is possible o
detarmine the quantative alkalinity and
salinity of the water used. Owing to the
ever present problem of corrosion in
beilers, great Importance is attached to
these tests In which nitric acid and silver
nitrate are used for titration and pheecl
phthalein and potassium  chromate @re
used a5 indicators,

A rough titration can alse be produced
by the use of the standard drap bottle
which gives .07 millilitres per drop. The
number of drops when a brick red precipi-
ate persists throughout the water in the

Fig. 1IT (Right}—Thres ninth term Lissvenants (E]
with thair Imstructor Commander in tha High
Power Eleetrical Laboravory carrying out a brahe
toal on Bphase indwction metors; the slectrical
baput Is msssured on the panel, whilse the cutput

s ascertained frorm the Heanin & Frawsds
hydraulic brahe.
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Fig. 1I—A RMoyal Camadian Mavy Lisutenant (E] inking resdings on an estemsametsr
dhiring a tenslon text on o Buckion Tenslle and Compression Testing Machine; the
Sub-Lisutamant in the resr bn sorking am Avery Torslan Testing Machine,

Dockyard is 440 wvalts D.C. and 1« motor
generator converts It o 210 vo'us D.C,
which iz the same as the ring main of all
large ships: the A.C, supply is catered for
by three-phase and single phase alternaters.

Referring to the illustration we sse three
ninth term Lieutenants with their Instructor
Commander, carrying out a brake test an
threa-phate induction motors (nearest is
i squirrel egage and the furthest 5 wound
roter), the electrical input being measured
on the panel and the sutput an the Heenan
& Froude hydraulic brake. These motors
can be run either separately or in cascade,
giving wide variations of speed.

Mechanics is our next subject which s
studied under two general heading: “Mech-
anics"—which embraces statles, dynamics
and strength of materials, and “Fluid
Mechanicy'—which includes aero and hydro-
dynamics, The broad ocutline of the sylla-
bus ean he 'u:|11||||m:l Up as fl:l||uw:'—

Statics—alementary principles, including
friction; general canditions of equlli-
brium; reactions en a beam, bending
moment and :hurlns force; gmphlu}

statics and laboratory work.

Dynamirs—elamanrary principles; eone
servation of momantum and impect;
rotation of a ngld body, simple
harmonic motion and easy oscillations;
Eyrascopic action.

Serength of Materisbh—stress and stralng
Young's Modulus etc.; shear stress and
strain; torsion and bemding stresses;
graphical wmechanks and laboratory
wark: deflection of beams and seruts)
helical springs.

Machine Dynamics—gear teeth; balancing
of rotating masses; dynamics of reclp
racating engines; centrifugal governors,

Mechanics of Flight—aeroplanes in stoady
flight; spinning: parformance of aers-

planes; stability; stresses in  aero.
planes; reshitance of ships, fying
boat hulis.

The photograph reproduced In Fig, |18
shows part of the Mechanieal Testing

Fig: 11%=5hin strovims of warlous materials ean ba determissd by maini
of this Serain Gaugs Apparaton in the Machanbcal Testing Laboramey.

Fig. |M0—Eighth tarm officers in the Muetallergleal Labaratary making microicopic
enuminations of thes erysealling structure of alrcralt exhaust wvalve
steels which should be particularly resivtant ©o corresien.

Laboratory in which we sse, in the fore
grodind, a Buckton tenile and @nmprn—::lnn
testing machine set up for the tensils
testing of a mild steel specimen, A Ropl
Canadian Maval Lisutemnt is taking a reading
on an extensometer on the specimen, thiy
being used over the limit of proportienality,
i.e. where the extension is proportional
to the load.

The Sub-Lieutenant in che rear is warking

an Avr.'r:,' torslon testing machina; other

equipment installed iscledes two fatigue
testing machines, a combined tension and

tarsion testing machine, a machine for

experiments on oscillatbons, also plq.n.r Tor
vartous hydraulic experiments,

In chee same laboratory Is the |=II.EFE!5.iII|
Strain Gauge Apparatus featured in Fig
119, by the means of which skin stresses of

'|'
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any materials (except wood) can be deter-
mined. The apparatus consists of a number
of small metal gauges, each of 120 ohms
redlstance, which are stock on, In the
raquired positions, to the upper and lower
surfaces of the material to be stressad
{a flaz steel bar In this inscance) by means
ol Durofix, after cleaning with fine emery
paper and butyl acetate. Wires connect
the gauges to a potentiometer and a & volt
battery, and in operation, each gauge farms
‘one arm of o Wheatstone bridge network
which, bafore any load is applied, i ad-
II.EI.Ed hr a po[an‘:lomﬂ:cr resistance o
that no current flows through the galvan-
oamaeter,

On stressing the bar to which the strzin
gauges are attached, by adding weights as
{lisstrated, the resulcant strain alters the
resiitance of the gauge and the subsequent
put-of-balance current in the galvanomerter
it proportional to that strain.  The aurs
ol-balance measuring. by the way, s doae
to a hundredth part of a millienth of an
amp. It ean be appreciatad that the pos-
sible: wses of this apparatus cover a wile
and important field.

e — —

The last subject, we propose to illustrate,
in the training syllabus for Engineer Officers

vomes undar tha heading of—

Chemistry and Metallurgy, a broad
putline of features of the course of instruc-
tion being as fallows:—

Chemistry and Fuels—chemical and phy-
tlcal changes; plastic matarials, includ-
ing casein and celluleid, thelr manufac-
turing properties and uses; fuels and
lubricating oils, including methods of
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Flg. 111—A genaral view in the new Chamistry Laboratory at Manados where Enginser Dificers kre
making various tests with fuels and lubricating oils.

testing oils for lodine value, viscosicy-
temperatura curves, flash point eotc.;
refining and blending and physical
properties of petrol and lubricating
olls ate.

Chemical Metallurgy—the manufacture
of steel and ocast and wrought
irens, Incleding cementation, crucible,
Bessemer, open hearth, arc and induc-
tion furnace processes,

Physical Metallurgy—preparation of metal-
lographic specimens for examination;
cr:;-st:.llll.ulmn. inner structures of
pure metals and alloys etc.

Ferrous Metallurgy — microstructures;
hot and cold working of steal; heac
treatment; casehardening ete.

Mon-Ferrous Metallurgy—copper, brass,
bronze, aluminium, bearing metals,
magnesium alloys, alloy steels etc,

Fig. IT—A view In a crubser’s engine room showing the Senkor Ungineer and one of
the watch-keeping officers on  duty.

The view Fig. 120 is taken in the Metal-
Iurgic:l.l Laboratory at Kn}'h.‘m. and shows
micrescople examinatbons being made of
the crystalline structure of alrcraft exhaust
valve steels which should be particularly
resistant to corrosion. The officer at the
end of the other side of the wable is a
Polish Sub-Lieutenant who ipeaks Emglish
fluently, and has now practially comploted
his eourse of instruction,

In the next illuscration Fig, 121, we fea-
ture o general view in the rew Chamistry
Labaratory at Manadon in which various
tests are being made with fuels and lubris
cating ol {ses alsa details glven in the
Alr  Engineer Officers’ sylhhbus In che
next sub-section).

As will be realised from the grouped
subjects, deralled earller, which cover the
scope of cthe Engineer Officers training,
we have given only a cross sectlon of the
instruction curriculumand much of necessity
has been omitted, but we truse thae the
information imparted conveys an impression
af the high level reached.

In wiew of the detils wilch follow in
connection with the training of Alr Englneer
Oifficers, wa have not attempted to outline
the Eng_lneer Cfficers aeronavtical englnaer-
ing instruction. We can say however that
this subject s intended to sipplement the
narmal course of instruction in & manner
which will enable sfficers to deal with the
problems of repair and maintenance of
aircraft and aircraft engines which are likely
te arise in their Service career. In sub-
stance the syliabus is also specially designed
te ferm a sound basis for tiose who may
subsequently specialise in  aseronautical
engineering.

Complementary to tha training photo-
graphs, we now introduce three illustrations
which Indicate some of the activities of
fully trained officers on active service.
Fig. 121 for instance shows the Senlor
Engineer and watch-keeping officer on duty
in the engine room of a cruiser, whilse In
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Fig. 123 we have a view in the engire room

of the aircraft carrier Indefatigable. Haere
we soe the starting platfarm, looking
forward, :hawing the throttle—watch-
keepers position, revolutlon indicators

(just above the wheel) and engine room
telegraph. The single wheel controls the
astern manoeuvring valve, the ather wheels
cantrolling the cruising and head manoceuvr-
ing valves, respectively

In the chird illustracion Fig. 114 we
feature a section of the machinery control
roam of the indefotigable where the
Commander (E) would be in action; three
of the four instrument  panels are
clearly shown, as well as the engine reams
and boiler room telegraphs.

—_-,gl_-“_L—.__—__

Before passing on to the training of Air
Ellg::mrr GHI:E1'$ wit [nelude a lew flthhl:r
details and photographs which more
particularly relate to 'E' officers activities
at Keyham. For instance, in addition to
the syllabus of technical instruction already
outlined, the following are some of the
external” courses carried out:—

(11114

Divisional Training. At the
mencement of Term |, one 70 minytes
period is devoted to R.M.E. College
Standing Orders and general advice o
young officers. Other Divisional subjects
such a3 Service routine, Service lecters,
Maval custems and traditlens, morale and
cspric de corps, praceieal training In eser-
cising command and taking charge etc,
are embodied in a special course at the
end of Term |V

Com-

Training under Arms. When practic-
able, all Midshipmen (E) are given instruc-
tien in the handling of weapoens and in
clementary field training. The miniature
rifle range on part of the covered parade
ground provides lor recreational practice
on certaln evenings in the week.

Field Training. Officers undergo a
refresher course comprising platoon, com-
pany and battalion work. officers sword
drill and lectures on some types of light
machine guns. A flve days course of rifle
and revolver shooting is also carried out
during thoir first or second year,
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Fig. 111=A wisw of the itarting platferm in the sagine roam of the dbreraft carrier

Indefarigable.

Fig. 134=Hers we feature a section of the machinery control rosm of 18 [sdsfaiguble
whare the Commandor (0} would be in aotios

Dl-"rl;l‘, All "E* officers under Inatrue-
tion take a 2§ days diving course during
their third year (see Figs. 125 and |24}

Fig. 135 (Lefci—All
carry out & 1} days Diving Courss during thalr third
year of tralmlng.

Mhemilim  tha DHulag Choees  assrvied
diving dress s used e praceical wark
in carvied out In § to 10 (xthoms of
waknr

‘B Oflers ender Instrwction
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»dhe Dhving Cowrse and P, and R. T,
T e S S T — B o e ]

Fig. IIT—A college crew ealling In thelr glg. Bach summes, bn pascs timae, Fig. (B—0OMicers fancing with sabres in one of fhe Gyrsiskame
ihe college crews antar lor the Inter-Updversity Races beld in the P, and A.T. instroctors attand on four ovening & weeh for
b matre class on the Sarsloch, Ensiruction in boximg, fencleg, e

it HM. Gurnery 5chool, Deveanport.
This includes lectures on the uses of service
diving dress, with practical work in 5
18 fachoms of water.

Physical and Recreational Training.
" Al Midshipmen (E) snd Cadets (E} are
given P and R.T, instruction under the
spervision of R.M.E. College Staff Officers,
wd Poand BT, inscructors aie availalie
on gach of four mornings a week, the time
boing chielly devoted to activity exercises;
apparstus work = taught ta the senlar
terms. Instructors alse attend In the
Gymnatiums on four evenings a week far
bexing and fencing etc.; the view Fig. |28
shows officers fencing with sabres.

The full list of recreational activities at the
f.:nlle,ge 15 a very 1c|||g and :nmprrhr_'n:.ivn
one a8 will be gachered from the fact chat
an:ra'r.e committees for the Spring Term
|#45 ware necessary to cover the individuzl
wubjects. These include golf, football and
all the field sports, the editing of the College
migazing, the arts, play reading, theatricals,
dubl.l:mg society, indoor games. ocrchestrzl
and vocal music, and model making et g IH5—Thb Dindng Rtmin (ak Ky} for aMicsrs weider lsfrnceion ; hapether with de insaes, ks
5.'|I-I‘ it alio a popular pastime and eaca & ssathng capicity of B ot sne time.
summer in pmace time, the College gigs

## Fig. 127) enter for the Inter-University

ei held in the & metre class on ths
Elfﬂu‘ll, [T} rld-dﬂ,i-un I|'||.~r |1.'|vv|: !h:'
eruming yachts Galahad and Gauntlet for
BeEan rFackng.

The last two photegraphs taken at
Keyham are reproduced in Figs. 129 and
130, The first shows the Dining Room
for officers under instruction which, te-

r wicth the annexe. has a seacing
capacity of 180 at a time. Provisien for
Cdining another 330 has been bwilt tem-
Vporarily at Manaden, The second |llus-
sravion fegtures a view In one of che roocms
ed 2 an officers’ lounge.

Fg IR wiow b one of the rooms ot Kepham sl
as an officer's lounge,




THE TRAIMING OF
AIR EMGIMEER OFFICERS

The special war-time Aeronautical Engin-
eering Course for the training of RN.V.R.
Air Enginear Officers i3 carried out in the
new Cecllege buildings at Manaden (see
aerial view reproduced in Fig. 107 in the
‘E" officers’ section) and occupies a periad
of 13 weeks covering the following sub-
|ects—

Agronautics

Electrical Engineering—~Aero and Auto-

mobile
Metallurgy, Fuels and Lubricatien
Thermodynamics

Aera Engines and Alr Frames
Technical Organisation and Administra-
tien
Physical Training
To give a general outline of the syllabus
we briefly review these mb|er.r.5 in the
following pages

Aeronautics. The time alloteed o this
subject is I} periods of /0 minutes each
per weak and it embraces che comtituent
subjects of (o) Aerodynamics, (b) Dynamics
of Flight and {c} Structures.

Taking them in this order, the details
are as followsi—

(o) Aeradynamics, which Includes the
pitot tuba, viscosity and streamlines; scale
effect, skin friction and eddy formation;
drag on solid bodies: aerofoils; high lifting
devices; alrserews: aeroplane perfarmance
and aercplanes in flight.

The wiew in Fig, 131 shows part of the
Aercdymamics Classroom, the equipment
on the lecturer's desk comprisirg, fram
left ta right, an asroplane model, wind
generator, drag balanes, pirat ribe and
manometer, aerofoil section and multi-
manometer. It will be noted that the
blackboards are Hluminated by flourescent
lighting.

{b) Dynamics of Seeady Flight. This In-
cludes level flighe, stalling and landing
speeds; gliding and diving; cllmblng: EUrms;
pusts; spinning; stability: flutter: flying
boats etc.
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Fig. 11l—Alr Erginear Oficers receiving |nitruction in tha new Aeesdysamion Clasroom st
Mansdom | note the hlackbasrds sre ilemimsged by fsorsscant lifsting

{e) Structures, Inchis groupareincluded
tensile and shear stresses and stralns;
rorsion; bending; deflection of beams;
struts; two- and three-dimensional pin-
jointed frames erc.

Aircraft and Automobile Electrical
Engineering. This subject is taken in
the Electrlcal Laborataries at Manadon
and in one of thae hangars where three
fuselages are stripped ta show the complete
electrical systems, the time allotted being
4 periods of 70 minutes each per week;
the sub divisions are as follows:—

I. Reyision — D.C., generators and
motors: simple AJC, circuits.

2. Magnetos — theory of operation;
types; hand and automatic timing; testing

1 ] oy b,

.

H.T. and L.T. booster collsi hand starting
magnetos etc.  For prictical work, various
types of magnetos ussd in maval mircraft
are strippad, assembled and tested on
portable test bench.

In the photograph Fig. 132 we have 2
view taken in the Aero Electrical Laboratory
where excellent lightng is obtmined by
banks of flourescent whes. The clas in
session |5 learning the functions of the
magnete alse H.T, and LT, booster coils,
A lantern projector ‘centre) i availabla
for illustration purposs, and on the left will
be seen a layout of the Seafire eleccrical
system.

3. Ignition—the spark discharge etc.:
sparking plugs, Including types, construe-
tlan and cests: ignition, cable screening
harness, coil ignition syseems for M.T,
yehicles; otc, Practieal work  includes
cleaning and testing sparking plugs and
testing ignition harmes.

4. Voltage Reguladon—generators and
rnguhrﬂr:: Euppramen eic Variout walt-
age regulators are stripped, assembled and
tested on generator test bench,

5. Batweries—the lead acld batcery;
nickel cadmium cells; metal rectifiers.
Chnrxin.g and testing covers the practical
work,

6. Wiring Clrcults—various wiring $ys
tems and miscellaneous circuits, including
faules and faule finding on sysems in actual
alreraft,

Metallurgy, Fuels and Lubrication
The time alletted to this subject is thres
70 minute periods per week and the
syllabus generally covers the same ground

Pag. V3L [Lofkp—In Uhn hew Rirorsly EisfrFEal Lanors
oy exculiant lighting is cheainad by maans of hasks
o Bugrescent tubes The class @luserated B
laarning the fenetions ol nignetn, H.T. and LT,
bopiter tolls; mots e nieen projacoes and the
layaut of Seafire slactricl spelpment (lalt],
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a3 that detalled uwnder the heading of
Chemistry and Metallurgy in the previous
sib-section devored to the training of
Enginear Oficers,

The fuel and lubricating oll syllabus suns
concurrently with the metallurgical course,
practical work cansisting of determination
of calorific walues of solid. liquid and

ous fuels, viscosity, saponification value,

h point, spontanecus ignition peint,
demulsification value, coking value, water
tentent and exhaust gas analysis (a view
in the Chamistry Labaratory ks glven earlier
in Fig. 121}

Practical metallurgical work follows the
gompletion of practical fuel work and
gomslses (n the main of examination of
micro-struckures of the various metal in
their different stages of treatment, a view
inane of the new Hetallurgical Laboratories
baing given in Fig. 133,

The Thermodynamic Syllabus s gives
two B0 minute periods per week and
after the introductory theory goes on to
doal with the practical engine cycle, cam-
bistion, engine esting, carburation, super-
charging, cooling of engines, and |et pro-
pualsion,

55 THE TRAINING
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Flg. 113—A cornar of tha new Metallurglon) Laboratory is whech Alr Emginsar Ofcor sre oxeminiag ferrous
and non-derrous maierlal specimens under ihe microscope, after pollshing snd sbching,

rhe two-stage |8 cylinder Double Wasp
and the Merlin and on each engine this is
followed by stripping to unit assemblies,
rofitting, timing etc., and running in the
test shop.

Tur'nmg ta the p-hn-l:agra.phl. we sEs in
Fig. 134 the sectioned Double Wasp engine

Fig: 134—& sactlonalised 1B cylinder Dowsle Wasp emgine of 1475
rated horse power for & Helloat fighter airoraft being wied
far mitructienal purpess s the Engine Repsir Section

Aero Engines — Construction  and
Maintenance. The time devoted te this
subject averages eight 70 minute periods
per week and after the introductory lee-
ture which deals with development and
types of alreralt engines, also the use of
various engine driven accessories, goes on
o deil with elementary carburation,
supercharging and boost contrel, the
Stremberg carburetor and differenc oppes
of atarters.

The syllabus next covers the comtruce
tional details of various engines including

of 1,675 rated harse power for a Hellcat
fighter aircraft being used for Instructional
purposes in the Engine Repair Section at
Manadan whilst in Fig. 135 we have a
sectioned crankcase of a 14 cylinder Taurus
enging for Albacore aircraft, the sections
ol which ean be opened up by sliding along
paraliel bars in the fixtura; the gears on
the fore end are for driving the tleeve
walve mechanizim,

The next view Fig. 136 shows a Merlin
engine sectioned to show the super-
charger gears and wheel case, hand starter

drive, camshaft drive, cylnder block and
crankcase mechanisms, whilse to the left
is & complete supercharger and carburettor
assembly. In this plcture o is interesting
ta see that the Lievtenant-Commander
instructor has qualified a an operational
pilot and an engineer in the Air Arm of
the Royal Mavy and corsequently wears
in addition to the distinguishing stripes
of a Le.Cdr.(E}, the pllots wings on his
sleeve. This combination of qualifications

Fig. 1H5==This sectioned crankcase of a 14 cplirder Taurst saglos
for Mibscors sireraly can bs opsmed up by sliding slong
paraiind bars, The slesve crank deive gars can ba

spam op tha Ters snd,

makes for more specialised knowledge and
experiehce In the handling and maintanance
of aircraft,

The test running of ergines takes us to
the Aera Engine Test Shop, a view in the
Contral Room of which i featured in
Fig. 137. Here engines can be given one
hour's test run at maxinum rich crulsing
baoost to prove new parts fitted after a
major evarhaul and, by weans of 12 gauges,
the complete performance of an angine
{with exception of power ocutput] can be
recorded including oil and petrol pressures,
perrol feed. engline roum air temparsturs,
engine coolant temperture #to

The engine on test, which can Just be
seen through the plate glass, is & Merlin



Fig, 134—& wectioned Marlin engine amd complece sepsrcharger
Tha Lt-Commaniar nstrectne

and carburatter sassmbiy,
Iy Both an operational pliot end an anginesr in the
&ir Arm of s KRoyal Mawy,

30, of 1,375 rated horse power for the
Barracuda |, which was being run ac 2,000
r.p.m. when the photograph wis taken
(5o tachometer reading) the contrals on
the mable including those for smrcer,
throttle, mixture, slow running, twe-
speed booster and coolant and oll tempera-
tures. Another control rescricts the ear-
burettor intake to produce conditions
whan flying at high altitudes, the effect
heing indicated on a depression gauge in
which the mereury shows a drop of one inch
per 1000 feer, approximately,

A view |n the Test House 15 given in
Fig. 138 in which we see the Merlin ticking
over, the 's.w-e'lrp' of the test fan |ust bnins
visible, The test bench here, complete
with oil and coolant radizators, s d{s-gnqu
to simulate climatic conditions an engine
is likely to undergo. in fact, the engine is
flown' on the ground.

Returnlng ta the aero-engine syllabus we
find that the next subject is propellers,
which Includes eonstructional dewils of
Hydromatic, Rotal hydraulic and Curtiss
electric types, their installation and main-
tenance, after which follows Tuel and il
iystems, eangine handling and testing, also
engine change and inspection, concluding
with Injection carburettors.

One of the three hangars at Manadon is
devoted to engine and airframe inspection
and in Fig. 139 we see a class of cHficers,
having completed an engine change, includ-
Ing lining up of controls etc., wheeling out
3 Barracuda for engine ground check to
prove [nstallacion.

The second hangar is used for alrframe
and engine dismantling and assembly and,
ingludes metal and waodwarking §.|'.|:|F:.}_
whilst ane section of the third hangar is
sat azide far new types of alrcraft. both
American and Bricish, to ensure that officers
under instruction can bocome familizr with
the latest machines

Fig. 1I¥%—Air OMicers whesling out & Barracods frpmy
the naw hangar at Manadan develed to sirfrarme and
mgine inpestion. Havimg completed an sngine
ehange, ncluding lning up of contrals sic, the
abroralt B vow o endergo an enging grawnd check
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Tha englee o

5h

Fig., 117=MA wigw in ths contral roam of the mew Asva Bipine Test Shop
€ (just seem Lhrough the plate glan) b a Merfin 10

o 1,ITS raged Borse power for the Barraceds |.

Airframes—Construction and Main-
tenance s the last rechnical training sub-
ject in the syllabus and covers such details
as aircraft construction, contral of alreraft,
rigging, fabric wark, alighting gear, wheal
brake systams, h}"dr.lullc and  wacuum
systems, instruments, repalrs o maetal
alrerafe. maintenance inspections and air-
craft dismantling and assembly

This brings us to the end of the officers
training section but besre pasging on to
our next !IJIJ]EI'.I'.E, wa srould |ike to make
it clear that the recreational amenities
describad In the Engleeer Oflcers sub-
section are available to all Air Enginesr
Officers, and officers under inscruction in
the latter branch at Manzdon are repre-
sented on all the committees previously
mentianed

Fig. |3—A view of tha Marlin on test in the Test Houss, complets with oll aad ssalane radiatars
The test rum i+ arranged to simulste all climame and altituds canditions [ely to be sncoustersd.
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REPAIR SHIPS OF

4

-k

THE Freer Train

Flg. 148—A& converisd Repnlr $hip, ihe rapsic a0l of which i s compossd of Special Repalr Ratings (Dwakyard}

Fig. 141—The Mavy gots the job done

UR story up to this stage has been

cancerned with the training of officers
-and men of the Engineering Branch to fit
them for their respective spheres af activi-
ties, and now. to conclude the marine
section, we show how the services of some
ol the trades are utilised on board a naval
Repair Ship.

First of all let us Femember that when
Jipan took up arms against us, more and
more ships made their way to the Indian
Ocoan and the China Seas. To service
them, plans for fresh bases had been
prepared, but new and enlarged bases and
naw repair ships demanded more man-
power. which we could not spare,

With the fall af Hang-Keong in 1941 and
Singipore early in 1942, the British Fleet

Fig. M (Right) —The general layout of a trpleal
Machine Skop aboard & Rspair Ship
&l the Flest Traln.

had lost its two main repar bases in the
Far East within the space of nine weeks.
The lack of permanent basts thus became
a serfous problem and to meat this urgent
need a scheme was put in hand for the
convarsion of a number of nerchant ships
Ifito repair ships (see Fig. 140) and for the
cenitruction of new ones to be commenced
Immediately. The repair staflz for these
ships have been drawn from a new naval
branch known as Special Repair Ratings
{Dockyard).

It will no doubt be appreciated from the
nature of their ducies thar these Repair
Ships earry all types of metal and wood
working machine tools and ancillary mach-
inery.and have the necessary iccommedation
for rapair parties; in fact |:"|¢:|.' ire !u':|xl,-
equipped floating workshops, As part of
the ‘Fleet Train', they a-e capable of
accompanying the Fleet anywhare,
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Fig, HMi=A pre-war Depot Ship, the repale stall of which b drawn from normal Ssevice bramches,

Thae Repair Ship is no noveley in the navy;
among those which have done excellent
work afloat comes to the mind such names
as H.M.5. Resource, Medway and Forth, to
mention but a few of the waoll-Enown
repair and depot ships for destroyers and
submarines, (See Fig. 143). Thate ships
have always been manned by naval per-
sonnel and Inelude & larpe number of
E.R.As and stokers carried for repair
duties,

A tradesman not mentioned in the earlier
section dealing with the training of engine
room artificers will be found o these ships,
that Is, E.R. A {patr_l:rnm:lhl:r and moulder).
These men are entered from outside sources
and are not trained in the R.a-,ll Maval
Artificer Training Establishments,

The photographs vsed to (lusirate this
section were taken aboard Repir S'I'Ilp!
of the Fleet Train and our first one Fig. 141
aptly sums up the aim of the Service to
get jobs done.

Fig. 144=# group of Lang lathes with all-geared hoadorocks and individusl motor drive
in & cormer af & Repsir Ship Machine Shop.

Flg. |dSeitlng up a matar bast snging aankshalt (n & Lasg
lathe prior o machindng; mots the =ifssing bolis
betwaan the erank wibs

Flg. 145—Turning the propsllir bosi on & Lasg lathe prior to the
baring operatien ] the propellor was cast in tha ship®s
Toundry,
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Lathe Operations

The next wiew, Fig. 141 shows the layost
of 1 typical machine shop, a corner of
anocher shop being featured in Fig. 144
and d'!pill:l:il'lg some eallier Lypes of L‘II?:
fithes with all-peared headstocks ard
individual motor drive., In the close-Lp : - B
view of one of these lathes In Fig. 145 we . . /

e a propeller for 3 reciprocating engine
being turned up sfter casting In the ship's
foundry.

M vlew of another Lang lache in operaticn
i given in Fig. |46. Here, an E.R.A, (s
#etting up a motor boat engine crankshaft
priar to machining; as will be observed

Fig: 147=~An oxample of mprovisation; the &ficoloy of
machining o lomg shaft is avercoms by utilising
the tndlieach [reverssd ) of an adjedning laths,

Fp |#—A Richards Horlzomtal Borer at work sn a Mamford sieam valve chesi.

Fig. 150—Cutting tha testh of & agirsl
gear whesl for a batibeship's radar

giiflening bolts are being used between Boring Operations equipment, on s Parkson 1N

the crank webs to give added rigidity. In the heavy Machine Shop we find a Univarsal Miling Machine,

Bg. 147 is included to illustrate an Richards Horizontal Borer at work on a Milling Operations

gample of improvisation. The oversize Mumford steam valve chest, (sea Fig. 148), Two examples of milling operations

thift to be machined is too long for the  the next illustration, Fig. 149 showing the are given in Figs. 150 and 151, the first
luhe snd 5o the tailstock is removed and  boring of the top and bottem halves ef a  featuring a Parkson IM Universal Milling
i three-point steady located at the end of  9° bore main engine bearing for a cruiser, Machine with self<contained motor drive
the bed, centre zupport being provided Thit bearing, having ‘run’ whilit in service, at wark cutting the testh of 3 spiral gear

the tailstock of the adjoining lathe has been sent to the Repair Ship to be wheel required for part ef the readar
alter havimg been turned the opposin whitemetalled and machined to the drawling equipment of a battleship, whilst the

wiy round on its own lathe bed, provided second depicts the set-up of bevel milling
Fig. 18] (Dalow b4 beval mmilllag ostter set-up lor machinisg the elwiy
Wg. 14¥ [Belaw | —Boring the top and botiom kalves of a 1" bore maln chamler in ane hall of the maln englne bearing shown balngbored
angine baaring far & erulias, in Fig. 148,

'
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cutters for machining the oil-way chamifer
in aone hall of the main engine kearing
praviously shawn on the horizontal borer
in Fig. 149

The last of eur Machine Shop wiews
shows—
A Grinding Operation in progres, the
job being a governor spindle for a twrbo
genarator and the machine, a Churchill
Universal Grinder, (See Fig. |51).

The ‘Qutside Trades' are featured in
our next series of photographs the first

af which (Fig. 153} Illustrates boilermakers
at work In the Plate Shop cutting 7 large

Fig. 1Bl—Grinding & governos spindle ler s berba
gemarator on a Churchill Univereal G rindar,

sheer of 1 mild steel plate on a shearing
machine which has a capacity of §° thick-
ness and will punch holey up to | * diametar
in the same plate. The woodon templam
to which the E.R.A.5 are working is leaning
against the side of the machine. In the
second |lustration Fig. 154 enginesmichs
are reduclng a steel swfc on a power
hammer, the third view, Fig. |55 showing
2 coppersmith busy on o welding |ob,
using oxy-acetylens equipment.

]

Y¥e now introduce an intoresting series
of pittures depicting variows stages In—

Fig. 153—Im the Plate Shop of 3 Repalr Ship; bollermakers usimg a shearing machine for cutting |~
mild stmal plate, the templits for which is leaning against the machine, The Manufacture of

a Washing Machine Door

A new aluminium door was required for
the Baker Perking Washing Machine in the
Ship's laundry abeard one of the Repair

Fig. 154—Enginsirmiths on board & Aspair Ship uslng & power hammar ta Fig. 188—A welding |ob for the coppersmith whs gots to work
reduce the dismeter of a stesl shaft with his osp-acetplens equigment.
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Fig. 15&—Pusting the finkking touches to 3 paitern ar & new door lor 8 washing
machinn in the Repair $hip% lsundey,

Fig. IS —Hare we ssa the finlshed mould for the new = ashing machine doar,

REPAIR SHIPS

OF THE FLEET TRAIN

Ships and s, first of all, the E.R.As {pattern
makers and maulders) et to work on the
new pattern which is having the finishing
touches put to it in Fig. 156,

Fram the Pattern Shop to the Moulding
Shop is the next stage as indicated in Fig
|57 which shows the two halves of the
finished mould, the pouring of the alum-
inium being done in Fig, 158, Appropriate
to this stage is the view taken in a typical
Repair Ship Foundry illustraced In Fig. 159,

Far our next view (Fig. [0} we show a
close-up of the door being machined an
1 17" swing motor driven Lasg lathe which
has been adapted to wake lirge diameter
work af this mature by means of 3 partable
extended headstock spindie with large
faceplate and a special block on the wddie
te raise the top slide to the required height.

Fig: 18#—This gives 5 good view in = typicsl Repade Siip Poundry;
the cupols v nsarly resdy (or paaring

Fig. 150 [Left|—The next stage of pouring the slumisiom
into the meuld for the new deor
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PFlg. P61—Thsa findshed door Bited te the washing
rvachine in thi shig's laesdry,

£ ready for drafting to the wrious bases and

BT ships as perty officers or leading-ratings
according to their classification

Every trade in the ship repair industry—

and there are seventy gaades in all—is

Fig, 150=5kows how o Lamg laths wi ad d to T b the hing machina door fEPfE!EHEEd in the four main dgﬂar[merju
by msans of & portable extended haaditock spindle with large faceplate, f
and @ raised top alids on the ssddio, of the Royal Dockyards, le. Captain's

After various other operations including
milling and drilling, the door is complated
and ficced in position as depicted in Fig.
161 and the Ship's Laundry is once more back
agaln In full working erder (see Fiz. 163).

Our concluding  illustration  Fig. 1632
shows that mechanical testing of materials
forms one of the duties carried out on
board, Here the artificer i using a
portable bench tensile testing apparatus,
whilst to the right stand two types af
scleroscope hardness :E:ting machines,

Leaving the question of workshop practice
we append a few remarks aboutr the—

Special Repair Ratings (Dockyard)

—a new naval branch, known as 5.8.R.{D}s,
which was formed to meet the demands for
repair personnel to man the new Repalr
Ships. For this branch, men who have
had sufficlent experience in 3 trade required
for ship repairs are sent to the Naval
Barracks, Chatham, as they enter the Service

_ Fig. idl=—F schanical tostimg of materisls on board & Rapale Ship; the sreier o plotdsg
either as 'i'Dl:.lﬂtEl‘.‘_l‘S .Dl' conscripti. After a lnad-gxiembon curve using an setensemeler, shilst to the right stasd tes
a five weeks' disciplinary course they are Arpws ul scleroscops hardness tasting machinos.

Department, Constructive Department,
Engineering Department and Electrical

Enginegring Department.

Special Repair Ratings (Dockyard) have
their awn officers and warkshops, and In
all respects are completely self-contained,
but subject to ardinary naval discipline.
Their job in the cut-of-the-way places is
rarely easy and never glameorous, but there
is a great demand for their services and
Commanding Officers speak highly of them
as a force. They are alldmperant and
when we enter the final round with Japan
thay will be there to ensure that our fighting

ships stay in the ring.

Fig. 14 |Lefi}—Tha washing machine b now back

Again in sarvice.
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THE MAINTENANCE & REPAIR OF

OM the baule of Taranto to the latest operations
‘Lin the Pacific Ocean, naval aircmft operated from
‘mireraft carriers have illustrated ihe decisive importance
of Alr-Sea Power,

To muintain Naval Air Squadons in the highest

posmible state of operational and technical efficiency is
“the objective of all training and of all Royal Naval Air
‘Sfations and Establishments ashore,
In the carriers the task is Lo maintain the required
umber of aircraft in the air for protection of the Fleet
Jor the attack on selected targets. 1o maintain the supply
of mircralt, to fy these off and get the returning aireralt
aifely on board, when delay may mean their running oul
ol fuel and when seconds may make all the difference
between success or failure, provides a ealling as thrilling
and exacting as any to be found te-day,  The maintenance
peisonnie] on board maintain and service these aircrafi
8 quickly as possible, and effect rapid repairs to the very
limited number of aircraft that can be carmied in the
ship. This calls for a high standard of technical organisa-
o and skill, for limitations of weight and space in the
“ship for the accommedation of pesonnel, stores, fuel,
Cammunition and the thousand and one necesary items,
makes things extremely complicated, and comparison
' etween an adrerafl carvier and an airfield ashore impossible,
" Sonie idea of the congestion might be obtained by visual-
an the compression of a whole Air Station into 4 space
tepresented by less than a quarter of one runway, ,-ﬁr,.-h
- several decks.

The operation of paval aircralt fom carriers presents
many technical problems and requires the highest standarnd
of maintenance and  pelinbility. When single engined
paval aireralt arc operating at greut distances over the
gen from their carrier—which in isell s but & speck
i 'I']Lt CEAT .il.:rpl:' rnay lae '|.:|il|:||.i|||.! :|I:|1|. I'HHIII'IE; i n E]I"HIW!—
there is no alternative in case of mechenical filure o the
ks of the aircraft and serious risk to the aircrews, and
Cabove all, the loss of essental air cover o the Fleet in
eitcamstances  when  replacement by rederves  cannot
weadily be provided,

During the interval between the two wars, the Navy did
not smaintain its own aircraft; and the opening of hos-
tlities in 1099 found Naval Aviation as it is understood
tediy in its infancy. The necessity for very rapid expan-
sion at & time when competition for personnel and equip-
ment was partdcularly keen presented many  problems,
and imiprovised solutions have had to be accepted in a
number of cases.

That solutians have been possible at all is due in very
lairge measure (o the kecnness and devotion 1o duty of
many thousands of officers of the RNV.R, aof the
W.RN.S., of personnel entered for hostilities only, and
Caf the unstinting assistance giver by the RATF,

NAVAL AIRCRAFT

M,'\m

DIRECTOR OF AIRCRAFT MAINTENANCE
AND REFAIR

Rear-Admiral (E) C. P. Berthon, C.BE.

It is fitting that acknowledgement should be made here
of the services rendered not only by the asove, but also
by all those who in industry or in o civilian capacity have
contributed o the remarkable achievement of the British
Naval Air pawer now being deployed agains. the Japanese,

In the public pres, the air achievements of the Royval
Navy are often published wunder the heading “Fleet
Adr Arm’', but the Navy itself discourages this description.
Those concerned with naval aviation, althmgh specialisis
in air matters, are not a M!N’H'ﬂ“‘ unit, but an integral part
of the Navy. Thus RN, officers emploved upen the
maintenance and repair of naval aireraft are filly euali-
fied engineers who  have specialised in aeronastical
engineering, and many are already [ully trained piloa.
In the same way, Air Artificers and Air Mechanics must
feel equally at home carrying out theie work upon aireraft
on board ship, at & paval air station ashore, and, when
required, during flight.

This blend of life and work by sea, land and air should
appeal to all who feel
the call of adventure
and varery combined
with high professional
standing as acronaui- L
ical engineers, ‘
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N view of the censiderable amount of

space devoted to the subject of training
In the marine section of this article and the
fact that we have already outlired the
training syllabus for Alr Enginesr Officers,
we propose to omit the curriculum of
imatruction for Air Apprestices (e, thar
which foliows their first year's basie wark
at Rosyth or Torpoint, detailed in the
Maval Ardificers’ section} and to meve an
to the advanced training carried ou: at the
Scheol of Alrcraft Malntenance situated
at Worthy Down,

Familiarly knewn in the Service as
"5.A.M." thiz school started in Auguse 1942
in a couple of blitzed hangars at Leeg-on-
Solent with a ¥¥alrus and an Albacore and
an average of 20 pupils a week. The value
of the courses inaugurated resuked in
rapid development, sa that to-day, at the
new site, are four large hangars partitioned
off into classrooms, many ather instructional
bulldings and a weekly average of 250 pupils,

Altogether, there are approximazaly
30 'SAMCO’" courses In operation and the
wide range of subjects covered includes
engine Instruction, alreraft malntenance,
aircraft Instruments, carburectors and pro-
pellers, electrical equipment, cameras (in-
cluding loading and titling), scanners, gyro
gunsights, directors and DLR. compasses,
rocket projectile equipment, aircrafc sal-
vage and packing etc., as well as a petey
officer Alr Mechanics gualilying course, an
aircraft checkers course and a flight deck

course etc.

All the courses mentioned are for the
(A}y—airframes, (E}—Engines, (O)}—COrd-
nance and (L}—electrical ratings appro-
priate to the subject matter taken, the
duration of sach course depending en the
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amount of initruction necessary and rang-
ing from as short as two days {gyro gun-
sights) to ten weoks Tor the P.OAM
qualifying course, the average being from
ong to two weeks, [n additien to these,
there are six courses for Air Engineer
Officers of varying periods from five weeks
to twenty-four weeks' duration.

5S¢ much for the outline of instruction
covered. Mow let us pay a vitit to the,
'ship®, which iz known as H.M.5 Kestral,
where we first of all make our acguaintance
with the Station Joining and Drafting
Centre, a view in which is featured In Fig.
I64. Here. housed In the front portion
of a central hangar, are grouped all the
office facilities for dealing with joining,
drafting, regulating, station leave, victualling
and checking, bedding etc., together with
the Master at Arms office, and the arrange-
ments run so smoothly that up to 200
personnel an heur can be dealt with.

Fig. lbl=A view in tha Station Jelning and Drafting Centre at the Schoal of Afrcraft Masntesases,
Waribky Bown, which bears the name of HHLE, HKestral,

Zoning Control

In a separate building a Zone Control
Roam |8 equipped to display a very efficient
visual system recording the mavements of
persannel on the Statien, both st and
those under instruction, and is worthy af
a detalled reference. Fise of all we would
point cut that though a card index system
provides an admirable record of the indi-
vidual, it does not readily give a picture of
the allocation of persennel aa a whale
With the latter abject |n view, experiments
were tried with various mechods resulting
in the system known 2z a Zoning Contral,
and which is mow being applied to the whals
station at R.MNLALS, Werthy Dawn,

For the purpose of clasification, the
entire soation has been divided Into three
groups as follows—

I. School—comprising all ratings and
Wrens on, or awaiting courses |n
5.ALM,

1. Smrngn_hnrl ratings and Wrens i
tached to Storage.

3. Seafl—all others not Included |n
(1) and (2) such as instructors
(5.4, M.}, sesreen,  sccountant

ratings, fire fighters, those attached
to squadrens et and all remain-
ing Wren pwrmnnrl

TthE vigual eantral Fautlt are arrnllg::d..
ene for each group (see Fig, 165) as well i
ene board showing station accammaodatian,
These panels provide a visual watch bill, thas
is, mach rating is recarded accarding to his
group indicating:—

I. (Blue} Joining and drafting routine

and divisional work,

1. [(Green) Warking “ship'.

1. (Yellow) bNon-operative, Le  sich

leave, etc.

Fig: 145 {Laftl—B& swectics of the Tore Cantred Room
In which & wary efficient vinnl syatem records Ehe
mivareants of perioansl on the Stition, both el
mnd thsse under instruction) the seoiesa of sack
manel are |n differsst coleurs,
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4 [Black) Mon-operative, i.e. cells,
detention, absent, otc,

5. [Red) The normal ‘static” ducy per-
formed, together with a number
of sub-sections of these zones
Indicating the precise function or
duty carried out

Az will be appreciated from the faregolig
dotails, chis visual system affords the fel-
lowing advantages . —

a. A continuous visual watch blll indi-
cating where a rating is at any
particular timae

&, Eeing visual Ix may be kept under
constant review so that surpluses
and deficiencies or wastages of nun
pawer can be seen at a glance.

& The picture of the dispersal and
alleeatien of o group or section is
immediately apparent ({Le. the
formation of classes in the 5choal
of Alrcraft Maintenance etc.)

g, Statistics can be I'.1'.II'I1|:II‘|é'I.1 sich as
giving thepersonnel in3.A.M. classes
gte., and with minor adaptations
the strength return can be given
under the headings required by
FOMAS Farm 86 (Flag Officer
Maval Air Stations).

The counterpart of the contral boards
i the card Index. In the same way as the
@llles on the board indicate the state of
affairs at any given time, 3o the index cards
show & detailed and permanent record of
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ApbvANCED TRAINING ON

AIrcrRAFT MAINTENANCE

Fig. 1§8—Seccionalised alrcralt such as this Sealfire v one of the features of the insirecilonal tralming
mt ¥Worthy Diown; on thass sii maincemance rachngy, e siriramse (&), ssgine (B8],
ubocirical (L} and ordnance (O] are taught the operations pertalning to
hatwesn Night,” “dally"” and 40 hour'' inepocticns,

each rating and also previde the information
required to assess the individual on his
Service documents when he leaves the
station.

Fram the question of Zoning Control,
we now turn ta details of same of the
SAMCO courses commencing with SAMCO
Mao. 5 which deals with—

Ajrcraft Maintenance

This subject covers a number of individ-
ual courses an variows alreraft *nr!llr]mg
Seafire, Barracuda, Wildeat, Hellcat,
Avenger, Corsair, Firefly, ete., the British
and American types being housed In two
separate hangars.

Thae persennel eligible are air artificers,
air ficters, and air mechanics of all trades
e (A). (E) (L) and (©), and Iremsguadrons
I'|:l:rr|i|'|g rl‘_'vequiflplllg_ ar n .||'|I!|r.:|'.|.‘|:|r_'-||
of requirements, alsa prlor to service In
training squadrons.

The object of the syllabus which ks of
one week's duration, is to give maincen-
ance ratings training In the details of all
malntenance aperations paruining o
‘between flight', ‘daily’ and “#} hour
inspections” and of the correct methods to
be qmplnym‘l. Lectures, prn-:'l:lrJ.I work and
demonstrations are given, mgether with
infermation concerning likely sources of
fallures ar defects,

In the Instructional hangars excellent use
is made af the different types of aircraft in
sectionalised stages to enable the general
construction to be studied, also the locas
tion and operation of the many subsidiary
componants. Take the view of the Seafire
in Fig_ |&& for example, fram which It will
be appreciated how easy it |3 to assimilace,
in a short time, a practical knowledge af
those parcs normally hiddan Trom view.
A corner of the Seafire clasi of air mech-
anics (A) ‘In session’ can be seen at the
rear of the wailplane.

The next illustrations Fis} 167 and 168
are taken in the American hangar and show
two wiews of a sectionalised Corsair, the

Fig. l4T=This ssctionalised Coraair, with its main glane folded, i@ in the

Amserican alrcraft malnbenandiw inubructrom hangar.

Theis "inkda'

wimwrs anable sbrfframs conitruction ta be axplained i wall
ma the operation of hydraale and aleciricd] compohents.
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first looking alang the fuselage, wth the
wing folded and hydraulic and electrical
components exposed, and the second
featuring tha raar of the aircraft with the
arrester hook down.

Propaller bay, engine componeit and
carburettor bays are accommodated in a
nearby hangar of smaller size.

The Armament Section. Here we
find an array of bombs and components |5
avallible and Instruction is given ir bomb
and rocker projectile installations znd the
stripping and maintenance of Hispano
200 m.m. cannen, Browning and Vickers
Funs.

In Fig, 169 we feature an Ordnance clase
aof patty officers, air fitters and air mechanies
receiving instruction on the cannon and
Browning guns which they strip ind re-
assemble and learn the different acdons so
thar thoy can clear and remady stoppiges on
operational alreraft. Most readers will
have become acquainted from the news;

Flg: 1T—Ona of thes fesl deensiostios
stands, that of CaMman Cartridgs Stirter
tmls, in the Engines lnstruction School
earFies 0 board bearing & very

approprizte injuncien.
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Fig. 1ilk (Lot j—Ancthar
wiew af the seccionalised
Carsair looking along the
rear of tha fuselage and
inclading the il plase
and rudider; the lamiling
hosk s shawn extended.

L

Fip, |88—fn Ordnancs clam of patty officers, alr fers amd air mechanics resiving InsgFeerian
om Hispana 30 mm. cannen, 5 and 91 Browming gane, o that they cen clesr il remedy
pboppagel an operationsl airoraf

of the effective hitting power of the 20 mm.
cannan and particularly of their pood wark
against shipping, therefore a few details
of their performance will ne doubt be of
interest. Lsing high explosive, Incendiary.
tracer or armaur piercing ammunitian,
they have a muzzle velocity of LB80 fe
per second and will fire at the rata of 720
rounds per minute, Of the Browning
guns, the .5's muzzle velocity 15 2,660 ft
per secand and the rate of fire BOO rounds
per minute, whilst the 403 has a velocity
of 2,440 fr. per sacond and i ideal for
graund strafing with a firlng rate of 1,130
rounds per minute.

The Engine Instruction School s
housed in a long hangar which is divided
down the centre and round the sides into
bays where instruction is given in the
stripping and assembly of engines and
components. Facing the bays are exploded
¢ngi.n|:;: and soctioned companents ol
Bristel, Rolls and American engines that

are in the respective bays,

As we enter the left hand aisle aof this
section, one of the first demonscration
stands we see features Coffman cartridge

starter tools (sea Fig. 170) wich sectionss
components on the bench comprising an
amal valve for governisg fuel presiured, §
Pesco fuel pump and a B.T.H. air compresset
for brake systems. whilst overhead (3§
beard bearing a very appropriate injunctics

A lictle further slong we find the damage
Mercury engine depicted In Fig. |71 whi
demonstrates what can happen as the result
of negligence In the bac fitting of the wrist
pin assembly and pointing out the things ta
be observed to avoid similar trouble,

Walking raund to ons of the centre bap
we see a Double Cycone engine cours
{SAMCO Mo, 4 C2) clas at work removing
the roduction gear drive Trom the engieg

Fig, IF1=Tlrm rmiive steme this dasyragnd M
ury engine reade="Thi |y what can happes
it an whgiee by segligenes bs bad Biting of the
wrist pla nssembly, Lok to (o) Scting of splip
pin, (b sk of wrist pin od (o} securing balt®,
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ai shown Iin Fig. 172, the sectioned and
stripped  components being exhibited on
the benches in the foreground,

This course is for air artificers, alr fitters,
and sirmechanics (E) and fs of two weeks
duration ta equip these ratings for squud-
rans or workshops,  As far as possible the
engina is completely stripped and assembled,
uiing the proper toals supplied in the
workshop tool kits (see Merlin example in
Fig. 177) with checks and maintenance
pracedure explained.

A5 an mxample of the tharoughness of
the training we give the syllabus of the
Double Cyclone |4 cylinder engine course
in detail:—,

First Week

Monday—CGeneral particulars of engine,
methed ef slinging engine and securing
to alrframe.  Detail methods of strip-
pingengine; cleaning parts and checking,

Tuesday—Commence ta strip engine into
component parts, Build up cylinders,
valves, rocker gear etc.; rengwing of
valve springs: renewing of eylinders;
checks: securing and maintenance of
ignition harmess.

Wndnudw—Tappe: gear, push  rods,
adjustments, checks; lubrication of
rockers, tappets etc.; piston  ring
pssembly ; renewing piston rings. Main
crank-case descripticn,

I EEEMoad
B R A Y

Fig. |7T3—The cylinder and rocker gear assem-
biy details which commemcas the line of
Dwiibile ¥Wasp enginme esploded sections

smwn bn Fig. 174,

Thursday—Reduction gear, description
and fMeting of; checks and lubrication;
detall of cover. Shock loading; «am
gear and operation, fitting and checks,

Friday—Crankshaft and master rod assem-
bly; checks and fitting of master ind
articukating rods; assembly of crank-
shale and checks; lubrication of assem-
blies. Theory of Stremberg carbur-
Ettar.

Saturday—Revision of weok’s instruc-
tion ; commence to assemble engine

Second Week

Monday—Rear cover housings: layout of
gears and drives in rear cover; oil
pumps and filters; maintenance of
pumps and filters: stripping ofl pump.

Main lubrication system, pressure ind

scavenge: external ol systom,
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Fig. 173—d\ Doubla Cyclons 14 cplindar sagine clam ramaving the reductien gear drive; s the lees-
grownd are the complete sapleded sections for instreotional purgssss

Tuesday—Oil priming procedure; build
up of impeller drives; supercharger
clutches and operation; checks. Prac-
vical valve timing and check,

Wednesday—Stromberg car-
burettor, maintenance,
venking, poiming, dehibicing
renewing of carburettor,
Setting of controls; fuel
pump description, seripping
and checks.

Thursday — Magnetes, initial

point setting, maintenance.

Practical timing of magneto

ta engine; adjustments,

Friday=—5tarting and stopping procedure;
running faults. RAevision.®]

Saturday=—Examination.

In the next illustration Fig. |74 we sae the
exploded details of a Dosble ‘Wasp 18
cylinder engine comprising from lelt to
right, the nose section, the power unig,
supercharger and rear covers, with o cam-
pletely assambled unit at the end of the
line. At the head of the line, and not
included in the previous [llustration, |5
a board carrying the cylincer and rocker
gear msembly details as depicted In Fig. 173,

Fig. ITé&—Huers arw the sxploded dotalls of 5 Double Waisp 18 cylinder sngine in the Engine lnstruetion
Schonol; the eompletaly asiembled unit i§ whawn at tha end of the ks
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A litcle further along, part of a class of
petty officer air machanics (E) ware busy
mounting the power section of a Twin
¥Wasp engine, the remainder of the class
being seated in the instruction bay behind

(see Fig. 175).

Before leaving the Engine |nstruction
School we will censider for a memen: the—

Ajir Engineer Officers Training Course
—which, as SAMCO 205, & desigaed to
provide a comprehensive and complete
curriculum for the conversion of officers
with engineering knowledge and ex-
perience, but with no previous specialised
agronautical training, to Service Alr Engin-
eers, this course baing of 15 weeks duratien,

The syllabuz, br qulr_ covers che fﬂ'“&'\-’r‘iﬂg
sub ectsi—

Preliminary Afrframes—ineluding theory
of flight and scructures, genaral cons
struction, practical rigging, fabric cow-
ering and repairs.

Ph'!‘”l'l'llnﬂ.r:f Engln-u—then-r:.r af  heat
engines, thermeod yramics, chemistry of
fuels, theory of earburation, magnetism
and inductors; Oro and medified
cycles; practical stripping of simple
acre engines, rebullding, wvalve and
magneto timing; principle of lubrica-
tion, wet and dry sumps, high and low
pressure systems; sparking pligs of
all Eypes, ignition and harnesses;
gcneral carburercor design from simple
LU tubes and Zenith to Master control
and S.U. principle; supercharging, all
accessories, pumps atc.; Coffman start-
ars and inertia.

Phase ‘'A'—Electrics and aii types of
instruments; metallurgy and practical
applications; hrdrnulics and preu
matics; propellers.

Fhase "B'—(Specialisation on engines)—
Merlin and 5.U. carburettor; 3ristel

EMGINEERING IN THE ROYAL MAVY

Fig, 1TF—Some of the class of potty officers air mschanios (E] moonting e powdr sectlon of s Twin
Wasp sngine] the rermaindar of the cless are inm tha backpraund

enginesand Claudel Hobson carburettor;
Twin Wasp and Stromberg carburet-
tar; viewling, engine repair section
procedure,

Phase 'C'—{Specialisation on alrframes)
—alreraft metal repairs dinghiss ere :
Seafire, Barracuda and Corsale air-
frames and their respective hydraulies:
procedure and administration, includ-
ing all forms, publications, stores, AR5,
storage, squadrons, cencralised main-
tenance, carrier and flight deck pra-
cadure,

As will be appreciated from the fore-
going, the officers receive much of their
instruction for this course in the Engine
Instruction Schaal and in Fig. 176 we show
a view taken in the officers Merlin engine
lecture foom which I situated at one end
of the hangar. Round the walls will be

seen 3 variety of diagrammatic drawings. a5
well as actual sactioned engine components,
a sectioned superchargeralso stands on the
table ar the rear. In the two weeks
devoted to the Merlin engine, every part
and function |s dealt with thoraughly and
a complete strip of the engine is undertaken
during this perlad,

This stage provides 1 suimable oppor:
tunity for us to intreduce an jllustration
of one of three cases covering the enciee
range of Merlin engine tols {ses Fig, 177)
which are used by officersand ratings taking
a Merlin engine course. Al tools are tithed
and their use briefly exslained as will be
apparent from che photegraph; kits for
other types of engines are similarly die
played for wse in the insiruction School

Other phases of the Air Engineer Officers
course are featured in Figs. 178, 179 and 180
these illustrations being taken in the build-
ing deverted ta hydrailics. preumatics,
metallurgy, and dinghy maintenance. In
the first view, we have on the rable, a
working maodel of the Dunlop preumatic
brake system as fitted o maost British
aircraft, the left hand end of the table baing
eccupled by a hydrulic tese rig used for
testing afll types of components ta 4,000
Ibs. per sq. in., the corporents actually
an test being an interlock walve and flap
jack. On tha wall In the rear is 2 section-
alised Lockhoed hydralic system  for
underearrizges and flaps alse far wing locking
on certain types of aincraf.

The board shown on the stand in Fig, |79
carries a sectionalised working model of

Fig., I (Lefti=A wivw in the oficers Marlia waging
tecturs oM im the Engine brstruction Schasl;
diagrams amd sectiensd tommnants are disphaped
on the walls, amd & superchirper signds on the
tabilé at the raar
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Flg. IM=This Marlin angine ool kit, one cf three swch
cases covesrbng the emtire ranga, b uisd by officers

67

hasd hpdraulic system far

anad ratings on the Merlin angias courss, Kits for

wther types are slmilarly displayed In the
Inatruction Schoal.

the pneumatic system seen on the table in
the previeus illustration. The camponents,
reading from left to right, are as follows:
top line—B.T.H. air compressor; oll seal,
by which the back pressure of tha alr
garriss @il back o the ball valve in come
preigion, to provide a firm seating te the
walve; oil filter, and to the right, the alr
bottle: centre line—'joy stick'; rudder
eonzral, and triple gauge showing air
pressure in air vessel and port and sar-
Board brakes: bottom line—brake, show-
ing expansion chamber and brake shoss;
dual relay walve, worked fram rudder
wontrol also by Bowden cable fram |oy
stliek; reduction valve which reduces the
pressure In the bottle to the working
proatiures ol the brakes: air fileer, and
external alr charging valve.

The third illustration, Fig. 180 depices

a portable testing apperatus made on the
Stativin Tor dis;nuﬂn; metal removed from
an engine filter to assist in determining the
cause of failure. Housed in a wooden bax
12° by 10" by &°, the equipment consists of
# magnet for testing ferrous metals, a
balance for w:ighlng small amounts for
purposes of comparison, litmus paper far
testing acidity, a spirit lamp for boiling
certain  solutions, magnifying glass far
examining minute particles, tweerers, two
test tubes, & burette for measuring sclutions
and a supply of filter papers. [n the bottles
are nickel spot test solutlons, A and B;
nitric and sulphuric acids, and eaustic
sada; one of the two jars conmins copper
sulphate and the other is used for mixing
salutians, The glaxs p|=|nl anables work to
be done on it without damaging the instruc-
tions underneath.

ADVANCED MAINTENANCE TRAINING
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Fig. ITB—Warking models of the Duslop pneumatie brake spstem (os talibe] and Lock.

umdercarringes and Aaps (oo wall] s cne seveuoiion

roam of tha Alr Enginess OMicers Training Coarve, the objeci of which is
b convert those with mo previses specialised ssronautics kol mdpa

i Sarvice Air Engines,

Typical test examplos with the use of this
apparatus are as follows —To test for brass
or bronze, weigh out one gamme of metal
and dissclve In 20 millilitres of nitric acid;
when action s finished, bal the solution
fer twa or three minutes. If a
precipltate results, tin Is present and the
allay s bronze: should no white precipitate
be cheerved, the allay is brass. To test
far lead, in the case of lead bronze, take
ane millilitre of bailed salutian and dilure
with 10 millilitres of distilled water, add
one millilitre of sulphuric acid and allew
to stand. Tin is present should & white
precipitate result.

white

Flg. 183—This partabile tating ippors e Wia

ramdo on ihe Statlen fer the Oficers Conver-

slon Course for diapeosing metsl resmoved

froam an angine filter to ¢ In determining
the ause of failers,

Fig. I™—(Laft) This i & seetbonalbed werking nsodsl

ol the Duslap posimatic braking ipism seen on
ithe mble In Flg. ITH,

K
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Fig 10l aslliveralr alarreiral oi
insoruction o slec
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i im Tl winrking order forms par of & well squipped seetian far

mpe.  The Firelly snd Barrecuda panaly

illustraved mre used lor passing cut petty officer air mechanies [LL

Electrical Maintenance Ratings ao train-
ad inawell equippad section where advanced
imstruction = given on aircrafc electrical
cireults, radar equipment, rocket praje ctile 5,
the gyro gun sight, distant reading compass,
auto contraols, instruments, camens, etc,
Much of the equipment s sectional zed and
the ocuter casings of working modals have
perspex windows so that the moving
parts can be observed in action.

Circulis which are the rq::pnnsi:llll;.r of
electrical maintenance ratings are wired
up on large display panels, one for each
type of naval aircraft, Twe of four such
pamels used as parc of a very comprehensive
syllabus for the petty officer air mechanic

qualifying course (SAMCO Mo, &) are
illuserated in Fig. |81, the ona nearest the
camera being for the Firefly and the cther
for the Barraduca. Each of thess carry
complete |nstrument and electrical equip-
ment wired in accordance with the actual
diagrams in the alrcraft handbooks,

f

The Barracuda Panel for instance is
laid out as follows:—top right portian
represents the starboard main plane and
has fuel tank pressure and alr temperature
transmitters, togécher with navigation,
formation and recognition lighes, whilst
below (bottom right) is the power plant
sectlon with magneto, booster coil, Coffman
careridge  starter, ofl dilutian {for cold
weather starting), fuel pressure trammitoer,
immersion  switch [ar nprrnling dmg‘hp.
fire extinguishers for dowsing fuel tanks,
and micro  switches for underarriage
indicatars.

The top centre represents the pilots

Fig: 181=iRight| & rear view af the Barracsda pamel
peem & vhe furthest ane in Pig. 181, Prom chis, the
maltiple wirlng cirouits fan be traced

amd urdersioeil;

position and shows the flying panel with all
contrel imtruments, and undarneach is the
obiervers position with alternative bomb
contrel, power contrel panel, regulator
and cut out. The bomb gear In the centre
is rigged up with lights representing
universal carriers. The laft hand side af
the panel features the port main plane and
carries the same equipment as the starboard
side plus landing lamp, downward identicy
lighes and flap tranamitter.

Every item is in full waorking erder,
perspex covers being provided as previously
explained; for passing out purposes, four
faults are laid on and each petty officer
rating has to locate and rectify them. The
view Fig. 182 shows the rear of the Barra-
cuda panel, the motor in the bottom left
hand corner htln& far drwins the mngnatu
for demonstration purposes and is not
part af the alrerale equipment. On the
wall to the right can be seen part of a three
cempartment cantainer for all gear includ-
ing light bombs. smoke bombs, incendiaries,
emergency supplies etc., this container
being operated from the main panel.

In another building of the Electrial
Eection we find the working layour af—
The Bomb Installation on o Barracuds
as featured In Fig. 183, One of the large
racks will be seen carrying a 100 b, bomby
the twa lower racks on the outer portiom
of the panel are the small bomb or flae
containers that fic under the ends of the
main planes. Grouped across the centre
are the wirlng and releise controls operated
from the pilots cockpit, whilst right In the
centre (s the nose and tail fusing switth
which allows bombs te be dropped either
sife or fused. The actual fusing unit &
located on the rack just ahead of the bamb
fins, @ wire from the vnit cennecting with
the propeller release. By the setting of
the indicatars, on the box below the fusing
switch, is determined twe order of sequence
of bomb release and whether they are
drepped singly or in ascade,

The D.R. Compass, or distant r{:ndlrg
Eyro-magnetic compass, to give its full ticle,
is dealt with in yer mother part of the
Elecerical Section and in Fig. |84 we e
instruction being given on §ts functians
and construction, Ths remarkable piocs
of mechanism, the evelution and produc
tion of which is entirely British, has proved
of such navigational aid a8 to make possibla
many outstanding ach evements inchuding
the blowing of the Mahne and Elder dams
and the fast long dismnce flights of Mo
quites, not to mention its aid to navd
alreraft over wide stretches of ocean.

Mormal cypes of magnetic compakel
are susceptible to accelration and decelars:
tinm as well as to magnetic influence from
the aircraft structure ind equipment and
consequently this makes them somewha
inaccurate. The DR, compass however
embaodies two natural principles, that of
the magnetic compass which endeavourt
ta indicate magneric nerth, and that af the
grroscope which possess great rigidity In
space when spinning fast,

A complete D.R. compass instaliacion
consises of (1) a maiter compass unit,
usually fitced in the tal of the fuselage s
as to be remote from armour placing ar
electrical circuits whicy might cause locl
magnetic disturbance; () aseries of repeater
campasses for pllot, cbserver, navigatos,
bomb aimer et and (3) 2 V.5.C unit
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{warlatlon-setting corrector) which allcws
compensation for local variations up to
30 deg. east or west. The various cem-
ponents thus located at different stations
throughout the aircraft are linked by
glectrical harness which is screened :nd
bonded to proclude interference with
radio reception

The V.5.C. unit s incorporated between
the master unit and the repeaters and §: |s
anly necessary for the navigator to set the
corrector for any known local wariation
{marked on all aerial maps by lines called
'hugunnls'] far the indicacions of the
repeaters throughout the aireraft to regis-
wr a true instead of a magnetic course,
An interesting point we might add |5 that
the technique of visual bombing by means
ol the automatic computing bomb-sight
would not have baen achieved without the
aid of the DLR. compass,

The Gyro Gun Sight, initruction on
which is given in the same building, features

a5 our last illuscration in this section {1me Fig. 18)}—A working layout of che bomb Imsesllagien on o Barvacodag the large
- h rack carvies a 100 Ik, bormsh, the cwo lower racks are the small bomb
Fll' IEE]' This is another remarkable containers thai fit ander the ends of the main planes.

g This briel description gives some ides
AN i ey of how the gyro gun sight works; we have,
VECm . for obviows reasons, not attempted to
~hs explain the whole of the technique in-
volved nor given further details of the
mechanism.

To conclude oiir story af  Advanced

Training on Aircralt Mantenance, we
would mentlan the—
Maintenance Test Flying Course, the
object of which s to enable pllets who
have had sufficient general fiying experience
e gpacialize In tha Important sk of tese
flying of aircraft after medification and
repalr to ensure that they are in every way
fit for operational duty,

The wark of test flying demands skill
1% a pilat and If he is an engineer as well
it saves time in diagnosing faults for the
maintenance units to rectify, During the
war pllots with same engineering back-
ground have baen accepted, but eventually
only candidates who are (Ej Pilot Officers
will be selected for these courses since
considerable technical knowledge s re-

Fig. |Bs—Fare we as imarruction Esing given ©o skecrrical maINTEARRCS FRTIRES On The v - b eadll . wiall
Barracuda B.A {divtane reading) Gyro-Magnetic Campass, togrther with the quired if the work i te ¥
marisy of repeater tompaises for pliot and cbesrver. done

piece of mechanism which, being Far-
monised with the guns on the aircraft,
automatically aims them ahead of the mov-
ing enemy plane by the correct deflection
angle.

In operation a main switch s moved to
the ‘on’ positlan, which results in a skx-
got circle appearing in red on the sighting
soreen, the initial size of the circle being
tet by the pilor who turns a selecter to a
mamed positien, fe. JUSE PFPWIRN eic,
immediately the target is identified. As
the pilot closes on the enemy aircraft he
firns a twist grip mounted on his throttle
control so that the size of the sik-dot
grele is adjusted watil it exactly encirzles
the targat's span, whaen within firing range.

Fop. MBS (Righti=—All slectrical maintemarnce ratings
hiws & courss on the gyro gum sight which i cgulpped
with salector sattings for varicus nameid

types of snemy aircralt,
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I AHOSE who have had anything to do

with instructional tralning schemes
realise the Immense value of the wall
diagram ar poster that ean impart the
theory or functien of the subject matter
in a clear and concise manner, whether it
bie the simple electrical circult, the grinclple
of aperation of say a variable pitch propeller
(see Fig. 186) or the complicated design
of an intricate componeont,

Throughout our training sections it will
beappreciated from many of the photographs
reproduced that the MNavy is not backward
in taking advantage of the assistince of
such material and in this connectizn it is
interesting to note that the Depirtment
af Alreraft Maintenance and Repair have in
being a Training Alds Production Section
which has, for its central object, the
simplificatian of instruction in relition to
the maintenance and repair of aircraft,
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IMAIEHATIRT THE CUTTING PIFGE  BEACHE Tl
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MOTE iy Tais shasih W) b 4] e

Flg. |07-=The cemtre panal of this chare

far the worksbop s Ondshied in the cers

rectly graded colaurs for the appropriste
series af tempering fsmperaturss

The enormous war-time expaniion of
naval aviation called for intensive training
on a corresponding basizc and durng the
transition periad frem peace ta war, first
class air ficters and alr mechanic were
being turned out In large numbers from
pramising material of appropriate ex-
perience.

In course of time it became necessary to
racruit men of little or ho mechanical or
aeranautical experience and to train these
at high prazcure with tha help of simplified
wall diagrams, posters, cinematogragh filma,
film strips, specially written leaflees and

e
NCVERTEE RPM

Fig. IBB—A comsultation an & paint of lapowt af an wndercarrisge hydraulc braking spgam
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DIAGRAM ILLUSTRATING
THE PRINCIPLE OF THE
HYDRAULICALLY AND THE ELECTRICALLY OPERATED

VARIABLE PITCH PROPELLER.
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Fig. ild—i “haskc disgrarm of the typs procuded by T.APS, 0 slmplily
instrmction in relation to the malnmenanee and repair of alrerals,
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The Training Albs

ther aids. In being primarily responsible
for the production of such material for the
use of Air Engineer Officers and malnten-
ince personnel, 'T.AR5." as the section is
known In the Service, satisfies a very
impartant and ever-increasing demand

Sarvice requirements are formulated by
the School of Alreraft Maintenance, (whose
work wa feature in our previous secticn)
or the Assistant Directar Perssannel, and
im designing and preducing Instructional
fdlagrams every effort is made to anticipate
the type of materinl required, A staff
ol specialists, assisted by draughtsmen
ind colaurists, is engaged In this werk and
the helpful ideas and suggestions which
are frequently forthcoming from  Alr
Engineer Officers and Instructors are ofen
of great value.

Ax 3 recard af same of T.AP.S, activitias,
we took the photographs used to illustrite
this section; Fig. 188 for instance show: a
tonsulcation en a polnt of layout of an
undercarriage  hydrawlic braking system,
whilse Fig. 1BY rakez us Inte ene of the
smudios where designers and draughtsmen
bring the wall diagrams etc. inte being,
In an adjoining studic, women artists add
the colours which are such a prominent
feature of the displays (See Fig. 190).

Fig, I0P—A wiaw |n ons of tha

- ProbpucTtiON

whero deslg w mimil e g
wir., inte bBsing

A carbon steel hardening and tempering
chart which carries a centre panel finished
in the correctly graded colours for the
appropriate series of tempering tempera-
tures, and reproduced in black in Fig. 187,
is but one of the many workshop aids
turned aut,

SeEcTiON

briiig tha wall diagrarma,

An inceresting innovation is the 'note-
book diagram’, One of the major diffi-
culties of the diagram designer |s to present
his subject, which is rarely simple and as
previously stated may be extremely com-
plicated, with a drastle limitation of
explanatory lettering, This limitation is

Fig. IM—Wamen artivis lm anoiber sbudis add the colowr which are such @ promiseed fmturs of
tha wall displops.
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user” principle which has proved sound In
practice. Copies of a loose-leal catalogue
containing small reprn-dnrrmns of coloursd
naval air diagrams are also widely disire
buted and kept up to date so that the
Sration Engincor OMficars, with thit beform
them, can select and -equest those that
sult their particular requiremants,

Recently the Trainirg Aids Preduction
Section was entrusted with the editing and
production of ‘Maval Aircraft Mainterance
Mateers’, (see Fig. 191}, che firse Service
publication in this country devoted ex
clusively to naval nireraft  meintennes
It Is profusely illustrated and has had a good
receprion from the Air Engineer Officeny
and senior maintenance Fatings ta whom it
is addressed. Particularly welcome
readers are the charts and coloured diagrom
distributed with each lssue.

Tha preparation of lmflets dealing with

5 the application of engineering principle’

Fig. 171=T A& . mdlt and produce the first Service publication In this eountry devoled sxclusively and practice o alrcralt and aero engine ]
#o paval airerelt malstenance ; the enginsering laaflet @ ancther of thelr many sctivitias another of the secrion’ nctivities, che ane

featured in Fig. |90 which gives "notes e
boost and the V.P. propeller’, baing 1
typical example.

T.AP.5. iz also respansible for viewing
instructional films, and recommending thes,
if they are of general technical intorost, 1o
maval air engineering. Those of a mon
specialised Instructional nature are referred
ta S.AM. for report. The supervising o
the production of shor: instructional fims
is anether feature and two such flm
‘Haw an aircraft flie" and “Keep ‘am
flying', made in collaboration with the
Directar of Maval Training, have recently |
baen distributed. Film strips are oka
prepared in collaboration with the same
department, a view in the film strip inspe
tion room being given in Fig. 192, Recom
examples deal with the daily Inspectian @l
the newer types of alrcraft, the work being
carried out by an Engireer Officer assisted

hr an ex-director of doc uimmnlary Filema
Flg. 172—A& wiew in the Film Sirip Inspoction Koom, in civil life,

removed In the notebook diagram, a small
size replica of the large lecture diagram,
with additional lettering, which iz designed
to be pasted into the students' nctebook,
Instructions for colouring are provided,
on the theory that in colouring the diagram
himsalf, the traines will absorb the lesson
with greater ease,

A wview in the storage, packing ind des-
patch sectien s given In Fig. 193 from
whence distribution of wall diagrims and
posters i made baied an the ‘selection by

Fig. 191 [(Right'—The storags, packisng and desgasch
section of T.APS lram whesce the distribution of
wall dimgrams and poscers i made.
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5 an introduction toe this section on

Centrallied Malntenance we propese
to give an outling of the important subject
al—

OPERATIOMNAL RESEARCH OM
AIRCRAFT MAINTEMAMNCE

—the object of which s to develep and
apply the principles of Planned Flying and
Planned Maintenance, wheroby large ecen-
omies both in aircraft and maintenance
man-power have been achieved, This
#udy has evolved during the past three
years, being a direct outcome of an acute
shortnge, both of zircraft and men.

Flrst of all we have the ﬂrn’ng plen whch
Iy fixed for each station and lays dawn the
fiying hours to be achioved each manth,

dependent upon the function—aperations
ar training.—size of station, and type of
aircrafe.  This involveid a certain d:llr task

to be flown an ‘fit-forflying” days which
must not be exceeded unless in special
tircumstances. The average numbers of
glrerafe in the wvarious ‘states’ are then
alovlated,—net in use, backers-up, peal
fsome serviceable, others unseorviceable
and awaiting man-power), undergaing minor
Imepection, undargeing rapale and awaiting
spares (see Fig. [95).
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Fig, 198=The various alrcrals “states” in
relation to the fying plan,

The next comsideration is the pool, the
gssential “buffer state’ between the flying
organisation, which constantly reduces
flying potential by turning serviceable
- dlreraft Inte unserviceable ones, and the
malntenance organisation which rebullds
potential by reversing the process,  Linless
the pool alwaye containe 3 eortaln numbar
ol aircraft ‘awaiting man-power’, there
will be times, as after a spell of bad weather,
when no aircraft are avallable to be worked
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Fig. 174—Ths Fiping and Muistenance Progreis Chares bapt by the Sanior Engineer ot the Ma. |
Haval Air Fighter School, Yaovilton [H.M.5, Heronl.

upon and malntenance ratings will be
unempleyed.

The malntenance plan follows wpen the
[lging plan. Operational Research provides
the necessary statistics. in the lorm of
tatal repairs arising from 1000 hours fiying
by a given aireraft type, together with the
man-hours required from the various
trades (riggers. fieters, electricians, etc.)
to rectify them. Similar figures are avail-
able for the minor inspection arisings,
together with the proper gang sites to be
employed and the average times for com-
pletion. On the basis of these arisings,
and with known working hours ‘on the
jek', the fighes and malncenance unlee

may be supplied with complements of
mainlenance ra.tlngs in suitabis propors

tlons by trade. (The word ‘arisings’ Is
used to indicate the flow af work which
results from operating aircraft over a
given period of cime).

Time Recoarding

The statistics are collected for each
aireraft type by a time recording party and
one experienced recorder can cover the
activitimg of asbout 25 maintenanmca ratings,
if the statian is not too widely dispersed.
Ower a period of about a menth all the
repair arisings are nated and the activity

of every rating is recorded at half-hourly
intervals by a system of code letters.  Thesa
entries, to the number of about &,000 per
day, are analysed at a central office where
an cver-all picture is built up and stations’
efficiancy compared.

Fig, [P vleserwp rizw of iho Fiping Frogress
Chart for B Fiighty the upper lime indicsies ihe
gtarget figurs for the menth, the leser lne 3 the

her lactar ke akm B be koep
the 'sctwal' Bying lime within this salety gone,
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To take a typical example the graphs of
Fig. 197 lllustrate tho integration of flylng
and maintenance for a new aircraft type
which was coming into wse and was seill
in the ‘settling down®' state. The five
graphs illustrated are conveniently divided
inta three periods of 3 time basis, as
fallows :—

(1) January Fth-lanuary 23rd. Four ‘fit-
flying" periods with bad weather (blacked
out) in between. (Graphs | and 1) Dalily
man-hours on minor inspections ar: steadily
riging 23 new alrcraft reach the first 40
hour inspection—little stagger of inspec-
tions possible yer. [Graph 1) Man-hours
on  repairs f||.lll:|‘.l.|lit:il'll :.rmu:.lr, but de-
creasing 85 Inictlal ‘snags' and C“teething’
troubles are overcome. (Graphs 4 and 5.)

() January 23rd-January 30th, A period
of intensely cold weather when flying was
impossible and maintenance very difficulc
(Graphs | and 2.) Employment falls off
as ‘awaiting man-power’ aireraft are ren-
dered serviceable, but work ceases on
January 1%th due two arctic canditions,
(Graphs 3, 4 and 5.)

(3) Janvary 3J0ch-February 014cth.  Flying
starts wp agaln and maintenance finally
begins to settle down, (Graphs | and 2.)
Daily man-hours on minor inspections
and repalrs become steadier (Graph 3.)
From the results of this fimal fortight we
conclude that far minor inspections, A
and E ratings (riggers and fitcers) will be
needed in tha proportion of abour 1.7 to
I. Fer repairs the ratio will be about
| ta 2.5 (Graph 4) and for beth combined
[raph 5) 1 ta 1.0,

Aircraft Utilisation

Given a certain target of flyirg hours
per ‘fit' day for a training station, the
question arises how can the tirget be
achieved with the greatest economy of
maintenance men and aircraft at the
flights!? Thiz is 2 complex problem de-
pending upon the availability of pupils,
the need for dally inspeerianz of sirerafe
and the speed of refuelling on landing.
Broadly speaking the principle followed
is of flying as few aircraft as tactical re-
quirements permit and flying them as
intensively as possible.

In sur next |llustration Fig. |98 we show,
in Graph A, the method of flying aircraft
in *blocks”, with intervals between, a total
of 24 hours 15 mins. flying being obtained
from a gross-in-use of 12 aircraft thiz
leads to low flying hours per aircraft (2.2)
and ground crews are irregularly emplayed.

Graph B in the illustration, shows the
same number of flying hours achioved with
half the number of aircraft at 55 fiying
heurs per aircraft per day. As s result
of this, the number of aircrafc airborne is
more nearly constant and maisrenance
ratings are more evanly employed,

ENGIMNEERING IM THE ROYAL MAVY
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Fig. 19—=These graphs show the integratien of Bying and mainenance tor & aew alroraft Eype
which was coming into wis and was still in the 'setiling” down stste.

CENTRALISED MAINTEMAMNCE

Having eutlined the principles invalved,
wr now propeose ta ses how the scheme is
put into operation at the Ma, | Maval Alr
Fighter School, Yoovilton (also known in
naval parfance as H.M.5. Heron).

The Flying Task
The task of the station is to praduce

operationally trained fighter pilots, at the
rate of 30 a forenight, so chat after leaving

am PFa | I 1]

Yeovilton and completing their deck land:
ing training at sea, they will be able to ke
their place in the squidrons of the Fleet
The syllabus laid down takes Into accoust
and includes all forms of instructions
flying, vest flying, weatier tests, etc,, which
amounts to a tonl arger of 4000 fyisg
heurs per month,

Operationally the fying pregramme i
divided up into four soparate Flights whose
tasks are as follows:—
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.« The Flying and Mantenance Tasks

GRAPH A equalliing 12 *net in use’ arcraft. A per.
FE 1 centage of reserve aircrift (known s

£ ‘backers-up') will then be allowed at the
Flight to enable any ‘net in use' aircraft
which go unserviceable during the day,

740 to be replaced immediacely.
ST SAC

ot
FE A

18 DEC

It i= to be noted that tie state of the

weather is allowed for in making these

— calculations. The weather factor of the
station is taken as being 0.65, that Is to

: say, it is assumed that on an average 65 per
GRAPH B cent of the days will be fuly fit for flying.
Thus A" Flight's targee for instance must

22 1Al be reached not in 30 days but (n 20 duys.
From this it will be seen that the toral
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Flying and Maintenance Progress
Charts are kept by the fsniar Engineer
and are illustrated in Fig, 194, & close-up
view of 'B" Flight chart being given In
Ew:&-wr e woreED oF A umoescoms cuw MepecTion.  EEEE Mnsoase i Fig. 196. The programme of the flying Is
3 /s - peing wosees on B semukiuine [ seaviceapis L carefully watched and provided the actual

Pig. 1P8—Graph B shows ko vhe carme nambsr of Nying Fours can be achieved with half the number line I'UE'F’ wichin the 'ﬂi“}‘ I’un.‘l then
af alrcraft amployed in graph A the planned number of arcralt required

remains constant. Should however the
‘actual’ line fall into the dinger zone for
any reason, (lLe. outside the target or
weather allowance flines (Fg. %)) then
the Senior Engineer will order additional
aireraft ta be selected from the reserve
pool and allotted ta the Flight concerned,
which will then (ncrease thelr rate of
flying until the safety rane i ance more
reached, thus returning the flying rate to

‘A" Flight. One month's preliminary The same method I3 used to calculate the
training on Corsair aircrafi. months arisings of all other types of work,
'B' Flight. One month's preliminary  but of course for repair work the figures
training an Wildeat aircraft. uted must of necessity be taken from
'C' Flight. A fortnight's air combat SEUstics, such statistics being carefully

training for both Corsair and Wildear  Prepared from figures drawn from various
pilots. units operating similar types of aircraft.

b . Far a typical example it b5 planned that the
D' Flight. A fertnight's asrodrome minor repair arisings will be 35 minor

dummy deck landing and night flying repairs per 1,000 hours flying, from this it nermal.
training. is possible co caleulaze the total number The Maintenance Progress Chare {see
The Maintenance Task of aircrafe which must be worked on daily  centre chart Fig. 194) requires extremaly

The task of the maintemance organisa~  on the various maintenance operations In  careful watching. In thesry the chart
tien [& to produce the carrect number of  order to produce the required number of  should indicate straight lines from the fefe
seryiceable aircraft to satisfy the flying tsk.  fiying hours to satisfy the flying programme,  te the right of the graph indicating that the
Far this purpose a fiying and maintenanc®  The Mumbers of aircraft required correct number of maintenince operations
sk chart Is prepared which calculates,  ar each flight ks simply calculated by s in progress and that hese numbers
firsely the number of alreraft required wnd assuming that each *Met in use' aircraft  are constant from day to day.  The import-
secondly the number of alrerafe which will Wil fly five hours per day, thus for ‘A’ ance of this is that the man-pewer available
hive to be worked on daily to complete  Flighr, whose target for Corsalr aircraft s to the unit is caleulated briefly, by assum-

the maintenance work inr_ producing the 60  ing an ideal gang size for the various tasks
necessary numbers of serviceable aircraft. g0 haurs per day, the requirement will be —  to be performed and by multiplying this
To explain this procedure, it is passible ta 5

nke the following simple example to
Indicate how many aircraft should be under-
going minor inspection at any one time.
A minor inspection is carried out on
sircrafe after every 40 hours flying, and it
i agsumed from previous experience that
tach miner inspection will take on an aver-
1ge 1 days. The arisings per maonth of
4,000
-minor inspections will be — (the month-
40
Iy targst divided by 40), which equals |00
miner inspections per month. Assuming
the menth of 30 days, then the numbe- of
gircraft daily on minar inspections will be

100 = 3
y which equals 10,
0

Fig. 199 (Righti=Thais Man-power State amd Disposi
Hon Boards (n the Regulating Oice emable the Alr
Engimenr Oficer to snsure that all wnits are cor-
reily manned sccording o the maintenance plan.
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Fig. 120—8 wiww in the Central Aecords Ofice showing ths wall board on shigh s recorded an up-to-
date pitture of the state and dhpoaitiom of all aircrafc an the Scation, Borh sarviceable
aad aaiereiceablo.

gang size (in all categories af malntenance
ratings) by the number of daily maintenance
arisings. Thus if these arisings are exceeded
there will be insufficient men to satis’y the
maintenance task. Incidentally the most
economical gang size for most maintenance
work, except very slighe unserviceablliey,
is five air mechanics {A) (lL.e. alririmes)
and three alr mechanics (E) (enginas),
The Disposition of Man-power within
the varlous units is the next considerition.
As  already explained, the maincerance
arisings for the station are carefully calcu-
lated and have been split up and the work
allotted to che various units. In orcer to
keep a constant flow from all secticns of
the wnit, it is necessary to ensure that the
man-power of each section is kept con-
stantly up to date and the men concarned
are correctly fitted professionally te carry
gut the work they have to do.

The contrel of man-power I3 done within
the Regulating Office. and ctheo state of each
section can be seen at a glince an the Man-
povwrer State and Disposition Board shown
in Fig. 199. Here is indicated the loation
of all airframe and engine mechanics and
all perscnnel except radio, electrical and
ardnance ratings, the ‘outside urades’
being grouped under "Ancillary YWorkshops'.
The varicus other headings show the
locations such as 'E.R.5. (engine repair
shop) AR5 (airframe repair shopi. the
‘M.LLs." (maintenance units), the Rights
and warious instructional courses.

As men proceed on leave from the virious
units or are removed from thoe unic for any
other reason, their names are taken wo cthe

Fig. 300 (Righti—A view im the @S5 School whare
ratimgs dirsct from trainimg sehoobs *qualify s sign’
Airoraft Servicing Form & T83 an which is recerded
avery inipection and repalr carried out om an alrerale

bottam of the beard and they do not
count as effective man-power; If the pericd
for which they will be away i3 long enough
to justify it, then a replacement into that
unit will be provided from the reserve poal,

By thiz means It & possible for the Air
Engineer Officer to ensure that all units
are correctly manned according ta the
maintenance plan.

e . "F

The Alrcraft State and Disposition of
all aircraft within the various units is dis-
played on a similar type of board to that
which allocates man-power (see Fig. 200)
the various types of aircraft being denoted
by different coloured tags, ie. red for
Corsairs, white—Wildzat, yellow—Rellants
and Maseers, and green—Havards. From

this board which Iz kept In the Central
Records Office, it is ence again possible for |

January-June, 1945

the Air Engineer Officer fo ensure that the
maintenance werk |s equal y divided amongst
tha various wnits. Thus for example, if
for any unforeseen reason cthe minor repair
arlsings on one type of aircraft build wp
mare than thae which was planned, the
maintenance wnit concerned will scon
bocome “flooded out'. When this occurs
the Engineer Officer will divert the larger
of the repair work to the Airframe Repair
Shop and consequently eny major repaln
which have arisen must be diverced from
the Airframe Repair Shep on the statian
to the main repair yard cancerned, outside
the station.

For convenlence all technical records
and returns which must be made from the
station to the adminitrative autharity
will originate in the Central Records
Office. These returns vary from  small
dally returns made by signal to the larger
and more intricate returys made at spece
fied periods to indicate the stace and dis-
position of aircesft. The importince of
accurate returns mada by this office canmot
be over emphasized sinte by this means

the administrative authority is enabled o
plﬂ-ﬂ for the future and to control the whale

dispasition of aircraft throughour the
command.
The &.5. School

Before proceeding te describe the dis

tribution of wark within che units we
would mention at this poine that ratings
drafted to the station direct from training
schools are M.OQ.S.. which means they are
not qualitied to sign the Aircraft Servicing
Form ATO0 on which every inspection and
repair carried out en an alreralt is recorded,
This is because they hawe not had direc
experience on the type of troralt concerned
and will ot be familiar with local nrg:.nin—
thon and maintenance orders. Hence the
Q.5. School (see Fig. i01) where they
qualify in a fortnight. or ' thay fail the first
time, they are given a further fortnight's
training.
The Distribution of Wark within the
units is briefly covered ay a summary af
the werk undartaken by the various wnit
13 follows.—

I. The Flight Servidmg Units which
are in the charge of the Flight Commanders

I’ L
{ ) k
i bl

=
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and carry out Berween Flight and Daily
Inspections as well as the rectifying of petty
unserviceabilities which can be complrted
within one hour., These units are accord-
Ingly respensible far the day-to-day main-
tenance of the aircrafc which are alletted
to them.

The phetegraph reproduced in Fig. 202
shows a line up of Corsairs outside *A'
Hight with servicing personnel at work.
The pilot of che first aircraft for insmnee |4
ready to raxl aff after the mechanics have
finished topping up with oil; an the second
maching, a radie mechanic in the cackplc is
testing the W\T Insuallation (the battery
trolley in the front provides the necessary
testing current) whilst the mechanics on the
trestle complete adjustments to the enging ;
refuelling of the third aircraft is baing
arried out by means of a Bowser petrol
pump.

L The Reserve Pool,  This unit forms

79
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The Flight Servicing and Maintenance Units

Flp. M1—A line wp of A Flight Corsair; hare we
rafuslied and the carrying cut of b wor

have serviceable alrcrafe swaiting Nighe, atreratt baing

Might i

and repair af peity weeerviceablling

{up o one kour) by the Flight Servicing Linin,

Fig- WI—The Me. | Malatenancs Unie State board which shows the dispasitien and state
of ewery Coralr on the Statien. The deie “Bervicing Uaits' (first colmmn |
s n maintenance term and sotually refers tu A&, B, € and D Flighta

u filter threugh which all unserviceable and
gerviceable aircraft are passed. For ex-
ample, if an alrcraft becomes unserviceable
at a Flight and it Is beyond the capacity
of tha Fllsht Servilzlns Unie to H:Pnlf.
then it (& passed to the Reserve Pool for
eamination. The pool itsell is capable of
arrying out minor repairs which will tike
between one and four hours to complete
‘and any afrcraft coming within this categary
i dealt with by them. For repairs scheduled
1o take a longer time than this, the aircraft
s passed to the unit concerned.

Each of the Maintenance Units (Moo |
M.L, for Corsairs and Me. 2 MU, for Wild-
‘pars) has ies own Reserve Pool and in Fig.
104 we see a Corsair being towed to :he
‘pool from A’ Flight for examinatien.

3. Maintenance WUnits. These sre
divided Into two umnits as mentioned in

:h.ﬂ (Might}—& Corsair, sn which the ussersice-
wbdl ity in bayond the capacicy of the Flighs Servisding
Uwit to repair, areiving By tow ot the Reservs Pool

af Ha. | M.U. for sxaminstion.

the previous paragraph, thelr wark con-
sisting of carrying out the majority af all
the normal maintenance [obs Ineluding
the minar inspections and minar repairs,
the latter being classified as over four hours
and under seven days.

Hangars are specifically sat aside far this
work and men are tralned in special gangs
for the particular maintenance operation
they have 1o undertake.

Each Maintemance Unic haz a similar
“2tatn” board to that shown in Fig. 200 the
ong for MNe. | M.U, beirg iflustrated in
FI;. 203, This board shows the location and
state of every Cersair on the Station and
we give the following details to show
how it operates.

The heading 'Servicing Units' 1 the
term used from a maintenance point of
view; from the flying angle it refors to the
four training Flights, and here coloared
tags bearing the alrcraft numbers depict
those serviceable or unsirviceable (the
repair required for che lager is indicsted
on the tag). The centre section headed
‘Maintenance Unies® show that Ma. | M.U,
Is located in hangars Mos, 2, 3, 4, and &,
Mo. 2 being the ropair hangsr and Mo, 3
the Reserve Pocl, whilst Nos. 4 and & are
Inspection hangars,

The centre columns, rading from left
to right, indicate the follbwing:—engine
repairs, airframe repairs. 40 hour [nspec-
tions  (twe columns), awsiting  spares,
repair workshops, awaiting test, and await-
ing man-pawer, The coumns headed
'Wl:lrk.lhu-ps‘ show alicrafe on Inspectian,
engine change, or repair, the lower portion
with the sub-heading “Pocl| Faserve Service-
able Aircraft’ shewing those undergoing
daily Inspections and ready 1o ba sent to
Flights to replace any airraft going un-
seryiceable (i.e. boyond one hour), The
st two columns are hexded ‘Awaiting
Disposal® and *Detached’.
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Fig. M5—Carairs in the Aeserea Pool of Mo, | M, U. undergeing dally Inspectlan ready for re-allacation o Fiights. These alrcraft came in
fram Flights with seme wnserviceabllities which have been rectified and the D.Ls are being carried out In the Pool

o avodd this work immediately om remurning ta the Flights

In the illustration Fig. 205 we see main-
tenance work In progress outside ocne of
the Me. | FLU. hangars, this being the
normal procedurs in fine weather, An-
other view, Fig. 2 shows an |:ndurﬂ|rr-age
retraction test being carrled out on a
Corsalr inside the hangar. This alrerafe
made a heavy landing on the airfield, hence
the retraction test for which the motor
driven rig, seen to the left, is used to supply
hydraulic fluld to the system, since the
engine driven hydraulic pump cannot
operate without the engine running. The
alternative would be to use the hand pump
in the cockpit, but thiz is a very slow method
as agalnst the outslde rig which completes
the test in 7 secs. and gives an even fluid
pressures.

A view of maintenance parties at work on
Wildeats outside the No. 2 M.U. hangars is
given in Fig. 107.

4. The Alrframe Repair Shop |5
responsible for the major repairs and major
inspections, providing that man-power and
floor space are available, such operitions
being designed to be completed n an

average time of 14 days, I personnel and
Space are not available when required, then

Fig. 106—This Caraair made a heawy landing on the drome so it i new undergoing an
undarcarriage retraction test with the use of a hydranlle vest Fig bn Na .
HMimtananca LUnit hangar.

the alrcraft is sent to the relevant repair
yard.

In the illustration Fig, 208 we depict

two engine fitters at work an a Corsir,
using standard platferms supplied by the

aircraft makers. The front ane fits inta
the stub plane and nose cowling and s
a series of studded steps ta pravide a firm
harizental foothald. The rear platform i
nacsttary awing to tha seepn slops of the
Wll‘l: roots.

Fig. MWT==Maintenance partles at work on Wikdcats outside the Ma. 1. M., hangar.
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Fig. 208—=Two angine firers st work (5 the AJRLUS, (alrframs repalr sectian]
milng the stamdard pletfores provided by the mamufacturers,
The fromt ene foe into the sob plane and mose cowling, the
reEr ons |8 nocemary owing to the steep slope of the wing roets,

Fig. 10—Shews the knuckln joint
arrangement af the leg strate.

Fig. 19—A folding platfarm which proves estremsly
winfisl for the maintenance of aircealy,

far height

the ladder is still in iis stowes position.

CENTRALISED

Fig. JiZ—Adjuting the teleicopic bef struts

MAINTENANCE

The next series of pictures [net taken at
Yeavllten) show a folding pladform peculiar
to the Royal Mavy, which proses extremely
useful for the mainterance of alrcralt
Compactly folded for transpart, the plat-
form is wheeled o the requia’ed pn:ltiﬂn
a3 Fig. 209 with the plaforn to the top,
and then turned on (ks back and the straps
undone. The legs. composed of hinged
telescopic struts, ara raised to the vertlcal
position and the knuckle joints (see Fg.
Elq}lj pushad fl_l”:f' down intg their socket
tubes. The corner tubes are then fixed
and the telescopic diagenal braces clipped
on, the result being seen in Fig. 211 which
still shows the ladder In its stowed position,

Lifting the platform en to its legs, the
extension feot at the wheel end are lowered
ita bring the wheels of the gl‘ﬂ-.lnll. and
the knuckle jainted guard rall raised into
its position, after which ech telescopic
end |8 adjusted alcernately, by means of
pins through the corner tubes, until the
required height s reached (the ldder
having been removed), (See Fg 1011)
The cempleted platform wth ladder In
position is shown in Fig. 213, the adjustable
feet giving the final levelling. To move to
any position, the ladder is merely col-
lapsed against the legs and the platform
manoceuvred by lifting and wheeling from
this end, after tha whoel extension feet
have been raised,

<

Fig, Dil—1hi eompietes platiorm

mady for use,

Flg. 21§ Lelij=The corner tubes snd diagonal braces hive now besn sacared |
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Fig. 1id—M view down ans side of the Hydrsulle Bay, which & one of the anclllary workshops ;
warious components ars displayed o thit rlggars can abtain & clesr nderstanding of the
individusl parts snd thslr fenctions,

5, The Engine Repair Section, whilst
carrylng out major repairs te engines
within the scope of the Sttion resources,
has for its primary cancern the preparation
of new engines for installation Into aireraft
These, together with overhauled engines,
are allatted te the etation reserve pool and
are bullt up Inte power plants in the power
plant erection shop. The object of this
is to reduce the time taken to crry out
an engine change on an aircraft sice it |s
a far simpler job to instal a complete power
plant that it i to instal a ssparate engine
inte the power plant structure that is
already attached te the aircraft,

¥

-

Fig. 2lb=Tha Engine Startsr Repair Bay in snother of the sncillary

waorkisons
an Bclipse cartridge starisr.

Hers b & loesl mediieation balag earrlsd out Ba

6. The General Engineering Shep
embraces a number of ancillary workshep
which cover In a small way all the viriom
basic engineering traces such as coppen
smiths, welders, fitters and turners, shest
metal workers., etc. They alsa inclede
independent repair bays for various aie
eraft components such as propallers, by
draulic components, generators, etc,

In this connectlan & view is givan of pir
of the Hydraulic Bay in Fig. 204, Harg
various componants wil be ssen displiye
on the wall so that the riggers working
the bay can abtain a char understanding al
ehe  individual parts ind their functica,
In the foreground fer nstance Is a Corsie S
brake assembly, beyead which ara thres
panels displaying variaus hydraulic com
ponents such as manifelds, Mlap jack selecer,
engine gills [ack and swivel joint for hi
draulic pipe line to wing falding Jack, the
last panel featuring a filter, hydrauli; |
accumulatar, and  urloader walves far
emergency operation cf the undercarriage,

Cn the opposite side of the bay s th
special demenseration rlg of the Corglf

hydraulle system depiced in Fig., 215, the
feed lines, etc, of which are painted (A

Flg. 215—This special warklmg demanstration rig of o Cora r hydesulle spatam
In wrected Im the Hydraulle fay.

different colours 1o assst in understanding
their functions.

Another of the ancllary workshops b
the Ehglne Starter Regalr B.a.r and in Fig
216 we show a modification initizted s the
Etaclon, being carried wut tu an Edipse
cartridge starter as fined to the Corsir
ll. On the banch stands a burnt plstos
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a3 CENTRALISED MAINTENANCE
Aneiflary Werksfops and 5.5,

Fig. 1T—Here we ilostrats the sguipment of a Corsalr §.85.U, (squsdrom servicing wnit], This was originaliy
arcached o che Staclon T0 spply stores during The Tramitkonary PeFiad to Corsairs and can

of the type being replaced, next to which is
the cylinder. centre assembly and cylinder
haad. Tha medification consists of turning
down the diameter of the piston except
for a small portion of the skirt and shrinking
on a new sleeve which Is complete with
four piston ring grooves. The fitter at
the vice |s putting the new rings on the
modified piston.

Fig. 1IB=This Curtiss electric propelier demans
strations wig bs shiwaved In the Elecveical Work-
shop| whan a power wnit kas besn strigped,
seryiced and re-gsembled, it is mounted e the
prapeilér baws in place of the sctioned mwadel

andl piven a complete Mumctional teat.

The Electrical Workshop i3 featured
by means of the photograph reproduced in
Flg. 218 which shows a Curtiss electric
propeller test rig by which it is possible to
simulate all flying cenditions. All the
pircraft contrels and indicators are on the
back board, together wich a wiring diagram,
and the propeller is sectioned to show the
tam which breaks the limit switch, A brake
it the cop end af the motor is actuated by

sarvics & Sguadron of twelve alroraft foe 14 days.

a solenoid which cuts out immediately to
prevent over-running of the switch.

Vhen a power unit has been stripped,
sorviced and re-assembled in the Electrical
Woarkshop it is mounted on the propeller
boss in place of the sectloned madel and
given a complete functional test,

Leaving the workshops, we now intro-
duce three views of—

A Squadron Servicing Unit, the
normal function of which i o b
attached to a maval air Squadmn, disem-
barked for a short period, 1o obviate
taking off their own greund equip
ment and stores from the aircrafe
carrier, In this imstanc the unlt was
originally attached to the Yeovilton Ajr
Station to supply stores during che transi-
artlony period to Corsalrs and It carrjes

Fig. 218=The workshap lorry of the 5.5, carrion two asaambled
propellars, a battery chargimg unit, portabls compressor,
sparking plug elainar, banch and vices; two |8E down fenis

at the asides provide additional working spaca,
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enough equipment to service a squadron
of twelve aireraft for 14 days.

The unit as depicted in Fig. 217, consists
of a stores traller and office, a warkshop
lerry, a general service lorry carrying the
weual ground equipment, chocks, pickets,
ete., 3 10 ewt van for collecting sparas, etc.,,
a | ton lerry and a motor cycle combinatian,

A view in the workshop lorry Is given
in Fig. 219 and this carries two completely
assembled propellers (seen shrouded),
a battery charging unit, partable iir com-
presser, sparking plug servicing outfit,
bench and vices. Two let-down tents,
actached one on each side, serve as auxiliary
working sSpaces in which twao Benches.

secured to the sides of the |orry, are
lowered into working position,

Fig. T0—=This i the scores lorry of che §.5.0,
which carrles general aircralt and engim
tpares; the main control surfacess being

eiored in the roof,

Fig. 11— Cossalr pilat of O Flight practising asrodrome dummy deck landings (A.D.0.Ls| before’ procesding

ENMGINEERING IN THE ROyAL NAVY

Filg. 120-—Pupil pllots Feeeiving instreotlon |s the correct techniges of handlisg englaes under differong
tactical conditions, from the Senior Test Pilet, whe is also & fully gualified Air Enpiness Officar,

The stores lerry featured Iin Fig. 211
hauses general aircraft and cngine spares,
the main control surfaces being stowed in
the roof.

These 5.5.U.s., as they are known. have
ta hold themselves in readiness to move to
a new destination at 48 hours notice.

To conclude our stery of Centralised
Maintenznce we append a few remarks on—

Pupil Pilots Instruction
The complexities of madern aircraft make

to the real jab on the deck of an sireralt carriar,

it essential that the plow are given (il
Instruction In the eperazion of their engine
and particulariy in the correct technigme
fer handling them under different tactiad
conditions, In the |ecture room shown it
Fig. 320 instruction ls given by the Senisr
Test Pilat who is also o fully qualified A
Enginear Officer. At the rear of th
room will be seen a Pratt & Whitney 1,00
h.p. 18 cylinder Dwouble Yasp englag
whilst the wall charts show functionl
dizgrams of such compenents as carbure:
vors, propellers ete

The last Wllustracion Fig. 221 shows &
Corsair pupil pilot of D Flight practising
aercdrome dummy ceck landings (er
A.D.D.Ls. for shore) bafore preceeding b
the real job on the deck of an aircrl
carrler.
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Rerpairs AND MAINTENANCE AT A
- Navar Aircrarr Repair YArD

ey

B

Fig: 13—A crashed Burracuda, after Nak damages and ssibseqesnt foroed landing, arrives at the Donibristle
Repale ¥ard and Is removed from tha articulazor by means of 3 mabile crane:

EN thefprevious section dealing with the
questien of Centralised Maintenancs,
referance was made to the transference of
sirerzfc to relevant repair yards In the
gvent of man-power and floor space for
major repairs and inspections not baeing
imillable at the air station when required.
Fram this remark it should not be assumed
thit repair yards exist merely to take the
averflow work frem air stations, as the main
tonsiderations in their allocation of aircraf
ire bated on the type and major extent of
the maintenance and repair mecessary,

Re=pair operations and facilities beyond
3ir smation level are divided into two groups,
Eratly the Maintenance Yards which under-
ke major inspections, medium repairs
ind sircraft overhauls, and are manned by
Sarvice repair ratings and secondly, Repair,
fards to which aireraft requiring the more
txtensive major repairs are sent. The
limter operate in relation to the Maval
Alr Arm as the Royal Dockyards to the
Fest, and are manned by civilian repair
personnel under the control and directien
of naval cfficers,

Te illustrate the work of a typlcal Repai-
Yard we visited the establishment at Dani-
bristle, In the county of Fife, Scotland, which
fikes the ship’s mame of H.M.5. Merlin,
a0 three ancillary workshops at Dundes
[propellers), Dunfermiine (electrical harnes
s sparking plugs) and Allea (aircraft
iemponent recovery depot).

M

The Donibristle Repair Yard Organ-
isation is divided into five divisicns whese
rn!panslbi]itin are as follows: —

|. The Storage Division which heolds
gll types of aircraft for allatment to
Service statlons and receives all mach-
ines that fly in for major inspections.

1. The Aircraft Division, into which |5
fed all crashes and storage planes for
everhaul and repair, after which thoy
are taken over by the Storage Division
for despatch.

1. The Workshops Division, comprising
the E.R.5. (engine repair section)
which undertakes complete ar partial
overhauls of engines of certain special-
ised types, both English and American.
For this purpese engines are received
both from the Aircraft Division and
direct from carriers and alr stations.
Repair workshops also form part of
this divisien in which overy type of
accessery and component (including
aerofoil bur exeluding electrical) is
gvarhauled and tested.

4. The Electrical Division loaks after all
glectrical matters pertaining to air-
craft including Link Trainers, also
connectnr sers and eparking plugs, ecc.,
at Dunfermline.

5. The Inspection Division which is
responsible for the serviceability of

all aircraft, engines and compsnents
pazsing through the repir yard,
The Production Office is the key centre
which co-ordinates the work of the organis
sation. It is here that the signal is received
to anncunce that an aircraft bs coming in
for repair or majer Inspection, 3 Board of
Survey is convened and |ob cards are fsued
and stamped after each repaic section has
completed its wark,

Before proceeding with the |lustrated
story which fallows, we propose ts give
an siitline of the worle progress procedure
based on a crashed aircrafi received at the
Station and throughout this we shall give
references to the apprepriaze numbered
section in which are reproduced photo-
graphs of eypical repair work In cperation,

_ai,

I. The Crashed Aircraft Arrives
(see Fig. 223) and |5 examined by an air
engineer officer o confirm that ie is re-
pairable

2. Ajlreraft is alloteed to bangar and a
Works Order made out. As a typical
example, the WWorks Order, after giving
the aircraft number (in thi instance a
Barracuda), the job and emglte numbaors,
reads as follows:—
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. Alletted ta Assembly IV to prepare for
Board of Survey.

2. Beard to assembie at 14.00 Menday,
lanuary 2%9th.

3. Inspection to make report ARIEB
{strip report) and forward to Progress.

3. Board of Survey conslsting of officer
or civilian superviser In charge of hangar,
examiners of alrframe, engine and alectrical
branches, a charge hand from Aerofoil
Repair Shop and the Production Officer’s
assistant, examine aircraft internally and
externally and make recommendaiions as
to repairs required and type of routine
inspaction to be carried out (See Fig. 224)
Mexe, 3 team of examiners compile a thor-
cugh detalled report of work required to
implement the findings of the Board of
Survey, whilst the office staff study the
afrcraft’s log cards and draw up a |'st of all
outstanding modifications te be Incorporated
and all  special technical Instructions
(recelved fram Admiralty from tme to
time) requiring to be satisfied.

The foregoing process takes abeut two
days, the whole report s then vetted by
the Aircraft Divisional Officer, who author-
ises lob Cards and History Sheets ta be
issued to the specialist sections to be
concerned in the repair work.

4. Work Commences, the following
proceeding simultanecusly or in sequence:

(o) Propeller is removed and goes to
Propeller Shop, Dundes (see Sec-
tion 1]
¥Whale power plant Is taken out and
transferred to P/P Bay (see Saction 2).
Main planes come off and go to
Aercfoll Repair Shap (see Seition 3).
Hydraulic. pneumatic and other com-
ponents go to Mechanical Workshops
(see Section 7) and all instruments
and electrical compaonents to  the
Electrical Repair Section (e Sec-
tion &} for repair and ceat,
fe) Repair work on the actual fusslaga
starts (see Section 4). At the same
time demands for spares and stores
required are made out and signed by
the hangar officer or civilian super-
visor.
Main Stores {see Section &) supply all
avallable items and demand these
net held from a Maval Stores Depot
Modification Office obtaln ipproval
frem the Admiraly for supply of
modification sets required.

5 When aircraft near completion,
and any spares are still outskanding, the
following action is taken:

(2} Production Officer sends urgent
hasteners to Supply Officer (Stares)
wheo takes signal action in accordance
with aircraft’s prierity.

)]
(e}
{d)

if)

{g)
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Type and oumber of Engine H

The following raport of the A.R.Y. Board of Survey held
on the above alrcraft 1s submltted :

ATRCEAFT REPAIR YARD = BOARD OF SURVEY REPCRT.

Type and pumbsr of. Alroreft

R.H. AIRCRAFT REPAIR YARD,
DONIERISTLE.

DATE 3lst Jan. 1945,

Barracuda IT 15.123.
P.Plant PUB/113,

Merlin 32.
12345/78010.

1.
E.
E'

5.

ET

B.
9.

1o0.

11.

ATRSCREW .....
ENGINE snens
Baraag ...
Front ssnes
RMI‘ LR )
Rear Bnd .ees-
ING GEAR: -
ur & EE0
Starboard .....
Tall Wes s
%‘;Emﬂimp
p EERE
Purt LU
Starboard (..es
FIN i
HUDDER PR
TAIL PLANE ...
ELEVATORS: -
FUI'E TR

Bterboard siees

?ur% Eppar' 5

Port Lowsr
Starboard Upner
Starboerd Lower

e oear

Port Lowsar ...
starboard Upper
Starboard LowaT

Fig. Tl4=This shows tha Board of Survey's rocommendations for the repairs asd inspaction to
be carvied out en the crashed Barracuda.

2 bladea broken at rooct enda.
Shock Loaded.

Oevers domags.
Slight damage by flak.
2] L] L] "

" L] L] L

Badly damaged.
No apparent damage.
L L "

Ho apparant damege.
" L] L.

Slight damage.
Denage by flak.

Damege by flak,
L] " n

Me jor demage by rlak.
Non-applicable.
Mejor demage by flek.
Hon-appliceble.

No apparant demage.
Non-applicable.
No apparsnt demage,
Non-applicable.

Recommendatlon:

P.Plant to ba changad.
Port & Stb, M/Planes to be cha
Major Hepalrs on Fuse.age.
In view of generel condition major
insp. to be carrled out con- )
currently with repeirs.

Eigned

AR EEEERE RS R
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(b) Copy of hasteners sent vo Aircrafe
Component Recovery Depaot, Alloa,
{see main section entitled ‘Aircrafc
Salvage and Component Recovery')
who send any repairable [tems of
the type required, which they cin
obrain from airerafc being broken
down, to the Mechanical Workshops
on a priority label for repair, test
and issue to the aircraft requiring
them.
Any item which can be manufactured
in the Workshops s put in hand.
(d) As a last resort an aircraft of the
type awaiting repair is ‘robbed” and
the existing stores demand tram-
ferred e it

—

& During every stage of the work
dlready described, the charge hands coa-
cernad sign thae it has been correctly exe-
guted; chis Is countersigned by the examiners
ol the !nsp-nn.lun Divisiem W omnd when
approved by them.

1. In the Power Plant Bay, the power
plant Is scripped down and examined in
sicordance with a further Works Order
which has been |ssued In the meantime,
and the engine Is transferred to the Engine
Repair Section (see Sectlan 5) for rectifica-
tiom, all inspections due, and test bench
R, At the same time a power plant of the
ame type s taken from the Reserve Fool
fiee Sectlon 2) and prepired for Installs-
than in the aircraft concerned.

B In the final stages before test flight
1 very thorough independent inspection |
arrled cut by ‘finals’ examiners before
wrning over to the test pilet. The test
Night Iz lang and fevere and if. on com-
plesion the aircrafe is reperted satisfactory
in all respects the squadron eventually
recelving it can, and does, have complee
wafldence in its relizbilicy.

87 A NAVAL AIRCRAFT REPAIR YARD
The Repair of Aircaft Propellers

Fif. 215—=0mne af tha first companents o be removed from the alrorads (e the propaller, asd this
in sent te the Propeller Shop, an ascillary workshop st Dundes; hars lo o genaral new
in tha Assambly Bay.

2. The Dope Shop. After test flight
and bafore transfer to the Sterage Division
fer disposal, the alrcraft is put In the Lope
Shop, thoroughly cleaned down and then
given a new coat of camouflage which
varies somewhat according to the duty on
which the alreraft Is to be engaged. Fast
ﬂghturs. such as Seafires for instance, are
given a very special ‘high speed” finish, the
perfection or otherwise of which affects
their ultimate performance.

Flg. 126—In the Inspection and ¥View Asem; at the table the track of i Retsl propalier
hails in Baing chacked with a dial gaugs, the ather initriment baing wiad lar
checking the divide of the parti The imipectar st the raar is sxamining

earmpaments lor crachs on the slectric orack datectsr.

Having concluded the work procedure
outline, we now commence our illustraced
story of repair facilities with the view Fig.
123 of the Barracuda, which sufered a forced
landing after flak damage, being removed
fram the articulater wvpon crrival et the
Denibristle Repair Yard.

Following the Board of Survey report
({see Fig. 224) the repalr work |s commenced
and this Introduces—

SECTION |—The Propeller Shop

—at Dundee where the dimaged com-
ponent is sent for complete overhaul, 3
new ar serviceable propeller being held In
readiness to replace it on the alrcraf In
questicn. [lt will be appreciated that the
llustrations we use do not necessarily refer
te this aircraft or even oo planes of the same
type. but were taken during our vislt 1o
feature the many different repair operation

carried out.)

The Dundee Propeller Shod started as a
small section of Donibristle, repalring |5
to 20 propellers a menth. When the
constant speed types developd, the neces-
sary expansion made it impentive to move
te Dundee, whera, commencing with
dilutee labour and a few skiled men, the
work has grown to the stage of emplaying
&0 persons and an (nspection staff of ten,
the output having Increased to 100 pro-
pelfi:r: a month and incleding Ratal,
Curtiss and Hamilton types with a con-
centration on those in shere supply.

A view on the Assembly El;r is given in
Fig_ 225, whilst Fig 226 depics a corner of
the Inspection and View Roem. The girl
to the left of the surfice tbe is checking
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Fig:, 3T —Gwnwrsl repalry in progress t3 wosd propsller
blades for Seafire and Firefly airerafe,

the track of a Rotol hub with a dial gauge,
the aother instrument belng ssed for
checking the divide of the parg; ar the
rear, the spider assembly is being exam-
ined on the electric crack detector, metallic
ink indicating any cracks present whilst
magnetising with a current of 78 amps.
For the hub assembly the chalk test is
used in which the alloys are heated in oil
and then dipped in chalk, the all shawing
through the chalk where any cracks appear.

Fig: 11f—& siandard Morsl esal for fisting
the bearing sssnmbly to the blade ths
arrect way up, with thes smabler bal

race @t the op,

Fig. 18—Marking off & ropaired wood Weybridgs propetisr bl for s
en & Seafire; the semplace is secdred to the table

Fig. 2M0—The pla setting on a Botai propalier biade belng aperated o grovide
tha best peometrical pasition far the blade angls, which |5 determinss
by the gaugs towards the tip.

A general view In the Woed Blade Pro-
peller section fs feasured in Flg. 237, the
carpenter on the left i cleaning the brim
leading edge of a Seafire blade whilst rest
to him a Seafire bade is being shaped
The other twa men are making scarfy far
blade tip repairs on Firefly propellers, ssd
the girl is fairing a bhide cover aftor repsie
In Fig. 228 we see ¢ ropaired Weybridps
blade for a Seafire being marked off by
means of the template secured to the tabe
prior to finishing to shape.

Qe in the Assambly Bay is the standaed
Rotol toal, Fig. 229, ‘or fitting the bearing
assembly to the blade the correct way up,
with the smaller ball race ac the top.  This
rig s adjustable for al sizes of Rotol Blades

The rig depleted in the nexe iliustration
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Fige T1 —Testing the static balance of a 100 bin
dlamerer Hamilton Hypdromatic propalles,

Fig. 230 k= being used for Ratal blides far
operating the pin setting to provide che
best geometrical position far the blade
angle, which is determined by the ‘home-
made’ adjustable gauge towards the tip.
One of the next stages in assembly brings
us to the view in Fig. 232 which thows a
Rotol four-bladed propeller for a Barra-
cuds hr_':llg asembled, the woman asslat-

ing by guiding the operating link through
the hub shell by means of a cord.

Fig. Dd—Apm Alrcrali-Mepale Impectar passdng

ghe siaibe balarrus ol a 100, Flo, dissoeies Rutul

fsur=bladed propeller, which must ba carrect ta
within a § inch ounce,

Fig. 23— Right| Ths hydromatic test rig for Hamidron
propeliara |, for nternsl laslkags &t 20€ ks, por 5w,
inch, extarnal leaks at 380 |be. por sq. inch, whilst
the Barral and dams (4 tasted po 450 ba per wg |m:

B3

NAVAL ATRCRAFT REPAIR YARD
The Repair of Alveraft Propellers

Fig. 21l—Assambillng a Rorol lourbladed propaliss for a Barrscuda, the wonsn amisis
by gulding the cporating link through the hub shall by means of @ @l

The question of balance In a propeller is
a very impormant matter; for instance, to
meet inspection requirements on  this
point the Hamilton Hydromatic propeller
hub must be concentric within a mazimum

P, 233=Ta smsure corvect balance. the

concentricity of the Hamilten Hydros

rmgtie propaller hulb ikt be withisn a
muEirsim o error of DT,

error of .0047.  In Fig. 33 we see this being
tested by means of a dial gauge which is
rotated through 3607 by a revolving mation
a3 ndicated

The static balance of the finished pro-
p{:llr:r 1% carried out by smandard practice
on the rigs featured in Fgs. 23| and 234
which will take propellers up s |6 ft. In
diameter. The first view shows a Rotol
foir-bladed propeller of 13 {t. & in. diameter
being tested for correct balance to within
a 5 Imch oz. which mems that at a ralling
distance of 5 inches from the axis it must not
be more than one cunce out of balance

The Royal Maval Aircraft-repair Inspectar
in Fig. 234 is verifying the balance of a
10 fe. § in. diameter Rotol four-bladed
propeller to the same degree of accuracy,
he alsa satlsfies himsef that the balance
shims or washers are tarrectly fitved and
nat in excess of the muximum permissible
quantity,

The hydromatic test rig for Hamilton
prl:-pzlizr: of the nondeathering types iz
shown in use in Fig. 235, the pressure applied
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for internal leakage being 300 Ibs, per sq.
inch, with 380 |bs. per sq. inch for external
leaks, whilst the barrel and dome is costed
to 650 Ibs. per sq. inch., The changing of
the blade angle is also tested to simulate
aperation in flight

The rig for testing the constant speed
governer unit lor the Hamilton Hydramatic
propeller is seen in Fig. 236, the uni: being
subjected toa pressure of 680 Ibs. per sq.
inch and checks made for intermal and
external leakage.

Te explain the use of the governer unit
It might be interesting to see the develop-
ment fram the first alreraft propellers
which were of the fixed pitch typs, and
represented a compremise between the
blade angle requirements of tike-off,
cruising and diving. The two-position
propeller, which permitted sefection by
the pllot of a fow angle for take-off and
climb and a higher angle for cruising, was
next developed. This type was a cefinite
improvement over the fixed pitch model,
but it still utliised only two compromise
blade angles, high or low.

To provide adeguately for all conditions
of aircraft operation, the governar con-
trollad constant speed type propeller, in
which the blade angle is automatically
adjusted at any setting between the high
and [low limits, next followed,

A prepeller Incorporating a  variable
blade plech mechanism serves the sama
purpose in an aircraft as the cramsmission
in an automobile. The changing relation-
ship boetween power ond speed necded o
meet normal operating conditions ix sats-
factarily accomplished in an automobile
by changing the gear-ratlo between the
engine and the wheels. It would be
impossible for the pilot to control angine
output satlsfactorlly to meet the constantly
changing reguirements brought about by
variations in airoraft attitude, aldtude of
flight, otc., and it is the constant speed
prapeller in which the blades autometically
change pitch which becomes the aircraft
equivalent of an autemaobile gear change,

If all other factors remaln unchanged, the
power required to operate a propeller
at any given speed can be aleered by chang-
Ing the pitch of the propeller blades, It
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Flg. 118-—Teting the coastant ipesid gavernos iinlE for ths FHamiltan Hydromatk propalier.
Thissinlt centrols the piteh of the bladeos, and through the blads pitch tha revilutlons
ol tha sngina,

would take greater power to EErn a pro-
peller in which the blades ware set at a
high angle than [t would il the blades were
set at a fower angle, The consmant speed
prepeller is adjusted by means of the
engine driven constant speed control unit
(propeller governor] to absorb more
power by going ta a higher blide angle
when the engine tends to aver-run, and
to absorb less power by golng to a lowers
blade angle when the eagine tends wo
reduce speed.

As an example. If the pilor had ser his
throttle and propeller controls for 2,300
rp.m., and theon :hnngcd the attitude of
the aircraft from |evel flight to a dive, the
engine would for an Instant plck up speed
as a result of the increase in aircraft speed
brought about by the dive. The resulting
change in engine speed actuates the pitch
regulating mechanlsm In the engine driven
propeller governor, and this unit in turn
supplies the required amount of ol In the
Hydromatic type propeller to move the
blades to a higher angle. An Increase in
blade angle requires an increase in engine

pawer aoutput, and constantly the engine
{and propeller) return to the norml
ipeed condition.

Te conclude our story of propelles
repair we show In Flg. 137 the racking of
completed propellers ready for daspatch
after fimal inspection In the View Room.
Hydramatics are sent awyy in an assembled
conditien, other types are usually dis
mantled and boxed. All types are treated
with anti-corrosive compound.

SECTIOMN 2—A Power Plant Bay
—aof the E.LP. (i.e Engine Instaliation Party)
brings us back in our story to the maln
repair yard at Donlbristleand to the generl
rule that it is quicker to thange o complete
power plant of an ajrcraft than individual
componants, [n this connection It will be
remembared that in the section entitled
‘Centralised Maintenance of Alreraft’ we
stated it is far simpler tc Instal a complets
prorwar plant than woinstal a separate enging
inte the power plant scroctere that i
already attached to the sircrafe,

Working parties from the ELP, are
attached to each hangar ready to remave
power plants camplete ard move tham ints
the P/P Shop. A wyplal party of sls,
comprising o leading hard, two man, two
women and a boy labourer have just ros
moved the power plam (Double Waip
18 ::rllnr.lzr engine) from the Helleat sgen
in Fig. 238 with the aid of the 5 ton Morrs
crane and special lifting tackle, the plans
having crashed the carrier deck on landing,
(The ramoval of a damaged P(P and installs-
tian of a new one can be completed by twe
man and a boy in two days.)

Fig. 137 [Lafi —Alinr baing trediod with anti-conrmim
compound, propaliers are racked ready to depatch
to Maval Air Stations.
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Remaving the Pawer Flant in the Poaver Flant Bay

{Cyclone %-cylinder enging) featured in
Fig. 239 which has come in following
2 barrier crash on a crrier and en which
dismantling Is about to cornenoe,

The work done in the second row con-
siser of taking out the engite and sending
It va the E.R.S5. (engine -epair section)
afver all components such as stareer, genara-
tor, vacuum and fuel pumps, gun gear, etc,
have been removed and placed In metal
stands. The illustration Fg. 41 shows
an Avenger Double Cyclose |4 cylinder
engine of [.500 rated horssepower with
COMpanants S'I:rl.plP-Ed and engine rendy
for the E.R.5., whilst beyord will be seen
1 Double Wasp |B cylinder englne al
1,675 r.hop. with twospesd, two stage
blewer, completely assembled for inatalla-
tion in the arframe.

The component parts on the stands are
next parafiin washed and then given an
arange label unless unrepairable or requir-
Ing modification for which the label s green.

Mew parts required are drawn {rom the
Fig, 130e=Tha B1.P. (sagins imtalistion party ] now come intn this story and hars s sos tham Stores and detalls are given on the ingpec-
remnving sfPract & Whitnay 1 cylimder Bmubls ¥Wasp pawsr plant from a Halleak thak tion report and afterward: added to the
craibad (he deck on lsnding. o
aircraft log.

In the actual Plant Bay the Reserve power plants, situated In sep-
plants are arranged on trans-  arate limes, are built up frem new engines
portable stands In |ines according  And camponents,  received direct fram
to the progress of the work. manufacturers, to meet urgant demands

from outside sources, ths work being
carried out by three skilled men, five
£ dilutees and seventeen women,  Anaircraft
receiving their history sheet and o o oiance might come in, not far repair
the Board of Survey's report.  or jnspection, but with an engine which is
Such a one & the Wildear VI 1:|:||'|s:antl:¢I !iuing considerable trouble; che

Thus the first line consists of
those ready for stripping after

the ancillary sgaiipment feom s Wildeat Cyelome ¥ eyl
singhne afver a Barries crash in & caFiss

Fig. J40—The bailding up of sew Barracuds,
Wikdeat, Avenger, Helloat and Corikir
powsr plants Tar ths resrve pesl

quicker answer to this is 2 complete power
plant change.

The view Fig. 240 taken in the reseryve
paal bullding lines shows work In progress
an Barracuda 12 cylinder "erling Yildcat
9 cylinder Cyclones, Avenger 14 cylinder
Cyclenes, and Hellzat 18 cylinder Double
Wasps, whilst Fig. 242 depics a close up of a
new Wildeat Cyclone in the early stages of
building up, there being 2| stages to
complete.

Fig. 241 |Lefe}—General siew in the Pawer Plant Bay
of tha EXLP. ; in the ferepround lisn Avenger Doubis
Cyclong |4 eplinder radial éngne, of | 500 raved
horsepowir, stripped of sncillicy oempoadits and
ready lor the Engine Repair Seian
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Fig. Ji—in the marly stages of bullding up & sew Wildest

Cyelane ¥ oplinder radial poear plant Tar the
resnrve pool,

Aftar installing a pawaer plane in an air-
craft the E.LP. give the engine a run up tao
See il satisfactory, which is followed by a
further run by the Inspection Divisian
Foliowing this the E.LP. withdraw and
examine the filters and chock every decall
including a flow test of the fuel by stop watch
and the use of 2 ‘slave unit’ rigged up beside
the aircraft to ensure chat the earrece
ameint of fuel is drawn ar T.O.A, {cake off
boost) which représents maximum cone
sumption. All after-flight snags are also
corrected,

e i

SECTION 1—The Aerofoil Repair Shop

The main planes. having been taken off
the aircraft, are sent Into the Aerofoil
Repair Shep of Workshaps Divisien and
in Fig. 243 we feature 3 Wildcat main plane
being completely reconditioned, incliding
skin repair and replacing of cooling systam,
flaps and stub ailerons, erc, Ar the same

Fig. M)}—la the ALeroloil Shap of Warkehops Dlvlvion this Wlidcan main plass s hring

completely reconditisned aml the antire mlectrical indtallation & brng renawed.

time the electrical inscallatian is baing
completely  renewed  Including  landing,
mavigatlon and formation lamps. also

wireless aerials, (The two E.AS. (electrical
assembly section) ratings are at work by
the stub plane at the left rear),

SECTION 4—Airframe Repair Work

The fuselage repair work and major
and mincr inspections have of course bean
proceeding in the assembly hangars and in
Fig, 244 we give a general view =
in the Mo, | Hangar, which
deals solely with Barracudas.
A Barracuda undergoing major
repairs is in the process ef being
stripped in Fig. 245 whilst ano-
ther in Fig. 246 is having the
iemi-monoceque renewed from
the rear bulkhead of the rear
cockpit, which invelves the four
main longerons, dural frames.
new  stringers, arrester hook
troughs, @il portion and the
whole assembly re-aligned; the

Fig: Iie=Here, o Barragisla wndergoing majos Fepair

jeb s now ready for wdding the dural
stressed skin,

SECTION 5—

The Engine Repair Section

—brings us to the next series of phots.
graphs and decils of the work done in
stripping, reconditioning ad rebullding the

engines received from the Power Plant Bay,

Entering the Stripping Bay, the process
ef dismantling commences, the component
being placed on trolleys, Two persom

I% in process of Being stripped in HAummbly |
Bamgar,

Fig- 244 (Lefrl=Minor aml major indpectiess as wall o sirframa
faintenance work being carried owt In Asaambly |
hangar, davoted to Barracudas anly,

hani
refac

requi
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sre allocated paor engine as will bg sgen in
'II_ M7 which shows, in tha rnrngrulmr_l.
an Avenger Double Cyclone engine, whikt
1= the rlglu s = I"‘In-_-rl:ur;l ? cylinder engine
fram a Sea Orrer.

The trolleys with the complete engine
detils are next taken to the cleaning sec-
tion where the parts are degreased wish
cresylic acld, paraffin, exc., atrichlorethylene
vapour bath being used for ail and heavy
grease and an H.D.5, Metal bath for boiling
to remove carbon, etc. After degreasing,
the small pares are polished on a double-
gnded polishing machine, whilst other
parts such as pistons are hand pelished.
Including the grooves.

Seill using the trofllies, the complets
gngine  components pass to the Viewing
Room lor careful examination, the equip-
ment there [ncluding crack detectors.
kardness and spring testers, crankshaft and
mastar conn. rod rigs, ete.  Afeer viewing.
each sub-section receives s own com-
pongnts, Lo. cylinders, crankshafes, crank-
cases, superchargers. reductlon gears and
arburettors for reconditioning, etc.
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Aerofoil, Airframe and Engine Repoirs

Fig- 21— this view we show the ssmi-monccogue af o Barracuds baing ronewed rom
the rear bulkbead of the rear coclpit.

Fig. 147=In the Scripping Bay of the EAS (mgine repair section)1 & Doubls Cyclane |4 cylinder
engine lrom an Avenger i in the lareground, whilst to the right i s Marcury ? eylindar
engine from a Sea Otter,

A |ob card is issued for each complete
giembly, by which we mean such as a
erankshaft assembly, er a ser of cylinders.
Ech card itemises every operstion and
theck necestary In building up and is used
it all Inzpection stages when all the fies
are racorded.

Lecking Into the Cylinder sub-section
fee 2 mement we find that here compleme
reconditicming  tahes qu'\.u. In-«u.pl-.nu!I the
hening of bores il necessary,
refaced and seats reground and where
required valve guides are rebushed.

valwes are

]

The illustration Fig. 148 depicts the
honing of Bristol Mercury engine cylinder
barrels wsing earbarundum stones held n
the honing head by cellulose cament, the
centre spindie, with right and left hand
thread, actuating two cones to adjust the
stones for diameter. The bore of these
cylinders can be taken o 0107 above
normal for standard pistons with new rings.

Fimed head (l.e, air cooled) |.';|-FI|||.I1.-|.\
should have a chake type barrel which
means that the portion 21° from the head
Is 005" smaller in diameter than the re-

mainder of the bore to allew for expansian
under running conditions. Al Bristel
cylinders and some American types are
lapped after honing with carborundum

paste and cast iron [aps to give a mact
finish.

A view in the Walve and Yalve Seat sub-
wection Is ghven in Fig, 249 in the toreground
of which s a special valve seat grinding
rig for Merlin and Pegasus ovlinders. For
Merlinga vertical spindle withaselfccontained

Fig, dl=—=Honing & worn Meswry oylinder; 18 bare
cam ba takes to 000 abowe norssal loe
standard pivions with new slng.




94 EMGINEERING IN THE ROYAL NAVY

the girls watching the grinding operaziol
(done dry) in mirrers placed at the carmd
angles (sea Fig. 250). Gauges are used m
determine the widch and accuracy of the
surface.  After trial msembly wich springs
in position, valves are tested by a petrol
check for leaks into the cylinder borg.

All parts such a5 walve springs, rocke
box parts, etc., are cidmium coated in the
Plating Shop.

in the E.ARS. (le. Engine Accessify
Repair Section of the ER.5.) are test rig
for all types of pumps and Bristal engine
rear covers (see Fig. 251). Here ali come
ponents are stripped on the benches from
whence they go to the cleaning section
then o the Yiewing Room, resurning &
the E.AR.S. for reamembly and rig tess
The Bristol rear cover carries all the englhd
Fig. 150=On tho Bristnl valve st 1ccessories Including ofl, fuel and vacull
grindars, the sparater watzhes tha pumps, alr compressar and magneta i
grinding process on & Marcury oyl generator drives, One of these re-assem
inder inthe mirrorasindicated abowe. |

Bled Is now on il pressure and flow sl

Fig. 29—The Valve and Valve Seaz Sectien of the
ERS. In the lereground is a special rig for Haorlin
and Pegasus cylinders; the two machings In the
rear ars Briswol valve seat grindes

1[5 h.p. motor is used, the stone running
at 10,000 r.p.m.: en the Pegasw cylinders
shown in situ, Black & Deczker portable
valve sent grinders are used with a wet
feed of paraffin and a speeial haning oil, The
girl at the rear of the rig Is using ane of the
grinders for dressing a stone, the vacuum
cleaners being employed to remove the
resuleant dust.

The two machines seen in the bickground
of this lustration are Bristol valve seat
grinders on which the Mercury cylinder jigs
meove to stop locations for each valve head,

Fig. 15| —Componemts such a8 oll, fusl and viesum pumps, RbF COMprmaTs, MnEto and geneeater
drives mre repaired and tested o this Englne Accessory Repale Saction, kncwn as tha B4 8LE,

on the rig on the exireme right where [t
run for |} hours, the dials giving preisss
temperature and fevelution counter.

A corner of the Carbureccor and Fol
Pump Test Room b featured In Fig. T
On the right is a Stromberg Flow Band
(this carburretor is fitted to Cyclone i
Double Yasp engires) which 15 a rig I
simularing englne ruaning eandizions, taki
right through up to full boost as well @
checking the automatle mixture conm
The two men are measuring the pressuf
difference between the two chambars,
volume of fuel being timad by & stop witd

The girl at the left rig i checking a (i
pump from the E.A RS, for petrol capady
under all running condicons.

Fig. 251 (Lafe}—On the bift i o fusl pemp teat rig s}
tm the sight & the liramBerg carbursitor L]
baneh in the Carburttsr and Fasl Puma Tost Ros
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R I5)l=0hir atory of the work of the I RS, now belngs as 1o the assembly of crankessss
whdl eramkshalias as |llastrated,

Fig. 154—This genersl wiew shows the nese stages in

sisgmbly of Pegadci amd Mercery sngines in the

EAS. A 11 cylinder Merlin, to vhe lehi rear, i
roady forF final inspectian

For the Assembly Section of the E.R.S.
we now feature the part devoted to crank-
eases as (lluscrated In Fig. 253, the msembly
of crankshafe units being done In the rear,
Crankcases that are badly corroded are
@dmium plated before coming ista the
miction, Special rigs are provided for
crankzhalt assem hFr. far instance, those far
the Mercury and Pegasus radials provide
for the fitting of the conn. reds and master
rod assembly to the centre shakt, after
which an all test of 60 Ibs. per sq. inch at

#0°F, i+ made through the hollow crank-
shaft.

A general view of the nemt assembly
stages on Mercury and Pegasus engines is
given in Fig. 254, all parts of one engine
fellowing through except cylinders, which

A NAVAL ATRCRAFT REPAIR YARD
The Engine Acceveary and Eletrical Repair Shaps

are pooled and any secof %, 14 or 1B being
taken out and stamped with the engine
number. Magnetos are fiveed In  the
A::imhly E:.:,l. afvar hmg averhaulad by
the Electrical Repalr Shop (see Fig. 156)
the engines are tuned ind finally prepared
for the test bench, and then come back 1o
the E.R.5. for fiml insection

For engines undergoing a complete over-
haul, a preliminary test takes place, then
a complete serip, clean and view, followed
by re-assembly, final vest and final inspection.

SECTIOM 6—The Electrical Division
Ag stated earlier, the Electrical Division
handles all electrical matters pertaining to
aircraft and the next saries of photographs
illustrates some of the work earrled sit

The first view, Flg 255, Iz taken in the
Elecerical Repair Shop smown as the LR,
where engine driven generators, altérnators,
starters, regulators, etc. are overhauled,
repaired and finally tested on the rig seen
at the rear. This test bench loads the
equipment exactly the same as in the air-
craft and gives full performance readings.
A small machine section in the same thop
includes two laches, a drilling machine,
miiling machine and angraving machine, etc.
far the necessary repalf operations.

An adjacent shop devoted 1o cthe ovarhaul
and repair of magnetos is depicted in Fig. 256
the stripping and averhauling being done
on the benches after which they are tested,
six at & time, on the test bench seen an the

right.

Fig. 355—=The Eloctrical Divislom handles all slectricsl mattars partaining te alrerdt,  Hars (3 part
of the Repalr Shop whers ganersiors, allsrnators, starters, rogulatory, s, are
owerhauled, repaired and teated,
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Cne of the Aircraft Instrument Repair
Shops (see Fig. 257) deals with alt meters
rates of climb, engine speed and air speed
indicators, the altimeters heing tested
under the ball jars an the bench, the pressure
being reduced to simulate heighe; s mercory
column at the far end of the bench is used
for the pressure and vacuum testing. The
girl on the extreme right Is watchirg a test
rig for oxygen equipment.

The Instrument Repair Shop devoted to
gyroscope mechanisms is depicted in Fig.
25%.  Afeer seeipping, cleaning, overhauling
and balancing on the bench they go on to
the appropriate test apparatus, seen ar tho
far end and right centre, which provide

artificial horizon, direction indicater, turn
and bank indicator and automatic pilot,
under conditions of roll, pitch, and yaw,
rotation, vibration and angle o bank
The distant reading gyro-magnetic campass,

Fig. 257—& viaw in the Instrumesnt Repair Shop which deals with the mais-
cenance and test of altimeters, abr ppesd and engine speed
indicators, rates of climb inditatorn, oxygen equipment, so.

EMGIMEERIMNG IM THE ROYAL MAWY

Flg. 154—Magnetos are stripped, repaived and tested in this iecties of
the Elpctrical Mapalr Shop.

Fig: Bileefm §.A,5, (siectrical assemBly sectios| mithe
ambe thghtoning mnd checking ronasctisss s 1k
main distribution and fes panal in the plar

cochpit of s Bwanger,

the function of which was described in
detail in the sectlon entlitled “Advanced
Training on  Alrcraft Maintenance” (see
Fig. 184) is shown on the west rig in the
right foreground.

‘We now consider for a moment the wark
of the Electrical Assembly Section
{knawn as the ELAS ) the function of which
it to averhaul and repsir ac necessary, Mg
electrical, instrument and special WT
installagions on aircraf; coming Into the

589 i(Lefe|—The gyroscope iection of the lsilrs
- Stilppiog, dsanieg and  balassing b
dena om the benches: the msd rig is & combined ol
apparatus for turn and bask instrurments efc,, e
revalving and tilting test table, centrs Fight, rapree
duces the siroralt's movements | in the right les
prosund ks vhadivant reading ENFO=mApsater [0
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Tnstriement H.-*Ifjr:rrr and Flectrical Assembly Seelion

Flg. 16l=E. A 5 peechanics checking and pesting tha bomb inscallaton of a Barracuda
far eorrect firlng rotatien; for comvemisnces cha bomb racks wre pliced &5

Fli: Ibl=Looking throuwgh the rear liddage doar into pop of the mabn planes.
the Bosmb abmer’s (ampartment of am Avenger we ses :
an EAS, mechamic sdjusting the sbevatiaon, In the third lluscration FIB. 25! E.AS,
train amd return to neutral eolays for the mechanics are checking and testing the
ek, bomb installation of a Barracuda for correct

firing rotation.  (For convenience the bomb
racks are placed on top of the maln plane.}
The girl is informing the man In the cockpit
that the bomb he has selected has been
released, she then rececks che mechanism
for the second round. Inside the cockpsi
can be seen the |b-way bomb selector
switch box (shown apen} whilst to the left
of this is the bomb jettison push Butten.
Electrical Harness and Sparking Plugs.

The repair of electrical harness and
sparking plugs ks carrisd out at the Dun-
fermline Ancillary Repair Shop which alss
undertakes the compkre manufacture of
new connector sets. |n the general view
Fig. 262 the intermadiste assembly of
harness components is proceading on the
centre benches with final assembly in the
foreground; ta the right the connector
sEls are b-el-ng Bl up {see also Flg_ ]EJ:I.
whilst the sparking plug benches are in the
jeft rear,

Fig, 16I—A gemsral view In the Dunfermiine Anslilary Repaie Shap
which duals with slectrical harvess snd sparking plugs,
alyo the lotw manud; v of naw ot

Yard for Inspection or repair. All instru-
ments and electrical accessories found to
nepd repair or overhaul are removed by
EAS persannel from the aircraft and Fig. 183 (Rightj=
sent to the L.R.S. workshop. Gn thess benches
nuw connectr e
are In procsss of
manufscturs] the

Illustrating some of the work of the E.AS,
in waricus hangars we show in Fip. 138 a
mechanic tightening and checking connec- NSl
tons on the maln distribution and fuse ground Is uslag an
panal in the pilot’s cockplic of an Avenger, wlectric  soiduring
the next picture Fig. 260 being takon looking Iran.
through the rear fuselage door isto the
bomb simer’'s compartmant of an Avenger
where we see the elevation, train anc return
ta neutral relays for the gun turret, baing
adjusted
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Fig. Hed—Elwctrical harnsw sssambling and testing ; the soman at the right hand metal coversd rousd
table vests mach cabls af o waltage sarping fram 10,800 to 15,000 usimg the wander prod as indicated,

The connector sets are made up of multi-
core cables enclosed in a fexible metal
casing., one such set consisting of four
cables of 27, 20, 12 and & core leads res-
pectively, Each aperator has her particular
toolbox on loan but most of the women
provide additiomal tools of their own which
is an Indication of the interest they take
in their work

The equipment for rapair comes inta the
Receiving Stares from the Denibristle
despatch sectlon and then out on to the
visual inspection benches fram whenece it
goes to the work benches for completa
strip and cleaning in paraffin and petrol
tanks, Afcer decall Inspection, harness
components move to the assembly benches
and then to the re-wiring tables seen in Fig
264, where a definite system is followed by
feeding the longest leads through first and
following with the next shartest in rotation,
After a further visual and check Inipection
they go to the final test rable depicted in

Figs Md—Thrat d|Merent typas of ssll-gontuines
imatar drives mpinners runnieg st |50 rpm
for clesning the cawes, thesads asd slectrodes,

| respactivaly, of sparking plug components,

Hig- 186 (Laftl—Whilst subject 1o e air pressure of 110

are boulad six st a tlee b the rig lustraied,

the right foregrourd, which s menl
covered, to undergo o voltage test varying
frem 10000 va 15000 valts. In che centr
of this table is an idjuseable spark g
which should keep sparking during che g
of any lead with the wander prod heid
by the woman in the illustration: shoeld
the spark cease, i faulty lead is Indlcated,

The next photograph Fig. 265 shows the
three spinners for cleaning sparking plag
cases, threads and elecerodes respectively,
after sand blasting, Each spindle has inter
changeable gripping collets and runs &t
1,500 r.p.m. the drive being taken from
individual | h.p. motors. The cleaning i
done with a special type of emery cloth
called Durixid, and steel brushas.

The sparking plug test rig, handiing sit
at a time, is featured in Fig, 266, During
the test each plug is subjected to an ol
pressure varying from 110 to 150 |bs. pet
5. inch according to type; a mirror at thi
rear enables the operator to see that the
spark travels round the four poines.  Aftr
this, the plugs sre packed In special cofe
talners, 35 to a boot; a8 many as 17,728 plug
have been recondiviensd in ane mensh

When caompleted, all harnesses and

plugs are despatched to Donlbristle, e
serviceable material going to salvage,

This ancillary workshop has beon
operation over two fears and emplaw
100 civilians, 3 per cen:. of whom comprits
pare time female semi-skilled [abour warks
Ing morning and afterncon shifis of 4
hours each. Thess women are entirgly
unskilled when engaged but are trained ints
proficient operators in six to sight wesks,
Althaough only a small shop, eanteen facllite

150 b, per wg. inch, Brivish snd &merican plag
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The Component Repair Bay and Tank Workshag
e ————

Fig. 1iT—A general view im the Component Repair Bay of the Mechanical Warkihop; bere arn ssctiens for the
ropair and it of olea lagy, cochs and fitery, hydraulic and preumatic eguipment stc; & welding

L

wre avallable, providing a hot meal midday
for the few full time workers and any
part timers wanting to participate,

Our story now returns us to the Doni-
bristle Repair Yard for—

SECTION T—
The Mechanical Workshops

—~which are fed from all other sections
® well as from outside sources such as
the Maval Air Store Depot at Perth and
deal with all aircraft details (except dinghies
ind parachutes) including hydraulics, pneu-
matics, wheels, tyres, tubes, exhaust systems
undercarriages, oil and petrol systams and
ground equipment,

amxtimit b &lse |silwded.

The routing precedure is for all material
to come Inta the Mechanical Waorkshops
Return Stores where it is sorted out for
the various workshops in the Yard, who
collect it as they require work., A sub-
inspection first takes place to locate any
major damage and to determine whether
the components are warth cleaning; when
cleaned the items go back to sub-inspection
to assess the damage.

The Component Repair Bay is featured
In the illustration Fig. 267 in which are
undartaken general repairs, also repairs
to specific details such as cocks and filters,
hydraulics, hydraulic pumps, oleo legs and

primumatics. tha wvarious sib-sactions baing
indicated by the hanging signs. A com-
prehensive test rig equipment, much of
which has been designed ind made in the
woarkshops, is installed fo hydraulics and
prncomatics.

Twelve differant types of oleo legs are
dealt with and the pnoumatic componencs
Include brake relay walves, pressura reduce
ing valves, pressure regulsters, ete.; oxypen
and air bottles are also proof tested, A
“home-made'” hydraulic ack is used for
glving initial test and stretch o new
control cables, A gas welding section at
one end of the bay Is capable of welding
all classes of weldable ferrous and nom
lerrous metals., and produces results te
AlD. specification standirds.

Another section of the Mechanical Work-
shops is The Tank Shop for sell sealing
and metal tanks (see Fig. 168}, The tanks
are taken from the Retusn Stores Into a
wanilat ing shed to extract the Tumes and
then into the repair by to clean and
iepair where necessary.

After repairing the aluminium shell of
sell sealing tanks, they are tested for leaks
by inserting paraffin to cne tenth ef the
tank capacity and then adding compressed
airat 1} Ibs. per 2q. inch. Having whitened
theo repaired portion o show up any leaks.
the tanks are left for 20 wninutes lying en
cach side, during which pe-iod the pressure

st ook g ol gy ;.:u:.l'.:uu:r. the

Fig. T6% [Left|—This Tark Shop & enather sectiss ol
the Mechanical Woerkihopi dand hare cin ba den
sedl-iealing and matal pecrad tasks In
crurss of FEpair
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TheMachine Shop depicted in Fig. 38
handles meost of the remir machining of the
Mechanical Workshops ind is equipped with
two Parkson Mo, IT Lniversal Mills {seen
in fareground) ene |2° shaper, cne Ward
1A Capetan Lathe, sne universal grindas
one surface grinder, ane Churchill Interml
Grinder, five centre lathes, one engraving
machine, twa fly presses, twa  versal
drills and various tool grinders. A smaller
shop has equipment for dealing with the
incidental jobs for the Component Bap
without bothering the main machine shes

The close-up view Fig. 271 shows th
re-grinding af cthe |0 diamater b:,l i
wide Dunlop brake drums lor Ending
wheels, on tho Churchill Internal Grindes
As received, the drumi were slightly out
afl-round or scored, @ the old liner wa
removed and a new one inserted, this thes
being ground in positicn to a close lmit,

The next illustration Fig. 271 features 3
toolroom job on one of the Parkson mille
rhar af rurring the reeth af a high spesd

Flg. 38%—A weil-sguipped Machisse Shap farma part of the
Mechanical Workihops, Tws Parlicon Dinlverasl Mills
welll bt sasn b 1R lnsegramnd, whiln alewhere
i & Churchlll larernal Grinder and a
Ward 1A Capsian Lathe.

' outer skin of Sorbo self sealing rubber s
put over to complete the repaired area.

The American metal tanks are repaired
with dural plate bolted an, the bolts being

I insartad from insida through the inspaction
door, This shop deals mostly witah Barra-
I cuda and Wildcat tanks to a total of
approsimately 160 a month. The coalers,
i radiators, thermostats, metal pipes and

superflexit  pipes (petrcl and oil) are
clenned, repaired and tested In an ad-

| jeining bay,

Fig. TM==A vow pullay is reguired for a portable hydraullc tew elg, 16 e &
mkchidad ill aver oh the Ward Ma. 1A Capstan Lathe as |Bustrabd.

Fig. ITl—Rawrinding tha 10° dizmstars by 1] " wide braking smrilacs

of Dunfop brahe druma far landlag whesls, am a Chairehill Fig. 2 i==Cutting tha testh of o W included angle cutier on one
lnteridl Grinder, the guard bang robed o show the af the Parksan Undversal Miklls. This will ba used for
TP &nl miachinlng wes bocks for propaller Balincing wap
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stenl angle cutter af 90" including angle,
10 teeth, 44" oucside diameter whick will
be used for milling ves blacks for propeller
Balancing wayt

A vee pulley of 4° diameter by 11" wide
with vee |* wide by |” deep, and the |17
diameter spindle threaded ar one end, is
being machined all over on the Ward 2A
Capstan In Fig. 270, This pulley is required
for a portable hydraulic test rig for testing
all the hydraulic equipment on the aircraft
n one of the assembly hangars. The
pulley drives direct from the pump and
runs at 2,000 r.pom. o give the correct
preasire.

Owr lzst illustration in the Machine Shop
[Fig. 273) shows the grinding of a 2 ft. | in.
long by 33" diameter oleo leg sustalning
fam prior to hard chrome plating. These
gomponents are liable to become unser-
viceable by slight pitting and earresion
far which 010" is ground off the diameter
and then built up 015" with hard chrome,
original size being restored by removing

Fig. 374 Thisz Hard Chioma Shop (s snother

snction af tha Fodhanical Werkshopa | hers

wu sun the olens beg ssstsining ram (Plg. I73)

and & Mardin cylinder linar showt to be bne

sertad far cheame deposltioning at ibe rade
of 081" per hour,

05" by regrinding. This method saves
i complete aleo leg which atherwise would
hive to be returned to the makers

We now lollow the sustaining mm to
The Hard Chrome Shop where, in Fig.
774 we dee it abaut ta be immersed in the
plating tank for chrome depesitioning at
the rate of .001° per hour; on the opposite
gide a Maerlin cylinder liner in its jig i2 about
to be similarly treated. Any liner pre-
viously ehromed is electrolytically stripped
in-a caustic soda solutien, others are ground
sut before coming to this section.

Fip 175 (Rightj==Thao Shest Metal Shop i the last of
the Mechanical Workshops we illustrats. The wide
ringa &l egulpment invcalled lv ored for ripairs as
wall as manlacture of modificatians @5 British and

Amarican alrerall

o

ol

A NAVAL AIRCRAFT REFAIR YARD
Machine, Hard Chrome and Sheel Metal Shaps

Fig 1M —Grinding & Ve lin lomg by 1jin dometer olss lag sustadning ram
prior to hard throme plating sa deplesed in Fig, 174,

The shop has the usual degreasing, etch-
ing. n-eu:rali]:mg and swilling tanks aiso a
Seekay wax stripping off tank, the wax
being removed from the portions to be
plited by paring aff. In this tank, wax i3
extracted fram the fumes and reclaimed in
another cabinet. Other work dealt with
includes such as worn plug gauges and
special milling cutters.

An ndjeining shop looos after all paint
and dope stripping, sulphuwric acid anodizing,
cadmium plating, phosphoric acid etching
af Tauris :rilndur liners, the zand |:||.|'l{|||g
of most steel parts prior to cadmium plat-
ing, as wtll as che removal of corrosion fram
the fins of cylinders before treating with
heat resisting enamel.

Mext is The Sheet Metal Shop in which
5|,||:|'| di_"f,.‘lll'i as :1.1nl:|:. dfvd falrlugs. BLE. are
both repaired and manufictured; modifica-
tians are also carried out on British and
American aircraft, The general view In
Fig. 275 shows work in progress, the fore-
most machine, a shees metal former
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| dealing with a frame for a Barrpcuda
|I monocacque, whiist on the folding and
forming machine (third down linm) is &
| lower cross member frame for & Berracuda
fuselage. The second man on the right
hanch iz ar wark on a Barracuda navigater's
sliding roof of perspex.

In the local view Fig. 276 a Morrisflex
flexible shafe equipment is being used for
trimming a perspex observer's window
using a 'home-made’ universal swivel table
in the vice, ©On the bench are nivigation
and landing light covers. To form these
perspex details the sheet Is heaved ta 235°F.
in an electrical oven and then formed over
wooden jigs, two of which can be seen
on the bench,

The adjoining Heat Treatment Sec-
tian is for aluminium and its alloys, potas-
sium and sodium nitrates being used as a
convenient method of contrellng the
temperature which is very close on these
materials. A handy alir blase coke fire in

| thizs seceion for the heat treatment of tools Flg. iTh==tarrisfes Fiexible Shaf Equipment in the Sheet Metal Shop being sl lae ie]immisg
£ g . o persped obisrvar's window i an the Baich are navigation and
is featured in Fig, 280, twnding Hght covars.

SECTIOM 8—The Main Stores

The general view Fig. 277 is taken In the
Main Stores ar Donibriscle which suppliss
all available itams from the smallest split
pin te main planes and Includes enging
elecorical, wireless and |nstrument coms:
penents together with nuts, bolts, washer
screws, etc,, as well as airframe spares, ol
of which are recorded en the Roneodo
system depicted n Fig. 278,

_

Re-assembly of Alrcraft and Test Flight

Our story of the Repalr Yard now drw
to a concluslon with a return tothe Assamblp
Hangars where, in Fg. 179 we e &
Avenger two-thirds completed after &
I hour majer inspection and  mingk
repair. In the pext view Flg. B ch
assembly work on a1 Barracuda is whe

Iy - -

h - ;1 H A
Fig. TIT—A gonsral vigw in the Man Storei &f Donls e p— |II"I""I

Briniie where & very wide range of componavis s
maintained and recorded for alrframe, enging, slec.
trizal, wirelsm amd intrumest sections

4

<>

Fig. 178 (Right=The Ronesoden sguipment v thoe Main
Scores for recording the 100,000 iterma in atack Tram the
wrmalleit split pin ta maln planes.
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nearing cempletion after a 320 hour major
impection; the @il unit has still o be
tonnected up to the main fuselage,

Tha lase llustration Fig. 282 shows how
the Barracuda, which suffered a ferced
bnding afrer flak damage and whick we
uw being remaved from the articulater
W Fig. 13 will taxi out for test flight after
geing completely everhauled and repaired.

Fig. 179 (Right = Cur story of the Repalr Yard
is about to ba condluded s we return to
the Assernbly hangars| in this view we
fhow sssembly ol an Avesger Cwisthirds
carveiigted aflter a X200 hour major irspees

tion mnd miner repair,

Fig, 100—A handy alr blast cake fre for the
hakt treatment of toaks,

Fig. 101 (Right}—The sssembly worl
an this Barracuda v ale pearing
complethon after & 3 howr major
indpection the tail wnit has still w
be conpoceed wp wich the realy

Tusmlapn

B 181 [Right }—This is how the
Beracuds shown im Fig. 113
will tani nwt for vest Night siter
Being completely overhauied

wnd repaired,
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Fig. 383—A puoll Pilor Officar cravhes this Wildest shortly after paking off fram ths Mo, | Naval Als Fighter
Srhoal of Yenulbran: slter sn inepscilas, the Alrerais Falvags Seciden by nouled oo ring im the
wrach for ultimete reduction to “spares and produce’”

HEM ane realizes that there are some-
thing like 35000 parts on a medern
aircraft it will be appreciated that even if

obsolete, time expired or damaged beyond
economical repair, such an aireraft can
produce many items of equipment, both
serviceable and those which can e ren-
dered serviceable after repair, tha: prove
extramely valuable as a source of replace-
ment an other machines.

The recovery of such componenis is all
the more impertant in relleving the prob-
lem of the manufacture of new spares, and
the organisation of reducing aircraft to
*spares and praduce’, which is the term used,
is in the hands of Aircraft Component
Recovery Depots situated in different pares
af the country,

To illustrate a salvage and recovery
sequence in this section we have drawn
our story firstly from the No. | Maval Alr
Fighter School at Yeovilton and secondly
from the A.C.R.D. at Alloa, this depor
being one of the ancillary workshops of
the Aircraft Repair Yard, Donibristle, as

mentianed in tha previons tectian

ENGIMNEERING IN THE ROYAL NAVY

Fig. 284—A Meals 3 ton crane is used to load the fuslage on o the Cat truck, the nain lenes ssd
angine being removed an o Bediord prime mover ioeey (sometimes releresd t5 58 & law
Faddar articulator).

The first illuseration Fig. 283 shows a
wrecked Wildcat which was erashed by a

pupil pller efficer shortly after raking off

from the fighter school airfield. As wil
be seen, the power plant and one miln
plane hawve been torn sway from che sin
frame, which, when we first arrived at e
scene, was lylng on its back, but has sines.
been turned over for the purposs of
dismantling,

Aftor an  inspection to determine i
possible the cawse of the accident, the Aie
craft Salvage Section is notified to bring n
the wreck for ultimate reduction to spane
and preduce, and in Figs. 284 and 285 we
see the fuselage baing caded on to 2 Cit
truck by means ¢f 2 3 ton Meils erane, &
will be seen from Fig. 85 the Cat truck b
equipped with 3 caeerplilar track for
travelling over felds, rough tracks aed

Fig. 388 iLefe/—This provider a batter view af th
Cat truck, which, with itx roar wheels rosed, fald
travel with ease an in extepllisr track over o weyp
rangh wection of roed stren the fislds,
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AircrRAET SALVAGE AND

el d

ComMmPONENT RECOVERY

Fig. 14— The articulssor with sngine and mals planes snd the Eat truck with ke fesslags, jaurney Framm 8
srens of the crash scross the feld roxd, the Meals crans briaging wp the rear,

dirches, the rear road wheels being ralied
off the ground far this purpose.

Having firmly secured the fuselage ind
lgaded the main planes and engine on to
3 Bedford low loader articulator, the
journey to the air station commences by
traversing the field road through the firm
Aircrafc Salvage and Component Recovery
a8 festurad in Fig. 286, the articulator
feading, followed by the Cat truck nd
crame.

Leaving the convoy to negotiate thair
way through the farm gates into a narrow
lne, we returmed to the station to nke
the view outside the Aircraft Compenent
Recovery hangar depicred in Fig. 287. Here
we seo obsolete Beauforts waiting to be
reduced to spares and produce, whilst
linimg the road are some of the 27 vehicles of
the Aircraft Salvage Section, the wvarety
of types shown being listed in the caption
o the photegraph, Inside the hangar
[see Fig. 288) early types and crashed
fpaflren are in the precess of redection.

Flg. 107—Ctialwts Banulorts sursids che Arrcraft Camponant Mmoo yory Inaimgas =alting ve ba redeeed

i spares and produce.  LEimg the road are sames af tha 17 velireles of the Aircralt Suvage Soonian,

thess, hmsded by o Gap trugk, include a Bediord articidator Bos loadur, & Ml orase, o
P. B H. crane, a0 arcicalator high loader and amotiber low imadar In tha reas,

For the next part of the story concerning
the reduction procodure we visited the
AC.R.D. at Allea, outside of which we see
in Fig. 289 a Barracuda, camaged beyond
economical repalr, being unloaded from
an articulatar, whilst inside the hangar the
work of dismantling other Barracudas i
wall under way, as illuscrazed in Fig. 290,

The work of reduction commences by
removing the acrofoil sections, |o., main
and tail planes, fins and rudders, and dis-

Fig. 200 |Laft i —Early types and rrashed Seafins heing
reduced o sparss asd produs s the Alreraft
Camgponent Recavery hanpar,
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Iz heyond ecomomical repair, and the crane
commences o wnlaad,

posing of them acoording tu U calegory
of the alreraft, W required by the Daoni-
bristle Repair Yard, then they are sent back
thare for repair and re-lssue, alternatively
they may be noeded by the manufacturers or
cantractors.  Falllng this, or should a
considerable degree of repair be neczssary,
then such components are reduced taserap,

Bl 1=iin prticulator arvivos ot the Aircoraft Component
Rgcovery Depot, Alloa with o Barracsds which

ENGIMEERING IM THE ROYAL MNANVY
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In dizmantling the luselage, the parts
obviously of no use are put in a scrap box,
whilst apparently serviceable ones are
placed in a ‘produce’ box (ses Fig. 290)
and then collected fer cleaning first In
paraffin followed by trichlorethylene and
other varlous cleaning and degreasing agents
peculiar to alrcraft engineering.

Figs @¥l—=ldentifying serviceable Hellent compomsnts ar the Alloa Recovery Depot by
means of 8 photograph< itores catalagus in whith every [Lem on the sircralt
i lustrated.

Fig. T#=—Ddpmaniling Barrscudas ot Allos to obrain all the serviceabls componants
whbch will be sent to Regurn Stores Tor subseguent test b thy woerkshops
and rapair I hGOESERFY.

The next stage is to pass for |dentifice
tion by means of a piotographic stores
catalogue relative to the type of alreraly
a wide range of such catalogues being kept
irn the Publicatians Alloa. In
Fig. 391 we see serviceable Hellcat com-
ponents being identified In thiz way, fal
lowing which each part is given a job card
label quoting the stores section, referancs
and part numbers,

Foam  at

After (dentification all parts are glven &
praliminary examination and then binned
to awalt despatch te Donibristle Returs
Stores where, as staced in the Mechanical
Workshops Section of the Repair Yird
story, they are sorted out and passed to (he
varlous workshops to overhaul, test and
repair I necossary,

The job card labsh ame divided by pers
forations inta three sections and after
repair, the appropriate Inspector im the
View Roam will sign all three and detach
the lower one marked (I). The item s
then passed to the Despatch Bay who
detach section (2) of the label before sending
the component back to the Return Stores
for forwarding to the Main Stores (Fig
277 for stock.

As a final reference we would add that
all appendix "A' items on an aircrafe, i
instruments, wiraless, armamaent, .,
troated separately at Alla, being cheched
on arrival and accounted 'or on the akirframe
inventory., Alfcer identification they are
sent direct to the Main Stores at Donibristls,
whether serviceable or unserviceable
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N order to provide for the rapid sevic-
ing of aperational aircraft, and to ensure
thit major overhauls preduce the |east
possible loss of avallability for flying, it is
gsentlal that repalr organisations are able
w0 £all upon supplies of airframe and ergine
fpares, propellers, cantrel  InsTtruments,
alectrical and radio apparatus, cameras, etc.,
1o that any part found defective may be
replaced immediately by one known to be
in & serviceable condition.

These spares, under the general tide of
Aipcrafe Equipment, are held in bulk at
virious Maval Air Siore Depots, and defec-
thee items thrown up by replacement are
fed back to these depots by the repair-
iig organisations In order that, where
possible, they may be reconditioned and
pissed  inta  stock  for further service.
Working in close canjunctien with each
ftore Depot is a Maval Alrcraft Warkshop
whese broad functions are:—

ja) The maintenance of stores stock in
a technically serviceable condition,
including modification of equipment
to the latest standard of eperational
requiramant.

ih}) The complete overhaul of retarned
unserviceable eguipment within the
scope of the facilities available, with

particular reference ta items Wn
short supply.

{t} The dismantling and packing of
aircraft  propellers for overseas
transit,

AIRCRAFT

EMGINEERING IN THE ROYAL NAVY

-

EQuipMENT

IMAINTENANCE

Fig. ITi—Splicing onu of the secering strope which fits round tha oles ey
of an sircraft for securlng whes ship borne

{(d) The manufacture of items to meet
amergency requirements for which
no normal source of supply is avail-
able. Under war conditions the
interpretaticn of this functian has
bean in the tradition of Maval En-
gineering which postulates that ne
jab is turned down unless its produc-
don invelves the need for apecial
equipment or machinery completely
beyond the range of improvisation, or

Fig. IPl—Completing sets of main securing cables priar te thelr final test puil of 1,200 Mbe aloer
which they are bundied far despatch.

the use of unobtainable material for
which there is no scceprable altern-
ative,

A Royal Maval Aircraft Workshop

The following general description of
one of these Establishments will convey
an Impression of the many-sided activities
invalved.

Apart from general executive ofiices thers
is a Drawing Office holding a very large
number of drawings and 3 comprehensive
technical library. which together cover
completely and in deuil, the range of
equipment  held by the Store Depot
concerned,

The first shop wisited was the Splicing
Shop. Hers the main activity i the
praduction of cables and strops far securing
alrcraft when ship baorre, the illustration
Fig. 291 showing a workman splicing one
of the securing strops which fits round the
olen leg of the aircraft and to which the
quick release is attached. After splicing,
the joints are covered with twine serving
and then shellacked,

The next view, Fig. 193 depicts a woman
warker adding the Mnal fittings |2, locking
bolts, screw jacks and quick release, to a
set of main socuring cables (eight per sec)
prior to their final test pull of 1,200 Ib.,
after which they are bundled for despatch.
The locking bolts are added at specified
distances apart, measured by a markad
board on the bench; te lengthan when in
use simply meam altring the pesitions
af the bolts, For securing land aperated
aircralt, the cables are mnnectad o ground
rods through teaston srings te allow for
wind conditions.

_——————__—
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The Machine Shop, which adjains the
Splicing Shop, s equipped with cencre
lathes, shaper, drilling machines, miller,
power hacksaw,a'Ward 1A Capstan Lztheand
a Churchill Tool and Curter Grindar.  This
shop carries out the whole of the machining
required for the Establishment and che
lustrations Figs. 294 and 295 show a 2}~
diameter end mill being reground on the
Churchill grinder and a turning operatan
being carried out en a test chamaer for
altimeters. (Two of these test clambers
are later shown in use In the lnstrument
Shop).

The cambined Blacksmiths' and Sheet
Metal Workers' Sllﬂp s equipped with
power hammer, muffle, electric hea: treat-
maent furnaces, electric and acstylene

welding plants, a full range of toals for sheet

Fig. 1% [Below —A B.0.C, Univarsal Oxypsn Curting Machine sfecting & mndi=
feation to am alrcraft rockel profectiles blass plate, the form Being  cantrailed

by the templats alieve,

Fig. 295—A turning operation on an altimeter test chamber fer
usa fn the Imstrument Shap (ses Fig. 103},

EMGINEERING IN THE ROTAL NAYY

Fig- T8  Ra grimding = 37

digaviates i ool win o Sharchill Tool and Cutter Wrsnder
Ia tha Machine Shop.

matal wark, including a 30 ton press, anc an exy-coal gas
cutting machina. In Fig. 2%6 the lacter is (llstrated effecting
a medification to an aircraft rocket projecile blast plame of
£ thickness, the form being controlled by the templae
abave.

Passing to the Electrical and Radio Shop ane finds
varied assarcment of work In progress, ranging from the
repair of small items such as switches, connecter plugs and
the like, up to the complete overhaul of elactric generators
and radia installations,

Fig. 77—~ Mark V11 Test Banch which will test all the whegtrical
Tunctions of generaters and ancillary eguipmeet swck s
voltagn conoral regulators, cut out, relay, ete
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are tha meter test panaly shown |6 Fi;_
300, the left one being for avometers,
the remainder baing for volt meters,
milliameters and ammeters respectively,
the charts in the centre of each panel
giving the range covered and the permiss-
ible error,

The list (Hustration on the elecerical
side is that shown in Fig. 301 which deplen
the use ef a lathe for winding the element
for a variable resistance of approximately
150 w., to ba used inavolt meter test panel
for 1,000 v., AC or 2.C. The 23" diam.
eter by 247 long stesd tube covered with
vitreous enamel has boen painted white ta
show up the fine wire of 42 sw.g. a3 it is
being wound an, using the lathe load serew
grared to 90 L.p.i,

Fig. 2190h=#, rig for testing slectrically arrated asro-sngine
sEartess | (he Dorgus is taken through che heriesmtal
beam, the relative messurs of it valus Baing
abtsined Pram che szale.

As complete assemblies of generatars and
radio installations have to be subjected to
full specifization tests after owverhaul. it is
necassary to have a large quanticy of highly
Ip-u:ialised test  equipment installed as
featured in the following illustrarions

The first, Fig. 297 shows a Mark Vil
Test Bench which s eapable of testing
rotary electrical equipment used in naval
aircraft such as D.C. and for A.C. generators,
glther mechanically or electrically drivan,
OF 3 motar requiring either type of supply.
In the photograph it is shewn driving a
24 volt D.C, aero-engine driven generator,
wihich in curn is supplying power fas testing
a radio power pack.

Fig. 199—B, universal bomb cardier rig for testlng the dirouits of bowb releans ger

The second illustration Fig. 298 shows
n rig for testing elecerically operated aero- lever as illustrated, the test cor-
engine starters, the torque of the starter  responding to the use of o 500 b,

belng taken through the horizontl beam

while 3 relative measure of its valus |
obtained from the scale of the balince an

bomb, The fusing unit on each
end of the carrier is firse cestad
electrically and then the bomb

tha right. gear Is eperated causing the
Mext is a universal bomb carrier rig for  Welght to be released. This rig

vesting the circuits of bomb relemse gear, w25 designed and made on the

{see Fig. 299). The bomb hook supperts Premises.

a weight equivalent te 550 Ib. arranged by Further ocquipment of their

means of a smaller weight on the fulerum  own  design and  manufacture

Fig. Mil—=This shews how & Lithe v imprevissd to wind an
alarment for & varlable reiiiliscs, whan it is 9o large for
the scandard winding meching inetalled,

Fig. 308 jLedti—Metor test pamole in the Blecorical Shag; the
rmatars wndor tesr shauld mormally s Mz and are only
ralied Al an @ngle Tor the phatograph,




ENGINEERING IN THE ROYAL NAVY

Fig. 301 —Samas of ths radic st ket |

E & or el v eadmg fral tesc

weing & cathods ray owtillegraph  cheok the wave modalatisn,

To feature the radio test equipment we
took the photograph reproduced in Fig,
302 which shows an aircraft transmiccer-
receiver under final test using a cathode
ray oscillograph to check the madulatien
of the wave. On the bench to the foft of
the set is the signal generator, with the
audio-frequency oscillater above it, next
ta which s the power meter for cutput and
on the right, the artificial aerlal. The remote
control for the set is on top of the oscillo-
graph.

The Instrument Shop was next visited
and here again repairs are carried out to
a most diverse range of equipment, includ-
ing engine revolution indieators. altimerers,

pressure and yacuum gauges, thoermometers,
wiatches and clocks, etc

As many instruments depend on pressure
differences for thelr eperadon, the work
benches are connected to vacuum and
pressure |ines, so that tests may be carried
ocut during repair, without the mechanie
having te leave his bench,

In the illustration Fig. 303 twa of the
altimater test chambers previously soen
under manufacture in the Machine Shop
section (Filg. 295) are shewn in use. By
means of this equipment an altimeter
placed in the lower chamber can be ehecked
at all stages of repair and callbrated against

testimg air wpewd Indimter.

# sub-standard instrument which is carried
In the top chamber as illustrated. The
sub-seandard instrument i iself checked
daily against a mercury column calibraced
to give by direct reading, alticudes up tos
maximum of 40,000 i When installed In
an aircraft, the maximum permissible error
of an altimecer Is 400 fr. ar 35,000 ft.

The final testing of inscruments |s carried
aut on highly specalised equipment, an
example of which is given in Fig. 304 which
shows a master cal brator for air speed
indicators. In practice, the indicator o8
the aircraft is operated by the head wind
resistance through 3 piter whe; on the
calibrator this presure i supplied by
tomprassed air and the (ndlcator reading
are checked on the large dial, in knots ar
m.p.h.  In the (llustration the tep three
Instruments are completed and undergaing
final check, the lower three still being
under repair,

A furcher example of specialised equip-
ment was found In the Watch Repair Shop
in the form of a ‘Timeograph®, an electrosis
device by means of which the ‘beat’ of 2
timepiece s recordsd graphically on a
calibraced chare, so enabling rating 1o be
carried out In a matter of minutes a3 come
pared with cthe very lengthy method of
camparisnn  wirh a3 hronomater,

By referring to Fig. 305 it will be oes
that the watch under test is mounced ca
the micrephone in the foregraund, The
baat of the watch bt transmicted by the
microphane te a 4-valve amplifier contzingd
in the recorder on the right, and &5 thi
made to operate a small hammer which
causes a serles of ders to be made ona

Fig. M3—Hern we show im usk tws of the &ltimeter test dhambars presigaby
sean undér manifactics in the Machine Skap sectisn (Fig, 195,

Fig. 304 (Lofti—d, minster callbratar In wss for
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paper tape moving forward at constant
ipeed. Movement of the tape Is effected
by means of a motor whose speed is held
eonseant by the 15 valve crystal controlled
multivibracor seen in the rear of tha #lus-
tration.

The speed of the tape is sa arranged that
3 correctly rated watch produces a series
of dots in & straight line running parallel
to the edge of the ape. A deviation from
parailelism to left or right Indicates a
lssing or gaining rate respectively.

A rotatable cursor above the sape af
the front of the recorder is aligned with the

Fig, M&—This portlen of tape From
the Timmograph showis thar the

waseh an tese ser slow @ tha rate
al 75 seconds per day.

Fig, J0T=—R claw-ep of a ghrl an work
on am air speed (ndicator dial.

dat track, and the error of the waich In
seconds per day is read directly from a
seale on the periphery of the cursor. The
portion of tape reproduced in Fig 306
showed In a few seconds that the watch on
past was slow ac the rate of 75 seconds
per day. Every mavement of the watch
could be heard highly magnitied i1 the
earphones plugged in to the side of the
recorder.

Fig. 168 [Might}—A view In the Lumlaling Rosm
whers the mare lmportant comtrel Enstrurments
have their hande snd disly tresved with redio-

active buminising paint.

1 ATRCRAFT EQUIPMENT
MAINTENANCE

Fig: W5—Tha *Timaagraph,” an alecironic deviee for graphilly recording the boat’
of & tirwepisce and reducing the work of rating to a matter of minste indteil

of daps.

The more important contral instruments
must be capable of telling their stery to
the pilot in the dark, and to effect this,
dials and hands require treatment with
radig-active luminising material, This pro-
coss 8 carried out under stringent pre-
cautions, In a special room, of which Fig.
308 gives a general view, while Fig. 307

shows an operator at work with pro.
tective sereen Becwaen the job and hersell,

All flying Instruments and engine per-
farmance indicators are treated in this
way by first using an aercspray to paint
white. Black is then applied by means of
1 rubber roller, and as the indications
are engraved into the dial, this results in
3 black dinl with white markings, The nexc
stage of luminising is dore In the cabinets
behind the glass containng B0 per cent.
lead te eliminate the effect of radium rays,

The paint wied s made by mixing a
powder, consisting of 99.95 per cent. zinc
sulphide and .05 per cent. radium, or
mesothorium, into @ pasts by the addition
of a solution of Eum arabic, The pc-wder.
heeld in a small bottie, is dhways kepe in the
heavy lead cantainer seon (i both views,
When the light is swiiched on in the
cablinet an exhaust fan comes Into operation
to remove any emanation from the radio-
active marerial through twe rear grlll seen
in Fig. 307, Ve would add that all the
equipment was designed and made in
these Woarkshops.
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Fig. 39—This general view in the Hydraulic Shop shows some of the test sguipment imicalind,

Although the strictest precautions are
taken a further safeguard s a regular
manthly examination by a doctor, including
the taking of a blood test fram each girl

The Camera Repair Shop is shown in
Fig. 310 with several types of aircraft
cameras on view. These highly complicated
pleces of mechanism are completey over-
hauled, modifications incorporated where
necessary and tested to a most rigorous
specification  befare releazed  for
Turther service.

hl.'lflg

The camera o the left, with it magazing

epen In frant, is used for training purposes
and cambat on torpedo carrying alrcraft,
taking a 12" by 2° pirture of the actual
target and indicating whether a hit has
been registered. It is electrically operated,
and a moter winds the film to the nest
pasition immediately after exposure. In
the eentre foreground is a cine gun camera
as ficred to every Britsh combat alrersft
for taking actual combat records, the
I6 m.m. magazine containing sufficient
film far a 10 seconds burst on the aircrafit’s
guns. The same camera is mounted on the

Fig: J0—=%arne of the typpes of aircralt canveras which ars completely sverhsided and
tested to o rigoroum specifizatlan Bafare releasing Tor Turther servics.

dummy training gun at tha rear ta record
accuracy af “firing'.

Ihe large camera in the centre rear i
used for survey and reconnaissance and
takes a 51" square pleture, the magazine
containing sufficient for 125 oxposures a2
2 second Intervals (a hrger mapazing will
take 250). The electrical control box to
the right of it, enables cither single shots ar
continuous running at any intérval fram
1 seconds to &0 seconds

The remaining eameras right rear and
front are American typis for recanpsizanc
and gun work respectlely

In the Hydraulic Shop reconditionis
is carried out o alrerift equipment cosw
prising pumps, flap and  endercarriage
aperating jacks and cheir control gear. A
general view af this shep with same of the
test equipment i shown in Fig. 309 whili
Fig. 311 depicts a test rig for engine startesy
of the cartridge impube type which alss
are recenditioned in this particular seceian,

In cperation an the arcraft the piten in
the starter is driven forward by the explos
sion pressura of the operating cartridgs
{300 lbs per sq. In), By mewns of helical
iplines, thit foewsrd mation i€ made @
rotate a saw toothed clucch one complets
revolution while at the same time making
it protrude abaut ° to engage with b
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Fig. 31 1=A teat rig for nl||ln-| startmry of the ceriridge impulse type which are

Frecnngd

oppotite number on the engine shafr
When the piston reaches the end aof js
travel an exhaust valve opens and the
return stroke s effected by the compression
of the main spring which alse releases the
clutch member from engagement.

On the test rig these motions are re-
produced using air at 100 Ibs. per =q. in
as the motive power. A motar driven
cam-operated alr supply valve Is arranged
s0 as to repeat the cycle of operations
automatically four times per minute. The
partially dismantled starter lying at the
|lafe front of the bench Eives a viow of the
clutch, plston, recurn spring and internal
mechanism.

In the Drnghj Shap, of which a general
view is given in Fig. 312, life saving dinghies
are repaired, modified, tested and finally
packed into their respective contalners. As
the completed dinghy has to be folded
Inte extremely small compass before it
can be persuaded to enter its container it
Is necessary to evacuate the alr frem the
dinghy before commencing the folding

F

thamed inm tre Hydepalic Shap

Flg. 32— thes Ddisghy Shap His s
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operation. The intractability of a par-
tially evacuated dinghy has tabe experienced
ta be believed!

The General Engineering Shop handley
repairs to ground equipment such a3
engine erecting stands, lifdng jacks, tyre
pumps etc., bomb heolsts, bomb carriers,
aircraft targer towing wirches, portable
petrol driven electric generators and air
compressors as well a5 a large range of
Incidental items

Fig. 313 gives a view of grar by means of
which the 7,000 foot towing wire is wound
uvpon the replaceable drum of the target
towing winch, using a3 modified towing
winch for the purpose, on which a mater
driven pulley takes the place of the wind-
mill which can be turned into or ouc of the
slip stream by the pllot when the winch |s
installed in an aircraft,

A nut engaging wich 3 {aur-srarr, righe
and left hand thread on the spindle in the
frant, puides the wire on to the drum in

g sdbighies are sepaired, cnedilied, Geied ami Bally paceel
FEARECLivE  COnTAl s,

even layers, the special cross handed thread
providing reversal ac the end of each layer.
The last 200 ft. of wire |3 palnted red as
a warning to the pilst when winding in
the targoet,

In addition to the shops illustrated there
is a large Woodwaorking Shap in which s
made a varied assortment of the special
cases required for safe sccommodation in
storage of the many rebtively fraglle
zircraft components.

Cleaning and electro plating plants are
also installed for deullng wicth the AR
types of special finishes involved =5 part
of the general repair work

Fig. MEi—Using & modlisd towing wach lor windiag
the 7,000 f¢. of target towing wire upon the replace-
able drsires that Bt in the sienilie winch in the
sircraft.
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Fig. Jl4—A general view of a H.0.MNAB. HMabile Fail [

n t camprising siroraft machine shop, two generator lorees, batiery
chirging lorry, gemeral purpess workihep and electrical and Iretrument sockahap

UR story of aircraft maintenance and

repair has so far been confinec within
the framework of scatic facilivios avallable at
alr stations, repair yards and naval aircraft
waorkshops, The war against lapan, how-
ever, has necessitated a comprehensive
mobile system of land based and ship borne
repair facilities which has been developed
in two groups known as the Mobile Maval
Airfield Organisation (or short tide,
M.M.A.O.} and the Flest Aircraft Mainten-
ante Group (FAM.G.) respectivalv.

In this section we propose to glve an
outline of the work of the M.MN.A.O. which
covers the rapid provision of the necessary
equipment and personnel at airfelds or
air strips, for the training and maintenance
of naval air squadrons disembarked from
sireraft carrlers operating In advance of
existing bases. (The work of the FAM.G,
is dealt with in the final section.)

The M.M.AQ. may be said to consist
of twa main branches;—

M.O.MN.AB.s—Mobile Operationzl Maval
Air Bases and

T.A.M.Y.5—Transportable Air Mainten-
ance Yards, both of these to be as flexible
s possible, buing broken down into a
number of components which may be
added to, or subtracted from. any one
unit to suit local conditions and the general
maintenance plan for the area.

THE M.O.M.A.B. COMPOMNENTS

After taking care of the requirements
of command and executive, medical stores,
flying eontral, communications, ete., from
a maintenance point of view, M.OMNAB,

components may include the follawing:—
[a) M.5 Component (Mobile Servicing)
consisting of four lerries similar to

the Squadron Servicing Unit (5.5.U.)

{B)

()

described in the section entitled
‘Centralised Maintenance of Air-
craft’ (see Fig, 217) fittad up as one
woarkshop lorry, two univerial stores
lorries and one general purpose
lerry with the usual ground equip-
ment, These components carry suffi-
cient stores to service 215 alreraft
of a given type for |4 days but do not
inglude the maintenance persennel.

M.M. Component (Mchile Main-
tenance) comprising six specialized
lorrles, le. ane machine shop, one
electrical and instrument workshop,
one general purpese warkshop, one
battery charging and two generator
lorries, making up a seH-contained
maobile workshop unit (see Fig 314},
Mormal ground and servicing equip-
mant togather with type spares for
a number of types of aircraft are
carried, the unit, accompanied by
the necessary personnel, being cap-
able of servicing 50 alrcraft for ane
menth,

This component is designed to
carry out minor inspection and repair
b_y r\cpl:.umenl: of camplete assam-
blies, two Doriand hangars being
provided, In which this work is
carried out (see T.A MY, section),

M.5.M. Pack up (Mobile Servicing
and Maintenance). This covers all
the machine toals, ground and
servicing equipment, toal spares,
generators, battery charging. ete.,
equivalent te one M.M. and two
M.5. components. The whole is
in the form of a crated pack-up for
installation in existing bulldings and
is usually supplicd to certain of the
mora sagie MOMNARB: In che

rear area.

M.P. Component {Mabile Person-
nel) which consists of only mainten-
ance personnal with their own tool
kits fer one squadron and is intended

for additien to 3 M.O.N.AB, inan
area where sguadrons are expacted
to disembark without their mainten
ance ratings.

{#) M.5.R. Component (Mobile Storage
Reserve). This, with necessary pers
sonnel and a rangs of ground handling
equipment, may be added, in unity
to any M.OMNAB. and Is capable of
maintaining 50 srorage alreraft for
which a Dorland hangar is provided

{fi M.A. Component (Mobile Repua)
consists of a pick-up of a g
range of machine tools and equip
mant which, ¥ attached to &
M.O.MN.AB., enibles that wnit m
carry out major inspections. The
M.R. component is nermally added
to 3 unit in the rear areas when the
M.5. and M.M, components are taken
wway for mobile wse in the forward
areas, The two Brook hangars with
the component provide sufficiest
engine changlng gantries for sixmeen
angine changes.

To provide the nemssmry maintenance

and repalr facilites for these componenp

two types of hangar are used, the Dorlang
hangar for the M.Ms :nd M.5.R3 and the
Brook hangar for the M. R.s these hangan
being illustrated and described in the kter

sub-section dealing with TAM.Y ...

In addition ©e the various vehick
designed for aircraft maintenance as men
tioned, wery many specialised vehicles are
included in each M.ON.AB, the ratl
numbers for an average unic beingi—

31 specialised lorries

55 nen-specialised lorries

34 trailers

36 special road-rail centainers which s

clude stores and spares atc,

Included in the absve are the maching

sheps and waorkshops, wireless transmitting

lorries and radar beacor vans, phetographic
tender and craller, generator and wmp
lighting larries, bresbdown lorries an
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Ajrcraft maching shop
Two 22 k.w. Lister generator lorries
(the end of one ran be seen behind
the alreraft machise shop)
Battary charging lorry (centre foreground)
General purpose workshop, and
Electrical and Instrument workshep.
Dealing with thes il'ld"I"dl-FI”f- Wi
commence with—
The Alrcraft Machine Shop
—an Interler view of which we give in
Fig. 315. Mounted 81 a Bedlerd 3-ton
lorry chassis, the equipment conslsts of 2
61" cantre lathe (seen it end) 3 |° capacity
bench drilling machine (right fereground),
next to which s a valve face grinder, with
a double wheel bench grinder beyond, On
the left bench I3 n Merridfion grinding
equipment and one of the three 4)° vices

Fig. M §=An interior viow of the Alrorefe Machine
Shiop showlng the centra latha, bench drill
walve grinder, bonch grinder, Mosriallas
grinding equiprmant and wice.

crash tenders, cranes, refuellers and fuel
wanker, water purification plant lorry and
water trailers, office, laundry, bakery and
MN.AAFL crailers, a mobile dispensary,
crash tenders, and many others too detalled
ta mentien. Fram this list alone, it will be
realised that, apart from aircraft, the
maintenance preblem ks a big one, sspecially
in the forward areas.

Following this general survey of
M.O.MN.AB, activities, we now propose
to give rather more detailed information
of some of the components mentioned.

A Typical M.M, Component ; P - ™ T
i‘“n ¥ e i a!

—for instance i3 lluscrated in Fig. 314, the . s s PR S A

T Flg- 3 é=This wlew, taken from tha right hand side o LR kthina i ¥ §
lorries H,*.Idh'l: from lefe o rllh: ey how tha ud; doari lor down offering a wark benches il reguired, as
F'Fll'lﬂ-E p— well At coobar working it Fie Bk i

supplied. Ample drawer accommodation
is provided for tools and ancillary equip-
ment.

Baoth zides of cthe lorry open up as shown
in Fig. 316, the lower door offering extra
work benches if required asd cooler work-
Ing conditions in hot climates.  Additional
covered in outside working space can be
erected by meint of the cevas, poles and
pogs provided.

11 K.WY. Generator Sets

Oine of the 21 KW, penerator lorries
is depicted in Fig. 317, the wrpaulin canopy
having been wndome and thrown back to
show the equipment betrer,

Fig. 317 jLofe}—One of the twa 13 kiw. Uitor Gansrator Lorries
imsluded in the MM, Camponant; the tarpaulin cinepy i
wimally kept in position,




Fig. 118—fn bnterior view of che Moblls Malsiesanos
Bagwery Charging Lorry,

The interior of—

The Battery Charging Lorry

—is featured in Fig. 318. On the lefe side
are the mains input panel and two mains
receifiers (130 v, AC, to 36 v. D.C), the
ather equipment including four charging
panels and four rectifiers, an accumulator
capacity test panel and a rack of hydro-
meters,  Each rectifier when switched on
brings a cooling fan inte operation. This
lerry carries sufficlent equipment to satisfy
the servicing and maintaining of 100 aircraft,

EMGIMEERING IM THE ROYAL MAVY

Fig, 111—=Thix Elesirical and larrament Waorksbhop completos the MO ALE. Mobile
Haintenance Cormpoment.  In the foreground will by sssn a portable pegeal
driven gemerator test set and dphrklag plug sarvicing wnii

Fig, 31 f=This wlew ghaws ihe intesior of the Genersl Parpose Waorkehop which lv asether
of the M.M. Component units,

Fig. 320—The General Purpow Workibes tskan [ram
thit wxtwriorg the squipment standing owtsise tnm
prises 3 brazing hearth, pertable mw bench snd
walt bath,

The General Purpose Workshop
—aquipment consists of 8 portable motor
driven saw bench, braing hearth (with
electrically driven fan), and quench tank,
double wheel bench grinder, 1° pillar
drilling machine, a tube bending machine,
hand rotary shearing machine, & hand
guillctine {up to |® plate) universal WWaging
machina, 30° bench foldng machine, beneh
nibbler, salt bath (witk paraffin burner)
for annealing and normalising, air com.
pressor, three bench vites, aerospray dape
spraying equipment, oxy-acetylens cutting
and welding equipment, and a 40 |k, anvil
(5ce ingarior view Fig. 319), Hesss and
guns and a portble electrically driven
inhibiting machine for aero englaes are
also included.

A view of this lorry with the sides [ot
down i given in Fig, 320, and inside can
be seen the guilloting en the banch, with
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Fig. X2emThe workshap larry of a M, O,N.AB, Mobils Servicing Component with the portable afr
rpmpressar outside as well as vwo of the thres poriable fitters benchei.

the air compressar underneath, whilst to
the right is the pillar drill; outside is the
brazing hearth ([with fan wrapped up)
saw bench and salt bath,

The last lerry of the M.M. component
—
The Electrical and Instrument
Waorkshop
—a view from the cutside being featured
in Fig, 321. This lorry is fitted out with a
31" bench lathe, 47 capacity bench drilling
machine, double wheel bench grinder,
generator test bench, portable petral driven
genarator toxt tat with coneral panal (reen

outside) & sparking plug cleaning and ser-
vicing unit {also standing outside) th-ee

Flg. 134 {Right}—This
Mobile Al Radio
Halmtwnanes Unit has
fta radic and  rodar
wiorkshnps and stores
Wamiignd  §m oad-rall
esntalners which mors

mally would be maun-
tod om ¥ tan Bedioed

chawmin.

test panels and two resistance units, an
instrument tester, four portable fitcers
benches and a 41" bench vice. Bath this
and the G.P. workshop have canvas awnings
for additional weorking space outside,

Twao af the four lorries which go te make
u r.|—l-
A Mobile Servicing (M.5.) Component
—iare illustrated in Figs. 322 and 323 the
first shawing the workshop larry equipped
with battery charging set, sparking plug
cleaning and servicing unit, partable petrol
driven air compressor (seen outside} bench
drilling machine, bench vice, drawers for
equipment etc., and throe portable ficcers
benches, two of which are shown erected
outsida,

The second illustrazion shows the interior
of the universal stores lorry in which will
ba ssan the stowags arrangements for all
types of aircrafe stores. The lorries are
so constructed that any one of seven types

THE MOBILE NAVAL

AIRFIELD ORGANISATION

Fig: 123—An interior view of g M. Usiveris? S2ore

dr  tha &t EFFAN 1 lor all

typen of airoradt storas,

Larry

of alrcraft stores may be arried in them
by the use of adjustable stowages,

Ancther section of M.OM.AB, activities
cansists of an—
M.A.R. Component

(Mohile Air Radio maintenance unlt)
—which comprises thres ndio and four
radar workshops, twa stares and two
il k.w. generatar lorries of the same
type as featured in the MY, Component
{Fig. 317} A general layout of the unit
Is given in Fig. 324 from which it will be
seen that che workshops and stores are
housed in standard road-raill containers,

these normally being mousted on 3 tan
Bedford chassis and sach squipped with
a pair of steps for entry. (Ses Fig. 137).




Fig. ¥ —Erwcting the blatk-tat sitransg to ome of
thas workihop spores of the HLAR, Component.
This snables night work to be carrled out in the

forward areas,

Each contalner I3 provided with a black-
out entrance for working at night in for-
ward areas, the view Fig. 325 showing this
being arectod vo one of the workshop stores,
whilst Fig. 326 depicts itin use. Theamount
of canvas lying on the grass provides for
the additional height when mounted on
the lorry chassis.

An interior view of one of the radar
warkshops, cleared of equipment to be
tested, is depicted in Fig. 317, the close-up
illustration Fig. 338 showing the power
supply panel on the wall and the voltage
control panel which s located under tha
bench, a porticn of the top and side having
been removed ta show i A 200 waolt,
J-phase input is supplied to each wokihep
which contains motor generators to provide
the various voltages required to the pawer
supply panel. On the bench and con-
nocted to this panel in the |llustration, is
a communicatien set in cowurse of being
servieed,

Fig. NiT=An interior view of ona o the Madar Workshops of the MAR.
Compenent| the matal sceps weed Tor entoring tha workshop
when mounted on the lorry chamsls, can be seen lying on the Moar.

ENGIMEERING IN THE ROYAL NAVY

Fig. Jlé=—aA radio mechanic ifee ibe bleuk-vut bo sdaavas liam tha steras =ik sn i
of slectrical sguipment | a genaratar ast sultably sarvhed, will b vees adiscent.

Our concluding Wlustration, Fig. 329
shows but one of the many other specialised
vehicles which go te make up a M.O.N.A.B.
unie. This is—

A Bakery Trailer

—which has an cil-fired sceam oven, 11 fi.
lin. long and 4fr. 9in. wide, divided into
two decks mach capable of handling
i4% 2 ib. ioaves in a baking cycle of 70
minutes.,

iR

-

TRAMSPORTABLE AIR MAIN-
TENAMCE YARDS (T.A.M.Y.)

As mentioned at the commencemant of
this sectian, the T.AMY 5. form tha second
of the two main brandhes of the M.N.AD
and their function 1 to crry out the
maintenance and repalr of alroraft on the
same lines as 3 maintenance yard located
on A permanent sice.

Az with the M, 0 NA.B.s the number af
components constituting 3 T.AM.Y. may

-
F
|

¥
i

Fig. 328=A closs=up view in the Rade Warkihop ihowisg
& emmunicalan wat in coers of Being wreicel.
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vary accarding to local conditions but some = ——
idea of the wark undertaken <an be
gathered from the fact that a nermal sized
T AMY. will be capable af handling 15
major inspections or medium repairs, 25
minar repairs and 25 complete engine
overhauls per month, the latter item
Including the repair of components.

From these remarks it will be appre-
ciated that a TAM.Y. may work In clese
co-operation with the Fleer Alr Maintenance
Group (FA.M.G.) pardcularly as some of its
constituent sections, have definite func-
tions to perfarm, working with che F.AM.G.
(Far instance,an M.R. component in con-
junction with a Componant Repair Ship
and Engine Repair Ship would be capable
of supperting a large number of aircraft).

The seven componants which go to make
up a normal T.ALM.Y. cover the provition
of hangars or buildings. equipment and
personnel for a technical office and adminis-
tration, large alreraft workshops, engine
overhaul and repairs, ancillary warkshops,
propeller repairs, dope and paint shop
and workshops for breaking down aircrafe
to spares and produce.

Flg. 129—This Bakery Traller, with & capatity For 180 T |k loaved lh a Lakisg opéle al
70 minutes, s but one of the many speclalised vehicles which po te make up
& HLOUHLAR, it

beoing for the M.R. component, as well as
for the T.A.M.Y. workshops requirements.

. In point of fact, the principle of construc-

tion of both types of hangar i idencical
the main difference hu:in; that the Bresk

[ 1 Is equivalent to two Dorland hangars with
-‘ . . an additional spam joining them together,
L\ “ﬂ- —. 3
R ARE . l\" o ; \ As will be seen from che illuscrations, the
_\w ‘ﬂfr . - 5 L hangars are of tubular construction through-
- £ ".,i.., | 3 ey out, the sections bt:ina buil; up npldl;.r an
N 2

‘meccana’ lines. In Fig. 330 the roof span
of & Dorland is well under way, being
supported at both ends by the two sots of
tackle blacks on their awn girder Funways
which will be turned over, for use as llfllng
mediums inside, when the hangar is coms
pleted.

The next view Fig. 331 shows the roof
completed ready for the addition of the
side supports and as soon s these are

attached, the whole scructure s hobstod
higher as in Fig. 332 until they are in the

- riical position when each is secured to its
Fig: 1M=<Tha roofl span of & Dorland transportabia Illnnr In nearing caompletion, the tubular e
gt oy Al bt g s g corresponding roof section,

Armament and radio etc. are treated as IIl" .
separate components and In addition such ,l"i

components as command and executive, \

flying contral, medical etc. are required in | A

the same way as for a M.O.MN.AB, 1§

The anly views we propose to use to : UL
illustrate the equipment of this branch ire
of—

The Transportable Hangars

—aof the Dorland and Brook type. the first,
a5 previowsly mentioned in the M.O.NLAB.
section being used for the maintemance of
aircrafe w  which the MM, and M.ER.
components are attached, the Brook type

Fig. 1ll=FHers wo ses the roal span of the
Dorland hamgar compieted resdy for the
wifdition of the side fupporis.
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Fii. 111—The sife supperts have now boen secured 10 the
rool span snd the structers §i being rafisd to bring tham

Into the wertieal poasltlan

In the normal course of events the tar-
paulin roofing and the end walls would
be added before ralsing inte positian, but
these were omitted for the purpose of
the photographs. The next view howevar
(Fig. 333) shows how the end walls are
attached to runways with heavy reller type
curtain fictings; by this means the hangar
can be opan or closed at both ends at will,

The last two |Mustrations Figs. 334 and
335 show the Brook hangar construction in
its semi-finished and finished states, the
latter being completed with camouflage

Fig. 238 [Right)—Here the

Brook hangar is Being come

ploaced by the addician of it

enmoslinge sorting.  Theen

am the roal gplve aame §des
af bt wizm,

ENGINEERING

IN THE ROYAL NAVY

netting (note the sira from the men o4
the reof)

W would like to add that Hbﬂlg_f'
erecting  equipment 5 surplus o
finished hangar as all such parms are
in the framewark, the sectloned :Iu.r
for instance being dismantled  and
as connecting ynd strengthening ties bat
each side support at the ground ende

the blocks and tacking providing
lifting medivms inside 23
mentionad.

One imporoant featurs of the corstni
is that the hangars cn be enected an gre
of practically any unevenness if require
the hangars are fully arciculstng 1
grection, this obviating the netesitd
levelling the ground belorehand,

Fig. 11 |Abcyel—The dam
pawlin @nc wal ol the leger
are attached bo rumwars wiih
keavy  raller bppe caedls

Netings.

Fig, 104 |Lafti—This Wi
tlon shows the larper Brook
hunper  mestraction b (R
wrmi-linisheil s,
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AircrAaFT CARRIERS

Eig. 33i—A wiww of H.M.8 Indefatigabls, one of Britaln's modesn alrcrall carelarm.

W?HILST the aircraft carrier it the
I'J floating airfield from which cperational
sartios are lunched against the enemy,
the number of aircraft which can be carried
is strictly limited by the space available
for stowing them and the space required
for accommodating the squadron sersonnel,
An airfield ashore can usually find elbow
reom for reserve zircrafc over and above
those actually required for daily flying:
bur In a carrier, where aircraft have to be
packed within a fow inches of eich other,
spare aircraft cannot normally be accom-
modated,

It fallaws, therefore, that the aircraft
embarked must be brought abread in
first class fighting condition and thereafter
malntained and repaired by the miintenance
persennel and facilities which are embarked.
The aim 15 1o be able to fly |00 per cent of
the aircraft in a 100 per cent aperationally
equipped state,

The extent of the maintenance and repair
work carried out afloat is governed to a
certain degree by the strength of the
supply chain providing replenishment air
craft, that is, supply of new airc-aft 1o the
carrier from an external sours, But it
is also governed by the numbe~ of main-
tenance persennel, the maintenance equip-

ment and the repalr workshops which can
be provided in the carrier, aftor the basic

demands on space made by stowed aircraft
and the ship 25 a sea going vessel, have
been satisfied.

Routinge servicing and maintenance, com-
prising datly and between ﬂlght Inspectians
and periodical inspections at a predeter-
mined number of flying hours, represent
the minimum amount of work required o
ensure operational efficiency and  air-
worthiness. In consequence, this routine
work decldes the minimum facilities (man
and materizl) for which provision must
be made. In addition, further facilities
must be embarked in order to cope with
unsarviceability, whether It arkes from
aperational and accidental damage or from

defective asircrafe design and material. t
is neither desirable nor economical w
disembark aircraft on account of some
minor damage such as a buckled wing tip.

These further facllities can be roughly
divided Inte twe categaries—provision of
alrcraft spares and provision of essentiil
sireraft repair workshops and  repair
materials.

The range of spares provided comprises
major airframe assemblies excluding fuse-
lages but including spare main planes, i

Fig. X37—A Helltat comes up to the light dech of an elcort carvies after sarvicing in
tha hangar below.
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plames, rudders, propellers, contral sur-
faces, undercarriages, angines and power
plants, and a complete outfit of smaller
Spare parts appropriabe to the types of
aireraft carried, with a foundation of
Aireraft General Stores commen to all
alreraft. The allewances of such spares
are limited (once again) by the avallable
space for stowing them.

Yery often, in order to replsce dimaged
portions of an aircrafi. special equipment
is required; this equipment is still ancther
liability to the account of space for stowage.
it follows, therefors, that che repalr work-
shops are provided for two functions:
firstly, the repair of damaged assemblies and
components which have been repliced on
the aircraft by serviceable spares, and
secondly, the routine servicing and main-

EMGIMEERING IN THE ROYAL MAVY

Fig. 138—Saafires halag brought wp from the hangar lar ranging = ofe fighe

deck of an sircrall earrier.

Fig: 3#—Aircraft being ranged for smock: Corukirs ara in the feragroand and Barracudas in the rear

tenance. Bath functiens tend in the right
direction of mlillirni:.ing the mnumber of
large and small spares reguired. If, for
instance, a damaged main plane panel ean
be repaired by metal weorking, the space
which would have been allocated for
complete main planes can be reduced by
the size of one and used Instead for Import-
ant expendable items ke petrod drop tanks.

In alrcraft carriers of modern construc-
tion it has been faund desirable to allocate
parts of the hangar area as Aircraft Repair
Spaces. (See Fip. 341.) The locatlon aof
these spaces is usumlly Immediavely ‘orward
t2 aft of the lifts—the hangar between the
lifts being regarded as the main alreraft

Fig. M0 [Righti—In the hangar of a modern
carrler; nots overland drop tanks inm roof,
alvo main snd el plase wowagws. The wpace

st thie wnd 18 tha lif wall

stowapge, (See Fig. 140} Various air-
craft repair shops open off the Alrcraft
Repair Spaces.

Cne of these is the Engine Repair Shop,
part of which i illustraced In Fig. 347,
Here there are fitted racks for engine parts,
low pressure air for preumatic tools, bench
space and engine cleaning equipment
The amount of engine work undertikes
is mot extensive under normal conditions,
being limiced to replacements of accessore
cylinders, pistons, etc.  The personnel from
this shop also assist the squadren ratings
to change engines and power plants and
themselves build up spare power phnt
ready for [nsallstlor. Runnlng  faoles,
which cannot be selved by the maintenance
crows, arc investigated and rectified sa
long as major englne swripping eperation
are not required.

The second shop in this area s tha
Meeal Werkers Shop. A lathe, drilling
machine, bending rolls, sheer mesal guille-
tine, small salt bath, tube bending maching
and throatless shears are the principal
machines fitted in this shop. Adequate
benches, a hard wood hammering black amd
a screoned off wekding bag are also provided,
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racks and a sultable syprem of pipe lines
enables the small aircraft cxygen bottles
ta he charged. A numbar of fully charged
aircraft bottles are kept in ready-use racks
here and also on or nesr the flight deck.

Apart from ready-use storerooms and
headguarters offices this completes the
aircraft maintenance facllities afloat. Te
put the value of these fadlities into proper
perspective it is necassary to outline what
happens during operatiors. Let us assume
that the carrier’s air force will be required
at dawn to attack an enamy TAFEEL,

Durlng the preceding night parties of
maintenance ratings will have bean com-
pleting perlodical inspections and each
alreraft will have had It dally inspection,
Petrol tanks, and probasly overlcad drop
tanks on the fighters, will have been filled;
oil levels checked; bombs, rockers and
cther armament provided and lcaded on
to the aircrafc. Some time before the
strike is due to fly off, the aircraft will be

Fig. Ml—One of the slroraft  repair specm thowing power plants and 0 sheif fop Sl ape
of angless and sguipment.

A limited amount of panel werk on un-
stressed parts of the airframe and the
repair of allerons, flaps, elevators, rudders,
wing ribs and formers, the repair o wing
tips and cowlings. the replacement of
perspex and repair of damaged pipe lines,
worn  control cables, wetc., indicate the
maximum extent of the work undertaken
by the ratings in chis shep, During sction,
it will frequently be necessary to carry out
rapid "‘patching” of flak holes and bullet
damage with shost meral,

The Sparking Plug Servicing Space is
only a small compartment but is very
important. Plugs can be stripped, cleaned
and tested, the air under pressure being
supplied by pipe line. |n thiz connaction
It might be added that low pressure air is
lead inte all the aircraft repair shops and
supplied at selected pasitions along both
sides of the hangar. and forward and aft
on the flight deck; high pressure air up o
4,000 Ibs. is also supplied at points In the Fig. M=, vlew of pare of tha Englns Rapabr Shop on board 3 modern ietril crlsr
hangar and on the flight deck.

The Aircraft Electrical Repair Shop and
the Alrcraft Instrument Repair Shoa are
situated adjacent o each other, The wark
undertaken in the former Includes the
repair of electrical equipment, gensrator
and magneto testing, repair and testing of
Ignition harness and electric motors used
In aircraft; In the latter, aircraft istru-
ments can be tested, and repaired to a
limited extant. There are electric pawer
points in these shops and the low pressure
air is delivered through air dryers.

Ancther electrical shop close o the
hangar is the Aijrcraft Battery Charging
5hu|:|. Its wse is salf evidenc.

The Aircraft Ceygen Charging Shop s
usually situated lower down in the carrier.
Oxygen storage cylinders are sacursd in

Flg. M1 [Might =Siriking Barracwdas and Car-
wairs down te hamgar for malntename  and
rifusiling, stc., after an artack on Port Blair,
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Pl M4—Aircraft carrior in Esstarn waters | this view fram tee Night deck showe an ascort eariler
im earmpany

ranged, that is they will be brought up
frem the hangar by the lifes and accurately
packed at the after end of the flight decl
in resdiness for the take off. (S%ee Fig.
33%.) Engines can now be run up and
tested. |t Is probable that some minor
unserviceability will occur; for Insmnce an
#lectric starter may refuse o fmoccion.
i there i time, the ‘snags’ party change
the defective starter for a serviceable one
tested by the electrical workshop, (This
particular snag can also be overcome in
practice by swinging the propeller with a
makeshift tackle known as a ‘'bungee’
starter—irom the electric rope used in its
construction,

If the ranging parcies are wnlucky (there
s often a thirty to forty knot gale over the
flight deck } or careless, an aileron or rudder
may be damaged. Depending on the extent
of the damage the aircraft will be tempor-

arily patched with dope and fabric or struck
down to the hangar where it ean be repaired
during the time the first scrike is away

After the alrcraft have flown off nothing
much can be dane In the earrler exoepd
wait. Tha ‘crash party and fire partios
prepare methodicilly to deal with any
accident during the landing on. Soms
alreraft may have been partially disabled
by encmy actlan end fird difficulty in landing
an without further dsmage. During the
interval between one serike and the next,
whether it is ono hour, four days or eves
a manth, all maintenance personnel and the
ships mircraft worksheps are devoeed to
servicing and repairing the aircraft so thas
ence more the maximum number will be
available Tar operation.

T aaib]

Fg. 8 |nbovejelisder tha
hombad bastions of the sstranc
tn Grand Harbour, Mabta; an
escort carrier arvives with bar
dech losded  with Seafien b,
Thisn mich publisked phota §n
bmcluded s commamoration &
ea apdi ol Malis,

“»

Fire ¥4 Left—The airerall
carvier <.ME  Victorieos off
Howolulw



THE IFLEeT AIRCRAFT
MAINTENANCE

-

M this section we conclude our story af

mabile malntenance and repair facilizies
by dealing with the functions of the Fleet
Alreraft Malneenance Group (F.AMG.)
the constituent ships of which provide
these facilities aflsat far carrier borne
aircraft in areas such as the Far Eastarn
mane where strategic conditions make this
MeCeSEary.

The cthree types of ships which go to
make up the FAM.G. are known as Air-
craft Maintonance Ships, Camponent Repair
Ships and Engine Repair Ships, a broad
ocutline of their individual responsibilites
being as follows:—

I. Alreraft Halncenance Ships

—an which the work undertaken is simlar
to that carrled ouwe In the Airframe Repair
Shops (A.R.5.) of a large naval air station
and comprises:—

Minor and medium repairs, chiefly by

replicement.

Majer inspection
alrcraft,

Madium repairs to fuselages.

Miner repairs and rectifications ta power
plant assemblies.

Functional tests of completed alreraft
and their installations such as hydraulic
systems, guns, radlio sets, etc

All greund cests other than
swinging and flight testing.

As ajrcrafe cannot land on or take off

from these ships, flight testing is done from
shore bases and when pler and road
facilitios to an alr strip are not available
the aireraft & tramsferred by alreeaft
lighter to an available carrier from which
it is flown off ta the air strip.

and medification of

oom F.'I:!!

1. Component Repair Ships

The primary function of these ships is
to keep the Maintenance Ships supplied
with serviceable and tested components,
In addition, they hold themseives available
for meeting similar requirements in carriers
and alr stations and for the manufacture of
simple mod|fication parts.

The work is equivalent to that carried
out by the various shops (other than
AR5 and E.R.5.) of 2 naval aircraft main-
tenance yard and comprizes all repair werk
on components and accessories, particularly
those known to be in short supply. Some
extent of the field covered will be gathered
frnm  the fallawing lise af workshope
aboard :—

Radar repair and test; matal workers;
coppersmiths and welding; wood-
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Fig. MI—Aircralt lighters having a flar deck 48 e, long by 127t wide, and pewared by two Y patral
snginues of 1840 hp., are used oo ferey enserviceabls aircraft from the carsier o the
Mairtenance Ship. Whan the Maissnasaoe Ship i# on the mowvs, the lightars ars
hofited aboard and sscursd In cradles on ohe ‘Bight' deck,

workers; fabric workers; propeller;
propeller balancing; dope; oxygen and
CO; bottle charging and test; machine
shop; batrery and accumulater repair;
electrical repalri Instrument repair;
oleo and hydraulic; main plane control
surfice and empannage shop,

3. Engine Repair Ships

—undertake work similar to that carried
out by the Engine Repair Shop (E.R.5.)
of a naval aircraft maintenance yvard in-
cluding:—

Complete overhauls, rectifications and
maodifications to engines and cheir
accessories, other than work on power
plant structures or major salvage work
or eéngine companents.

Bench testing of engines after completing.

Starage and preservation of a certain
number of serviceable spars engines.

For this work the Engine Repair Ships
are equipped with the following shaps:—
Engine receipt and unserviceable engine
store; engine stripping; engine clean-
ing: engine viewing: engine accessary;
carbureccor @ polrol e, Erl‘iIIE
component rectification and assembily;
engine final assembly; electrical repair;
engine test; cest fan erection and

stowage; engine despatch and service-
able engine store; woodwarkers; metal
workers; machine shop; plating; bateery
charging: oxy-acetylens and electric
walding; Impregnating shop,

The brief story of the maintenance and
repalr process s that all unserviceable
engines received in the Engive Repair Ships
direct from the carrlers or from the
Malntenance Ships, or pouibly 3 shore
sorvice, zre taken into the Engine Receipe
Store, from whence they go to the Stripping
Shop where they are reduced o their
component parts which are then tken inta
the Cleaning Bay for thorough cleaning
before wisual and magnetic inspaction in
the Yiewing Shop,

Warious companents are noxt dealt with
in the Accessory Shaps such as the Cylinder
Bay, Valve Servicing Bay, Crankshaft Bay,
etc., the parts found unserviceable |n the
Viewing Shop being rectifixd where pes-
sible, or replaced by serviceable com-
ponents, The components are assembled
in tha Engine Component Rectification
and Assembly Bay and then the engines are
built wp In twao final assenbly lines that
run either side of the ship, meeting togethar
in the Electrical Repair Shop where, by
the ignition system, the engire it complated.
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Fig. J4i—Fram this angle ane of the lighter cradies an the ‘light” deck s shows mars
wlearly; in this wiew snd in Fig. M7, the new aircraflt carrier Implacable
will be sear lying at anchor in the background,

Finally the engine goes on to one of the
twa test benches for its trial runs, after
which it I put In a state of prese-vation
internally and externally and eicher issued
as a serviceable engine to the Maintanance
Ship or carrier or stored In the Engine
Despatch Store

The three types of ships are comple-
mentary to each other but to avoid delay
in deallng with minor defects small work-
shops are provided in the Maintenance
Ships (see later description). Ships accept
unserviceable components and angines from
any available source such az M.OMN.AB=x
ar stores carriers as well as from the carrlier
force they are supporting. To facilitate
the necessary contacts, the ships of the
F.AM.G. normally operate in close prox-
imity to sach other, the control being

Fig. 130—Bednre ths Board of Survey mabie thel lnspection
of tha alrerafe on the flight dech, the gums are remeved
tagether with the wireless, salety and other eguipment;
here will be ssen an Air Methanic (O] from the Alr
B dlivaie. = W halounps, rereving dhe 3 Brwenbog cereet

gun from an Avanger,

Fig. 351 [Righti—in the Alr Ordrance Workshaps the guss
are itripped snd cleamed, and any modifiatioss Fegubeed
are carried out; im chiv view the mechanics are at work
on the Avenger turret gen, whilst in the racks are the

wim 5§ Brownings fram the mais planes of & Corssir

centralised in o Group Staff Office in ona
of the ships.

We might mention bere that ane ship
cperating with the Flest is -.|n|q-||q Im as
much that she combines the functions of
all three ships and s known as a Maval
Alrcraft Repair Ship.

-

A MAVAL AIRCRAFT
MAINMTENAMCE SHIP

Having given a broad outline of the
F.AM.G. activitios we now deal in greater
detail with one of the htest of the Main-
tenance Ships which we visited far the
purpose of cbtaining the fallowing informa-
tion and photographs.

In general appesrance this ship resambles
an alrerafc careler, havng a ‘fight’ deck
(which however doss net function as
such as aircraft do net aight on or take of
fram it} from which a lift connects with
the hangar below. On this top deck |s

Fig- M=A view taksn on the ‘fight’ dack showlaga mabile crane taking & new craisd
amginm down the e 8 the hangar deck.
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the ‘island’ housing the air offices, ground
equipment store and recreation space,
whilst at thi alt énd is a bluldmg l:untrl.lnlng
the nxygen  producing  plant and  sere
engine and power plant stowage.

Surrounding the hangar and extending
the full length of the ship are two decks,
the first being known as the gallery deck
and the second, the hangar deck. this one
being at the same floor level as the hangar
itself and into which are several entrince
doors.

Each of these decks s divided into
varlous compartments, the gallery deck
Tor instance housing the radar and electrical
offices and repair shops, the R.U. {ready
use) stores, the instrument repair shop, the
sparking plug servicing shop, woodworkers
shop, dope store and blackamiths and
welders shop. On the hangar deck s
located the ground equipment and ool
stores, the fabric workers shop. hydraulic
and olec leg shop, dope shop, E.R.5. and
fugl pump shop, armament offices and
workshops, alrcralt offices (maintenince
etc.}, metal workers shop. machine ;Il:-p..

propeller shop and parachucte hanging
roam.

127 THE FLEET AIRCRAFT
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Fig. ¥dedh wiew in the Blecirical Repalr Shop on the gallery deck, shawing an Sctopaes

Eenerstor testing machins in uss ;

on ths banch kv an Octopas ermaters

drop tester and a bomb relssse test panal.

Fig. 153=—=This Batiwry Charging Rocmon the galbery deck has 1§ panals, with meters, Tar
mircraft batterios (incloding boary duty type ok a8 #acrter batterfes) s
well as thowss Tor wis D The moter boats.

The main and lower decks, extending
the full width and length of the ship are, in
turn, situated below the hangar deck and
house the living, sloeping and mesting
quarters for the maintenance personnel
as well as the ship's machinery rooms

As mentioned earlier, the 'flight’ ceck
is not used for aircraft flying on or taking
off, the method used for bringing aboard
unserviceable aircraft or despatching ser-
viceable ones being by means of two alr-
craft lighters, which, when the maintenance
ship is on the move, are holsted abeard
and secured In cradles on the 'flight’ deck
(see Figs. 347 and 348).

These lighters, each having a fiar deck

Fig. 154 [Right}—In this temperature controlled netru-
mmnt Teal Shep will be seen (Fsft] & grroscops revoly-
ing mnd wllting tewt tabie and [rFight} an slecorical
engine speed Indicatnr teat rig (without indicators),
In the right foreground iz a carner of & mechanicsl

waging ipoed ndicater ol Fig.

48 fc. long by |1 o wide and powered
by two V8 petrol engines of 30/40 hp.,
farry the aircraft to and from its destina-
tion, wheether It be carrler or shore based
malntenance,

The ocher craft carried by the ship are
all diesel engine powered and comprise
two 13 knot skimmers (45 hp. I-stroke
diesels) two fast macor-boats, ane matar
cutter and one pll‘ll‘lE(E

Mobile cranes assist In the rapid mowe-
ment of stores and equipment to any part
of the ‘flight’ deck or hangar; in Fig. 349 wa
see one |n use taking 3 new crated engine
down the lift ta the hangar below,

The Repair Procedure

We now follow the genersl procedure
adopted for the maintenance and repair
of aircraft sent to the Mantenance Ship,
the first consideration being that such work
shauld be of a eharacter invelving not mare
than 1,000 man-hours to omplets,
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Fig. 155—The Hydraulic and Olee Leg Repair Shop I3 sltunted on the
hangar deck and here we show metkanics at work on oles
compananty] 3 Lockheed static hpdraulic tess rig

wil e aesn an the lelt.

As soon as an alrcraft arrives on board
it is in eharge af the Receipt and Elejpm;ch
section wntil it reaches the hangar, Afcre
the R and D has informed all relevantc
sections, the guns are made safe and
bombs and pyrotechnics (If any) removed,
the log books are checked, to be fallawed
In turn by the removal of appendiz *A'
equipment, |.e. instruments, wireless, safety
equipment and the aircraft’s armameanc

A view of an air mechanic (D) remaving
the .5 Browning turret gun from an Asvenger
ks given in Fig. 350, and in Fig. 351 we see
it in the process of being stripped, cleaned
and re-assembled ready for testing in the
aircraft from the ‘flight” deck when it fater
returns there from the hangar after repair,
The six .5 Brownings in the rack have bean
removed from the maln planes of a Corsair.

Still on the “flight’ deck the arcraft
undergoes preliminary inspection to decide
whather or not it is worth repairing; if
the farmer, then a Board of Survey fodlows,
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to provide a complete
assessment of the dam-
age etc., a functional
tast of the slectrical
and hydraulic equip-
ment being given and
an engine run made if in
sufficlently fit conditian.

After a detziled Inspection 1o decide what
work |s to be done in the ship and remaoval
of those components requiring repair In
the Cumpcmznt Reopair Ship. the alrcralt
goes below to the hangar where the AR5,
takes over until the plane returns to the
‘flight” deck on completion.

The main hangar has an aircraft space
far maintenance and repair, inciuding the
dope and propeller shops, and as the work
of alrframe repairing procoeds, together
with the remaval of companents far repnir
in the ship's workshaps, the aircralt moves
progressively along the hangar untll it
reaches the re-assembly stages.

Fig. Pd—~Artificial asrials being wied in the Wirsles Tert
Room and Stores for the calibration of & wirnles

st @n the bench behind the
petty afflcar mechanic

The Maintenance Ships Workshops
Qur remaining |llustrations in this sec-
tion feature seme of the workshops oh
board the Maintenance Ship, the first, Fig.
352, gi\ling a vwiew in che Electrical Rgpa'rr
Shop on the gallery deck where the equip-
ment is stripped, cleaned, defective parts
replaced, ‘surface’ repairs are carried out
and general insulation tests given, Hare,
a generator testing machine Is seen in e,
whilst on the bench i i armature drop
tester and a bomb releaso test panel,

Two other shops coming under the
cantrel of the Electrical Sectlon are illus-
trated in Figs. 353 and 354,  Fig. 353 shows
ane ond of the Battery Charging Roam in
which are 26 panels with meters for aireraft
batteries, Including heavy duty starter type,
as well as those for e in the motor boats.
Two motor generators, driven from the
ship’s ring main, supply current up to 40
volts D.C.

The second view Fig, 354 is taken in the
Instrument Test Roam, the gyrescope test
equipment on the left telng of the same
type as illustrated in Fig. 259 ("Repairs and
Maintenance at a Maval Alrcrafc Repair
Yard'). In the right fereground can be
seen the corner of a mechanical engine
spoed indlcator test rig, next o which
iz its electrical counterpirt, minus indics-
tars which, when an test, would be held
in the holes pravided iv the fap pamal
On the wall beyond this rig Is a pressure

Fig. 157 jLaft)=The Alrcralt Metl Rzpaic  Shop
which astesdi bayaad the Prapaller Shop on the
hangar deck.
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Fig. 15E— wiew in the Semiths and Waeiders Shop for the alrcralt and sagine room departs
ments; (he Twe oxy-acstylens and arc welding boaths ars located ot ths opposite sd.

gauge tester for large gauges up to 6,000
Ibs. per sq. Inch. The far bulkhead carries
a temperature gauge concrolling the amount
of outside air passing into the room through
the electric heaters.

For our next subject we feature a corngr
of the Wireless Test Room and Stores
(Fig 356) showing artificial aerials being
used in connection with the calibration of
a wireless set on the bench behind the petty

officer mechanic. Mose of the fault locs-
tion is done on this test kit, the stripping

and rectification being done on the bench
[nut shown )

Part of the Hydraulic and Olec Leg
Repalr Shop on the hangar deck is deplcted
im Fig. 355 where all hydraullc equipmert
including |acks, relief valves, etc., are
stripped  and repaired by replacemert
pares and finally tested on the rigs providec;
a Lockheed hydraulic static rig will be seen
on the left.

12% THE FLEET AIRCRAFT
MAINTENANCE GROUP

The Aireraft Metal Repair
Shop Fig. 357 extends beyond
the Propeller Shop on the hangar
deck and is equipped with guille-
tine, wheeling and raising ma-
chine, bending machine and
rolls, matal nibblar, banch drill and
the necessary work tables, The repair
of damaged trimming tabs for elevators
Is baing carried out on the centre table.

The next illustration Fig. 358 fleatures
part of the Smiths and Welders Shop which
handles work for both the aircraft and
engine room departments. In the fore-
ground is a coppersmith’s hearth, with a
blacksmith's forge and anvil in the rear,
At the opposite end of the shop are two
booths housing oxy-acetylene and electric
arc welding equipment. The Plumbers
Shop containing anether blacksmith’s hearth
and a small pot fire is situated next doar

Our description of repair work on board

==

Fig, 35§%—Thess mechanics in the Fabric Warksrs Shop are
at work on canvas lifting stroaps for sowilsg alroralt

maim planes, This thop deaf wich &l
abrerafe labric repain

the Maintenance Ship I brought to a close
with a view in Fig. 359 which shows mechan-
ics busy on the sewing machines in che
Fabric Warkers Shop, putting the finishing
touches ta the alreralt main plane canvas
Iqi’;ing strops used for stowage purposes
As the name suggests, this shop deals with
all alrerafe fabric repalrs.

Although not necessarily |1 the fighting
tone & Maintenance Ship must have pro-
tection from air attack and consequently
carries vorious types of anti-aircraft guns.
As a ficting conclusion to this section we
reproduce in Fig. 360 an effective ‘shot' of
one of the multiple battérie: an board,

Those of our readers who Jave Tollowed
the story of Engineering in the Royal Navy
from the beginning will appreciate that
we set ourselves a formidabie tsk in tackling
such a comprehensive subject, There |s
much, af course. that has pot been cald.
but we trust that the field covered has
been the means of putting on rocord, In
an interesting and infarmative manner, same
of the activities of the Engineering Branch
of the Senior Sarvice, whick, before this
article was published, had not been ;iverl
(or sought) a high spot i the public
limelight.

Fig, 188 |Lefti—Aas a protsciion lree sl sttack, thiv
Haintenanes Ship earries varlow types of anti.
aircraft gues; here i an efective “shot’ ol sne of
the multiple bartesies,
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W that the Reader has campleted this
survey of the engineering actvities of
the Royal Mavy. he may wish to know of
the standards required and the procedure
to be adopted in order to join,

The categories available to amyone so
Inclined are as follows:—

{a) Stoker er Alr Mechanic,
{b) Ariificer, ar
fc) Cadet.

The Introduction of conscription has of
course greatly affected the entry into the
Mavy of young men over the age of I8,
and fer this reason very brief details are
given for Stoker, Air Mechanic and Direct
Entry Artiflcers. Conditions and methods
of entry for Artificer Apprentices and
Cadets are given in greater detail

{1} Stoker: Mormal age of eatry for
Stokers is from |74—23 years and no pre-
vlous experience is required. The prospect
of advancements for Stokers is shawn an
page 15 of this [ssue.

(2) Alr Mechanics: Candidates must
be between the ages of 174 and 23 and will
be required to past an educational s<amina-
tlen consisting of simple arithmetic, dicta-
tion and reading. The Air Mechanic is
antercd as an Air Mechanic Prcbaticner
and can progress through the usual ratings
ta Chiefl Petty Officer Air Mechanic.
Cpportunity for premation to Warrant
Officer will be afforded.

Candidates who qualify underge a tech-
nical course in the malntenance of aero
engines, air frames, armament and slectrical

equipment.

{3) The Direct Entry Artificer: Candi-
dates will be accapted between the ages of
19} and 28 and are expected to be well
trained in their trade. In addition, they
will ba required to take an educational
examination in English and Arthmetc,
to answer questions on their trade and to
complete a test |ob before being accepred.
They will be entered as Artificers Sth Class
if under the age of 21, and as Acting 4th
Class Artificers if above that age.

4p

Entry as Stoker, Air Mechanic or
Direct Entry Artificer is effected by direct

application to the nearest  Recruiting
Diffice.
All eandidates must pass 3 medical

examination, Including eyesight tests, and
must be of British Matonality. All re-
cruits are required to be of very good
character and must supply references.

c— =

(4) Artificer Apprentices: Candidates

are entered under the following systems :—

(a) Spring Examination—Entry by Open
Competition

Candidates must be not less than |5
years of age en the lst May following the
date of the examination and must not have
attained their léch birthday on the |st May.

An open competitive examination s
normally held during the Spring of each
year (for entry In the August following).
and is conducted by the Civil Service
Commissloners at the same tme and in
the same manner 25 the examination far
Dockyard Apprentices, Prospactive can-
didates should apply te the Secrerary,
Civil Serviee Commission, Burlington Gar-
dens, London, W.l, for application forms
which must be returned between the |5th
Movember and |5th January preceding the
Examination. The Examinationusually takes
place in London, Leeds, Edinburgh, Glas-
gow, Belfast, Cardiff, Ipswich, Portsmouth,
Devonpart, Chatham, Pembroke, Sheer-
ness, Chester, Durham, Lancaster and
Salisbury. A faa of B will be required
frem each candidate attending the exam-
inavion or 7s. 6d. Il the candidate wishes
to compete also for a Dockyard Appren-
ticeship.

The subjects of examination are Arith-
metic, Mathematics, English, History,
Geography and Science.

Specimens of the question papers set
at examinations when avallable, may be
obtained either directly or through any
bookseller, from H.M. Statienery Office.

{b) Awtumn Exomination

For this examination the age limits are
as follows:—

Candidates must be between the ages
of 15 and 16 years on the |st January
following the date of the examination.

AS A CAREER

Boys who wizh to compete at the Autumn
examination should apply for récommends.
tion to one of the following authorities:—

(i} Local Education Authorities in Great

Britain and Morthern Ireland.

{ii) Advisory Committees for luvenile
Employment under the Ministry of
Labour.

{Il} The Governing Bady of 2 Secandary
School not provided by the Lowl
Education Autheity, but recognised
by the Minictry of Education, (in.
cluding Maorthern lraland ) o Scoteish
Education Departrment.

{I¥) The Superinterdint, Reyal Hospital
School, Holbrook.

{¥) The Suparintendents of the Training
Ships Arethuza, Exmouth, Indefatigoble,
Mercury and of the Lancashire and
Mational Sea T-aining Homa and
Watts' Maval Training Schoal,

{vi) Boys whao are not entitled to a
recommendation from one of the
abave authoritles may be allowed to
take the examimtion at the discre-
tien of the Admialty,

Candidates are expected to have educa-
vienal attainments at lase equal to those
boys who enter by open competition. They
should have Spent at essc one year in a
School providing education of a Secondary
or Higher Grade Elementary type; but if
in any case the recormending Authority
is fully satisfied that the Candidate, although
he may not satisfy the above condition,
has the necessary educational attainments
as a result of attepdince at an Evening
Continuation School offering higher ine
strurtion, or otherwise, special applicatien
may be made to the Admiraity for this
candition to be walved,

Recommendations should be made on
the appropriate form, which will be supplied
only to the Authority concerned, on appli-
cation to the Secretary of the Admiralty,
Londen, S.W.1, and must be forwarded so
a3 to reach the Admirity not later than
Ist October.

The examination will ke held lsally on
the third Tuesday in October each year,
The examination papers, which will bo set
by the Admiralty, will be the same for all
candidates and will be supplied to the Edu-
cation Authority, Governing Body or
Superintendent of the School or Establish-
ment by whem all arrangements for helding
the examination will be made.

The examination wil be completed in
ene day and will consist of two papersi—



(o) Practical Mathematics (to be taker in
the merning)} and (b) Elementary Science
{ta be tken in the afterncen). Tha
standard of the papers is similar to that
required for the Spring Examination.

Candidates successful at Spring and
Autumn will be required to pass a medical
examination as soon as possible.  Medical
standard requires that candidates should
be in good health and free from any dissase
or serious defect of wislen or hearing.
The standard of height and chest measure-
ment has been fixed ar, Height 5 ft. | in..
Chest 31 ins.

Suecessful candidates are allowed o stawe
the order in which they profer the Engine-
racm, Electrical, Ordnance and Air Brancies.
50 far as possible they will be entered
according to the order of their preference.
Mo guarantee can be given, however, that
thiz will always be passible,

The Apprentices’ life in the MNavy and
prospects of promotion are shown en
page |6 of this issue,

Applications for entry should be ad-
dressed to : The Recruiting Stafl Officer,
Royal Mavy and Raoyal Marines ;—
Londan; 38 Charing Cross Road, London, W.C.L
Birmingham: Crown Buildings, James ‘Waee

Strest, Birmingham,

Bristel: 121 Victoria Street. Bristol I.

Derby: %6 Green Lane, Derby.

Glasgow:! 300 Bath Screet, Glasgow,
Liverpool: T 5t. lohn's Lane, Liverpood, |.
Manchester: Lloyd's House. Albert Square,

Manchester, 2
N:wmtlz-un-?-_rn:: |84

Mewaatle-on-Tyne.
Southampron: & Orchard Flace, Quesn's Fark,

Sauthampron.

or to The Director of Maval Recruliting, Adminlty,
SW. 1 or o the nearest Combined Recru ting
Cantre, the address of which can ba obiai ned
fram any Minisiry of Labour Employnenc
Exchange.

Westmorland Road,

{5) Cadets:

Entry into the Royal Mavy as a commis-
sioned officer |5 pessible In owo ways,
first by entry as a Cadet into the R.-:rra.l
Maval College Dartmouth at about 13 ysars
of age. or later as a Special Entry Cader at
the approximate age of |18 years.

Candidates for joining Dartmouth must
reach the necessary educational standard
and be interviewed by a Committes ap-
pointed for that purpeose.

The educational test wndertaken by
candidates is the 'Comman Examination
for Entrance te Public Schools and the
Royal Maval College". This examination
will begin on the fourth Manday in February,
the third Monday in June and the Second
Manday in Movember. Tha faa for tha
examination will be £2 I0s. which will be

EMLIMEERIMNG IM THE HOYAL MAYT

payable 1n advance on demand to the
Director of Navy Accounts, Admiralty,
5.wW.l. Candidates must effer the fellow-
ing subjects at the educarional examinatian:

English. History, Geography, Latin or
Science, Mathematies and French.

Fedical standard requires that candidates
should be in good health and free from any
disease or serlous defect of vision of hearing.

The College terms begin approximately
on the léth January, 6th May, and 22Ind
Seprember, Candidates must take the
Camman Encrance Examination immediately
preceding the term of entry. Candidates
for entry in—

{a} lanuary—must be more than 13 years

and 4 months, but net mere than
13 years and B months of age on the
preceding |st December,

(6] May—must be more than 13 years
and 4 months, but not more than |3
years and 8 months of age on the
preceding st April.

{c) Septrember—must be mare than 13
years and 4 months, but not more
than |3 years and 8 months of age
on the preceding lst August.

Candidates must be British subjects and

are allowed only one attempt ta enter the
R.M. College.

A nomination Is not required by a candi-
date for a Naval Cadetship. All that is
necessary |5 to apply to the Secretary of
the Admiralty, (C.¥Y. Branch). Applica-
tions should not be made until the Candidate
has reached |2} years of age.

Ten Cadet Scholarships to the College
will be offered for competition at each
entry to Candidates from grant-aided
Secondary 5Schools—that |8 ta say, thirey
schalarships a year. In addition, further
scholarships to a number ef not more than
10 ac each ancry will ba given to boys not
coming from grant-aided Secondary Schoals
who show themselves te be equal or superier
in ability to the boys whe have been given
Scholarships from the grant-zided Secondary
Schools.

On leaving Dartmaouth, cadets make their
choice of Executive, Engineering and Supply
and Secretariat Branches and join up with
tha Special Entry Cadets.

(5) Special Entry Cadets:

An  examination for appointments to
Maval Cadetships (Special Entry) is held by
the Civil Service Commission three times
a year, in January, May and Octaber. The
examinations at which candidates may
compete, subject to their satisfying the
MNEceEssary conditions as to age, etc., are for
appaintments as Maval Caders (Executive),
Maval Cadets (Engineering), Maval Cadets
{Supply and Secratariat Branch) and Cadors
in the Royal Indian Mavy (subject to vacan-

(EE]

cies), Ar the May and Oceober examing-
tiens candidates may compete also for
First Appointments in the Royal Marines,
The number of Cadewships offered for
competition under the special entry scheme
= matified in the Press from time to time,
nr may ha ascareained an applicatian tn rhi

Secretary of the Admiralty (CW. Branch).

Applicants, before being admitted 1o the
examinatlan, must satlsfy the Clvil Service
Commissioners that they are eligible in
respect of character and record, and must
produce a School Certificate or eguivalent,
or have passed the Matriculation Examina-
tion of the London Univerdty or any other
examination which, in the opinion of the
Civil Service Commissioness, s of equiva-
lent or higher standard.

In order to be eligible Jor examination
as a Cadet (Special Entry) a candidate must
have attained the age of |7 and must not
have attained the age of IB years on the
undermentioned date (—

Far the lanuary exam., (F May following.
For tha May axam., lst Septambar following.
For the October exam., lst lany. following.

Subleces for examination are:—

(1) English Compulsory
[2) Lowar
Mathematics Cnmpulqu
(3) Physics plus Campulsory for
Chemistry Executive and
Enginearing
{4) Latin |
{5) French | Two subjects
(&) German only oo be
(7) Madern History | chosen from
(3 Higher this group.
Mathematics |

A laboratory training is essential for Physics
plus Chemistry.

Due notice of sach examinacion will be
given in the Press and to all applicants,
Every candidate must obtin the applica-
tian farm for admission te the examinations
from the Secretary, Civl Service Com-
mission, Burlington Gardens, Lendon, W1,
The written examinations are held at various
centres, a list of which may be obtained
from the same source. The fee for the
written examination is £

A5 part of the scheme of examination,
those candidates who gualify ac the written
examination will be required, irrespective
of whether or not chey hive competed at
a previous examination. to prasent them-
selves for interview befors a Committen.

Candidates successiul at the examinatians
will be required to pass a medical examina-
tion as soon as possible. Medical standard
requires that candidaces should be in good
health and free from any dsease or serious
defect of vision ar hearing,

An article dealing with the training of

Engineer Officers frem the Cadet stage will
be faund an pages 45 to 54 of this issue,

By entering as an Engireering Cadet. a
bay has a very good prospect of bocoming
a Cammander and can rits 8o the rank of
Wice-Admiral,

Printed in Englasd by LEWIS BLOWER, ar THE BOURKEHALL FRELE, Bunkey, Merin
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