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z2 CARZ AND MAINTENANCE

GENERAL INFORMATION.

‘Phis section summarises the various precautions that must be taken to keep a W/T set in
afficient vowking order.

The vating in charge of sny installation should elways remember that it is his duty to keep
s set in instant readiness for use, unless permission has besn cbtained from the Signal Officer to
have the et out of astion. V/T apparatus deteriorates very rapidly if neglected, and should bs sub-
jeeted to periodical overhauls. A thorough overbaul and cleaning of the external parts of Instraments
should be carmiad out abt least svery veek.

Tn all maintsnance work the use of unanitable tools should be avoidsd With the corrsch
4mols the work can be dome more quickly and the apparstus will not be dansgsd Seall serevdrivers
sherild be used on spall serews and largs screwdrivers on seraws with lange slobe in their heads.
Spanners of the correct size should be used on bolts and nute.  Pliers and gquick-grips ghould not he
uged for this purposs, - '

If 1% ig neecessary to dismantls @ wachine op other pisce of W/T epparabus, oare mist he
balen to ascertain how it was asserbled., An armeture wsually cdn only be removed from one end of o
mechine, and if attempts are mads to remove it from the ofher end, the wiring will bs damaged, Muis,
serews she., mist not be forced when dismantling until the construction has besn definitely asesri-
ainad,  When resssembling apparatus clsanliness is essential. -

The pairting of W/T apparatus should be avoided if possible. Machines are given a gpod
sramsllsd finish before thay leave the works of the menufactursr, and if painted laver this high
grade finigh will be spoilt, There iz also a possibility of the holes in the axpandaed metal covers
being filled up, or paint adhering to the commtators, the resuli being overheating or breakdovn
of the machins

Pranamitting panels and other W/'T apparatus are aleo given a very good finish and should not
be painted over later as the good appearance will be spoilt and there is great danger of paint adher-
ing to cortact surfaces vhich will probably result in a breakdovm. (An instancs oceurred of the wwood-
en panels of a transmitting eet being painted with lead paint which remulted in the set failing io
nseillate. ),

Tt is sssential for sfficient operation that all W/T apparstus should be lept absolutely
clean, and in particular all insulators, including deck insulators. Pencil marks ghould not be made
on ingulating meterial as such murks form high vesistance paths which may canse brealdorms.

Fhonite panels exude sulphur viren subjected to changes of temperature or to a daap elmos-
phere, - This corrodes the metal parts fixed in or to the panel. A1l panels should be cleaned- frequent.
1y with & demp motkylated spirit cloth before the sulphur adheres to the metal parts and produces a
form of crystal on the ebomite. Paxolin panels should be ol earied by rubbing with a soft dry cloth

The contact surfaces of awitches should never be mibbed with any abrasive material e g .
smery cloth, - Tirss all dust mast be removed from betwesn the ghuds ofc.; with a amall brush, then
& very light mmear of vaseline oil should be applied and the gwritch operated several times, This
w1l bed in the contucts and the surplus oil should then be removed. Care should be taken not to
allow oil to reach ths surface of the panel,

Tn variable condensers the epuces bstween the vanss should be blovm out with bellows occas-
ionzlly to vemovs any dust.  When the contact to the moving vanss ig of the rubbing typs, the su
fans should oecasionally be clesned with a dry cloth and lightly oiled. Careful watch must be kept
for the development of end play in the moving plate system

Aerial coils should be blovm out with bellews frequently so that no dust colleacts bafviesn ths
turme op on the surface of the coils, The moving spindles of condenzers, contacts of barrel switches,
moving arme of resistances ste., should be given a thin coating of fine oil cccasionally, but thke oil

. jmsh be used sparingly or high resistance contacts will result and dust will be attracted. A solt
haired brush should be used for clearing dust from instruments. Placss fnaccessible to the brush
dinild be blovn through with bellows.

Tt 1= often necsssary to open out the split legs of receiving valves In order to sscure gand
nontacst with the holders, Care must be baken during this operation not to sever ths connoeting wire
wihich passes through sach valve leg.  With metal spring holders valves should only be removed wlion
necsagary as Trequent removal scon fracturss the metel spring system.

Vhen removing or inserting plug-in coils they should be held by their base in order to avoid
straining the commections to the winding. The split legs will also require periodical opening out to
serure good contact with the socket.

Fixed condenzer (Mansbridge Type) should be tested for insulation periodically and replaced
<2 4he insulation fallg bslow 100 megohms. Then moldering comnecting wires to the gpills eare should
he taken not tc heat up these spills as the heat will pase to the Insulating component and probably
min the condensenr. :

Telephones should not be roughly handled or the permanent wagnsts will be affescted and pro-
hably the windings broken. Tn hot elimates after being worn they should be placed in an alr draught 1o
dlzperse the accumilated moisturs which would otherwise penetrate them and causs rust on the diaphragn.



CARE AND MAINTENANCE Z3

PRANSPFORMERS, CONDENSERS AND CABLES.
OTT~TWERSED TRANMSICEMERS.

Eaclh oil-immersed transformer is supplied by the manufacturer complstely assembled in its
tank, but without oil, Joints bebwesn the cover and the tank, cover and insulators ete., are made
with special washers, such as 'Langite",which make the tranasformer oiltight. Before the transformmer
iz despatched from the meker's woris the oil-filling hole end ain-escape hole are fitted with plugs
vikich prevent water and dampriess gotting into the transformer. These plugs should not be unscrewed
until the transformmer is ready to be filled with oil,  Pattern 109 0il is wsed in the trensformer
and the airtight oil tins should not be opensd vntil the oil is required for uss. Transfomers are
£illed with oil =0 that all windings are complotely coverad; the exact helght of the ¢il reguired is
generally given on & lebel attacked to ths transformer, ter the correct amount of oll has been put

*irito the transforrys the 0il-filling plug and air-escape plug are tighténed up. To ensure satisfact.

ory operation it is imporpant that the insulators be kept elsan

Tf & transformwer has besn oparated on full lead, or on overload for a considerable time,the
pil thickens mnd sludge ssttlss on the windings, in the ventilating ducts and on the bottom of the
transformer. Dxeassive sludge causes the transformer to becoms overheated and may result in 2 bresk-
dovm. Consequently.when a transformer is used on full load for long periods it iz desirabls to pump
out a sample of the oil from the bottom of ths tank of the transformer periodically.  If there is
sludge in this sampls &1l the oil should be purped out of the transformer end a fresh supply should
be substituted. -

ATR-COOLED TRANSTORMPRS.

Care mias bs taken to keep divs, dust and water Prom the terminals and from the windings. -
INSULATORS.

If it should become necsssury to redew the porcelaln insulators on & trans former, care mash
be taken to inssrt the cushioning washer betwesn the insvlabtor and the steel cover of the transformer.
Cushioning washers fitted by the manufacturers are usually of "langite" or "woodite", but any oil-
treated leather may be used Tor this purpose., Serews which hold the insulators in position must be
tightensd up capafully, otherwise the insulators may be cracked.

OLI~FILLED CONDENEIRS

The seme cars should bBe sxerciged with oil-filled condensers as with oil-fillad transfor-
mers, It is essential to keep moisturs from the inside of the condensers and conzequently only dry
Pattern 102 Oil from an airtight tin iz to be used for filling the condensers, and the filling holes
are rot to be opsnad until the oil is ready for insevtion
LIAD-COVERED CARLES.

Theas are used for carmsching the vamious machines, transformers, inductances, condensers,
ste.; in the W/T Setas, Tt is essential that tbese cables be examinsd periodieally, particularly in
the tropies, to maks sure that they are in an officient stabe

Tnatances have cecurred of W/T sets brealdng dovm in the tropies owingto the lsad-covering
of the cables crumbling amay and the rubber insulation becoming defective, - This defect froquently
securs vihsre oil leaks from transformers or condensers and zoaks into the lead-covered cable, Conge--
fiusntly, care'should be taken to prevent oil from coming into contact with cuble, the parts of
pansls near oil-insulated tranzformers or condsnsers being wiped periodically.

PAPIR-INSULATED (CABLEL

Pattern 9749 paper-insulated cable is used for connecting serlals to the outside of the
gilent compartment if the distance is not less than 20-feet. This cable consists of a core of
stranded copper-wire insulated with dry paper wrappings spaced apart with string, and encloged in a
1ead casing vibich is covered with cab-tyre sheathing, Greut care is taken during trensport and
whilgt fitting the cable in position to prevent the paper-insulation of the cgble sbsorbing any
moisture. Tor this reason the snde of the cable are left sesled while it is being run, and the
paper insulation is not exposed to the air imtil immediatsly hefore the joints are made in the ter-
minal boxes - lor satisfactory operation the insuletion-resistance of the paper-insulated cabls
ahould not be less than 200-megchms. -If it is suspected that the insulation resistance is low, or if

' 4% does not mead "Infinity" on the ship's insulstion test set, the cable must be dried out, This re-

quires the uss of a spseial dry alr punping plant which is available at the prineipal dockyards,
where it can ba brought on board snd operated by S R R Depurtment. If at any time the cable be cuf
or disconnscted the ends should be sealed immediately,ths seala to consist of a lead cap solderad
with a vwipsd joint to the lead casing of the cable,

Pattorn 1107 compound is used for £illing the junction boxes for Pattern 9749 csble. In
the event of thiz cebls having to be replaced it is vsry important that only Pattern 1107 compound
be tsed for filling the boxes, ae other types of compound wllow the cable to absorb moisturs.

Tt is most important that the lead casing of the Pattern 9749 ceble bs efficiently earthed
at each ond, the sarthing bsing sffected by special lead-wmshers inside the csble-glands Pitted to
the cable boxes., The method of Pitting the paper-insulated cable, together with drawings showing
dotails of the cabls-boxes, etc., is given in AP0, 3224/30, and RE.0,188/0 (1), (), (I, and
{4).
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CFLLS AND BATTERIES.

GENERAL

Secondary cells are used for heating the filamesnte of receivirg valves, for supplying the
high potential to the anodes of recsiving valves, for emergency sets and auxiliary lighting, aod
for vorking the buzzer-commmication zystem Primary cells are also nsed on oceasions for supplying
high potentials to the anodes of receiving valves and for grid bias purposes. Detalls of cells used
with W/T apparetus are given in Sub-Ssotion VA

The efficient working of W/T receiving apparatus depends so witally upon the healtlhy state
of the batteries that the greatest possibls care must be takten to carry out the Instructiona for
their paintenance, some of the specially important peints being as follows:-

(8) Cells pust not be handled roughly or knocked, and particular care wust be taken when
handling cells which have bsen in use for a long time as the plutes becoms weaker with
age and the active material in the plates may be soft and looze.

(b) Fverything used in commection with batteries must be kept clsan

{e) Oells mst be charged and discharped correctly,

(d) ©ells most not be left in a discharyed condition as in such cireumstances the plates become
sulphated

(e} Defective cslls met receive attention immediately.

(£) The level of the acid must be kept well above the tops of the plates. distilled waber
pst be added to make up for the evaporation, vhen necessary.

() The plates of & cell deteriorate if moisture gets to them before the cell ism filled with
acid. Consequently at the complstion of assembly during mamfacturs, the top of the con
tainer in most cells (particularly in larger cells) is sealsd Th is most impartant’ that
the seals should not be broken until =1l is in readiness for the acid to be put into the
2ell paaa) Vou I

In the “Admivalty Handbook of W/T (1088 panagraph 347, a simpls explauation is given of
the construction and tleory of secondary cslla and the precautions to be adopted to enpsire thas the
eslls will work corrsctly.

A very ussfill and more dstailsd book is entitled "fecondary Battery Handbook, 1996". This
book is B F. 170, and variouva sectiond in it are referred to in the following noses.

CLEANLINESS,

Groat cars mst be taksen to ksep batteries, battery-room, cupbosrds, shelves, ete., elean
A1l implerments, containers, hydromsters, measuring glasses, and everything nsad in eomection with
batteries rust be fres from impurities Fydrometers and measurss not in use should be vashed and
kopt in the boxes supplied for them Dirty hydrometers carry dirt into the calls '

Tt iz cssential that the dilute sulphuric acid be free from inpurities and conseguently
great care must be taken that all vessels used for storing, mixing, and transferring acid and dis -
$411ed water from ore vesssl to another, or from a vesssel to the cslls, should only be composed of
elean lead, glass, poreelain, or inert moulded material provided for the purpose. Mesal vesesls or
fimnels are not to be used in iy circumstances,

Colls must be viped regularly as there is always a cortain amount of erecping of the acid
in addition to the ordinary spraying and this may lead to & short-cirenit bstween btemminals and leaks
between cells, Terminals should be kept clean and coated with a amell gquantity of cleen vaseline.
FELECTROLYTR

The spseific gravity of the acid to be used in any cells is given on the malker's labsl At
tached to the csll, Tf acid of the correet specific gravity cannot be obinined from stors it vill be
necessary to dilute more conceritrated acid with distilled water. Mable Mo. 3 on Pags 72 of the
Secondary Battery Handbook, raferred to above, shows the volure of water to be used to reduce one
gallon of scid of any specific gravity to the lower spseifie gravity required in the cells,

Sulphurie 4cid must be added to distilled water vhen it is mecessary to dilute the aid,
7 TS FRTREVETY DAGFROUS T0 ADD WATER TO ACID AS FXCESSIVE HEAT IS GRERATIT WHEN THE WATIR COMES
IO CONTACT WITH TEE ACID,

The meksr's label gives the specific gravity when the acid dis at a Yespsrasurs of 72T,
As the temperature goes up the specific gravity of the acid goes dovn wid vice versa The sogrrection
constart is 0.004 for each 10°F. To obtain the squivelent specific gravity atb 70°F, add the cor-
rection to obzerved reading when the acid terperature is above 709, and subtvact it vhen below 00,

After the slectmolyte has been mized it must be allovied to cool bafore it is put inbo the
eells
TIRST CHARGTL

The calle must be Cilled witl acid of the corrset specific gravity mtil the plates are
well covered: some cells have a mark on oné of the sides showing the exact height to vhich the acid
is to be-filled, The plates und ssparators sbsorb some of the acld during the fivat chargs and the
corpect level of the acid must be maintained.

The first charge of all cslls must be carried out in accordance with Mawlacturer's in-
wanetions given on the label attashed to euch cell, The tredipent of eells of differont males vAN
ies copsiderably, eome cells having to be put on Tirst chacge immediately afier being £i1led with
acid, while other cells require the acid to soak into the plates and separators for several hours
bafore the first charge is commenced.
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CELLS AND BATTERIES.
MOIRAY, CHARGE AN DTECHARGH.

One of the principal points in the successful maintenance of secondary cells is that they
shall receive ths correct amount of charge, If possible, cells should be charged at not greater
than tlie norral charging rate laid down on the maker's instruction label, but this charging rate
tay be increassd to the maximum allowed by the maker if time is lirited. The maximm rats must not
be excesdad, othsrwizs the cslls will be damaged owing to excessive gassing and excessive tempera-
ture;

T¢ eslls are repeatedly over<charged the active material of the positive plates is dis.
integrated and thrown off, and forus a deposit of perioxide-sludge in tha bobtom of the epllg, If
eells ave inder.charged repsatsdly, sulphation of the active material oceurs, the gpecific gravity
of the slectrolyte is reduced, wad there is a permonent loss of caparity.

The calls will be kept in very good condition if they are ultermately charged and dis-
charged to the limite of specilic gravity given on the maker's inetruction label. It may ke incon-
venient to discharse the cslls fully as & general procedure on board ship, but il posuible they
shonld be diseharged fully at least once a month.  On the next re-charse the specific gravity and
voltage should be muintained for % lour after they have both reached their maximum steady values,
and during this time both plates of the ¢slls should be gassing freely.

Tf a batvery is chargsd once sveny day it should be glven not wore than 15 minutes free
gaseing at every charge.  If it ism charged oftensr than this the ealls puat only be brought to the
gaseing point once every 24-tours; the other charges should ba stopped when the voliags of sach
cells has reached 2 4 volte vhilst on charge.

The state of charge of a esll is indicated by the voltage, iks gpecific gravity of the
acid, and the cclour of the plates. The following are the signs thet a cell iz fully chargaed..

(a) The voltage has reached a stoady maximum value of approximately 2.8 volts whilst on chargs
o) The specific gravity of the acid is that given ou the maker's label
(¢) PRoth plates are gassing fresly.
(@) The positive plate is chovolate colour, the negative slats grey.
Mone of these gigns is an adequate guide in itsslf. Heavy gassing, for instance, is also
a sign of a mulphated cell, and may, through this defact, cormence a2 soon ag the chargs is startad,

T? the voltage and specific gravity of some eslls in a battery do not rige megularly with
the other calls, arpangements must be made to give these low cells additional charge until they ars
noral.

Cells must rot be cizchargsd below 1 8 volts whilstl on discharge.

Useful information reiarding the charging and discharging of cells'is given in Chapter 3
of the Secondary Rattery Handbook
BATTRRY BOOK.

7 book shiould be kept in wirich the specific gravity and voltage of each cell af the som -
pletion of change und the completion of discharge should be taken weekly, Vhen thess readings are
taken it is essentizl that the charging current or discharge current be flowing as the valtages
readings are not acevrate when cslls are on open-eirculf,

BATTEREILS TN TROPTCAL CT.IMATIZ

The only way to meke batteries work satisfactorily in tropical climates is to give them
constart attention .- fur more than i necessary in more temperate climates.

Mhe principal causes of trouble are the rapid evaporation of the elsctrolyte, and excess-
ive gassing and spraying during chande. Consequently it i= rocessary to be constantly filling up
the electrolyte with distilled water to prevent the plates becaming uncoversd,

There practiceble the temperature of the cells should nct he slloved to rise above 110°F;
consequently when the temperature of the air is alrsady dhave 00T, the charging rats may have to
be redueed or it may even be neceaswry to stop the clarge urtil the gells cool dovm In sxtreme
tropleal climstes (such as are experisnced in the Red Sed) it is necessapy to use diserstion in this
matuen
WPIOSIONS AMD POTSONOUS BASES,

Cases of sportancous sxplosion during the charging of sscondary eells have been reported
Tt must be remerbered that when a coll is gassing, lydrogen iz given off and this makes an explos-
ive mixturs with the oxygen in the air. Consequently & bad connection in the charging circalt; an
snterral short. cireuit, or any other fault vhich may csuse & spark, =iy rogult in en explosion. If
the slsetrolyte lealks rapidly due tc a broken contuiner; a mpark may occur as the liquid leaves the
bottom of the plates and ignite the mixture, Greul care must be taken to avoid epy sparking, and
naied 1ights should never be alloved near ceolls, particularly when they are on ehargse,

Tn certain olreomstancts very poisonous gases have been produced during the charging of
batteries, and it is consequsntly very important that the ventilation of the cells should be contir
ved during cherge and for sore time after the charging is complsted
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CELLS AND BATTERIES.

RIFERRICES 111 SACONDARY BATTERY HANDBOCE

The following parts of the Fecondary Battery Handbook should be referred to vhen required:-
(1) General remarks on cars and maintenance, Pages 40 and 77.
(2) Bffects of mal ireatment of secondary cells. Chapter 3, Page 42,

Thiz ehspter axplains the results of -

(a) Oven-thanzing.

(b) Under-charging

{n) Cherging at too high rates,

() Charging av too low rates,

() Leaving ecslls uncharged.

(f) Incorrect slectrolyte.

(g Sald watsr in eells

() Tnternal short-cireuita

(i} Tailure to top-up colls

{j) Reversed emells

(K} Tomperature. ste.,
() Dummary of dafscts of sscondary eells and the variovs methods Chapter 7, Page 51

of attending %o these defects.

This chapter deals with:—

(a) Sulphation of plates

(b) Abnormal growth, bending, buckling and breaking of

plates.
{e) Cells vhich do not beeore charged as quickly as the
ahhers,
(d Bludgs.
(] (Celis gassing on "Opercircuit'.

(4) Cleaning out cells, Page 33,
(8) Chapging the slectrolyts. Page 07,
(@) Putting a battery out of comuission. Pages 37 — 40,

Various manvfacturers give differvent instructions for
putting their eslls out of comulssion, and ths msthods re-
agmeended by the Chloride, Hart and D P Co'a ars given in
this part of the Handbooi

(70 Recommissioning & hattery Page 40
(6) Repairs and maintenancs of secondary batteries, Page 80,
(8) Capacity and aPficisncy of & battery. Page 10,

CHIMICAL TESTS FOR FURITY OF THE ACIT)

What 1s known as Orimstons” ecid should be used. This has, at A0° F., a density of 1 840

Should there be any reason, such as the consistent dsgeneration of all batteries, to sus-
pect that the acid contains amy impurities, the following simple tests may be applied. All the -
reagents can be obiainad from the Sick Bay.

The moat harmful and frequent impurities are ehlorine, nitric aeid, acetic acid, iron and

copper
Procsed as follows: Muks a solution of one part of the suspected acid in 100 parts of dis-
tilled water Call this solution "Solutlon A", Take a small guantity of Solution A (_a.bout One-
eighth of the total gquantity) and add sufficisnt liquid ammonia to neutralise the acid. This should
be done slovly and cavefully. - The state of the mixture can be ascertained by the use of purple litmus
paper, vihich if dipped into the mixture will turn red if still acid, blue if already too alkalins, and
remain unchanged if the solution is neutral.
Call this meutral solution "Solution B, -
Prooeed with solution 4
(D) To a small quantity of 4 add & fow drops of silver nitrate solution. A VHITE precipltate
indicatss CHLORINE
(2] Make a weak golution of ferrous sulphats in water and pour it into a test tube. Very care-
fully add a little of A, so that this ligquid lies on the fop of the other. A EROWN RINZ
at the junction of the two liguids discloses the presence of NITRIC ACID.
(3 Add to s swall guantity of =olution A a few drops of a solution of ammonium carbonate. A
pate BLUISH-WHITE preeipitate indicates COPPER.
Take =olution R
(4) 494 to portioni of B a few drops of a solution of ferric chloride. Should ACETIC ACTD be pre—
sent, a RFD precipitate will bs throvin dovm which, on the addition of hydrochloric acid, will
b decolonrised
(B) Take some more of B and beil with a solution of hydrogen peroxide. A BROWN precipitate on the
addition of a amall guantity of potassium hydrate (caustic potash) sclution will show the
presence of IROM:
In the svent of impurities being foumd, fresh acid should be demanded.
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CELLS AND BATTERIES.

CHIES, TNERT, PATTEIN 4978, (1938) vou. L.

These cells are of the Leclanche type (ses Admiraliy Bandboolk of W/T j2of :
and vontain the necessary chemicals in a dry state. In this shate they should kesp in condition,
wthil required;, for any length of time provided they are kept perfectly dry. While in store in tem-
perate climabes they remain in good condition; but in the tropics the conbined heat and moisture
have a most delsterious effect on them, and specisl care showld be talten that the eells are stored
in as dry a position as poszible.

Typical ingtrichtions for rendering the cell active. Remove the cork and the vent plug
Gaitly tap the esll to clear the Lilling holes 1L fo the brim with ~lsan deinking water slowly
ancl once only. Do pot il wp again or shake out surplus wmter. The water and the syringe mist be
abeolutely free from traces of sulphuric acid. Keep the csll in an upright position for sight hours
with both vent and filling holss open, Wipe off suvrplus moisture and rsplace cork and went plug,

If, during use, creeping of elsctrolytes is noticed, remove and digeard the vant plug

It is proposed in future to provide a filler (somewhat similar to a fountainpen £iller)
o enable a measured quantity of wator 1o be inserted withouy difficuliy. The actual instrustions
issued by the makers should be followsd carefully, These will be found on the instmetion label
which iz attachsd to each cell.

Great care must be taksn to dry ths tops of the cells. The chemical is 1iable to eresp
and & wihite substance is then seon on the top, round the terminals; this being Mydroscopic absorbs
moisturs from the air and forms a pasis vhich corrodes the terminals and the nsgative wire connentor
Special care mist be talen to keep the tops of the eeils dry if they are tightly packed in batteny
boxss, as corrozive matter may spread over the tops of adjacent cells and cause short cirenits
besides corroding the terminals,

MACHINES .
POTATIONG MACHINERY GENERAL.

The following remarks apply to motors, mytor-alternagtors, motop gemerators and robtary
converters,

Therse are two principles which must be cbserved in the cave of selechrvleal machinery to
obtain macimm officiency with the minimmm of trouble; the first is that absolute clsaniiness of
all parts, particularly the commutator, slip-rings, and brushgear, is sssential The sscond is
that any defect, however, trifiing, should be investigated al once and remedisd without delay

Mazhines must be lept as free from danp as possible and no water allowed to drip o
splash on them

Vachines mast be blow out occasionally with a palr of bellows to remove the dird and

dust which collects on all the internal parts, pacticular care being faken to ensure that all
parts of the brush gear, commibator and slip-rings are clean

Machines mast not be overloaded and the ventilation holes most not he regtricted in any
way, obtherviss the machines may hecome too hot, which vill damage the insulation and may melt the
solder on the commrator connections, .

Duplicate machines should nomually be run alternatsly so that sach gets the same amount
of work - Every machine for which the W/T staff is responsible should be run weekly. If sleetrical
pover is not available the armaturss should be turned by hand It iz & good plan Lo draw up a
"weelily inspection routine for machines® to ensure that they all receive abtention It ism on record
that machines, which had not been mum for a congiderable time, failed to start when pover was
gwitiched-on, owing to defascts vihich could have been avoided if inspeection had occurrsd

Vihon an armatucrs has to be removed from the carcase of a machine, various intemmal wires
have to be discommected: labels should be tied %o each side of the disconnections as this saves
time on recormscting and ensures that all wires are correctly replaced - At™ least two men should be
employed in removing an ammature from its carcase. The armmature must be moved gradually and the
vipight taken at both ends to snsure that the various parts are not damaged  Unless great care is
exsrcized, the amature and field windings may be cut, the commitator segments may be knocksd out
of position, or part of the insulation of ‘ths machine may be damsged. )

After an armature has been removed from a meshine and it is necessary to 1ift it by power:
precautions must be taken to prevent damaging the ball-bsarings, commitator, slip-rings, or the
windings, - The ball-bearings should be covered with clean cloth, free from fluff, to prevent dimt
gotting into the bearings; saclkdng and wooderslvcls should be used to prevent the wire strops from
damaging any part of the armature, comwtator, ete., during 1ifting operations or during transit
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flen meplasing an ammeture in its carcase remember thab the brush gear (if any) at the far
end of the mashins his to be 1ifted and it should be ascertained that all leads .- such a= those inben
comeciiing f16ld coils and brushes .. are alear
BRUSHIGE AND COMMUTATORS

The carbon brushes to be used on the commitators and slip-rings of machines have been ssl-
ected very carefnlly and the windings of the machines have been demignad to work with a partiedlar
grads and size of brush Pattern rudbers of the brushss o be uged ae given on the label plates
fixed to the 1lids of the terminal boxes on all later types of machines, and it is most imporbant that
the comrent brushes be obtained when replacewents are necessacy.  The pabtem mbessof $he brushes
o ba uzed in any machine will be found i sochnas

Corpnitators vhen operating corzeetly beeome a rich browm colour and wnen in this condition
work sabisfactorily without athention.

If sparking oceurs ab the brughes the commtator becomes black  The commutator should
prefarably be cleaned with clsen rag whilst the ambure is motated, but fine glass paper may be
used instesad of the rag if the rag will not rewcve the dirt. - It is, howsver. highly daairable that
the rich beevm colour shall not be removed provided the commrtator is tms - Carbommndum, or aimilar
heavily abrasive cleasers should not be used. 7. reason for ths sparking must be ascertained, and
the failt reciified

i first 1t is advisdble Yo see if spavidng is being caused by something which can be rect -
ified easily, the more complicated canses being tested labe Sparking may occur owing o the
following reasons.

{1, PRrmishes not fres in brushwiders. Tt slowld be ascertained vhether all the brushss on the
comnuhator ars free in their holders, particulazly those at the back of the machines which
may not he seen very -ea&s‘j_ly The brushes shonld be pulled out of the holders, dirt and dust
shoald be removed both from the brushes and the holders, and on ro dnsarting the brashes care
should be taken that they move up and dovm the brush holders meadily.

(7] 0rit and dirt on the brushes  The underside of hrushes mst be examiined carofully to see that
there are ne partieles of grit or dust embeddsd in the brushes - This partioular examnation
should alvaye be carpied out if the spark always appeacs ab one point of the brush - Brushes
maat be kept clean from the dust and dirt vhich collect on their sdges

(8] Brush presswe incorreet. The brush pressure of all brushes should be from 2-1bs %o 7% Ibs,
por nq inch exceph for the 0. M 2 and C.M 8 qualities for which it should bs from 3 to 23-1bs
per sq inch (The brush pressure can be measursd by 2 small apeing balance J C.M 3 and C ¥ 8
bishes ape ussd on the commrtators of some machines gensraiing low voltages Spaviking will
occur if there is not sufficient pressurs on the brushes to enable tham always to remain in
sontact with the segmente of the commitator Tt is very important that all the brushes on the
commitahor shall have the same pressare otherwise the brushes do not ghure the current equally
and thessfore some may he overJoaded - The brush-springs must be quite free. not fouled by the
flexibls connections or connection-serews, and must press on the middle ¢f the top of aach
brish

(4] Peaskes not properly bedded down To prevent spariking the vhole of the uderaide of brushes
mst have exactly the same curvasure as the commutator It will be readily understood that if-
only part of the brush is the same curvature as ths comwbator,- this part will have to earry
mors onrrent than it wes designed to do, with consequent overheating and other trovbles Again,
if only part of the brush is in contact with the cogpmitator, it is not in the correst relative
position to the other brushes on the commtator and this may canse eirculabing currents.

On examination, it will be seen vibether brushss require rebedding owing to their edges
heving broksn away or for some other reason

Bedding can best be dons by putting the brushss in the Molders, and the brush sprivgs on
the top of the brushes, placing & piece of fine glass-paper betwsen the brushes and the commtator,
and turning the armature and glass-paper in the direction of rotation of the machine. {ffhe cor -
ract direetion of rotation is given by the arvow fixed to ths camcase of the muchine at the motor ~
end). Tt is ezssential that the armature and the glass-paper be movsd in one dirsction only, as
i moved buckwards and forwands the underside of the brushes wonld not he exactly the eurvature of
the commitator, as thers is baund to be sowe slackness betwesn the brushes and their holders.

If new brushes have to be bsdded aud a comparatively largs amount of brush has to be re-
moved, carborundum cloth may be put betwesn the brushes and the conmitator, and'drawn across (he
biaghes, The finish of the bedding of the brmshes mmst always-bs with fine glass paper so that & firne
ampoth surface is Pinally obtained

T ifher bedding is completed remove the brushes from their holdsrs and thoroughly clean all
parts, particular care being talen thar thers are no pieces of grit on the bottom murfaces of the
brushes, After replacing the clsaned brushes, it is desirable to rmm the machine on no-load for a

Short t7me as geaerally the whiole surface of the brushes will not be in eontact with the commtator

immediately after bedding dowm.

&
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(3) oorecticis not efficlens The elsctrical connsetions between the Brushes and the bBrush-

Holders shoild be swamingd and alsc the connschicns hetween hhe sets of brush holders and

chher parts of the machine. A1l locse connecticns mush be nightensd up
The hrush gear mst ke rigid and bolts and nuts mist be sorewed up as necessary.
(8) Commiselor wioe projerting,  Sparking is caused by the mica projecting above the copper
segments of bhe cogmabator.

= G 8., GG, BE.AL and H.M.8 brushes wear the oopper segmenties; tul are nch cap-
able of wearing down the mice ab Lhe same rate: o prevent the mice from projeching above the
surface of bhe copper segments whon these brushes are used, it is the
usual practice %ic undercut all the mica in the commutstor %o a depth

equal to the width of the mica as Bhown in tne adjrining sketch. Makers A
arvangs for all the mica to be removed fram the space marked WA, CREFER FOPPER
ing the manufacture of the machines and great care shiculd ke taken SESWERT SESMENT,

when undersutting has to be carrisd out again thab all the mice is

pemcved Frem "A', A short pisce of hacksaw blads ahiffensd by a piece

of watal and provided with a bandle ab the snd, is suitabls for under-
- puthing the wica.

(7) Dirt and dust cn the mica. Smll pisces of carton and copper may tecome wedgsd betwesn the
copper segments of the commufater on ghe top of ths mica, especially when the mica is wer
oub, and sparking resulta. Ih is sssential that the wics be keph fres from dirt and dust, By
goraping if necessary.

(2) Machins cverlecaded. Sparking may ccour at the comttater if the machine is overlcaded. A
pachine may ke delivaring its nepmal full-Jcad aabhput and way stilL be overlcaded cving Lo
Aefactize insulatisn either in the machine or in sxtermal apparatus: if this is puspscted
the insliation resistance of the apparatus should e measwured,

(9) Pushes rob an alignment, [n most /T machines thwre are pairs of brushes which hear cn tha
pans sagmente of bhe commibator ab bhe same Lime. e Lpo Brushes are pequired in paralisl
on S conasions as wie brosh is net saEficient fo cAarry the armbure current, bubt in cther
mantiinee She second Erash o pab in parallsl to maintain the gireinit in the svent of the first
Erash sbicking in ite holder or teocming defective £ any cther reason. If one of the pair
<2 Vrvshes 15 alightly in advanos of the obher on fha commtabor, sparking will coour. Te re--
mave hhis aparking the Brush holder should he lecgenad and the twc brushes pat in alignment.

{10) BEigh and imv commiater hars, Ons of o of the copper segments of the commibaber semetimns
rize above, or suak balow, bhe lavel of tha vemaining aopper segnents cwing bo the earmutatcr
Leing knocksd, or owing to swnessive spesd, evo. Taese defective segments can readily Be pare
safvet on examning the canmiator; and it will usually ke Poryl sssential for the commubabor
to be Warned

{+1) Cemmutabor and slipings nok concentric. Vary conasionally the commutabors and slip-ringds

* oowme onoentric ard aparking results. If the armatura of the machine is turned alonly and
the np-and-doin movemsnt of the brushes in thedr helders is noticed, it will readily be seen
AP the comibator and slip rings are ocuventric T they ave very ecosnbric speoial examing -
= tien shonld be made and the fault should te removed, hy turning or grinding if necessary-

(19} Exosasive viliration. Maoy W/1 armatures cotate at speeds of the order of 3,000 r.p.m. A% this
rate of rotation it is most lmportant vhab armbures ghould be well balanced, ouheraise vikra-
fion 18 axocesive and sparking at the camubatar andl orher troubles result . Manufactirers of
cashines tave haen impresssd with the npoessity for gond Falanoing, ard duping the lagt few
yaana armatyres have bsen balancaed in apsoial balanoing machines whils rotating at high sped.

Tt is prasikle for the balanee of a machine wo beoame wopse durding ite life and if this
cadvirs Hhe armatare shenld e removed and rebalanced. Rekalancing can, nomever, cnly be undsr—
taken in peoperly eguippsd workshops.

(12) Defechive armabure ecils. If a commuitator is examined and it is nobiced Thab the mica hetween
two of Ghe copper segments is Eurnb, it denerally shews that the ccil between thege ssgments
38 openaironited e that the scldered joints are bad. _

IF one part of bhe armature becomss hobter bhan the remeinder; or if the arpaturs begine
t4 amoke, it probatly means that coe of the apmaturs ccils has become shard cireuiied.

I hoth sha above cases the commator shonld be examined for cpen circunits or short eir-
guita; - the scider may noh b making efficient conneebicn ketween the copper segments and the
armeturs ocils, or solder, dirt, or dust may ha phort cireuiting twe of the copper sedments.

(14) Brushes in whong posifien. T cktain oorrect commutatien it 1s very smportant that the carben
brishes shoiid be in a definite position on the conmutater in relation to the poles of the
rackive, Daringd the testing of machinss ab the faker 's weoks the ocrrsct pusiticn of the
mpush popRer ring, anl therefore The correct position ¢f the krushes, is indicated by a pointer
attmehed to the plng which is cpposiie to a cut on a small plats let inbo the 2nd brackst. _
seme machines made years ago had the positions indicated by paintad limss. If the Erush o
rorker has to be moved it is essential that it te pb back o 1t carrect peaibion bafore the
machine is cpsrabed. .

tMicAa STRIP.

— _ I
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In some machinss, after the ccmmutator has been twrned, it may ke necessary te wove the
trush recker ring slightly tn chbiain sparkless commubabion.
Hparking will cecue if brushes are not evenly spacad vound the sommibatior, and it s
posaible For Yis spasing to beooms dncarrect if care is not teken whan bolbs are hightensd up.
If this dsfast 15 suspeoted the distances between the brushes cn the cemmutator should be care-
Pully —easurad
(15)Stagdeving of brushes, Many W/T mackines have a ccmmutator with brushes spaoed o apart as =
shosn in Figure a, trushes By and By Seind pesitive, and B andl By negabive.
Mo snopeass the 1ifs of the camtator and alsn ho mreved riddas frop dayesloping, owing
to unequal wear, the brushes ars "staddered" so that they press on bhe matinmn larghh of the
commitater. I+ is most important that the brushes be stagdered so that every part <f the com-
mubator shall be awept by the same number of pesitive and nedative brushes as gphiosn in Tigure B
figure ¢ shows the incorrect way of stagdering brushes, the paitive brushes swesping ore
part of the commtator and the nedative brushes sweeping ancther part of the commatator; with
this arrandement of staggering if current 1s pessed intic the commits ter gt the brusbes marked
4 oard i it leaves the commtatcr ab the brushes marked - it will be Pound that the part of
the commutatsr swept by the * trushes will be blackensd and the rart swept Ly the - Erushes
will be bright copper and prokatly particles of copper will be found adbering te the - brushes.
These rasults are detrimental tie efficient warking.
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(48) Inoorreal bposhes being used. Eparking may ccour if inccrpsct brushes are used; ooty braghss of
bha patbern nurbers detailsd on the labsl plates Pixed to the varicos machines are to be fitved

ERARTNES.

mali-bearirels are used in all WA machines mamfactursd in recent years. The inner race
of eoch bearing is a "Light driving fit" on the shaft which has been gremd to receive it, The cuber
rece is a "hand push Fit" in the bearing housing. Rall-beerings have been spscially developsd for
uge in slsctrical machines, and in the event of new bearings being reguired in W/T machines, rafer-
encs sheuld ke made te the nameplate fixed on the defeclive machine, as tbe nameplate of all medsrn
machines gives the Admiralty pattern mamher of the ball bearings which are used in the machine. Thie
pattern nurbers of “the ball-bearings used in W/T wachines will alsc ke found in sechicn M.

The greatest care must be taksn at all bimes (whilst in stere, when unpacking, and whan
assarkbling) to keep the ball bearings sntirely frse from dirt, dush, grit, & water.

Ball bearings should ke lubricated bty giving the lubricatce.cap aboub dne tuen each menbb,
Bearings only reguire greasing sparingly, and for mest machines it will te satisfactory if the gireases
lubricaticr at sach srd of the machine is refilled with grease cnce a ysar only.

fhe makers of the bBall bearings used in W/T machines and alsc the mlers of lubricabing
greasss have been consulted amd, as a result, it hes been decided that the foliowind dreases are e
test to use in W/T machines:-

&

(a) In temperate and sub-trepical elimates.
Admiralby Pattern 553 Grease, Lubricating, Tuke of, for High Spesd W/T Machires.
() In tropical climates or for machires dinstalled in very hot situabicns.

Admiralty Pathern 554 Crsass, Lubrdcating, High Melting-Peint, Tin of, for High HSpeed
W/ Machines,
Mhe ball Fearings of mechines newly mede by marufgeturers are filled witn Pattern £5¢ Gresse and
this is satisfactory until the mackine requires rsgreseing in a trapical climate, when Pattern B4
Grease should be aeed.

If @ ball bearirg runs hot, or if a ratbls cr click ke heard in the kearing, it is densr~

ally mmesssary For the bearing to be renewed.
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If it is necessary to replace a defective ball-bearing, great cars must bs taken not to
damage the shaft or the ball-besaring during the operation

As stated sbovs, the innsr race of the ball-bearing is a driving fit on the shaft, and if
& hammer is used carelessly in sndsavouring to remove the bearing, the following damage mey be
caussd; — '

() The shaft may be bent. If this occurs it will be found on re-assembly that the armature
rubs on the poles of the machine, and that there is sparking at the commtator, and the
machine will be unfit for use.

{b) The centres at the end of the shaft may be damaged. The shaft is centred at each end,these
centras being ussd vhen the comrutator has to be returned, ete. If the centres are damaged
it is very difficult to correct them, and it may be necessary to returmn the machine to
store as dsfectivs,

(¢) The commitator bars may be knocked. "Flats" on the commrtator may result and this will
cause cparking at the commitator und necessitate re-turning.

The best msthod of reroving & ball bearing from its shaft is by the
uas of ths tool shown in the adjoining figure. It consists of a steel plate
(F) with a thrsaded hole at its centre in which a steel bolt (B) turns, the
end of (B) being circular and its centre removed, Three lsvers (4) are
pivoted on the edges of plate (P) at equal distance from each other. (Two
only are shovm in figure d.).

To remove a ball bearing the ends of (&) are put against the inner
race of the ball bsaring and bolt (B) is tightensd up against the end of the
shaft. The centre at ths snd of (B) is removed to ensure that the centre of Fia 2.
the shaft is not damaged during this operation

T this tool is not availeble, two tapered stesl-wedges can be usefully employed.

A chort length of steel tube, internal diamster slightly greater than the ghaft, should be
used for knocking a new ball bearing on to the shaft. Tf one end of this tubs be put against a ball
bearing and the other end be hammered, the ball bearing will be knocked on squarely and there will
be no danger of ths end of the shaft being damaged.

fireass cup lubricators are fixed at the two ends of motor-alternator or motor-generator
sots and these lubricators are connected to the ball bearings. The type usually fitted is made by
Dotherham & Sons and iz of nicksl-plated brass, size RT or R4,

TATLTS.

(1) T¢ & machine will not start when the power supply is switched on and if no current flows,
& testing instrument or test lump should be ussd to ascertain whether the necsssary
voltage is being applied between the ARV and (OM- terminals in the terminal box of the
wrachins,

If the voltage is not correct between these two points, the fault may be due to:-

() & fuse being blowm,

{b) defsetive circuit breaker, switches, ste.,

(¢) defective starter,

(d) wiring between ring-mains and machine being disconnected or sarthsd

Any defective apparatus external to the machine should have its colls, contacts and
rechanical gear tested and any faults should be rectifisd

T? the voltage is correct between tenminals ARM. and OOM- the brushes may have stuck
in their holders and not be in contact with the commutator, or some other part of the
armeture cireuit may be open—eircuited.

(2) Tf ths machine will not start and thers iz excesmive supply current, the fault may be due
to & disconnsction in the shunt—fisld or to a short—circuit.

(2 Tf the machine does not generate the correct voltsge the generator field should be tested
+o eonfirm that nommal current is flowing in the ecireuit. TIf this current is correct the
armature circuit must be tested,

(4) Various other faults and their remediss are deseribed in the section "ERUSHES AND
COMMUTATORS", pages Z2 to 7E.

Faults in machines which nscessitate the withdrawal of the armaturs should receive

the attention of E A'a.




