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CHAPTDR VII.

'Irrnoriv orf rrIE Dvx.lrro-cotz tinuetl.

Frnr,o I'facsr:rs.

Wr have hitherto taken for gtanted that a magnetic licld rvas
providecl for the arru:rture to ievolve in, and the'ionsideration o[
ihe magnets that ploduce this lield rvas purposely left until a{ter
the generation of currents had been discussed; so that the general
connlction between the magnetising current and the arrnature
night be considered. An outline of the connection between
armature anil fieltl magnets is essential before tlre winclings of
those magnets can be understood. The armatut'e supplies the
current for tire fiekl rnagnets, which iu tlrcir ruln supply thc
fielt1 for the armature to revolve iii.

Sup1tty of Ctorent to ercite I'ield .tr[ugnets, Series and Slttrltt
'Llachines.-'lhi-s curlcnt nay bt' supplied in two rvays :-

(l) 'I'lrc ntain, c:ur,-ettt catr be ruade use of to m.aguetise thc
rnagl)ets on its rvay to t'he outs'ide circuit, 'lvhcre

it is tloing the rvork rve require.
(3) A sepalate culrent can be taken from one brush louud

the magnets ancl back to the other l.rrush, without in
any way affecting the main current iu the outside
clrcurr.
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Eig. 72 shows No. I ca3e, and Fig. 72e shows a diagram ofthe circuit' Alr the currenf that is miae in tiur"-urore traverses
1!: TuS"", coil B C, rhen passes through I tacf. ro Ii aucl r,o rhearmature again. 'Ihat isr-the .urnu fir...oi-is flowiog-t;"fi;atmature, in the field magnets, ancl in tf,"-""t.ia. "i""":, ; th:same time. All these thiee .portion.lf iir" li*uit are in serieswith one another. Ifence tfrli for* of l_.U* is called a seriesmaehine.

I're. 73. Frc�. 74.

. {iS. 73- sholvs No. g- case rntl l,ig. 7l a diagram of the
cilcuit. Ihe current passing round the magnet flo#s ttr"orehl'
alf lcrent clrcult to the cufrent in thc outside circuif. 'rbe cuirent
florving in -the ffeld magnet circuit simply runs between the
brushes, and is to-tally inddpendent of any 6tLer circuit th;;;;
or-may-not be. Since this circuit is in 

-parallel, 
or as it ls oftel

called, in shu,nt with the armat're and outs'itle circuit, thu ;Ji;;
so arranged is called a shu,nt machiue.

. Comltoutttl lla,ch.ines.-Tlre type of rnlchine used in the Navy
is a mixture of the trvo, and ii 

-callcd 
a contpotmd, ;;.ht""

l..ig. 
J5 shows a compound machine, and }.ig. ZO , aiug"u;lf-;j,

ch'cuit.
rt rvill be observed that in the series machine, where all the

eurleot ran th.rough,the coils that rvere-magnetising the macnine,
the- mngnet coils had to lre su.fffcie-ntly large to stand the eurrent.
ancl at the same time had to be of _very ld-w resistancu, ri"." tnJ
erergy_ lost in the coils is proportionai to CtR. Tnis eoerEv is
expe-nded in heating the coils. Since the maximum C is 3""J
tor the particular machiue, R, must be made as small as possible,
t,o reduce the loss in energy,

e 50:)53.
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Fre. 75. Frc. 7ti
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In the case of the shunt machine the leverse is the casc, silce
the currcnt lhroush the shunt, coils is controllable. and varies as
tl
g; thereforc, assuming the D.P. to be eonstant (as it practically

is), the loss of energy is proportional to
E2 n j
1 1 :  X  r 1 :  

U '

So -that, b.y incre-asing the resistance of the coils up to the
limit of -providing.eufficient current for magnetising the coils, the
loss by heating will be reduced.

If, then, it the compound machlne we afe going to emboily the
two previous me-thods of magnetising the fieli magnets, we must
be.prepared^to find two absolutely different sorts of magnetising
coils_;. o_ne of large rvire, .capabie of carrying a large currint wit[
but little resistance, and another totally separate set of coils of
compa.ratively higl tesistance. This we u,ctuatly do lind; they
are called respectively tt.e series and the shunt coils,

Ser"-ice Requirements for Dynanos.-What we lvant in the
Selvice is a rnaclrine tb,at can_aluays be run at a constant speecl,
arrtl for tlrrt constant spt:erJ, the satne D.P. to be auaila,bte dt ilL;
brus/rcs, to/tqtexer al'rellt ntay ltc flowin,q in tlrc outside tircuit.
1'or instance, the culrcrrt required to burn one S0-volt ltJ c.p.
incandescen-t lamp ir '8 ampcr.e ; \ve may rg,luire in the daytime bo
burn 150 of thesc betrveen decks,.rvhich u-i l l  consequently take
120 amperes of currerir  at a I).P. of S0 volts. Affer daik we
may require another, stry, 2_50 larnps to light up rhe ship fully.
This would take au extra 200 anperes at 80 volts. Notice thirt
we have now increctsed the load on the dynamo very considelably,
brrt still require it to run atth.e sanle D"P. betweerr its terminais"
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Norv, for this lrurpose the series machine must fail, for if rve take
the case of a maehine made, to gite 80 vo)ts, and, sav,400 rrmperes
if required, then, if the series 6ils rnagnetise th; fi;t'd j*st eni.gir
to giv-e S0 r'olts rvith *00 amperes'magnetising ihe" cuil-s, it-is
absurd to,e^xpect tire.same _coils to magnetise the"fieltl -"ufficierrtly
to give 80 volts with only, -qly, thJ current requireti fbr the
com.paratively few ^lights used in the daytime. So this type of
machine can never fulfil our requirements.

D.iscussio.n of the dijbrent Ttlpes.-The slrunt dynamo we must
examtne a  l i t t le  more  e lose ly  to  see ry l r r . *u r .h  a ' r r ruch ine  fa i l s .
When the armature revolres-in n -,lgn"ii. field it euts lines of
force, and a eerta,in total I).P. is gcneraterl. As soon &s current
flolvs irr the armature certain lerictions tal<e place, and the more
the c.rrent inr:reases the rnore these reactions nre fett. Thev wi[
be explained in a mole detailecl form later on. O,rr purpos6 now
is simply 1o arrive at a ro'gh idea for th. r'easons for ionritoundina
a machine, We .will consider, therefor.e, [hat, these'r.,action"s
produce the same effect as if they rvere ali nrassed into ir single
resistance R rvlich follorvetl Ohm's Larv. This is not strictly trie,
but.{or the prcsent purpose of obtaining merely * g".rorui "oni
ception of,the compo*rt l  machine, the assumPtion is 'per.missibrc.
Assurrre, t l ren, that thc ar.rrrrtu'e oI orrr slrrrnt nrrr,chinc has a
resistnnce of. '0j ohul and thatr. fr.st of all, rve lvork it on open
ci lcuit ,  and just get l jO volts at thc br.rrshes.

Ets.  77.

.,,Sup1rose,. again, the shunt coil ira,s a, r.esistance of g ohms, ii
w l l l  oe  ta l f lng  l0  tmpc les  ;  th rL  i s  to  s i r r .  o l r  opo l l  c i rc r r i t ,
lO :rmpercs rvi l I  bc f lorr ing in l  l rc r lrrreturr. .

L o s s  i l D . P .  -  C  x  l i  :  l 0  x  . 0 5 :  . j ,

in other worrls, rve losc . J volt in the armature ; therefore, if tve
have 8O volts :rt thc blushcs \yc mnst have ur:rd.e a total D,p.

:  g0  +  .5 ,  o r  90 . ; i .
Now, supp_ose rvo havc.tr00 amperes floting, then the loss in

armature'rvi l l  be 
- 400j x 0.d : g0 volts.

'Ihercfore, 
elen if we hacl the same numbcl of lines of forcc

enclosed, that is the same cur.r.ent il tlre shult coil, ,"e shorid
only get

BO'd  _  20" :  60 .d  vo l ts
u q
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at the brushes. But 60'5 volts wotrld only send 
60*i5 

u, Z.s

amperes round the shunt, so that from both these causes we fiud
that the D.P. :rt the brushes will fall considerably. In f:rct.
unless we have some means of increasing the strengtl of curreni
in the shunt coils, we can never, for the same speed, get ihe
same D.P. at the brushes if 'lve increase the current running in
the armature.

So we are practically in this position : we must keep the speerl
constant, that is the agreement, but we must make more total
D.P. to allow for losses in the armature. To make more total
D.P, we nrust inereasc the strength of the ma,gnetic ffel.d as tlrc
current increases; and this is done by adding on series coils,
that is, coils tliat thc rnain current runs through, Consequently,
as the main currelt increascs and produces losses in the armature,
so it in its turn increases the magnetisrn of the field magnets,
increases the lines of forr:e enclosed by the armature, thus pro-
ducing more total I),P., which rvill nialie gootl thc ioss in the
armature and leave us ihe sarne D.P. ai tlle l.rrnshes. Fig. 78
will perhaps shorv this uore clearly.

Frc.  78.

Suppose, as before, the resistance of thc arrnaturc of a mlchine
to be '05ohm, a.nd that of shunt coi l  to be 6 ohms; and suppose
series coils be added on u'ith a resistanee of .01 ohm. and
suppose the coils so arranged form a compound rnlchine, so that
a D.P. of 80 volts is always maintained at the terrninals, we
tben ge t : -

lVhen the machine is on open circuit, no current runs through
set'ies coils, therefore, f).P. at brushes is same a$ D.P. ;t

terminals, viz,, 80 volts, cun.ent through shunt : 10 =- 8 -

l0 amperes.
.'. 10 ampeles flo.w through almature.
. ' .  Loss of D.P. in arrnatule - l0 x 'Oi i  :  .d volt .
. ' .  Total D.P. rnai le :  80 * '5 :  80.d volts.
Now witb 400 anrperes running.

. 4q0 amperes run thlough series coils, therefore, loss of' D,p.
in series coi ls = 400 x '01 : 4 volts.
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. ' .  D.P. at brushes : 80 * 4: 84. volts; but 400 aruperes
also mn thrcugh armature, therefor.e D.p. lost in arrnatuiie -
400 x '05 - 2(l volts.

I'otal D.P. made - 84 + 20 - 104 voits, that is,
23'5 r'olts more have to be made in the second case if itre uoitasc
at the terminals is to be kept at 80 volts. In other *ord*, ,ooiu
Iirres of fo.ce have been added by series coils to make the extra
voltage, so_ that a certain balance, iiz,,28. 5 volts, may be lost and
yet leave 80 volts at the terminals. 'rhese extr.a lin"es are ackled
by the series coils.

The case taken is an exaggerated one, and, as before remarked,
not strictly true. But for beginners it is a convenient method
ot looking ut aud grasping the rough idea why series coils are
requrred to keep a constant D.P, at the ternrinais of a compound
machine.

. Various Types of Compountl Machines.-Compound machiues,
therefo.e, hlve trvo sets of coils, series antl sh,uit. these coils
admit of siight vari:rtion as to the exncb places their enfls are
taken to.

[. Single Short Shunt.

Fro, 79.

. As shown,.Fig. 79, where the ends of the shunt wire go to the
brushes, and the series coil runs from a brush to a terminal, the
other ter.minal beirrg connected to the opposite brush.

II. Single Long Shunt.

Frtr. 80.

tr'ig. ll0 shows the
between one brush antl

single long shunf where the shuut runs
the end of! the series coil, the series eoil
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being connected rs trefole. 
'Iiic only di{ference is thtt tbe l).P.

ui ifi" ""A, of the shunt .wire rerriains constant rvhatever tlte

current through crnlture fiay be, since in an 80-voi1; dyuamo, it

is ahvays equal to 
iaifiJ"i .nr"t ; *'hercas the resistance of tLe

series coil in the former case nr:cessitates a slight rise in D'P'

at the brrrshes, antl therefore a slightly increased curreut lu the

shunt coil, ns the current through the armature rises'

This case cliffers onlv from Case I. in that the sel'ies coil is

divided between each birish anil a terrninll. This makes no

difference electrically, but is convcnient at timcs iu mltrtrfhcture,

to save joiling the siries coil together. Cnsc IV' is a combirration

IfI. Douhle Short Shwnt.

Frc,  81.

U. Double Long Shtt'nt.

X're. 82.
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of C:r.es II. an,-l IIL, rvirere the shurlt coil ruus from the ends of

the series coil. This js exacth' the same ns Case 1l'-electricallv,

but emboriies the convetience in nanuflcture of Case III'

Now witli referettce to tbe series and shunt coils it does not,

eleetricaliy speaking, ruatter rvhich are t'ound on a^ particular

magnet leg tirst. in fact we find then wound on first or last
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incliscriminately, and later rve shall see that in some types of
dynamo the rvhole of the winclings are placed on one of tUe
magnet legs and none on the oiher.

flo coniinue'with the considera+,ion of a two-pole compound
dynamo, it is necessary to remernber what has been previously
learnt as to the reluctance of the totsl maEnetic circuit of the
machine.

Reluctance of the Magnetic Cirarit,'I'wo-Pole l)ynamo.-
In the first place, the magnet lcgs must be of vely soit iron or
mild steel, and should also be of large section, so that their
permeability is not reriuced by ever being near the saturation
limit. Ihe tl'o magnet legs must be connected by a large soft
iron yoke capable of easy removal to sepalate the magnet legs if
required, but thc surfaces must be truly machiled so :ts to com-
plete the internal ruagnetic circuit betrveen the magnct legs with
as little magnetie reluctauce as possible. Again, the armature
must be as close to thepole pieces-that is, the ends of the legs
that embrace the armature-as possible, sr.r as to reduce the air

Fre. 83.

(o'r

space through rvliich the lines of'force have to travel in order
to complete tbe rvhole rntgnetic cir.cuit, to the smallest limit.
n'ig. 83 shorvs the magnelic circuit of a trvo-pole dynamo, where it
will be observed that the total nragnetic reluctance may be divided
up into-(l) the reluctance of th"e legs; (2) of the yoke; (3) of
the contacts of the yoke and legs; (4) of the air spaces between
the armature and pole pieces, and (5) the reluctance of the iron
of the armature. Of these (4) is the most considerable.

Dgnatnos Mounted on Non-tllagnetic Metal.-All machines
rest on a bed of non-magnetic rletal, such as gun-metal, zinc, &c.,
to prevent leakage of lines of force.

For convenience in most dynamos the eoils, instead of being
lvound straight on to the legs of the rnagnets, are wound on to
sleeves which fit ovel them.
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'iSleeues.-The convenienee of the system is obvious, eso-ecially
in the case where the legs and pole pieces of magnets arc of hrg-e
section, since in original wintling and also in repail the sleeve-may
be much more conieniently mounterl than the whole leg of the

magnet.-If 
a sleeve is used, fhe sleeve itself is made of soft sheet iron,

and the flanges of some non-magnetic substance, as wootl or brass.
'Ihe soft ir6n is used in order to offer little reiuctance to the
inductiou from the coils penetrating the sleeve to the core;
and the flanges, being of non-magnetic substances, pro_duce less
leakage ofthe lines offorce into the surrouniling space. fhe flange
is neciessary to form an edge for the coil so as to prevent the end
turns from slipping antl becoming slack.

Winding of Field Llagnet Legl-Everv care must be takeu
to prevent any of the coils touching metal, t'hat is, being in com-
mrinication witn the body of the machine; the sulfhce of the

sleeve must therefore be covered rvith some forlu of insulator'
The insulating surface should, at thc same time, proviclc a fairly

soft bed for fhe turns, and yet not be liable to bo affectetl. by
moisture which may creep in :rnd corrode the iron, sitce iron

mould' is one of tire moit fatal clestroyers that can affect the

cotton covering of the wire. A coat of thin varlished paper.is

usually put ovir the sleeve and then a layer of canvas. The
insides oi the flanges, if of metal, shoulcl be lined with vulcanite.

If the inner end-of the rviro gocs tlrrough the flange, the hole

must be bushecl with vul,ranitd to preveot the insuiation of the

wire being worn through by the sLarp edges of the metal' In

wooden fllanges the insitle end of the wire is let into a recess in

the wood, sias to be well elear of the subsequent tqns. - If, as

in the ease of Bome machines, the inside end ii simply laicl close

to the flange, and the succeeding layers wountl past it..the. end

will have to be most carefully insulated to prevent short-cn'cultrng
of anv of the lavers of the i:oil as they cross the end. Between

the ihunt and 
"series 

rvires good insulation must be put, since

the parts of the two coils closest to one another rnay be at a

considereble l).P.
The legs are wound. so that when joined up to the brushes the

current thit flows round them shall rnake the pole piece the right

polarity.
The series wire is sometimes tlivided between the tw-o legs,

sometimes wound wholly on one; these differences resting-entirely
with the designers of th-e machine antl having no electrical im.por-

tance. If thE series-wire is on both legs, then u, metallic.strip is

at times providecl to join the two coils ii series. This strip-{orms
a handy 

-place 
to disionnect the two coils. 

'Ihe shunt coils are

similariy joined, only of course rvith l smaller connecting piece.

Luminated Pole Pieces.-When a tootheil armature is placerl

in a magnetic fielil, the lines of fbrce corcetrtrate toward the teeth

in the iorm of bunches,, Fi3l. $r (a), antl thereby destroy the

uniformity of the field.
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If the anunture is now revolved these bunches are taken along
by the teeth u'til a position (6) is renched in which the line-"s

(") tr'ra. 8i. (6)

h,ave been clistortecl to the- utmost, when they will commence tocbange over to the next following tloth-of ilrJ'r"rnuro"u.
_. Ily the action of changing ovir lrom oo" tooth to the next tlredistribution of the rnagneiic iio"s of forc" is conti"ouffy cn"ngi"g.This tends to set up Edcly Corrent, i" ilru1."th and in the lolirfaces.

fn order to. prevent excessive heatiug from this cause it isn.ccess_rry that the teetlr be made numerou"s and narrow, "ra in"tthe pole pieces be laminated.
Hither.to we have only consiclereil the case of a two_nole

machinc of the oltl t.ype, as thrt is the form oi- -""iri"u ,fr"rtf,*
rne slmplesJ lnf lgnetic c. ircuit .  As. lrowever, there are now verylew r \ \o -po l , '  ( [ ) 'uamos in  the  Scn. ic r , ,  a l l  modern  mnch i r res  hav in"e
:.:.T.:i^,1T]-y.fol:s, 

rt is Iecessary ro sec how fa| the above r.emark's
r lDpr ) '  ro  lnu l t lpo la r  ruac l r incs .' fhe 

f ield nrust hc, equally strong al l  round the armature,
othenvise one part of the'ar.maturc .oorlJ ui**;,, 

.tr"-g""";;-tt;;more 8.1\{.F. and consequently doing ;;;";;.* rnan rne orher.
rt is,,therefore, usual to aiviai rothihe *"iu, ,na ,hont wioJiogsequally between all the pole pieces.

{ls_o, for reasons eoinectid with ttre runrinE of dynamos inparallel, which will be explained in Chapter-Iil, ii ir'""il..""i

llT ll,.:*s 
rvinding should all be oo 6,ru-.id;;f;h;;";;;rJ,

ano alt Servrce machines are now of the single short shunt, oi.single long shunt types.

THFr DyNA,Mo ENGTNE.

_ Etplanation of tlte Sultpty of any necessory Amount ofC u r ren t, w it h Maihi ne at a' bo"nstini s"prri_tt #irt 1. ; *;ilhere to touch on a clifiicu.lty on"" u"1r'Lri."ced, namely, tfrrt "?unrlerstanding how a machine that runs^ at a con.t"nt uumber ofrevolutrons (.an supulv an;'current t lrat ma1. be requiretl in theoutside circuit. At^t["-simu titr" rrr" '". i i# of tn" logiou *r,.ojoined to tLe tlynamo will be considercd.

^, lV"^!1": 
prev,iously stated that the fact of r.evolvilg the coilsor &n a,mrature ilirough a magnetic field creates a D.lr. in the

Arrnftture ilt rest. Annature iu motion.
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coils, ancl causes a current to florv in them if the otrtside cilcuit

is completed.
Now this crrrent dowing through the concluctors of tbe

armatut'e produces a magnetic ficld lu its iron core lvhich is

proportioni,l to the currenl flowing. I-xa]li^ning-the.direction of

fto* of the current more carefully, rve shall find that if the north

and south poles are placecl as shown in tr'ig. 85, and the armature

levolves in the direction of the arlo\Y, the effect of the current
is to make a south pole at the top of the tr,rmature, at the-two

adjacent rectangles 
-on 

whose commutator strip- the. bt'ush. is

bearing, ancl a nirth polr: at the bottom. -Elence the distribution

of poliiity betweeu ihc armatule ancl field rnagnets 9f- a dyn1m9
t".,'^olriog"u* shown by the arrorv will be seen in Fig.8:r. In fact

Frs. 85.
q

the armature, wheu revolving, rvill ahval's be having its south.anrl
north poles tiragg-etl away from the loith antl sorith poles of'tlre
magneto. Consideltr,ble power has to l.re applietl to the shaft to tlo

thi;. 'Ihe more cutreut tve have running in the armature' the

stronger this attraction n-ill be, :rutl the 
-more 

powerlve must
appll: to the shaft. The current ca,rnot exist in the al'mattrre
without tlris back attraction.

If an independent culrent is passed tlrrough the armature,
this back attraction 'will eause the armature to lcvolr-e anti cnelgy
will be given out. In oldcr to produce the cunent a great_er

amount of eoergy must be supplietl to the atma'ture to drag the

current away fi'om the attraction ol'the pole pieces-
Now, it wilI be seen that the amount of energy requiretl to be

given to the armature depends on the amount of current that is

t-o be made, since the more current generated the more strongly
u-ill tlie arrnature be magnetised, and the back pull on the armature
become greater.

Action of tlre Goternor.-This energy is supplied bt- a steaur
engine coupled direct to the ai'rnature shai't, and_a device to

regulate the suppl"r' of ster.m calied the go'uentor. The governirr

is a mechlnical arrtngen'ient fixer'l to the engine rvhich regulates,
by openiug or closing a valve, the cluantit-v o{ steam supplied to
the engine-, so as to keep tlrc nunrb* of revolutions made by the
latter cons[alt at tli loads.

\Yhen the engine is in motion rvith no loacl on it, the amount
of steam required will be smali, i.e., just sufficient to overcome the
friction. As thc load on the erisine increases the efecr will be to
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diminish the speed. If now, automatica,lly, we can allorv more
stearn to enter the cylinder', we shall increase the rnean pressure
on the pisron arrci therefole mrke the engines pick up their speed
again. If some of the loail is ral<err of}, the engine, having norv
less work ro do, revolves faster. 'Io regulate these changes in
speetl consequent on alteration of loacl the governor is introduced.
'fbe gouernor ar:tomatically cuts off some of the steam supply,
and the engine assumes its normal speed. Bearing in mind this
funilamental principle ofthe governor, the student should now be
in a position to consider the joint action of steam engine and
dylamo in regulatiug the output of current.

IIou Constant fipeed is obtained,-Suppose no current is
being suppliecl to the outside circuit, then there is very little
current in the arDrrrtru'e2 aud very little attraction between tho
ermatule and field nlagncts. The engine therefore has but little
load, very little steamis l,eing suppli"e,l to the cylinders, ancl the
engine is revolving at iis normal number of revolutions. No.lv,
supposing we srvitch on some lights, \ye have leduced the
resistance in ttre outside circuit, therefore we get a cut'rent
running through it, and the armature has to supply this. TLe
attraction between the armature and field magtrets increases, and
the rnachine and the speed of the engine will tend to dimiuish.
fmmediately this happens the governor rvolks, admits more
steam, gives more push to the piston and connecting rods, and the
armature is pushed lound against the attraction of tbe magnets,
and the machine once more runs at very nearly a constant
speed.

We htr,ve airvays assume<l that tLe D.F. at the terminals o[ a
conrpound ruachine remains constant up to its fiill loaC, and have
shorvu horv this nrrv be arrivetl at rvith the use of series antl
shuut coils. A convenient rvay of looking at the quesrion of D.P.,
cuirent, steam. and speed, is as follorvs:-

Currcnt aaries as Mectn Pressure of Steam,.-Electrical horse-
power developed in the dynamo is nearly equal to the mechanical
horse-power supplied tc the armature spindle, neglecting friction
and small losses.

_ E l C : P L A I { _
constant constant

where E is D.P. in volts, C current in amperes, P mean
pressure of steam, L length of stroke, A area of piston, N
numbet of revolutiols ; therefore,

E C varies as P L.A N ;
but L ancl A are constant for the same engine; therefore,

E C varies as P N;
but if Il varies as the number of revolutions, so that if E is
con-st&nt, the nurnber of revolutions is constant : then lbr this
speed,

C varies as P

or current r.aLies us mern pressure of steam.
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trimit of Amount of Current'-Ap-parently, from tbe fore-
going explr iat iorr.  there is no l imit to the cnrrel l t  we cnn txke

8ut if a iyn"rno, providing we hate sufficient steam and an ertgini'

strong en"ough io , lr ive id. Bul, there is a most important l i rrr i t '

and ihat is the current that the wires of the armature ean srltel)'

stand without heating dangerously-that is, sufEciently to-injule

the insulation. This" limii is flxecl bv the designers' In any

dynamo therefore more than the propeiamount can be taken outt

b"ut never shoulcl be, since the iirei are too small to stand the

ffj;:. 
O*tt"g, and damage to the armature is pretty certain to

Margin'in the Number of I'leaolutions.-If, for example,,the

words 4d0 amperes,80 volts,"320-330 rer-o-lutions.are stamped on

a dynanto, the, meaning is that, 6'this rnachine. will a^llvays supply
" ; D.P. bf SOvolts atlts terminals up to the limit of 400amperes
(' that it is matle for. Auy current up ro 400 amperes may rre
tt taken from the machine accotding to the external resistance
" used. 400 amperes should never be csceedecl' otherwise extrt'
'6 heatins will tlamage the armatule." The number of revolutions

,r."ur.""f to maintain a D.P. of 80 volts varies' When the

dyoamo'is lirst stalted and is cool, the suraller of the two numbers

il;;d o" tU" machine 'will sufrce, but. aftel I'unning at full

load jbr e little time the number of revolutions must be increased,

to compensate for the increasetl resistance due rc heat-
'I'h6 following extracts from the Steam Manual are here

quoted as bearing oD this subject:-'--ettia" 
ZSS, iage 80.-'l'ire speed at whieh the eiectric light

"r,gio.t u"" to'de?riven is in a^ll cas€s to be controlled by the

governor value'' 
A"ti"l" 553, page 169'-I'he electric light engine should be

run at a speed to give, at the terminals. of the uachrtle, the

onltug. .p..ifi".I, butif, for any reason, it is tlesira6le to excecd

this lol tage, thele is no objection to the.engine being run at

5 per cent.' above the -aii-o^ t'evolutions marked on the

dvnamo. unless any undue tlistless is observed in the electrie

lignt engine, in whith case the iact should l-re repo.rted' , . ," 
We ?iti nolr consider the theoreticai conditions which must

bc fulfilled in ordel that as little sparking as possible may be pro'

tluced, as the brushes pass from strip to strip of the commutator'

RplcrroNs rN ARMATURE'

React ionsdueto theTuoFie lds . - IVehaveseent ' l i a tcur ren t
flowilg in an armature pruduces magnetism in the armatul'e core ;

tni. ir-stto*o in Fig. u5, prge l2?Jvircre a south pole is fo*.t.d

"t ifr" t"p of the ardatute ooi " nurth liole at the bottom' This

maenetisi' of the armnture is bou'il to affect the magretic fleld,

=i"L lt" ltove uorv forrr poles produciug fields instead ol, as rve

have hitherto inragined, only trvd. A l i t t le thought wi l lshow,thau

this part icular distr iLutiou must l t ' l td to :r thickenlng oI tne l ln€s

oT ?o"t" fr"t*een the uorth field magret and the south poie of the

u"*utut". anil also Lretrveen the south field magnet antl the nortil
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pole of the arrnrturc, as shown in Fig. 86. 'Ihc result of this is
evident. Iusteatl of the line of gieatest rnagnetism mnning
between the north and south poles'bf the field magnets, it wili
run betwecn the places where the lines of force rre tfickest, or at
a place slightly in advance (in thc clirection of revolution) of the
old line. 

-- -

lfhc e-ract position evitleritly depends on thc strength of the
poles in the armature-that is, on the amourt oi ihe current

flolving in the armature. Nor is this all. Since the line of
greaiest magnetic effect is displaced, the neutral lirre rnugt also

Fre. 86.

f/rF--\

Fre. u7.
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bc similariv cl ispltcct l ,  the rcsult bcing that the ue\Y r,trrt tal l inc
is also in advance of the old.

'Ihe field distortion iu a rnultipolar machine is of exactly thc

salne character as above, the ficltl being strengthened at tLc

{brward edges of the poie pieces, l'eakenecl at the :rfter edg*s,
reclionirig in the direction of rotation.

In order that there may be no sparking between the brushes
and the strips of the commutator, it is necessary thab the brushes
should be slightly in advance of the neutral line. This can be
explained as follows:-

f f i ; o " : i 2

c / I-Fi/ o |

tTeutra/lt*;,
I

tr'ig. 88 represents the palt of the comrnutator at the neutral
axis, ihe nrniature coils biing drawu diagrammatically between
the commutator strips. The posi.tive brush, that is the brush by
whieh the current leaves the almature, is shown placed on the
neutral axis at X, and the currents in the coils of the armature on
each side of them are shown flowing towards the brush.
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fn order that there may be no sparking betwecri the brush
ancl the comnutator strips, it is necessary that, as each strip leaves
the brush, there should be no current passing from that strip to
the brush, Now each coil on the armature is generatiirg E.M.F.
in one direction when it it on one side of the neutral axis, and in
the other clirection when on the other side of the neutral axis.
But, owing to the incluctance of the artnature coils. which is large
as they aro emtreddeil in iron, the reversal of cnrrent in each coil
does not take place exactly as the coil passes the neutral a,xis,
since the effect of self-irrduction is to delay the reversal of the
current and. keep it flowing ia the s*me direction' Consecluently,
with the brush on the neutral axis as shorvn at X, when the coil
D between strips 4 anil 5 is short circuited by the brush, the
inductance of the coil kceps the current flowing in the same
direction as before, as shorvn by the feathered arrowsr and there
will be a spark as No. 5 strip leaves the brush.

It is therefore necessary that the current in the short-circuited

eoil shoulil be rerersed by'the time that the strip leaves tho brush'
This is effected by shifting the brushes on past the neutral axis,
so that the current lr.as time to be reversed when the strip leaves
the brush.

'-fhe brushes should not be shiftecl further forward than is
just necessary to stop sparking, since, as will be shown
iater, it is disadvantageous to h&vo more lead than is absolutely

necessary.

Angle of $ Lead."-We have seen that the position of the

neutrai line-depeniis on the amount the fiel'l is distorted-that is,

it depencls on ttre stlength of cun'r:nt running in the armature;
ancl also that the neutial linc, rvhen the itrmature is carrying

current, is al*,ays ir adxance of the leutral line of the machine

when no curreni is flowing in the annature. As the current in

the armature increases rve should expect to have to shift the

brushes on in the direction of revolution, both florn the fact that

the magnetic {ieid is distorted, and also because the coil, short'

circuited by the brushes, -'hould be a little in advance of thl

neutral line. Ihe angle thlough rvhich the brush has been

revolved to produce nori-sparking is called the angle of lead (see

Fig. 8e).
'Ihe angie of leacl of the bmshes in earlier machines used to

alter rvith every alteration of the load on the dvnamo, thalis tle

eurrent that it'is giving out, for the tbllowing reasons:'-Firstly

the field distortion ilepends on the amount of cunent in the

armature, and consequently the neutral axis gets further forward

as the load increases. Secondiy, the distance that the blushes

must be shifted {brwarcl of' the neutral axis increases with the

Ioad, -since there is more self-iuductiorr in the case of a heavy

current than in the erse of a srnall one'

Now, it is rnosl important that clynarnos shoulcl be able to run

on varying loacls with lixed brushes, as otherwise somebody would

have alw-ays to be standing by them when running, and this
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condition has been fulfiIleil in all modern machines by the following

mea,ns :-
Filstlv.-Thc field distortion has been reduced to a minimtm

bv havind the .6eld magnets saturated, tbat is, as strongly- mag-

r'.,ti*J"E possible, so tfiat the magnetism of the armat'ure is able

Fre. 89.
gT

only to make a very small alteration in the distribution of the

fielil. By this means the neutral axis is kept practically alwa,ys

in the same position, whatever the load'

Seconcllv.-The intluctance of the armature coils is neutralised

in one or more of the following waysr so as to fulfil the conditions
fq1 -sparkless commutation :-

(i) Sy the use of carbon brushes. The resistance of carbon- 
is considerably higher than that of copper, so that a
large bearing surface on the commutator must be
prividecl to carry tlre current without unclue heating-

the brush therefore covers several strips at a time, and
so each coil of the arrnatute is short-circuited for a
longer time, antl the inductance current has more time

' to ii" o*uy. AJso owing to the higher resistance,of
the carbon-puts more reslstance into the circuit of the
short-circuited coil, and thus the inductance current
tends to die awaY more quicklY.
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(2) By.splrtti'F 
il 

,l: 
-tll.di"fl* fnsrearl of having a singlew:llcllng 

9n the.. annlture, there are t\vo or morervindings in parallel, connectcd to sepurnte commuta,torstrips, so that the currett transmitte-il bJ.;*h;;;;:tator strip is onlylne half, or a smaller f";;ti"";;;;;rvhole crlrrent. 
" 

The i",fl.ii".""if"ct is thus halved,ard ,sparking. is -less likely to take place, .fhis methocl
. _ wil l be expli ined in Chapier vii i ..-

(3) By auxiliary poles..-. I" ;;; 
'tuiJ, 

_u.t ines of larseoutput,- an auxil iary-pole is provided, i l ;;-;f;;poles of the main fiel,l-rnagnets, uo,t ,o placecl tfrut iiiuarmature coils pass .through fnei, neth j;r; ;;"; i l ;noment of commutation. fheir effcct is fo induce anE.ILF. iu thc.alnrrrfure coil rvhich opposes the E.M.tr,.of self-irrdrrction, :rntl .u t.tp, tLu reversal of thocurrent. They a,re ryounti rvith series coile so- tlr;l,heir strength iises with the loal "" tfr. _^"nir", IrJis alwayspioporrional t,, t,. ,ir.ogirr "rtrr. iJii.i-.""current; that. they bave to counieiact. Tirt ;;r;;-;"fcourse, be of the same polarity os the main pole .iuet
ahead of rhem in the ,tiiecri#;i;;iri;;,'.ffirffi
have to assist in the revei,salof tnu "o...ot; Machines. fftted with the.se auxiliary potu, *n"o once properlvadjusred a'e almosr enrir6ly r"". r,"ro ,ir_i.r,ig JirilIoads.

^, 
Demagnetising Turns.-One of the largest causes of loss inthe reacrion between tl'e armature ;;d 

-f;;ld 
;rt;.; ;;T;demagnetisi'E effecr of the arrnaio;;"";;.;;itl rnagners. Thisis entirely due to brushes having leacl, 

-

tr'ra. 90.

(tr- f 
'

Suppose in fis. g0 a .clrum armature where N, S is theposition of rrre mag-nets 
.and t, i ;h; i;;;"rn'?li.i rrre brushesare placed, instead of having'a ""ifr"l"l south pole in thearrnature at -f[r, S' resuectively] tnu." poloJoio shifterl to Nj, Sr.The magnetic effect of Nl,'S;;;"*I""igili";gr.. to N an<t S.and therefore no d,em,ngnet;r;i/ "i"ii ir'?,."a1.2;l;r;; ;;#;;:e b0958. 

I
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seouenee is what is ealled a fros,s magneti.sing, efrect, at right

arrgtus to that produeod bv the field magnets' - [Jut rl tne neutr&t

ii"?i. """*a 1; \' S', th'en the magnetising.effect-may be divided

;ili;;- magnetising effect along the line 51' IrT" and a-de-

-r*tititi"- eff"it uloog"N, S at riq6t angles to it' This effect'

i" 
";;;";";hi;;*; 

terids 
'seriously 

to reduee the flux of the

i:ai. 
'-tirt*"iot'., 

th. larger the current in the armature the more

*"g".ti.tg force requiied to keep the field -up to .its p::op9r

.rt;.;;rh, aira tneretoie, in part, thi necessity for series coils in

the compoun,l machine."'"i;"'i#; -*r.uin.., 
fitted with the, -an^ti-sparking 

devices

,lescribed above, so tbat they can rulr with tixed bl'usnes' ano &

i"""-.^-ff ,"ele of lead, thii effect is very small' or even in some

cas6s entirely-absent.
Other reactions, suclt ns hystere'*is alfl eddy czrrertfs' which

have alreariy been explained, take -place in t he rrmature anct teno

i" *tt" lois of eoui'gy, nut witti these \ve- are not practically

""#""ialr. ti-t./*r.?i'tne makers rather than the users of the

machines.

nxcrrrxo A DYN-{uo'

Ilesiclual Xfagnetism.-Arother point to be consiclerecl is the

*irl;;i excitatic,fi of the macbine' ilaving no$' some knowledg.e

;i"ti;;;il'il-';i i"t;i;; ;p tl'e *agnets^ aild arnrature' rve will

;";;ii,;;;y ir', #t,i"n ?n" mschine ou first sta'ti'g^:"g":::^trl

iir o*" *ili. The magnets of a dynamo havtl always a small

;;";;t of resitlual uag-netism left in rhem after stopping the

-""fri*,'*l,i"ft tu-uinE to a greater or less extent during its

o"ti"a "i t"tt. When the *utliiou is starteil the armature cuts

in"* ".SA""f Ines and a *ilgitt O'e' is generated at the brushes ;

;;i.;;iir;. a small "oi.""tio rul by ihe-shunt coil round tlte

i"-g";tt an.L inclease's their flux iigtttty' 'I'his increase in

masnetism in turn adds lines of force t'o t[e field' which in turn

i;?;;#;h; ilP.;;;" bv it, and this action contin*es till the

rnachine is fullY excited.
Machines difier larlely in their rapidity-of excitation' Some

excite rapidly, some wlth"-dif&cult{t uld others with very greet

rl i l l icultv. The main ,l l .ffe,eoees'l ie in the reluctance of the

;il'#;# .iiJ""i,,^ "i'i"n;;; ; the. air q1p:; in the amount of
l=rilil *rg4etism, uoh the magneto-motive tbrce required to

induce flrrx in the field ntagnets at starung'

Fttilures to ercite.-It is possible.to imagine a case where so

feloli,to, of force t:xist in tlrehagnetic circuit'.that the ,armature
on retoluinq u'ould malte so l itt le D'P' that the current tnrougn

;l'"^;;;;;;?" oi'il'u J"ot coii woulcl be too small to produce an'v

rrrtrr.. 
"i""r*se 

io lines oI' force. studying the curve of rnag'

;tt* J.oft iron given (page 56), it-wili be seen that at first an

"fp"*i"[r" "urrentTs r"qoi""*tl to produce, an increase of flux' if

this current be too smali'iil, "oo".iuuttle that the. magnets would

""iU" ?"ttft.r excited above their residual magnetism'
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Ezciting ('ontpound Dynantos nt ,Jnall Residttal \tao-
netzsm.-.tn compound machines tbat exeite badl1,. rhe usLrLI
practice is to short-circuit the terrninals of the macline, usinE a
c't-ouc in thc eircui i  to prer.ent any accit lent f i ,om the p;.;"tu-ol
too much currenr. (See Fig. St.; 

"

n'rc. 91.

Although we have a smallel nunirer of turns in the series
magnotising coil than in the__shunt, since the tvile i_" ver.y much
larger (see page ll3), we shall norv ge1, a niuch reducecl,eii*turrc"
in the electrical circ'it- - Assuming figu.es ancr tahing the number
of shunt coils to be 2600 of tO ohms resistance, tfie series coil
to be of 3O turns of .002 resistance, ancl suppose the armature
to be uraking .001 ol'* volt. In the case 6ft a shunt wire the
alnpere turrrs would be

eooo x 
'?3t: . to.

In the cnsc of the series coil the &mpere iurns rvould be-

;o ,  f l l :  r ; ,
or bv rrsing thc series coils as tempolar't' shunt coils nearh,
70 tirnes the magneto-morive ibr.ce lvoulcl be obtained. 

J

If the blush leads of a machine be reversed, or the sbunt coils
b.e joined up 1,o the rvrong brushes, the machine rvill not excite,
since all tbe current that is being rnade in the armature is
running round the ffelcl nagnets tending to excite them against
their resitlual magnetism, consequently ihe armature redudes the
fieltl o1' the nagneis instead of incleasing it. If the leads be
again replacecl, such a machine wiil usually excite.

'fo ascertain the Polarity of a Dynamo.-The best methods
of ascertaining th,e polarity of a machine are as follows:-

(L) With the machine^stopped.-Send a current through the
galvanometer of a l\{enotti by joining the 1"e fote to
the free terminal, and, pressing the kev, noie the
directiou of swing of the needle. 'Ihe'needle 

will
always srving this way if a f ve current enters the free
terminal. Now join up the gah,anornerer only to the
terminals of 'the machine, put on the brush-es, and
shalply- revolve the armature Lry hand for quarter of a
revolution, and note ttre direciion of the ,srving, and

T 2

, v !
T
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from this dirccbion judgc rvhether the $'" or -"" ter-

rninal is connectecl tb thle free terminal of the.grrlvalo-

meter. When once the polarity of the rnrichiue hrls

t a",r', toooa, mark the terminais {oe antl -o"' :llso

rnark the maguets north or sou[h' Which brush the

*'" current 
o"o-at 

from -clepends.^on three things I

1i) tf," direction of levolutibn ;- (l) the- rvinding .of
thc armature, whether light or loit-hantled ; (3) +"he

polarity of the magnet' (f ) and (2) crtnnot alter' bo

iJj a"i.t*it.s u"f t"utequent change in ,positive 
and

r\egatiue termiuals. Therefore if tlre poles-11:^1::':
t"t,i't'k".1, a compass needle- held. near ,a poLe pr:ce w1l1

at any futule time tell i f the polarity has been altere(r'
(II.) \Yith the machine running t]he sottt" test cannot be
t"' '  '""ol;ua-ti;;" 

; D'P' of So"volts woulI L.'e placed at the

t6t^"uioatt of the galvanomctel' '  which would l i lse the

wire.
A voltmeter, however, can be joinerl up to the terlninals of

tfr. -u"fti"! urli if lt readl colrectly. it tun be teeo at once which

i. iUt o"titile aud which the negaiive terminal of the Inachine'

since tLe terminals of the voltmeter lre marked'

Llethod by using Lead S.triqts .i2 Hrfo.+-Another useful

*ethoi of asJertaining the polutity is by placing two lead strips

in series with a 50-candle power lamp into dilute sulpnurlc- i lcto'

In a short iime a urowoitll deposir'wrll appear on one' this is

"ono..t.d to the *"u pole. Th6 reason of this is explaineil on

or*.-S0+ whcn treatin^g of secontlary batteries'"-ii;;; 
*ir"r- |r","'the terminais of the machine are put into

water. verv tnuch nore g:rs will be given off from the ^negative
ii* '^i l"#d;;;. i l ;d Fhich prouidEs another means of f inding

the oolaritv."""i i ; ' ;";hine 
clrarrges its pola'it-v, re'ersing tt" l""dt. ' :*i l ]

eviclentlv keep the current f lowing the right way rn,tne oulsroe

circrrit. 
" 

But^it is <-rften more convenient to let'erse tlte Potal'tty
;;; ;; ma[e the machine reassume its fon.er pola.ity'

Reaersing Polarity by tneans of a S92on! Dunano'-Tbis

mav be done in the tblloi'ing 'ouoiu', rviLh the alid of another

ilr'"fri".]"ii nln" irin"t off"the com'rutator, and disconnect the

*"i.-["a. "f t]re machine to be reversecl' Join two ieatls with

forifrfa cut-outs in them to the entls of the,shunt rvire; con'

;;t;; +i"-or reve.sing machine t-o- thg old, 1"" end of shult

;;;';,'-1" oC."v".ring rlnaehine ttt old -'" cnd of the shunt rvire'

as shorvn in Fig. 92.
Fta, 92.
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A D.I ' .  of 8() 'r 'ol ts is by this rnears brought to tho ends of
the ehunt wire of the machiue to be reversed, which is its norrnal
amount, antl theref<rre a strong yet safe current will flow round
the shunt coi ls.

Precauti,on.-The pilot lamp should Le disconnected during
this operation, or else on breaking the circuit the large amounf of
scif-induction of the culrent throrsh tbe shunt coil will fuse the
lamp.

Reaersing Polarity of a Dgnctnto frottt, the Switch Boarcl-
In ships {itted with a Portsmouth s.witch board (see page 149),
il' one of the dynamos is reverserl its polarity can be rectiffed as
follo\r.s : Liit the brushes o1' the machine to be reversed and see
that all tLe shirl's circuit,s are disconnected at the switch board
flom its mains. 

- 
lllake a connection from the main dynamo bar of

another rnachine which is running, to the main dynamo bar of the
rnnchine to be revelsed by joining them rvith a short leail of
pattern 600 wire with a medium sizeil cut.out in it. Make a
similar connection for a few seconds between the return bars of
ihe two dvnamos. after wlrich the machine will be found to have
resumed iis original polarily. By this method, as will be seen
from Fig.93, the culrent, passes through both series and shunt
coils in oirposition. The number of turns, however, of the
shunt winding is so rnany times that of the series, the current
being the same through each, that the effect of the fbrmer need
only be considered.

X'rc. 93.

+n t  N "  / ERUSHES OII

7\CUT
u0ur

Y^ ^(

wnE
\xc

FA7T.600
J" N"r

BRUSH{S Off

No I OYNAUO Ruilt'ltilC.

NO ? DYNALIA TO BE REVIRSED

_. .T".""r.l.oerse-by the series wire if it can possibly be avoided
lf it should ever lre necessary to do so, then a resistance must bo
inserted in series with it so as to avoid the dangel of sending au
excessive current through either machine.



' ARMAl'uriE 
'WrNorNcs'

Turi rvinclitg of a ring armatule for a trvo-pot" --"!1","^ 
ll:;

senls ro t l i l i icult ies at al l ,  since there js only one posslble sort

oi rvruding, tramely, that-sftoln in Fig. 71, pale 108' The same

1.34

CITAPTEII, VIII.

[,'rc. 95.

may be saicl of a tlmm armature for a trvo-pole machine, but

*tio-*u "o-e to the consideration of windings fbr multipolar

*u"t iout, several alterlative plans suggest themselves'

tr're. 94.
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Consider the case of a ring armature such as that shown in
Fig.7l, placed in a fout-pole-lielcl instead of a two-pole !eld.
ft ri'itt be- obvious fi'om the direction of the intluced E.M.F. iu
the different parts of the armature that, in order to get the full

advantage of the two extra poles, it rvill be necessary to put on

an extra pail of brushes, trnd so lttr'' one ll'ush between each
pair of poles. X'ig. 9t shorvs this. [u tlre tirurn armnture that
iorresponds to thii ring rvindins, the part of each turn that comes
back inside the rinq is brought bacli on the outside of the ring,
not opposite, as in the case of a trvo-pole machine, but at a
distance of oue qulrtel of the circtrnrfercnce tlway, as shown in
X'ig. 69. 'Ihe same rrgurxent applies to this, ltolevcr, and it is
o"i"r.rr"u to have one l inr.h bettr ' , ' t  r ,  oaclr pair of poles in this
case also. It rvill he seen th:it in clt'h of these cases there are
four paths for the ctlrrertt in lianllel througlr the armature'

Norv let us sullpose that in n ring arnriitule, insteatl of th-e
tulns being connected jn series right round the armature, each
turn is ioiied in -qeries u'ith tbe trrrn that is in a similar position
under the next pole piece of ihe sarre polarity: t,hen to the turrr
next itself, then to that ttrrn's opposite number, ancl so on right'
lound the armature, as in f ig. 95. It will then be seen that
two blushes only, placed between adjacent pairs o{'poles, are
necessary, antl that 

-tl,".o 
",te only two path-s-in parallel throuSlh

the armature. The E.M.F. generated by this armature rviil be
double that generateti by the formet, since the trvo halves ofthe
armature are in series initead of being in parallel.

Exactly the same thing can be tlone in a thum armature, and
in the case of tlrum armatirres, a tvinding of the former sort is
calletl a " lap " or tt parallel " winding, ancl the latter a " wavo "

or ,6 series,, rvinding. 
trrc. 96.

In order to shorv clearly the various windings, ancl how the
crrrfents f low in them, i t  is most convenient to (t  developr" or
flalten oui the .armature. The readel rnust imagine a fore and
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aft slit made along the surface of the armature, the ,. skin ,' of
thearmature l:eing torn off ancl laid flat on thepaper with the
bars sticking to it. The bar on the right of ear:h picture, there-
{bre,lvoukl lbld round the armature and lie next to the bar on
the left of the picture, and this point must be borne in mind in
tracing the windings in the figures following.

Tlie pole pieces are shown dotted, to give an iclea of the
direct iou of the currents induced irr the bars.

Lap Winding.Jn the case of lap winding, the end of each
coil, consisting of two conductors situated in fieldg of opposite
polarity, is connected through a commutetor strip to a coil-lying
within the same field as the forrner coil. 'l'he windins. ;on-
sequently, forms a series of loops which overlap each other.-'

Fre. 97.

>)>__+

Development of lap wincling.

Frc. 98.

Wave rvinding,

I- ige. 96 ancl 97 repreFent a lap windirg and i ts del 'elopment
for a four-pole drup armature,
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Ivaue' ltrziniing.-ln the wave winding the direction of con_
necting advances continually in one way, the end of each coil
being connected to another having a correspondiug position uncler
the next pail of magnets.

_ l'he rvinding in consequence represents itself in a wayo
Ehape.

" 
I.1gr. 98 and_ 99 represent a \yave wincling ancl its development

ror a tour-pole drurtr armature.

Fre. 99,

I)evelopment of wave winding.

'Ihe pitch of a wind.ing is the distance betweeu any conductor
on the arn:Lturc and the uext orre i t  joins to. This is usuallv
givel in terms of tlre rrumber of conductors spanned over. Thu"s
i f  No.2  conductor - jo ins  to  No.21 ,  and No.2 t  jo ins  to  No.40 ,
and so on, the pitch is said to be lg.

The ., l-ront " pitch is the number of conductors bridEed
ove-r by an end -connection at the commutator end of the armatrire,
and the ', Back " pitch is the rrumber bridgetl over at the other
end.

The signs * rlnd - are used to denote the direction in whicb
the winding is carricd by the encl connections.

Thus, irr the winding quoted abov-e, which is a wave winiling
where No. 2 joins to No. 2l at the back, No. 2l to No. 40 a-t
the f'ront, and so on, both the front and back pitches are saitl to
be -l- 19.

__ Suppose rve .bave a_ lap windiug, in which No. 2 joins to
to ,1-9 at- th_e back, No. 19 to No. 4 at the front, No. 4 to
No..23.at tire back, No. 23 to No, G at the front, and so on, the
back pitch is saicl to be * lg and the front pitch - lZ.

A wind_ing_is said to be singly re.entrant when, after goinE
once round the commutator, it forms a closed coil, thi las"t
conductol joining the ffrst. 'Ihe symbol for this rvinding is Q.

It is said to be doublg ,'e.ett-,,.ant when, after oui.,g "i".v
altelnate computator bar apd having been once rp;pal th;
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commutator, it continues round againr so using the reni:tirrirrg

ba,rs, and ultirnately joining or rc-entering, on No. l, fron rvhich

the winding started. 'lhe symbol for this is @

'Ilrus a trebly re-entrant windtng is one which goes three
times round the conmutator befbre it le-enters the oligirral
conductor from which it started. The syrnbol for a trebly

re-entrart winding i. @

A l)uplex, or 'l'riplex, winding is one in which two, or tll'cc

coils, each of which uraybe O, G, o, 6D, are wountl

sitle lly side on the armature, If there is only one coil, ihc
winding is said to be Simplex.

'Ihese can be represented glapliically as follows :-

A Duplex, singly re-entrant is lepresented by OO.
A Triplex, doubly re-entrant is lepresented by

o @ o
And so on.

Any one of the above systems rnay be wave .)r lap wound.

Tn the ease of a Q wincling, the blush is of such a size as to

bridge over two commutator strips at a time, but in the case of

" O O, where the two windings are in parallel, it must be trvice

this size. A CD is, electrically, exactly the same as a Q Q,

and the brushes for it must be of the same size. In one case
there are two separate complete windings in parallel with one
another. and in the other the two ha,lves of' the same winding that
lie alongside each other are in parallel.

In ill multiple windings the blusbes must be of such a size
that they can sh-ort-circuitit least one coil in each windirg, bur;

they may be larger if necessary. Thus in , 
G m

winding, in which there are four times as many paths in parallel

for the currr:nt as in a Q 
'rvinding, the brush must cover at least

five commutator strips, antl similarly for other rvinclings'
A practical melhbil of discovering whether the winding of an

armature is Simplex or Duplex, Triplex, &c., is as follows :-Test
with a Menotti between 

-tn'o 
acljacent commutator strips. If

there is a swing, the winding is Simplex, but if there is no swing,
it is either Duplex, Triplex, &c.
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IMe will norv consiclt'r the design of lviniling for any particular
armature, beginning rvith Simplex.

X'or instance, for a Q q,inding, we must arrange the number
of conductors rrncl the pitch of tho rvinding so that rhe winding
re-enters on itself after going once round the armature ancl using
all the conductors. A little thought rvill enabie anvone to find
suitabie numbels ancl pitches, ilut it is more converlient to h:rve
some Elurde, so the follorvirg fornittlar are given :-

N is t'he number of concluctors on the armature.
p the number of pole-s.
Y the mean nitch.
31, and y" tbc fi'orLr anLi lxlck lritches lespcctively.
R the re-ertr*ucr '  ( i .e.,  in a singlv rc-eltnt l l t  lv iut l ing R : l ,

in a doubly re-entruDt R : f, trtrl iu a trebly re-enlrant
R :  3 ) .

For wave rvindirr:Js :-
To find N-

N + 2 R, must be divisitrle by p.
To find Y-

N  +  2 P "
p

Flont antl back pitches need not l-re exactly the silme, but
they must be odd, and theil sutn rnust be etlual to 2 Y.

l'or lap windings:-
To find N-

N must in ail cases fs 61 s1'en nuntber.

For ft rrindings N must not bc divisible by 4.'._-\t_l

tr'or' @ 
'rviuclings N must not be divisible by 3.

posslible.

bv 2 R. and must not be divisible

If Duplex or Triplex winclings are lequired, the easiest way
to design them is to consider each winding separately.

Tbus, for a I)uplex winding, consider only every other
condrrctor and commutator strip, leaving out the intermediate
ones entirely, and work out a winding with these data. This
will leave every other conductor and commutator strip unoccupied,
and then a precisely similar winiling can be put on the arma,ture
using the vacant bars and strips.

The object of all these multiple windings is, of course, as
explained in the last chapter, to realuce sperking by reducing
the amount of current to be commutated as each strip on the
commutator leaves the brush.

We will now proceed to give some examples of armature
windiags. In all the following exemples, for the sake of avoiding

To find
v -

lt an
by

Y--
N- as nearry as p
p
d y, must differ
2 R .
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confusion in the iliagrams, much fewer.conductors are uscd than

;;h;;; b" ,rrea in an actual machine, but -they rvill serve to

i"Oi.it"'til" *"iho,l "mployed iu designing-windings''"1;fi; 
" Q wave *ioaiog is requir.ed for a four-pole machine'

-N 
+ 2 R must be divisible bY 4'

If N = 22 theseionditions are satisfied,

a n c l y : r y - t i R - 6 o r 5 .p

We can therefore take pitc-hes of 5 ancl 5' or 5 and 7'

Take 5 and 5.
ift" ".*f, is the Q wave wintling showl,in Fig' 100'

since there are 22ionductors, there are, 11 comPlete turus on

tbe armature, and II commutator strips will be required'
"""it 

*iU U" seen that ihe windinggoes right round the armatule'

,oa'."-'#J"i*1" itt"rr""nt" "ti"f ltt the"conaoctors an'l all the

commutator striPs.
Brushes must bear on the commutator strips that are connected

to the turns that are ""in"-* ttal lines between the poles' that

is, the etriPs e and,-h''"' -O;t 
tivo brushes are required, as it is a wave winding'

Frc. 100.
,rn r------------

- v e o + y e

ta/Y13eDda.

il!4

We have hitherto only considered the E.I{'F' generated.in

a complete turn on the armature, according to the way ln wnlcn

the m-aenetic flux through it is cbnnging, but there is another

*- "f'considering this"matter wnic[ witt be found useful in

;;;.;;t of develiped wintlings, and that is, to consicler the

E.[{.F. developecl irr each bar separately.- -if 
, conduictor is moving from left to right over a N pole,

the E.M.F. inclucetl in it wilf be from top to bottom of the paper'

if "ittr"t the tlirection of movement or the polarity of the P-ote i.*

chansed. the direction of the E'l\t.F. will be the opposlte' but rt

both"are changed, it will be the same as in the first case'-- 
lt'*itt be s-ee" that this rule comes to the same thing as the

other, hut, in the case of diagrams of developett armaluresr, i t

proviCes a quicker means of Putting dowp tlre dn'ectron or tne

culreltt in each har.
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It will be secn in trlig. 100 that the currcnts in the bars Nos. 6
and ll aro both lellr ' ing commutator segment e nnd so the -"u
brush is nlaced thele.

Again the currents in Nos. 1.2 and l7 are both approachirrq
segment Z, antl so the *"e brush is placed there.

- Therefore we may formulabe the rule that brushes ar.e always
placed on those commutator strips where the arrolvs repfeseDti;g
the currents are either both approaching or both leaving.

Suppose now a six-pole Q lap winding is reo^uired.

Frc.  101.
-(*r

I:-take *5.
P

- 3 b a c k - - 3 .

So pitches will be f 5 antl - 3.
The result is the Q lap winding shown in Fig. 101.
Following the rule of placing the brushes wherever we find

the arrows from both conductors approachiug or leaving & com-
mutator strip, we fincl that with a lap winding we require as
many brushes as there are poles-in thiq sass rvhich has just
been rvorkeil out, six brushes will be found necessary.

W'e can now'appreciate the electrical difference between lap
and wave windine.

Consider the iave winding rve first constructed-Fig. 100.
Ifere only two sets of brushes are required.
Tracing the current through the armature we see that it has

trvo paths to fbllorv-
(a) From the -ue brrrsh through bars 11, 16, 21, 41 9, 14,

L9r 2, 7, and 12, back to the 1" brush,
Or

(6) From the -" brushthrough bars 6, 1,18, 13, 8, 3, 20,
15, I0, 5r22, and, 17, back to the f 'e brush.

So with the Q wave rlinding we have trvo paths through the
&rmature, and in each we have set up the accunuleted D P due to
half tlre armature bars.

N may be any even number-take 32.

Forward pitch must be oild, and nearly equal to

Backwald pitch - forward pitch - 2 R
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Not' consider the lap wincling in Eig' 101'

Ilere six sets of brushes are lecessary'
'Ihere are six paths through the armature'

!?l ] r*", -," at 6 through { l: 3il;l;3'#i"."1;"01t'
\ t r )  J
( c ) l  [ 16 ,  l l ,  L4 ,  9 ' 12 '  7  t o  + ' o
' '  

!Fto- - '" ath through { ^ut t '  - -
kD J I ra' tr' 15' 20' to f '" at a'

1 r 26, 21, 24, 19, 22, 17 to
/ - \ r  ,  J  { ' e a t f r ,
r\;1 >I'rom 

-'" al rl, througn 
\ Ze,25,25, 30,27,32 to fo", r , l  L  i r c t .

All these paths are in palallel, antl in each we har-e set up the

D P t lue to oit l l '  one-sixth of the armature bars'

Iience u'ith the lvave, or series winding, as it is calletl' we

h*r;^th;b p due to half the arm&ture bars, and each bar must

carrv half the total "o.r"ni ootpot, rvhilst wiitr ttre laP, or parallel

ir*,iftig, "r.n "oii """a onlv c^arry one-sixth of the total ctlrrent'

but the D P at the terminals is onll' that clue to onc-sixth of the

armature bars'.^'--Cfn.uqountly 
rre can sa1',- speaking gencrallv' that wave

rvin,lirrg. allorv ol' frigh D P'htir smrril cirrrents' whereas lap

;iili;?; teoa tnemselies to the procluction of large cnrrents at a

lorv D P.'" " 
Sirip;." a service 100-vo.lt 1,O00-ampere six'pole machine is to

be clesignecl."" 
ii'i'l *intl it 'wave or series round' each bar will havo to

"""r1, SO6 ;;il antl will have to be oi' considerable size' but a

i;;;; ;;;b.t'rvill not u. ttqiltta to protluce 100 volts sir'ce hall'

the''whole number will be in series'

If we rvild the ann"ture with l:rp or l.rarallel windiDg,.each

"oif 
^*iji 

o"iy "rtty about 170 u*pet"t and^can be small' but a

i;;;" ;;-*tJ rvill ie re quired to gr-'ner:rte -l0o 
r.olts'

'-'"l{".i 
."aeln dynamos have multiplex lap wotnd armatures'

Sit"L .t,n rviitding offels as many paths trr the current as

th";';;; !oL*, "u"h'coil carries u t*ty small flaction of the

il;i.;;;d;, uita trt" coils can be kept of convenient size'

Fie. 102 shorvs a Triplex singly re-entrant (QOO) t"p

rvinding with 36 conductors, four- pole' paltly. wountl'

To find the pitch' consider onlv one wrndrng'

This will have l2 conductors' 
N

Forward pitch rvill therefore tus- - * 3'

(Backrvarcl pitch): 
!i1'*"U 

pitch - 2 R)

B u t b e t w e e n e a c h c o n d u c i o r o f t h i s w i n d i n g t l r e r e a r e t w o o f
o t h e r w i n d i n g . .  , - o

So pitch on thc armature bccomes 
t I ;:
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Frc. 102.

Itli ll lt
nu

P  q '

i l [n n
i l  I l
U U

n n
U | j

f g

I lI [ i l
Fig. 102 shows one winding con"tpleted, having formecl a

closeil coil after using every third conductor anil every thirtl
commutator segnent.

Two more'lvindings similar to this one have to be wound on
the armatule. Broacl brushes are then usecl, rvhich bridge over &t
least four commutator strips, and there rvill thus be-12 paths
through thc armatule in parallel.

Windings are cften spoken of by referring to the number of
paths through the armature formed by them'

'Ihis winding would therefore be called a " trveh'e circuit
winding" the winrling on Fig. 10I is a "six circuit winding,"
and so on.

A formula that will often be founil useful is as follorvs:-
3. The difference between the numbet of conductors (N)r and the
" product of the mean pitch and the number of poles (Y x z)
r, -gives 

the uumber of circuits in the winding." This fornmla
follows from those already given.

In the case of the Q Q Q wintiins in Fig. 102, the small

number of commutzrtor segments introiluces an absurdity if the

Frc. 103.

a , b

Commutatoc

t t
Erush ho/den

t l
L - -  - - J

broad btushes are put in, 70 per cent. o[ the coils being short'
circuited. In pltctice, of course, rvindings of this type 'r'r'ould
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never be used rvith less than about l00 cotnmutalor blrs, Ccne|ally

*r.iO"*Ufy tnotc, and tlre apparent i lrcongruity dis:rppt':tt 's'.*"i;;;.il 
lo r.iagu ovel a numher of stips without llaling

""oitootiu 'rviile btus"ires, the brush holders are sometines '6 stag-

*"oiia-,;lt'u Fig. r03, which is exaggerated to shorv this more

clearly.
Here the brushes are short-circuiting all bars bet$'etrn a atd'b'

tf.oogh "r.lt brush indivitlually is only lvide enough to cover trvo

strips.""^'ii 
nu. been mentioned that .lvave winilings only lequire irvo

,"tr'of-frt"*ft"., bot it is often convenieut to have more than two

sets if large currents are io be collected'*'"I; 
i;;%.ibie to introcluce additional sers of brushes rvithout

Iowerinsihe E.l\I.F. at the terminals'
ThiJ is best shown by an illustlation'

lYe will suppose a four'pole Q waue winding s'itl 34 con-

ductors.

Then Pitclt :

.+ 9.

N + 2 R 
: + I or' * 8, hut 3 i 'r evctrr so t:rkc

p

Fra. 104.

>>-->

+ r .  -  u e

e D
+ v e
c

* v e

B

Following the rule of placing brushes rvhere the currents both

*ooio*n. ot-toth leave t'"o--ituto" segment' it is evident that

;tl;;;;;; t"q'rlt.'t at A ancl B, and these are all that are

"i."i"*ry' t,..uJtuty. But supposiug more, surfacc is requiled to

eollect crirrent from, anrl brusires are"placed at, C antl D' Then

tt;t i i t; seen that segment.f, upon wirich brush D rests'. is con-

uectecl rlitectly to segment p".itpon which brush B rests' rvith only

"""'."ri iii i',, zol ii ber,w'een.^ 
'l.his coil lies^berween the poles,

;;; i- ;t};i"tno iin.t of force, so electrically.;f is the same point

as n at thai instant. Consequenlly D and- B are at the sanre

p"t5"ti"f,"""a "u"-rr.;oin"a to':r common lead to the switchboald'

The same reasomng applies in the case of A antl C' Thus it will
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be seen that with a wave winding it is possible to have as many
sets of brushes as there are poles, and at the same time to get the
collective E.II.F. of half the armature bars at the terminals, in

the same w&y as when two sets of brushes are usetl-
I'he alteinative would be to have a very long commuiator

with a large number of brushes in each setr but a long com-
mutator is 6xpensive antl mechanically weak, besides taking -up a

large amount- of spaee, so wave _wound _machin^e-s with large
curYrent ou[put are always fitted with several sets of brushes,

.Formeil Coils.-It all the latest type of multipolar dynamos

with slotted armatures, end connections are done away with and

Formecl Coils useal.
Each coil, instead of being macle up of a loug bar, a sho-rt bar',

and two enil counections, is irade out of a siugle length of wir'9,

which is forcecl into the requisite shape in a former. flhe side

of each coil is shapecl sirnilai to an end connection, in order that

each coil rnay fit neatly into its neighbouling.,coils. It. will

be noticed frbm tr'ig. 105 tha,t when Forrned Coils at'e usetl, the

gFre. 105.

LAP. sECfl0t/.

n
H

U

sEcrl0N.

l-1
t t
t.\
Y
U

\</vfxr Co// .

commutator strips are connectecl to the centre of tl're- coils, insiead

oi to tUu enil od the long bar. 'fhe positio' of the brushes is

;heref"* afrected, ao,l tniy must be m&ed, in a-four-pole machine

A;;;;d i" a six-pole 30d, antl will be directly uniler the poles

insteacl of between them.
The aclvantages of this system are :-

(f) Coils are simPle to make'
iii n"'tuu" soldeieil ,junctions are required, and therefore

there is less riik of a fault developing'
(3) 'Wiuding 

the armature is simplifieil'
(+j nepairs are more easilY matle.

e 50953. K

TO COMMUTATORSTR/P.
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The sole rlisadvantage is that the total length of the armature

is slightiy increased"- -ii 
f#g" modern machines the most common qracticl i1^t-o

put thc conductorg in two layers, en upper aud an ullder'

i;;-;J Coits pu"ticuiarly lentl themselves to a two layer

arrangement.
ATI eiectrical antl magnetic considerations point to the slds in

the armature beiog nu.roo* and numerous, but mechanical antl

.uriiiu.i"ti"g diffl?ulties arise. if this is carried beyond a certain

point,.so the'general practice is to group the conductors trvo or

more ln a slot.
The standarcl arrangement in lap winding is to put four

conductors in a slot.
Fiss, 106 and 107 show such a wincl ing'
Th-e slots are spread out and exaggerated to show the arrange'

ment of the coils,
The figure shorvs part of a six-pole machine with 18 slots'

.36 commutator segments, antl 72 concluctors.

Frc. 106.

- (i----- t

m

?3

Belorv is a rlevelopment of this portion of the armatrrre l'ind-

ing, showing horv the incluced currents florv and where the

hruslres nle placed.
The contluctors antl comtnutator segments are numbered and

letterecl similarly in the trvo figures.
In practice the slots ancl-conductoLs are, of course' groupecl

mueh closer togetber.



r47

Fre. 107.

.l+ss}>_______>_

* ve Brush - ve Brush

In many small motors in the Selvice a mixed winding is used.
It is really a pure wave winding, but each element is composed of
l number of turns of wire, lapping back on eacb other, boutd up
into oue coil with the ends stiching out. (,See Fig. 108.)

l 'rc. l0S.

4// thesc
are 6und

togethc.to
ma*e ni
formedcei/

The coils when finished have the appealance shown in
Fig. 109.

'Ihis arrangement enables smail motors, with few slots aud
commutator segments, to be used with comparatively high volta,ges,
since by this means the numbel of coils producing " back
E.M.tr'." (see Chapter-on }lotors) is largely increased vithout
increasing the number of commutator segments.

x 2
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Frc. 109.

Coi l  wound w i th
L tnentaPe &varn15h€c

Ind ofconduclorto connec'l lo

€ommutof.on 9lrtP
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CHAPTT'R, IX.

Srvnclreo,'\nns AND PARAr'r'nr' RuNNrnG'

Ar,r- ships larger than torpeclo gunboats are fltted witlr more than

""" aotia,.o.'nnd ,* it 
'is 

ne"cessary that any oj the dynamos

should'be able ro feed any or aII of the circuits in the ship, all

tn" "i"""it, an4 all the leads from the dynamos are connected up

to a switchboard in a central position.

Swi tchboarc lsmaybe< l iv ided in to twobroadc lasseg,separa te
machine boards and parallel boards.

The ffrst class wis {itted in all ships up to anil inclutling the

earlier cruisers of the County class, in which motors were not

used to anY verY qreat extent.-*i;ih?st 
"*ii.uuou.at, each dynamo has a separate pair of

trrU".r, r"aihe ilifferent'circuits;f the ship can be connected

io uo" pair of bus bars. Each dynamo is thus quite separate

iro- 
'rfi 

tftu others, and though more than- one may. be in use

uirnuttro"orrrlv. vet there is n6 connection between them' The

;;;"; b;. b;i i it gio"o to a long contluctor in a switchboard,

to which connectionJcau be made in various places'

Therc are two patterns cf separate machine boarcl in the

Service-the Portsm-outh boalil, which is the older oue, and the

biu"ku Chapman board, which is rather tnore moclern'- 
The Poi'tsmouth boarcl, which rvas clesigned for three dynamos,

is shown in Plate XIII..' "1; 
t. 

-a"rign.a 
for three clvnamo-q and, as. a tule, for six or

more geparatc" circuits' Only'half the boartl is shown in the

f-"i Jli"ti"n in the plate, but the renrainder is exactly the some'

all the circuits being slmilar.
Tbe dynamo bui bars are mounted on a solicl slate, base, the

"ro.t-.."ii* J the metal being sufficient to avoicl heating' Thg

"ir*ii t"* D are litted with siitling blocks l'', the. positive .and
;;;ti't. block of each circuit beingf connected mechanically by 1
;;fr*l C oi' u,r;u.tur,re length, but 

'insulated 
from one another at

the centre of the rod.- 
it; sliders F F ernbrace the rvhoie of the bar, thus ersuring

a, f^tn" .ontu"t surface, anrl are held in their exact positiol by

;r;;;"G.;;;r..a r,v a thumb piece II' These stops-are onll fitted

to ihc lorver sliding blocks; the correct po-sition of the slrclcr on

;;;'.;#;p;;t liin" boaitl being ensuied bv the length of the
connecting rod C.""-tfr"'.3ttt^"t 

W it fitteil on the encl of a plunger, and when

nressed dou.n into connection with the dynamo bar the ^8Pr-lng
iffi"K r'orat ii it p"sition, and goocl contacl is obtained- by f.1rtthj*

:^JhS ,i";o tttu pioog""'l-'y a"sidervav motion of the handles L;

i[" Uooi then presies o"n thti inclined shoulder M of the plunger
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forcing the contact block N down on to the bevellecl sidee of the

dvnamo bar.-' 
io U"u"t the circuit n sideway motion of the handle L allo'rvs

the hook K to clear ttre shoulder M, and the spring forces the

contact btock N away from the dy-namo bar with a very taprd

motion, so preventing iparking; spaiking pieces P are litted to

take anv spatk that is caused.- 
Th; oitioo of the board is extremely simple; the connecting

.od, b"t*"eo the sliding blocks preveut "oy possibility of the

saure oircuit having its m-ain and reiurn joined to separate dynamos

by accident.-' 
Th" cut-outs have washers and hexagonal nuts to secure them

to the blocks, a convenient spanner being supplied to screw up

the nuts.- 
Handles and pushes are made of hard wood instead of ebonite,

and the size of the metal so designed as to avoid all heaiing'

The Clarke Chapman boar-d, which was- clesisned in three

sizee, for two, three, ir four dynamos, is fitted in all ships built

between 1900 and 1904.
h place of the upright cilcuit bars with sliding blocks, therc

is a vertical spindle, pirioted at the top ̂ and bottom, and having

the uppel und lo'*ou.' halves insulated from otte another' The

spindlL'carries a worm wheel, with which is engagerl a worm or

a'small horizontal shaft which protrudes to the front' A handle
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can be shipped on this shaft, and tho spintlle revolvecl b;' means

of the worm.
There is one of these spindles for each circuit, and the dvnamo

bars run horizontally the whole lengl;h of the board, tbe positive

bars being at the top and ttre negative at the bol,tom- Two cf

them areletween the spindle and the board, and the other trvo

are outsicle the spindlesl being securetl to the boa,rd by brackets

at their encls.
Round. the upper part of the spinille are arrangetl four chopper

contacts, all on ilie same level, and onc secured to each dynamo

bar. The spintlle carries a projecting contact piece, which, when

the spindle is levolved, goes into each contact in turn.
The negative bars an-d the lower haif of the spindle-haYe pre-

cisely similir fltlirrgs, and are so arranged that when the contact

piec6 on the upper iralf is il the contact on the positive.bar of arty

dyoo*o. the icmer contact piece is in the contact of the negatir-e

bar of the same dvnamo.
'l'he positile main of the circuit is connected clirect to the

upper hiirge of the spindle, and th^e negative -main of thc circuit

is connectEd to the io'rver hingo of the spindle through a large

chopper switch.
?l'hi. chopper switch has a horn on it, whieh, when the switeh

is closerl, etgug"t in a slot in the lo'wer -part of the worm wheel

on the spind*iu] llnit prevents the spindle being-revolved while

the switch is closed, aod also prevents the switch being closecl

unless the slot is in line with it, and the contact pieces engaging

fairlv with the contacts on the dynamo bat's'
.i{umbers are marked ol the uppcr l)art of the spindle. which,

when showing to the front, indicnte the number of the dynamo to

rvhich the ciriuit is connected.
Fig. I l0 shows the gencral arrangement of the Clarke

Chaprian board for four dYnamos
the Ereat advantage oi this switchboarcl over the Portsrnouth

board liei in the fact ihat the chopper s'witch provides a quick

make antl break for the circuits, and consequently no sparking

takes place at the contacts on the dynamo bus bars'

t 5 t
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The power circuits, i'e.rthe circuits of large motors, in slrips

fittecl rviih Clarke Chapman switchboards, are taken each from a
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large double-pole switch of the form sho'wn in Fig' lll' lvhich

".Jt"""".a iigether on & ('power switchboard'"''- 
6;"1";;.-i,?ir "l the swiich is shown in the.figure, but,th.e

other hilf. to n'hich the other lead to the motor ls connectedt rs

exactly the same'"*Til'.'i".t 
rrr*t shown are connectetl to the lyoa'n-o bars of

tfr" fightittt*it"hboutd, so that the motor cilcuit can be put ou

to any dynamo.'" 'i* 
;d;ffiips the rwo halves of each morol switch are linked

t"g;th;i;; tnul it is impossible to put the-positive on to one

dvnamo and the negatirl on to an6ther' ln the earlier ships

ii*i'*rrii,r';;';;;;h;r tt'i' it oot done, and the two halves of

tho switch are ontirelY seperate.

P ar all eI Suit chb oards'

OwinE to the large nnmber of electric motors in ships built since

1904:ilffi. b..o iofi"a necessary to have some mcan-s of coupling

if,"".irii',t a"ou*ot in parallel, in older lo avoirl sudden strains on

;;; ;n; ;;[G iy disrrlbuting the load ovel seleral of them'-"'rf 
;;;;;;;'oi la.ge motors are runnrng with. intermittent

roual, * ffi would be".rvlen coaling ship, it is unlikely tfai tle

i"if i6"a of every one rvill be on at the same moment' se thqt the

total power to be supplieil will be more or less steady'. {l ol"

;"'t;;;; ;;;t;used fdr'the Temperley and anotler for the bollards'

iilu'^t.ftin.. would be at one momerrt suppl.ying u Ptgu amount

;T;;;.t. and at the next moment running almost light, so that

*"'uoeit* and governors would be subjectecl to verJr severe

8trralns."'--ffiturru., 
by joining the dynamos in. parallel and-supplying

rll tir" p;;;i ii ine srti"p from .nepair of bus,bars, J'e fluctuations

of the ftad on any one machine are conei'lerably recluced'

Also if, uncler orclinarv conditions-, there are two or more

avou.o, iuoning in parallel with the ordinary. load evenly

distributed betwein them, there is a goocl margrn ot reserve

outpul.
Very little more steam is used than if the same load were

crowded on to one machiue with no maisg; brushes, com-

-"tutott, &c., remain in better conilition, ancl the reserve ggt-put

i;;il;iJ uouitutt" at a moment's notice'for extra motors' lights'

or other purposes

AEainst theseadvantageswemustset th^eincreasedcompl ica-
ti";;?;;; of t*ii.ittou:"ds, the liability of tbe automatic- safety

-.rrt".-""t. to failule, and the necessity for a switchboard

;ilh"Gt"t, who must 
'be 

a highly trainecl antl reliable man'

Before proceecling to describe tbe oalallel switchboartl and its

fittings, it'is necess"ary to examine ibe conditions under which

dynahos can be nrn in Parallel'
Consider first the case of trro shunt dynamos .runlTg in

parallel, and each giving out the same current, as ln -brg' llz'
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The arrorvs slow the clirections of the currents in tlre
armatures nld shunt coils,

Each armature is developing rather a larger voltnge than the
D.P. betrveen the bus bars, since there is a certain C R drop in
the armature itself.

Now suppose No. 2 dynamo to slow down slightly, so that it
is cleveloping rather less total 8.1\{.F. than No. 1. The D.P. at
its terminals must rernain the same, as they are connected to the
bus bars, but it will give out less current since C Il, must be less
than before, and R is of course the same. As it slows down, ii
will give out less and less currcnt until, when the total E.M.F.
that it is generating is the samc as the D.P. betrveen the bus bars,
there rrill be no culrent in its arnature at all.

ff it slows dorvn any mole, so that it gerrerates less I.M.F.
than the D.P. between the bus bars, No. I dynamo t'ill send a
current througb its armature in the opposite direction to that
shown by the alrow.

Its E.M.tr'. is then opposing the X,l\{.F. that is forcing current
through it, and it will run as a motor in the same direction as
before. It will be seen that the current thlough the shunt coils
canuot be reversed, as they are connectt'd up betrveen the bus bars.

The efect, therefore, df a partial failurtj of one of the engines
is thar, one machine will have an extra, load thrown on it by
running the other machine as a motor.

Now, let us consider the case of trvo series machines running
in parallel, and each giving out an equtl amount of current as
shown in Fig. lf B (see next page).

Suppose now No. 2 machine slows down slightly. As in the
case of the shunt dynamos, its E.M.F. will decrease slightlyr and
it will give out less current.

There will therefore, be less current through its fielil coil,
and this will decrease its E.M.F. still more. This f'urther
decrease in the E.M.F. will cut down the current again, autl the
same process witl go on rtpidly until Nq. I sends a Qurrept
through it in the opposite tlirectioq.
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The arrorvs, as before, show the directions of the current,
This will reverse the magnetisrn of the field magnets, ancl it

will consequently generate E.M.F. in the opposite direction. A
very large culrent rvill 1,hen flow through the bus bars and both
machines, since they are short-circuiting one another, and both
of them rvill be burnt out.

It is, therefore, necessary to prevenf the current in the series
coils from being reversetl in any circumstances, and this is done
by joining the two points A and B by a lead called the
t'equalizer."

The series coils of the two machines will then be in parallel,
and the current through them will always be in the same direction
as the current in the outsiile circuit.

If one of them then slor*'s down so that tbe current tbrough
it reverses, it will be reversed in the arma.',ure only, not in the
fiekl coil, and the dynamo will be run as a mof,or, as in the carqe
of the shunt machine.

There are no series machines in the Service, but tho same
precautions are necessary with compound machines to prevent the
current from being reversed in their series coils.

A parallel switchboard has therefore three bars-positive ancl
ncgative bus bars, and an equalizer bar.

It is rnost important that machines when running in parallel
should be controlled entirely by their governor valves, so that
thev shall share their load as far as possible between them. It
is, tron'ever, necessa,ry to have some means of controlling the
voltage, indepenclent of the governor, so il shuut legulator is in
all eases fitted.

Ihis consists simply of a variable resistance in series with the
shunt windings of the clynamo, so that the exciiation of the shunt
field can be varied. The shunt regulator is always placed on the
switchboard, so that it can be used when putting in or switching
out the dynamo, and, as the machine may be some distanco from
the board, some safety anangement is necessary to preveDt any

<-
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accident occurring from damage to the shunt reguiator or leatls
between it and the dynamo.

If the circuit of the shunt windings were broken rvith the
dynamo running, alr accident might be caused in two rvays.
tr'irstly, the dynamo would lose its voltage, ancl so throw a sudden
and very heavy load on the other machines; and secondly, sincc
the inductancd of the shunt v,inaling is very large, the n.l4.E. of
inductance on the circuit being broken might cause an arc which
rvould be very difficult io put out, or it might give the clynamo
atteldant a shock which lvould probably he fatal.

The safety arrangement that is f,tted tahes the shape of a('shunt protecting coilr" which is mounted on the dynamo and is
in paral lel with the shunt resulator.-'l'he 

shunt regula,tor is" an'ansecl to short-cilcuit this coil
'rvhen in one extreme position, and, when in the other extreme
position, the iesistance in its circuit is sL' high that there is
practically no currenl, flowing in it, and ali th'e current in the
shunt coils then flows through the plotecting coil. A diagram of
these littings is shown in Fig. 114.
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When all the resistance of the shunt regulator is in parallel
with the protecting coil, the dynamo must give the lowest voltage
specified, antl the contacts in the regulator must be sufficient in
number to enable the voltage to be varied by steps not gr:eater
tha,n { per cent. of the voltage given by the machine. 

'W-hen 
the

regulator is short-circuiting the protecting coil, the dynanro
must give the highest voltage specified.

Tho equalizer has another function besides that of preventing
tbe currcnt iu the series coils from being reversed, and that is,
to l<eep tlre load equally divided between all the machines on the
t'oard. This it fulflls as follows :-

Suppose two similar machines are running in parallel, and for
some reason one of them is generating slightly more E.M.tr'. than
the other, and so taking a larger share of the load.

Since the series colls are similar and in parallel between the
equalizer and one bus bar, they,will carry equal currents. illie
effect of this 'will be that the machine which is giving out more
current will be under-compounded, and f,he other will be over-
compounded, so that the ten<lency is to restore the balance. The
machines should always be adjusted by means of their shunt
regulators, so that the load is shared equally between them, and

A f m  a t u  f e
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once this is done they tonrl to preserve these contlitions, as
explained above.

lf two machines of dilferent output capacity are to be run in
parallel, it is possible to take the full load out of each if they are
so acljusted by means of their shunt regulators. but if this is done
the following point musl, be notecl:-The series coils will carry
equal currents if their resistanceg are the same, and if this is the
case those of the machine of smaller output will be carrying
more current than they were designed for. ft rnay therelbre be
necessary, to avoid overheatirrg, to shunt them so that the current
through them shall not be too great.

The requirements of a parallel switchboaril are as follorvs :-
All parallellirg a,rrangements, including srvitches. regulators,

anil instruments, must be under complete corrtrol of the attendant,
antl it is convenient, but not of course D€c€-ssorJ'r to have the
outsicle circuits controlled from the sarne position.

A complete aucl satisfactory system of safety arrangenents
must be fitteil to guard against-

l. Overload,s on the ,lyn:rmos.
2. Ileverse currents in the annatures.
3. Disconnecting of equalizer.
4. Putiing on a stopped machine.

'Ihere must be no danger to the switchboaril nttendant.
The insulatiort nrust be gooil and rnust not deteriolate rvith

beat.
The whole board must be as simple, light, and compact as

possible while fulfilling the above lequirements.
The parallel switchboards in the Service consist of tlvo parts,

which rnay be together if there is room, but are often separate,
though in the same compartment. These trvo palts are-first the
dynamo board, having one panel for each rnachine, and can'ying
all the safety arrangements mentioned above, and secondly the
distributing boards, from which the external circuits are taken off.
The trvo parts of the board are connecterl by bhe bus bars, which
are, of course, common to all the panels, while the equalizer bar
is common to the dynamo panels only.

I'he panels of the board are made of steel, the conductors, of
course, of coppel of high conductivity, whilc the insulation is all
o[ micanite. No slate, ebonite, or marble is allowed to be uscd
in the construction of these boards.

W'e will lirst describe the dynamo board, The two brts bars
ancl the equalizer bar &re, as we have said above, common to all
the dynamo panels, and each panel carries also a shunt regulatrlr,
a double-pole switch for the dynamo maius, a single-pcle switch
for rhc equalizer, an ammeter, a voltmeter, and thJvai'ious safety
arrangements.

The three switches-positive, negative, and equalizer-rnay be
arranged differently, i.e., all separate, one three-pole slvitch or
otherwise, but the above is the inost usual arrangement. In any
case, it is absohrtely necessary that the equalizer srvitcb should

slways be plosed eitlrer before or at the same liqe as the other



757

two, and thut ir -qhould be impossible either to close the positive
and. negative rr.Lile the eq-ualizer is open, ot, to open the equnlizer
while leavilg the others closed.

,The 
usual arrangement is therefore as follows :-The positive

and n€grtil-e are put on by a double-pole switch, which when
closed is held i. place by a calch. A toe on the equalizer switch
prevents this catch from engaging uuless t lre equaiizer. srvitch is
closed.- 'I'his provides safety arra-ngement No. 3.
- Srfety an'angement No.'I is pior-ided :rs follows :_Or each
dyDamo main there is an overload coil, generally with a movable
core which is sucked in rvhen the curren"t reaches a certain r-alue.
When it, is sucked in it strikes a lever, and releases the catch that
holds on the double-pole switch.

,, 
ft is necessary,td,h&ve an overload coil in each main, since, in

the case of' earth leaks, it may happen thal, there is an overload
in one leail only.

The overloads may either be quick working, tripping the
switch immediately the cun,ent rises to "".tui."'"ui"{""".r1."
may,have.a ttme arrange-ment, and only trip the switch when the
overtoad _has persisted for a certain period of rime, ten seconds
or thereabouts.

These latter are much nrore satisfactory, since the dynamo is
not so ljkely to.be thrown off the board by"a momentary'overload
ya.used,lf starting a large motor', and they are being fiited in ;U
rarer snrps. Ihe trme arlangement gcnerally consists of a dash
pot on the core of the overload solenoid, which only allows it to
move slowly.

The overloads are atljustable in all cases, so that they can be
made to_tr ip the srvitch at any prei leterminetl  current. 'This is
arrang-ed-fol b.\ '  \ 'ar). ing t |e distance through rvhich the -oo"$e
core of the solenoid bas ro be lifted. when it is farther away it

:il! lf course, r.erluire a larger currenr ro lifr ir "p;A t"ipif,e
swltch.

- _Slftty 
arrangement No. .2, w-hich guards against reverse

curreDt rn the arm&trrre, consists of two parts, a sdries coil and e
ehunt coil. 'Ihe series coil is in the return dynamo main. that is.
the main on the opposite sicle to the serie"s fi.ld ;;ilr; ;J l;
magnetises a core which is pivoted inside it. The ehunt coil is
lonnelted directly across_tlie bus bars, and magnetises * nxJ
norseshoe-shaped core. f'he current th.ough tf,e shunt coil is
never rerersed, since it is directly across t[e bus bars, but the
current in the series coil is reversea ir tle current in tt e ur-atore
of the dynamo is reversed.

The arrangement of these coils is shown in Fig, lld.
. When the armature is giving out current, the series coil makes

the mo.vable.pole-N, go th-at th"e arm on the pivotea ""*-i, l.ii
oown, but when the current is r.eversed the arrn is thrown up, anrl
releases the catch of the dtluble.pole switch.

The reverse current cut-out is always quick working, and
comes into action as 6oon as a reversal occors.'
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In some switchboartls one of' the overload coils is also maile

to tlo duty as the series coil of the reverse current cut-outt so thst

it; ;;;'";i" t*" ""ilt iostea<t of three, and a certain amount of

weight is saved..
ihe handle that works the double-pole switch does not move

lun*Jl. switch is trippetl, but rernains in the sarne position' and

to Dut theswitch on lgaiu' i t  must be moved to the "off ".posit ion

;; [iea;;irh-trt" t*-n"u arrns and then back again, carrying then:

with'it: This is to prevent the switch froru betng held. on by

hand if it has been tripped by one of-the safety arrang-ements'. Lt

*itt l. seen that this frtvidei for safety arrangement No' 4' sinc.e

ii i-1"-J"tur.-pole switch of a stopped machiue is closed it will

i-*uai"t.tv bi tripped by the reverie current cut-out and freetl

i."* iu. rritai", .6in*t ii cannot be held rn the closed position' .
The ammeter sbunt is always in the returD-main, so that iu

carries the whole armature current' ; anC uot only ttrat parl or lt'

that is soing through the series coils'**"C;"";;fi;i"t'T 
""""."ted' across the machine side of the

double-pole switch, so that it shows the voltage of the machine

whethei it is on rhe board or not''- 
ih; Joot *ioaiogs of the dylomo nray be counected either

across the machine sitle of the D.P. switch or across the brushes

of i[u -u"ttine, making the dynarno * -l9og shunt in the first

case und a shori shunt"in the iecoud' The second is the more

r."uf fo"* of connection. The shunt protecting coils are on the

machine itself.

Putting on antl taking cff Maclt'ines'

In these operationn, although the safety arrangement^c slroultl

alwnvs be kepiin perfect working order, so as to avold atl'cnanco

;'f H;;-i;'"-totti*it,g rules sh6ulil always be observed:-"^ "fiffi;h;n. 
tt"ii"rtts"".a watch-keepeihas complete control of

tnu 
^friu.O', 

Uu shoultl not put on or takt ofi I machine' ol' throw

;;";tr; h"uoy rooa, *ihont first warning tho dynemo watch-

keeper, who is responsible for the englne'
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fn putting on an extra machine. tberefore:_
l. Tell the d-ynamo watch_keeper to start the machine. and.

ascertain when i t- is 'unning at i ts proper.d;d,;;  , l r ; ; ; ; f f i ;
cylinde^rs clear or'water, and everythi,rg "or"..r,. i.tit?;ii i l;
for a. few minutes, waiching thJ voltftete"-^.uo*niiu;ffi;
certain of this.

2. Regulate ,the voltage of tho switchboard to the normal
arnount, 100 or 80 volts, as the case may be.

- 3., Regulate the voltage of the new'machine to three or four
volts higher than that of-tho board.

4. Close the equalizer switch.
5. Close the double-pole switch, ancl the new rnachine will

immediaiely takc prrrt  of ihe load on rhe boart l .
6'  Equulize the load hetween the maehines on the board bvmeans of the shunt regulators, raising o. to*".log-th;1;_;t

voltage if necessary.
Note l .-As sooD as a machine js put on the boald, i fs voltmeter

rvill show the board vortage.as it wiii ther, be across the bus bars.'rhe 
-only guide to the iidividual E.Ir.r'. or tnu -""hiru;iii

then be thc ammeter.
Note 2.*If a load is put on a machine before it is walmecl

through, s.te1m lqlll- conde-nse in a cylinde,., owing to a larse
amount e,rrtering while it is still cold. 

"this 
rvilt ""rA ;;;;;;;;

to slolv down and. the voltage will eonsequently drop, antl, if-the
rel ief valves do not clear thi cyl indcrs .6ou .oougt, the enqinc
T"J,b," 

damaged. It is most important, ther.efore, ?hit;;;;f;;;;

:::i1::y,b: !-rr 
on the board urtil ir is reporied ready by theoynamo watch_keeper.

fn taking n rn,rchi,re off the hoarcl:_
l .  \V ; r rn  t l ie  d ; 'n l ru ro  r r r t r .h -k , .cuer . ,
! .  l \ fahe cerrnir i  that the load on the boald is not too much forthe machine or machines that will te teft on. 

-

^ 3. Torver f,be voltage oJ the machine to be taken cff by meansof the shunt reg'lator." T'is will trunsfl" i;lit; ;i";;;machines on thdboartl-
4. When tho load on the rnacltine is well down belorv 100amperes, open the double-pole switch.
5. Open the equalizer switch.
6. Stop the machine.

Note.-'0[hen the voltage -9f one mac]rine is being lowered,tle board voltage rvill drop" slightly, *-"r...rt is being taken,
ll,l:rf h tb e equalizer,.,frorn ihe ;"ie's'fieid;;f ile ott,e, machines.lne Dolrd voltage will rise to its original r_alue u, ,ooo u, tl"double-pole srvitch is opened.

General Rules,
l. Never strain the dynamo by altering the load sucldenly.2. Never ullorv the dynamo waich_keep8r "*" a.*r-,n" "rngin"unti l thc machine is off ihe boa",l----
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3. Never attempt to elose the srvitches of a sto-pped machine

nr, if ttt" aof"ty *r,,nogenrents were to fail, much darn:-r'ge rvoultl

be clone.
-1, The reYer;je current cut{ut should be frequeutly testetl by

lowering the voltage of a machine that is being taken otl. ttre

bcarcl until a reverse curretrt passes through it and breaks the

iit."It. 
- 

iVrtilst doing this, be reacly to open the double-pole

;;;tt"L- by hand at onEe if the revers-e curretrt mechrnism fails

to aot.
5. If. from a bad governor or other cause' one mnehtne cotnes

"m irt. ul".JTntougn ?" overloacl ol' revcrse current, it .i,s probable'

if the loail on the- board is large' that the others qiII come ott

;it;:- it;i".; putting them on igain, mnke- cettain that the loatl

;tli'oo|il too'*uclt-fo, the first"mrchine that is put on' Ta\e

om u"y heavy motor or lighting circuits, ancl put them on agarn

when the ilynamos are on.- 
T. ;;;'d; utt*tioo shoultl be prid to contacts' which should

be alwavs be kept smooth and cleln, to all nuts anil bolts that

;;il;;iloo.'e on,rto the sp.a.king. pieces on large,switches'

;;1; ;hilJ be the first to make, anii the last to break' contacb

;h;;th" switches are opened or closed' Batl or shaky contacts

;'r"*r"t il"." itouule thr'ough high resistance and overheating' --"4;;*;iu"tiog 
boarcl"consiits simply o[ a number of switches

b" ;hi.;- th" e"t&"ul circuits are connectetl to tlte bus bars'

in.r.'.*ii.n"f io tne case of lighting circuits and searchlights'

;; ffi1il;-ble'pole chopp.er,iwitc[es connecting -the bus bars

;- lh"^Jircuit mains throrigh fusible cut-outs' Heavy motor

;i..;i; have double-pole siiucheg with tnpping arrangements

ilt" tUotu fot the dynamo sritches, except that there is no reverse

;;;;; irippins ariangernent. Overload coil: are fitted in each

side, eithei 
-ot 

wnicn will trip the switch'

If a motor circuit breaker comes o4 it shoul'l not be replacecl

it*"ai*t.iy, but the tnotor man should be given time to centre

his controller.
Plate XIV. gives a iliagram of the auangements of the-ilynam.o

,*"r. "t t^n. i"."il"r-t*'itch board fittedlin H']I'S' "Vernon"'

#fi;; ;;i ;u'tuk.o as typical of most parallel boartls in the

Service.
AII switchboartls are fitteil with a pair o.f earih lamps, wlrich

r"a r*i", with one anoiher and connected across the bus bars'

T;;; loooe.r",l direct to the bus bars tlrrough ,siugle-pole
srvitltres on a parrr'llel board; and on a separ:tte macnrne Doarot

;h;;;; fitte,l'wltt1 a switch so that they can be connectetl to any

paii of dynamo hars.

The mitltlle point between the lamps is oonnected to earth'

u"ai-nu" ilt.i, **itott"t are closed, tho iwo lamps being in series

* i t t uo . "eacha tha l f b r i l l i ancy i f t he ree renoea r t t r l eak ' sony -
*il"."i" tft" tuip. If, howevei, tler.e i5 an earth. anywlero on

iile-tir"oits that are on tho bor'td, the lamp that is on the samo

;iJ.;i;h;;"pply as rhe leak will-be shorr-circuftetl and will go
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out, while tho other ono rvill get the rvhole voltage of the borrrcl
and will burn af full brilliancy.

The earth letk can therr be localised by breaking each circuit
in turri. When the circuit on which the ieal< is is taken off. the
lamps wili again burn each at half brillianc.y.

Further instruct ions for f inding earth"lealcs wil l  be given in
Chapter XVI.

Running Dynamos in Series.

It  is at t imes necessary to run two dynemos in series in order
to g9t n greater I) .P. than is ordinari ly avai lable, for burning
searchlights at a long distance from the ship, or for other simila"r
purposes. tn joining them up to run in series, there are certain
precautious wlr ich nrrst be observetl  which rvi l l  be best under-
stood if rve first point out horv to join tu'o sinrpie series machines
or two sirnple shunt machines in series, and then combine tho
points involved in joining up compouncl machines.

'fro Series Jfachines in Series,-.If tn'o series rnachines are
to be joinerl  in series the case is vely simplt ' :  thu +ou of ono
machine has merely to be joined to the -ue of the next, ancl the
main ci lcuit  taken from the end telminals of the two machines,
as  s l ro ryu  in  F is .  l l i j .

! 'r,;. I16.

'fuo Shunt .Ilfach.ines in Series.-If two shunt dynamos have
to be. joined in series, the shuut rvires may be joined in series
forming one circuit, as in lig. Il7, provide,J thal tho machines

are of the -"ame tJpe and size, to prevent 1he culrent in the shuni
coi l  of one nrachi 'e lrom 'oeing ;r 'er.erred, ,shoult l  that nraclr ine
slow dort'n or stul).

E 5095& r

F r c . 1 1 7 .
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Tu:o Compound Machittes in Serrles'-If two conpountl

machines u.. ib bu ioined in seriesthe two folegoiug arrangements

may be combined, as in Fig' 118'

Fre. 118.

- N *

or a long shunt combinatiou nray l 'e maile as in }-ig' 119'

F rc .  I 19 .

Precatttion uhen ioining Shunt or Comltound Dy.n'.atn'os in

Set'ies.-In the case of Uoth shunt and compound machines, the

ehunt wires shoulil only be joined together in series as shown in

F iss .  117,  I18 ,  and l l ' 9 ,  when the  t ro  mach ines  are  o f  the  same

tvfre and iize. 
- 

In this case the shunt rvires will have the efiect

o"f'dititline tbe total Yoltage generatetl equally between the two

machines." I f  the circumtltn&s of the case make i t  inadvisable

to do this. the shunt wires should be left connected to their proper

terminals i ancl in this lattel case great caro must be taken that

the extelnal circuit is broken before either dynamo is stopped, or

their brushes liftecl, oiherwise the first machine stopped 'will be

leversed try the current from the other'
An example will explain this more clearly. Suppose-a ship

to have trvo 
-availablc 

tlt'namos, and that it is requirecl to burn a

searchlight at a considerable distrrnce from the ship, thus neces-

sitating"a high voltage, and at lhe same time- to keep -the
incandescent l ights on board burning at the ordinary 80 volts;
this might he cfl'ectetl as follorvs:-Join the two machines in
series; ihis rvi l l  give us the requiret l  voltage to burn the st 'arch'
l ighr at a t l istance. The incandescent circuits of the ship may

be teft on one of the machiqes, as showu in l'ig. 120'
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Frc. 120,
N 9  l .

F l e .  l 2 l ,

DISTANT
SEARCH LIG-HT.

80 vo/7s.

Assume in this cese that the shuut rvires of '  the two machines'rvere connectecl together. Any alte|ation in the total voltage due
to va'iarions in resistanee in the distant searchlight n"oil,l be
divided between fhe machines, and wo' ld ca.se unsteadi 'ess in
the,incandesee.nt l ights, Consequently in this case i t  rrould be
rnadvrs rb le  to jo in  the  t rvo  shunt  w i res .

- ' fhe necessary connections ale easi lv nrai le on a portsmouth
switchboard, as is shor.r.n in Fig. i2l .

/60 l/o/73:

fcrrtA

-J-'o *,,
-fe wz

Pn nqt

N9t

N9Z

N9J
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Suppoee i t  is desired to connect Nos. I  and 2 machines in
series.^ioin the f Yc dynnmo bar of No' 2 with the - '"  dynarno

bar of No. I by means of a short leatl of cable of sutncient
current capacity.

The two machines ate now in series; all that is then necessary

will be to put the circuit bar to which the earth is joined in

connection with the *u" of No. l, ancl the searchlight cable to
the -o" of No. 2" To do this the vulcanite insulator joining tho
trlo sliding blocks must be taken out, 60 that they catl be plugged
independently to the required cilcuits.

With a Clarke Chapman board the same thing can be-done,
buC in this case it will be necessary to disconnect the two halves
of'the uprigbt spindie, so that the upper half ean connect with
tlre positive bai of one dynamo and tbe Iorver half' with the
negaiive of another. This would probably be a long bnsinessr so
th;t it might be better in this case to leave out the srvitchboartl
and make ternporary connections for ever;'thing'

If it is required to join two <lynamos in series in ships litted
with a parailel board. the ccnnections at the back of the srvitch-
board iust be altered as follotvs :-

The equaliser srvitch must not be macle, disconnect tlre
tipping gear in connection with it, and remove the switch itsellt
oi  wedge i t  up so that i t  cannot possibly be moved.

Disconnect the machine frorn the f oo bus bar' and put the
lead from the *o" of the machine to earih, keeping the mairr
switch in the circuit.

Disconnect the - '"  of the machine from the *ue bus bar,
antl join it to the *'" bus bar. keeping the main switch antl
reverse current breakel in circuit.

'Ihe lead to the searchlieht can now be taken from the - o(

bue bar, which l'ill be at a potentral above earth oqual to the
board voltage f the loltage of the special machine.

Ihe dotted l ines in Fig. 122 shorv the leacls removed.

The following hints are hele suggested as Iikely to be of use
to those who have to deal with temporary connections and
resistences. When handling dynarnos or their circuits it is
important that the operatol shoulal bear in mincl that he is dealing
with gear that a mistake on his part may ruin eltirely :-

(1) Always think out what I'ou are going to do before you
start to do it, be perfeetly cet'tain of rvhat you are doing,
and make a small sketch of the connections.

(2) Be quite certain that the rvires artd resistances wil l  stand
the current you ale going to put through them, antt
also the greatest current tlrat can possibly be put
through them under the new condilions.

(3) In using current from a source of constant D.P. or lorv
internal resistance always insert cut-outs in each wire.

(a) Put the cut-outs next to the machine or cell giving the
cur.lent.
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(5) Cover all the bare connections with l inen tape if
place, or india.rubber tape anrl solution if io
p lace.

in a dry
a darnp

l 'rc. 122

* v.e.

6)
(7)

f  n circuits rar.r ' .ying over 2 anrpcles alrvaysu;e a switch.
Always be sure that the ammeter or r iol tmeter Jou are

using is.marked for r irore than the highest current or
..  

' r 'olragc i t  is po.sible for lou to gct,
tr 

{_:: q"r an unexpected lesult do not be satisfied till you
ttare Juund out the reasun. If you confidently goeJs ,
l'eason, test it.

Never disconuect the voltmeter wires from a voltmeter
without f i rst discorrnecting t l iem frorn the machine.

8)

(e)
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C {APTER X.

l\[orons.

Ax electric motor is a rnachine by meatts of which energy in
the form of an electric current may be converted into energy in
the form of mechanical motion.

Electric motors are lat'gely used in the Service, and their use
is being greatly extended.

It is probable that electric motors will eventually supersede
steam po'wer for all machines other tban the main engines and
dynamo engines in ships, but that stage has not yet been reached.
'Ihey are used, horvever, in later ships, for almost ali machines
outside the engine rooms.

An electric motor is precisely similar to a dynamo, and, in
fact, a well-designecl machine can be used as either a dynamo or a
motor at 'wi i l ,

Let us considel tho case of a machine lvith a ring armaturo
and a simple winding such as that shown in Fig. 123.

Ftc .  l 9J .

f t  must be dist inct ly uuderstoorl  that this pictule of a r ing
armal,ure is onh' gir-en insteud of a drurn armatule for the sake of
clearness, The poles in the aroature are formed in just tLe same
rvay in a drum arma,ture, but it is impossible to show the
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windings on a diagram, as they all cross one another in theceDtre.
Nearly all modern motors have drum armatures, with thsexception.of 

.a fgrv very.small ones, but the picturo of * "ln-garmature is given'here ai it makes the action of'the motoru,,sie?to understand.

. 
'Iho brushes are shown bearing on the outside of the crils forthe sake of clearness, instead ;f ; A;;ommutator, a: rlreyactually would be.

..-A:rir? of a Motor.-suppose now a current to be supplieil tothe armatute, errtering by-the-t-rrush marked + ancl leavine bv iheother. Ir *' i l t divide-, l; l f ^of it g"irg-ih.o;sh ;;;..ff; i  f i ;rvin,l ing, antl the other half tt,roolfrif ie-oii le" side. We see. by
g,xaminilS the_ direcrion of these 

-t*o 
nutu., oi il ;;;;';hJ,they both teucl ro Droduce a N. pole ;;.; rh" i;ffi;';*l;S. pole undel the j br.ush.

These poles rvill be attra.cted by the ffxed poles of the fieldmagnets, and the armature will revoire, As it r^evolrer, tro*"ul",the current is commutated as in tte "or"-nt the dyrramo, aodconsequently, whatevel the-,position of the armature, the .*r.oirvill be,flowing as shown. ?he armaiur. *iii tn"r.tore conrinueto ler-olve as long as current is suppiied to it.
Buch E.lllt,-h-ow as the ar.mature levolves, it begins to actas a dynarno and to senerate E.II.F. frri, b.M.f,. i_;;t"t;.rtLaw, in such a direct'ion that i; "p;;..r-tLo 

-movement 
rhat pro-duces it, antl ii is therefore cailea tne ;L-;k E-.M.!..;';"f 

"th"
motor.. It opposes the E.II.F. that is being applied to ]";;;
:y:u.t 

through, the almaturc, anrl consequ",r-t-fy]*ri i  g.t. g..utAthat current rvil l  clecrease.
. {nlt takes pl*ce then is l,his, tvhen the current is firstgn'itchetl on to t-^he armatllre, a large current flows, since theresistance of the arma,tu.e is'compaiativeiv- smatt. When ttrearmature begins to revolve the ba& E.M.i.. immealatefy fegi;!to cuf dowrr this curreut. As thc u..ut*" speeds op, iL" b-u"'k

|..Y;I^ 
gll..],u1C.. 

.Tq lalg.", uoa-c"*.q".rtry rhe culrenr lessano less, untll a point is reached when there is"only just enoughcurrent flowing io keep. the armature -""ing at a steady speed,against the wJrk that'it fu J"i"g-r"a*iot't"ougl, ro make itspeed up ar)y rnore. Ihe armal ure ryil l  t lren go, ;, ,"ool";;;;;t l tat steady speed, and thc currcnt wil l lemaln rne same as tongas the load is unaltered.

^..r^(::iyi:f 
of Cument with, Load.-If the motor is doing noexrernar q'ork, rhe onlv resistance to motion will be the frjciionor trne bearlngs, &c, Consequently the armature will speed upuntil the back-I.M.F. is very o"a.iy eg.uirl io the applied b.lf.n.,and the crrrent will be o"i,y srn*'tt iiraeea. I ir^otor ;r;;;;;light, therefore, takes very litile "o...ni-----'

_ liuppose nolv a load to be thrown on the motor. Tho firstefect of it will be to slow tE motor .fighily,'rra tli., oi "ou.ru,reduces tho back E.M.F. The co"reoio;#r:"fo." rises and thusproduces & grearer t.rning effort, or-,i1;;;;;,';, it i_ ""if.a, Uy
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strengthening. the poles fornreii in thc almature. A prsition o{
erlui l ibr ium is therefoie agaiLr reacheil ,  but . lvi th a lalgel cul lent
ffowing thtn befor.e.

I f- t l ie load is again incrensed, exactly the same thing
happens. 'I'he motor slorvs aliglrtly, thus decreasing the back
Itr.II.l,'., ancl the current rises until the torque ollce more balances
the load.

We thus see that an electlic notor is a self-govelning machine,
ald the current ahval's valies l'ith the 'work that the rnacliine is
doing.

\Ve have hitherto considered only the armatuLe, rvithout
reference to the field magnets, but it becomes necessaly to
examine horv these are wound so as to produce the lequisite
rnaEnetism.

ahey moy be either series, shunt, or compound wouncl, as are
dynamos ; but as motors woulcl in these tlifferent rvays behave
differelrtly in certain circumstancos, the diffcrent solts rvill be
considered seoarately,

We must 
^first 

eiamine the lelation between the back E.M.}-.
developed by the armature antl tlre rvork thnt ihe motol is doing.

Poaer a,nd, Eficienty.-Let E be the n.M.F. applied to the
brushes.

Let e lte 1he back E.lI.F. developed in the armature.
Let ll be the resistanee of the arfoature.
Iret C be the current flowing.
If the armature is held so tlLt it cannot move, and culrent is

ewitched on to it, the current will be given by the equation,
C : E/R (Ohm's Law).

As soon as the armature begins to move, however, the back
I.M.F. e must be taken into account, and subtracted from the
applied E,II .F. in ordcr to f ind the E.M.F. that ia producing the
current.

The equation for tle current will then be-

C _-E*C .  ( r )

If we multiply each side of ecluatiou (l) by the quatlt itJ C R,
\,r'c shall get a second e',1uation-

C 2 I i : I C - e C .
ol as it nray Le rvli l ten*

E C : e C + C r R ( j )

l (ow rve know thatE C is the porvcr tbat is being supplied to
the motor (sec Chapter I IT.).  Aud t 'e also kttow tbatCjR is the
power that is being used up in heating the conductors in the
rrrmhtule (see Ohaptcr I l I .) .  The qLranti ty e C rnust therefore be
rhe amount of electr ir :al energy thrt is conr.erted into mechanical
mol, ion, arrd I 'etppears as the erternal work done by the l lotor.

' Ihis quanti ty c C is, of corlrse, cxpressed in rvatts, an' l  i f  we
tvant to exDress it, iu FLP. 'r'e must divide it bv 746.

If W -: totnl polver supplied to the armature, ancl
rp = mechanical power exerted by the armature,



1 6 9

the ratio of mechanical power exerCed by the armature to the
total-electrical lg-tu9" supplied to the armalure, or, as it is calleil,
the (( electr.ical efflciency " of the almnture, is 

'equal 
to zr,,,W, or

e CItrJ C, or e/E.
It is usual for motors to be designed to run with an electrical

ef l iciency of from 85 tc 90- pe. c. i t .  ' Ihnt is, the speetl  of the
arrnrture is such as to rnake t l te back E,l t .F. 'g5 to i)0 per cent.
of the applied 8.M.1'.

'I'he maximurn arnount of rvor,k that can be got out of a motor
is being done rvhen i t  is running lr t  such a .pe., l  that e is one_half
E, as can be easily pr.oved, a,:d in that case tLe electrical efficiencv
is 50 per celt. Mobors, however, are never run at this efficiencri.
as i t  entai ls too mnch power being used up in heating the coi l
ductors, which rvould pcobably be 

"damlged'thlough 
ov?rheating.

. 
Va.lue pyf ;r e.'J-Nov let us consitier ryhat e depencls on. It

depends, as in al l  cases of electro-mrlgnetic int luct ion, on the
rate of change of magnetic flux throulh the coils ofl ihe arma_
turc. It depenils, thereft-rre, flrstly on airount of flux nrovided bv
the f ieU m&gncts, lnd secondly, on the rate at vhi;h the armatulL
is revolving. I f  lve cul l  t l le f lux density oi the f iel ,_t N, aud thc
nuurbet 'of revolul ions per mioute of the"armature rL, tve may say
thlrt  e varies as Nz.

\\re are norv il a position to investiEate thc behaviour of
t l i f fererrt  kiuds ol motors u nder varying loa'<ls.

A sbuur mot,or.has the eud.r of-thJ f ield rvincl ings conneclel
direct ly across t le supoiy of '  current, so that, u, 

' ioog 
as the

'oltage of s'Pplv rem:rius c,rrstnnt, the streng[h of 
"the 

r ielt l
mirgncts wil l  l r_,m,rin the s:rrr ie, rreglt ,ot ing arni l ture reactions,
rvh ich  r r i l I  I re  co : rs i , le re t l  la tu r . .

A series motor' ,  on the othel hand, has the windings of the f ield
glgnet,s in series with the- arrnature, ani i  the srlEngth of the
fleld will vary with every variation of rhe arrnature current.

W-e will now take an example.
Sltunt nfotor under. Varying Loacl.-Shunf motor, with an

arrnaturc resistance of .02 ohm, creates a back D.U.f'. of
l0 volts per 100 revolurions; voitage of snpply g0 volts, i t
requires I00 amperes to pul l  a cerrain load,

c : 4 - e  , ^ ^ , 8 0 - e
t t  

-  ruu:  -02-
.'. e = 78 volts and the speed = 790 revolutions.

-^^Suppose the load be doubled, the motor would then require
200 arnperes to provide sufrcient iolque.

c - 9 - ,
R

... 200 * 90 -,'02
.'. e = 76 volts and speed : Z60 revolutions.

. -  Thu_s the speed has only fal len from ZgO to 760 revolut ions
altholgh the load, and theiefore the current flowing, has been
doubled.

'l'he 
above is not strictly true, sincs an increased cumeni

through the armaturc affe6ts the armature reactions which
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slightly reduce the strength of the field magnets, unless they are
veiy powerful. But it is practically true, and a sbunt motor is
theiefore very constant in speetl even with largely varying loads'

Series lfotor under Varying Load.-tWith a series motor,
hou'ever, the case is differont. 'lYhen it is running light, and C
is therefore vely small, the current in the series coils is very
small, antl so, consequently, is N. But rvhen C is vely small, e
must l-re verv nearly equal to E, and since e varies as N z, ra must
be very large at no ioad.

That is to say, a series motor raceg rvhen running liglt'
As the load increases, e decreases slightly, and C, and

therefore N, increase ; but the product N rz must decrease in
proportion as e decreases, and therefore, since t{ increases rvith
0, z must declease largely.

That is to say, the speecl of a series motor falls off rapidly as
the load increases.

Speed Regulation,-'Ihere are trvo methods of altering the
speed at which a motor runs-firstly, by altering the curlent
through the armature, and secondly, by aliering the current
thlough the fi.eld windirrgs.

Let us first consider ihese two methods in the case of a shunt
motor.

First method,-suppose we have a shuht motor running on a
certain load, being supplied, say, at 100 volts, and taking
20 amperes in the armature. If the lesistance of the armature ig
'1 of an ohm, and there is a resistance in series with the arma-
ture of '5 of an ohm, 1O volts will be expentled in heating this
res is tanee (Ohm's  Law,  E :  CR:20 x  '5 :  lO)1  wh ich  w i l l
leave 90 volte at the terminals of the armature, so that the back
E.M.F. is 88 volts.

Now let t l i is resistance of '5 ohm be suddenly cut out, the
fieid being kept constanf. 'Ihis will put the rvhole preesure of
100 volts direct on to the armature, and since the back E.M.F.

is only 88 volts, the current will immetliately rise ,o 
190 - 88 -

120 amperes. This largely increased current will increale the
torque, and ttre motor will begin to speeil up. As it speeds up,
the back E.M.F. will rise, and gradually cut ([o\rn the cttrrent
until equilibrium is ngain reached, and the motor is once more
running at a steady speed, ' Ihc current at the end, holever,
will bo more than the original 20 ampeles. since the nrotor when
running faster is exerting a greater power.

Ihe second rnethod is by altering the strength of the feld,
wben by decreasir,g the field the speecl is increased, anrJ, tsice
'uer8a.

This at firot appears impossible, as apparently more power is
obtained from the motor for a less power put in. Of course, this
is not so, the extra power when the field is reduced being
obtained by an increased current through the armature.

Consider a shunt moior with an armature resistance of
'02 ohm running with a steady load on an 8o-volt supply aud
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generating a baek E.M,F. of 7S volts. The
arm&ture is then 

E=Iq 
or 100 amperes.' 02

current through the

Now the back I!,M.['. depends on the epeed and fieltl of theryrotor.

_,S,rppo.. that tLe fleld be reduced so that only 26 volts back-E.lI.tr'. is generated.

The armature current then becomes 8g ::76

i" rlrt.rr a srnarr "*;:ffi":,T;"J::,,, rh "ffi: ;. T.,;doubled t l ie arnratule current.
As this current has increased in a much greater propott iontharr the f iekl has been,re, luced, l l"1".qr" .Jr ich depentls on thcp.roduct of the trvo wil I  l ,e grearly i""r i* i .J, oocl rvi l l  thus causethe motor to go faster.

n  
T l ,oug!  t l re .  n roror  i s  runn ing_fas ter ,  the  to lque or  tu rn inglorce reqrr ire, l  is thc same a{ tr. , f"* (n*.. , ,pt for ' fr ict ion), sincEtLe aclual loail is thc sarne.
tsut the field has been r.etluced in the proportion of 7g to ti6,

nnd the current must thcr.eforu i"""*." in ft J'propo"tlon of ig to76, that is, from 100 arnperes to 103 amperes, to get the sametolque.

- 
'rlre speed rn'![ therefo'e increase uutil the rrack E.M.F. has

lncre.ase,c 
sullictentl), to recluce lhe cu|re[t to the nerv valuerequlre0, tU.5 emperes. When this balance has been obtaineclrre speeo wlll romain constant, e being then siightly less than theoriginal 78 volts.

" 
Although the torquc requiret l  reniains thc same for nnv sneetl( ir  r l  l l rofof wrth a ste*d;, loarl ,  r ,et the rate of doirrg thi iolkrLtrd^ t l tetclole the.l ;ol-cl  e-x1,er,. led lr i l tsl  \ .xry. l ' l rus, i"n t lre abovec. ' lse t l le lrowcr gir.cn urrt br. t l rn rnotol. ,  or c C, l ,as increased r,. i l l rn re  specdr . to r  e  Ia l l s - l ru t  vc r . r .s l igh t ly  aud C ino ,eases  cor rs idembly

ror every rncreage of speed.
Now let us considei these two methods in the case of a seriesmotor.

,.^ 5 i::1.:l*q9, ir..prl in series with itie armarure, ir musr alsoDe rn serles rvith the fiel<|, and the culr.ent which goes tU"ougU
both is reduced. 'Ihe reduction in the u"-uto.u current tends toslow_the motor-, whi le the reducrion in thei ierd current tends to
3pee$ 

it un. .'Ihe-former, hc,wever, tr. ui*uv, more eflbct thrrnrne l-attel ' r  so that the net effect is to slow t lre motor clorvn.
. 

'Ihe 
second me,tliod, namely, reclucing tn" nuta, can be used in

lI_? yrlr:"ither.by putting the qfld .ioil, in paraltel insrearl ofserres, or by Bhunttng them with a lo.w resistance.
. _ luppose a series motor is running on a certain ioati  with i tsfield coils in series rvith one anothEr. Ail the current that isflowing^in the armature is then flowing ,ir" ih"""gt ;;"ilfi.Id

coil. If tbe fekl coils .are then put io purutt"t, h* u.nluto"u
current rvi l l  divide l-retween themr'and ench coi l  wi lr  onlv takehalf' the current. The armature current .,ill ti.;"';;;;;;," #i;the case of the shunt motor rvhen the fielJ 

-is 
"eOuceA, but when
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the motor, after speeding up, is again running at a steady speed,
there will be less c,rrrent than at first tbrough each field ooil,
though there is ruole through the armature'

1T the field coils are shunted rvith a iow resistance the effect
is the same as above. Tire cttrretrt  t l rrorrgh the f ield coi ls is

reducec'|, since tlie armature cutrend dividcs betrveen the fielJ coil-'
and the lesista,trce, lvhile t'he at'mrttul'tt t:urt'ent is increased'
Btith these changes tend to spced up the tnotor'.

Retersing a ]-totor.-\\e rvill now consitlel the question -of
ho'lv to tev-erse the direction of rotation oI' a notor. If the

curlent is reversed at the telrninals of the rnotorr it is leversetl
both in the armature and the f ield coi ls. fhe result is that the
poles that are formed both in tlre armature and field rrragn€ts are

ieversed, and conscquentlv the atnactions are the same as before,
ancl the arrnatule will stili levolve in the same tlilection. If the
direction of rotation is to l-re changed, the cut'rcnt either in the

field magnets or in the armature nrust be reverscd, nr-rt both

together.

Armature Ileactiort.-It will lie eviclent i'r'orn tr'ig. lI0 tbat

the field provided by the ficld Inlgr)ets u'iil be strengthtrreri at the

aftcr edges, and uleekent'd nb the forrvald et lges, oI '  the^ pole

pieces, r 'Jckoning in tLe di lect ion of lotrrt ion. Ihe effect of this

witt  tu thtt  rhel ieutral l ine rvi l l  be shif ted back through a smail

algle. rguinst tLe direction of rotation, iusteacl of forrvard as the

c,ri of i, dvnamo. The blushes, thercfore, trrust also be shifted

backrvards , l i t t l" ,  to ensure proper commrttat ion, and t ire anglo

through lr'hich they are sbified is called the " trail " of the

hrushes.
Nolv it is evident that if the motol is revelseil, the tield

distol i ion rvi l l  be in the oppcsite direct ion, antl  consequtntly the

trail rr-ili ber in the oppcsite tlirection' lt j's lhelefore rcce,esary

to design the motor sltr- thtt the distortiorr of the ficll shall be as

small ai possible, so tirrrt, it shall be possiblc to run the notor in

eithel di i 'eet ion ivi thout movirrg the brushes. lLis is effected by

means of the f irst trvo methods describecl for, l l rrarnoson page I28'

AuxiliarJ- poles are not used, as a rule, for motors.

ComPottnd .Llotors.

^oo.lr  
trn. been pointed our that a series r lolor races on n l ight

Series Jlotot'dth' .Liniting Sh'unt Tu'ns.*To prevent this

racing l-reconting excesr. i ler a lcrv shunt tulns are rvound iu the

sarne directirlr as the set'ics tulls, so that a certain current must

always pcss tLlough them, ancl howel 'er muclr the current thlough

the seri is turns i- ' t l t 'creased, the f ield cannct deciease beyond a

certain lirrrit, ancl thet'efole the speed carrnot rise above a celtain

amount. ' Ihe tunrs are cal led '(  l imit iug shttni" turns.
'I'here is anothcr form of compound motor which, though not

useil in tbe Service, will be brieffv described hcre.
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,_ 
Dt'lferentially uo,ntl shu,nt rfotor.-Although a shunt motor

q v:ry 
,neal ly constant in_speccl wirh varying-loads, i t  is not

absoluteiy so. So that, 
-rshcn absolutely ionJtant spoed is re.

quired, means must be ad-opte.i  to reduce'the strength'of the f ieid
rvhen the load is increased ind ihe current in tire 

"arrnrto.u 
"i*.

sufrcient\' to cornpensate.for the slight decrearu io ,pura 
-iUni

oecurs undel orr l inary condit ions,

. , 
Tlris is aceomplisired by windins a 1,erv series tur,ns round the

riero magnets so as to oppose t lre shunt coi ls magnetical ly. The
effeet of these series trrr- 'n-s in weakerring,h" f i" I , t  ?;; ; ; ; ;r#;; ;

)l:i 
,!:1l1a,!rure currenr is greatest,'ihar is, rvhen the [r.rt"riJoad ls on and the motor tends to go slowest.

Starting a ,illotor.

Start ing Torqu^e.-The stalt ing rorqrre of a lnotor depends
on rne st l .engths ol- the magnet f ield anrl  of the ar.mrture f ield-consequently with a serics nrotor, since, orr switclr ir i ; ; ; .- t i l ;
maximrrm current rvi l l  at once f loiv rhroug' fr"rf ,  - , , f i r , ,rJ "" ifield magnets, the startiug torq-ue will .b? very great. Seriesmotors are therefore alrvays used in ca-"es wherL ihu t"oto"-r*,
to star.t  under a heavy load, such as boat hoists, otrrrnonit l*
hoists, &c.

. 
( 'Burning 

out."--One of ihe chir. f  daugers to contend with
when starti'g a motor. is that of ,, l,urniog- olrl ,, the armature
otvlng to an excessive currcnt lrassing befole any back E.M.F.is generated to cut i t  r i .rvrr.  rn a sriart series nrotor this is notver,r- 5s1i11115, a. the sel ies cui l  i .  :r lu.rrys in the " i ." ,r i t  lo-uat-J,
a resistance, and i ts inductauee. rvi i l  prcveut t l , .  "r;u; l  ; i l r ;too quicl i ly.

Ilut, with a shunt motor, the danger. is -verv great. Thearmatu'er rvhile at rest, simpry srrort ciicuits l,he maiirs a*cr fierdmagnet coils; thus with a voliage of supply of 100 \.1t. ;;,i';;arnature resistance of .05 olirn, the 
'cor.eor 

flowing-r.ill ;;100
.0d or' 2,000 arnperes. This &mount of current rvoulcl largely
.educe the voltage at the brnshes orving to the increaserl loss inthe leads, rnt l  since the f ierci magnct '-coirs are arso pr ' , tct ical iv
short-circuited, the currerrt passing.- f .hrough th. .hr; i ; ; ; i ; ' ; i i i
1.,  I" :y 

small ;  consequently theic would" be but f i i r fe _a,rn.t
i lelo [o attrac[ the motor armature, ancl i t  would therefore-not
s.tart with suftcient quickness to prer.ent thrs large current burnirg
rt out.

P recau,tions when Start inc._precautions must, thereiore. betaken to cnsure the lield magirets beiug p.operif "'-.rr"a.'"'iui.
may l .re,, lone. by^ f irst switching orr the'f leld m*gnet circuir.  und
tnen, \vhen the f ield magndts are excited, switchit ig on the cur.reni
ro r iro armlture motor, which, owing to t lre aci ion of the two
fields, would then at once revolve, .r .-ut iog u [oet E,]LF,; ; ; j ; ;
plevent an e-rCessive current | ising.
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Star'ti,ng Resistattces,-�The more usual method is to insert in

series uiti the urmature (6 starting resistances " suf&cjent to

Drevent au e,rcessive cuntlnt passing through it, even if the
'or*otu, '"  

slroult l  hang rrp' - lhus t lre ful l  nragnet f ield an' l  a

small armntule lield w-ilt 6e olitnined, ..nd the motoilrvill revolve.

As the motor gathers speed anil so de-;elops a back Ji'M'F', these

resistances can be gratlually cut oul, until none are left in the

circuit .
It rvill tbus be seen that tLe siarting torque of a shunt motor is

nct goocl; first because the m^agnet -Iieicl can never rise beyolcl

the iormal unless the D.P. of supply increases; and, secondly,

the armature f ield, owing to the start ing coi ls, must be small '

Staltins resistances i.; e also used rvith scries notors rvhere the

conbined iesistance of the magrret coi ls ancl the armature is so

iorv. that an excessive curreni might pass i f  the motor hung up

on etarting.

Stopping ct lfotor.

illechanical Brahes.-In manlr !in,1. of rnachinery rvorlieil by

motors, it is ctesirablc that the gear shouid bring up quichly lvhen

tiic switch is centt'ed' 
'I'his can be effected rnechanicalll', either

l,y separate bralie or by onc blought into action automaticall,v
' t ih.oi lru circuit  is brokcn. ' Ihe disadvantage ofthe latter is that

lhere are only t l 'o posit ions for the br:rke, either "off" or '(on,"

and no graduation'of the braking effect can be used os rvith tr'

seou atelv rrorked blakc.

Slrort-circuiting tlte Brttshes, -An extlen-eiy- good bl'aking

effect can also be ibtained by short-ci lcuit ing the brushes of the

arnature, wheu-if  a i ield is retained for i t  to revolse in-i t '

becomes a rlynamo on short circuit revolving. onl.v by its os'n

inerl , ia. Th'e current i ler-eloped, owing to the lorv resistance

of the circuit ,  being a Yely strong oncr t lre rc-sistalrce to tnotion

becomes very greatr 'as in tLe case uf a d; 'nrrnro givirrg out a lu'ge

current.
In the case of a shunt nrotor, the sbunt winding must be kept

connectecl across the mains when the brushes are short-circuited,

.so as to proviile a field for the armatule to revolve in.

In t ie case of a series motor, either fhe series coi ls rua'y be

inclucled in the short circuit between the brus.hes, in rvhich case

tLe armature plovidcs the currcnt for excit ing.the.f ield,.or else

thc sel ies coi l j  may be connectetl  across the mains in series with

a resistance, aud the brushes simply joinecl togetber'  ' Ihe folmer

method is more general lY used.

.l[otor Starterc and Cotilrollers-

Certain motors. suclr as t l iose for lans, driving ma:hines in

workshops, running pumps, $c',  which are o-nly required-to run

at a steaily speetl- when in use, are provided with a (6 ltotor

sbarter " for switching theLn on.
Th-rse motors of ivhich the speetl  rr irr : f  tre cr,pa5le of crntr 'r l

whi le they are running, such as boar hoists, coal hoists, slokehold
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fans, &c,, are provided with ,. controller,s', for starting anilregulating.

Shunt lfotot, Starter._The requirements of a starter for ashunt urotor
(l) 'Ilie first mo^tion of -the starter must switch on the fullcurrent to tbe shunt field coils

^, 
(?) . 'Starting resistances,' must be put in series with the"rrl. l ::._il 

1:i! ?".t.cur our as. t lre motor gatl,ers speei.

, . r11i,1 6l'i i; ;: 
";":3?,il I f il|i5,.i,{ :i:lf, :'f ,,.,1#j;,,, u nbut that of o,ful l  on. ' ,

The reason for this is^1hat the start ing lesistauces are notintended to earry current for any tnngth'oF ,l;"; ;;;;ilI,;;;T
1l]:{ l"iil carry rLe current fo. ine ;ii";; ;i,"" raken to start uDthe moror. if ,tbev are l,,,fr.ia the circuit tlrey wiii ie ;;;;h#darrd possibly lr'rni out.. rlris.r'eqoi.L,*"ii- i"rnrr.d as follorvs:_' l ' l re sn' i tch.arm, n'hich switches^ on tr ,e . i r rnt  atrd cuts out theetart ing resistances l i ,;r,;;;t;;r;;.;;;il{"f.'H'X'}".;J::ft llf i:::r'1,':l'i;'"'',,!ff I

i;;, ffi }ijilil'J.t:T lff ,' H_itl,," 3", r *,:"; i:;l n I ff :
^ . 

'f'he^rvinding 
of this lnagnet is in series with that of the shrrntffeld. Cousequentlr.. unless-the switch isln l ie ,,full o" ,; poririon

and held by tf,e cledti'o-magrer, it rvili be returnecl to th;;;;ii;;

#i,'Jiil.o'l,,ti::." i',",}|.'i .i"1, 
t lt; spri n g' 

- 
rti e utect'o- *og n # t,

,  (J t  f f  the 'o i rnge o f  t l i c  sup l r l ; . shou l t l  fa i l  a t  any  t ime rvhenthe. rnotol is nrr,ning, t l ,e s,vitcl t  rnust retr,rn to the 16 off, . ,posit ion.

_r^Th-i: 
tr necc-rsar)., as otheln,ise the mot,or lvould be burnt outwnen rne supntv cante on again, - 

. Ihis 
requirement is fulf i l led bv

1_h: l:-:gl*ie ielease, wl,ici."o l";t;;;;ihr;he switch rvhen thc

;:3'?ilrt:t't 
and the spring then returns the switch 'o th;-;;;tr-';

. (5.1 If the circuit of the shunt rvin.ing shou*l be broken when
1l..,poro" 

is running, the srvitch ^o3t-l.to"n to the .6off,,
poslt1On.

This is also effected. b_y tho no_r,oltage release, which is inseries with the sliunr wintling. 'Iire 
ne&ssity f", it i, "n"i""r.since, if the field ie clestroyed_wnuo t1,", -oioi l, "",rri.ri t'iJ*t ' i l l  be rro back 8.1\{.F.., 'and a o."y U"!u current rvi l l  passtbrough the almature.

(6) Should too heavy a load be throrvn on the motor,

I,il[T';t:. ij,,I?;","'ff :tliutl? J,f"armat 
ure can carrv, rlre

' f l r is is effct.red as fol lows,_iTl, .  lead of wire carr.ying thecurrent to the'rmrture t',ked several turls rountl ,fru ""rl."Tf uoelectro-magncr. 1-he armnrure of this -;g;r;;;r^ be ailjusred ardiffe'ent, distances from the ruagneb, so thai is o'ly ,t;";;i;;";;;;
the current reaches a certain stingitr. iVfr"" it is attracted. ib is



made to short-circuit  t l ie coi l  of
switch arm is throrrn bnck by
cal led the t '  olet ' load cut-olt t ."

the no-voltage relerse, so t i iat the
the spring. 

-This 
arrangerlent is

1 7 6

F r c .  1 2 l .

Ovenload Cut0ul

tr ig. 124 shorvs r i iasramrnatical ly the circuit  of a typical shunt

motor-starter. Tlrere i te many dif fereut forms of starters in the

Service, but they all eml-rody the principles enumerated above.

Series lfotor Starter.-.Ls was saicl on liage 173, small series

motors require no starting resrstance,q, but tlris is not the case

with larEe ones. 
'L'he staiter for a Jarge series motor consisl s

simplv ofYlhe sttrt ing resistances, but sometimes an overload cut '

out ana no-voltaqe r" lease are also f i t ted. In this case, however,

the coil of the n6-voltage release is connectecl direcily across the

supply nains in scries with a resistance.

Controllers.-Controllers differ frcm starters irr the following

nart iculars :-Since the motor is required to be able to run at

hifferent speeds for sorne time, the resista-nces that are put .in
series witll the armature must be capable of carrying current fbr

long periocls without damage. Also it-must be.possibie to.leav.e

the"co'ntroller in arry position without its returning- to the. "-oft "

position, A coniroilei generally contains a reversing srvitch, so

ihat the motor can be run in either direct ion.
In some cases wbere it is import:rnt tbat the motor should not

be allowed to run backwards under the load rvheu the current is

cut off ,  the overloa<l cut-out, insteatl  of- cutt ing.off- the supply

altosether. puts snch a resistaltce in the circuit  that enough

currint passes through the armaturc to hold i t  steady, tbou-gh not

enoush to revolve l t .-  Varicus contlcl lers trhat are in the Service

wil l  5e described in the next chapter.

Magnetic Blou-out.-H hen a circuit  carrying a.heavy culrent

is brokin, the current tends to continue to flo'w, owing^ to ind,uct-

ance in the circuit ,  ani l  sometimes forms an tt  arc," as i t  is cal led,

across the gap, I f  this is al lowed to take place the col i tacts are
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rapirlly bur.n! .ar1'ay, since the arc is formed of the metal of thecontacts, which is volatilised by the great heat that is develope,i"
. , rt is most inrporranr thar itr i" rcdion rhourd"oi-[. - ir"*ia i"rake l)tace rn motor coutrollers, which aro exceedingly Jiable t; it.as heavy curreats have to bo dealt witl,, and c-in's.r"r"rf". il
:"r-t:"ll"li 

f11,la1Se motols, a device caltei a -a,gneti; bj;;;;;rs genel'ally htted.

., ' I 'his . is. simply a large electro-magnet, generally excited bv acoll wrrlcl l rs rn series wrth-the armature, and so'placed in ihe
:LY.l,:: :|-L: ?l{ ""rtacrs, berween which arcing ir'riX"iy #rri."
placq. are atways tn a strong magnetic f ield.

. ,  Jhis 
nragnetic feld acts upoi t l re arc in esrct ly the same wavrnal rr,  acls on a conductor carrying a current, and tends to movt

it so that it will encrose the mirxiriru* no*b". of lines oi force.
lhe efrecr, of this is that tlre arc is drawn out to such a rengtrr
that the f).P. between the contapts will no looge, trlui"G;o i;*-;;
it copsequently goes out.

lfotor Generators.

ff a dynemo is driven by an- electric motor instead of by an
engin-e, the wLole tpparatus is called a motor generator.
- ) [r ,16p genelators are userl in the Service when a supplv of

electr ici t ,r ' . is re, lrr ired rt  u r l i f ferent voltage to thrt ,uppi ie, i  fy
t l r e  s l r i p ' s  i n s t i i l l ; r t i o r r .

^  - thus ,  i f  the  s l , ip 's  r l . vnamos g ive  100 r -o l ts ,  and a  supp ly  a t
: ( l  vo l ts  i s  leqr r i rc , l  ih r  i vo lk ing  be l l s .  &c , ,  i t  i s  ob ta iued i iom a
smii l l  2O-r-olt  d.r 'uamo driven b_y a 1O0-volt motor.,

l lotor geneiators are used ln the Service for f i r ing guns and'wolking bel is, telephones, and f ire control inst luments.
There are sevelal diflerent sorts of motor generators-
(I) Two entirely separate machines with their shafts coupleal

together.- 
(2) Two machjncs separate eloctrically, but built, together in

one casting, though wit -b separate armatures and pole pieces.
(3) A machine with one armatur€ and set of pole pieces,

but trvo separate windings on the armature, each with its own
commutator an<i brushes.

The small motor generators which were at first supplied for
wolking frg control instruments, and those that are now iupplied
for.telephones,-are of the fir,qt type, the generators being-self-
exciting shunt dynamos.

The motor generators now supplied for guns, bells, and fire
control instruments are of the second type, the fielii of the
gencrltor being supplied from the ship's mains. A rheostat, is
put in series with the generator f ield, so_that the voltage given by
the senerator can be varied within certain limits.

]Iotor generators of the tnit'd class are not &t present used in
lhe Sen-ice.

If rhc armature of the generator is placed in series wil,h the
ship's mains, so as either.to add or subtract i ts voltage from that
ol the mains, the machiue is cal lei l  a . ,  Booster."

ME 5u9i i l ,
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CHAPIER XT.

Srnr.rcs }forons awn L,,ox.rnor,rpns.

n::t*:t".t1to 
deal wirh Service morors enrt conrroilers untler

l. Motors for fans.
2. tr{otor.s for capstans, coal and lroat hoisrs, &e.3. Uotors for gun uro.t ine.

^ rn au the ratesr 
illfi:if?i'ii",,,,,,rrq is rrone by smaufans, such as l2-inch.,lr iu;; ;t .;r l. i  ",,, i",. '", rr.om I j to l-r H. I,.,taking from l0 to 20 amperes ar lO0 r.olts.

. ,They are generally foor-pol" rrr"r"r.,'"",f

;' ll,l .;::f"fi.",-*r,l;r, ur r"'*, tn".' t", # ;#";,1;; ;ltl#, :,1

r::)rg?Iil;,i;:i1:.4J'"'Tff :r.",ix",,ff ;:i"T",,1?,:l#:iu series fg_,_lnu low speed, an; i;;;.; i l . i?;r rhe I, iJ.rh sneed.l)late XV. s'ows ihe 6i..rit. o?*iilr.. "".i,:"rr.r;;ifi;;;r"..The Scott and Aston. cortrollers urJ *nri.t of a drum withcontact pieces on it of, the form ,lrnrou-in ii* plut", ;";l;;;;,;?
]r*rlshes bearing on each sideof th;,i;;;." ,'],, u.u.lu, are shorvnrn green, and the'osil io, of eaclr rvhe. l_reari.g on tlre drum isshorvn by the dottetl l irres.

In the Stell i te controlle.r t ire contacl pieces are fixed. and tlrecontroller handle carries ttrree ir,sulairifrrorr... r.adially on itsspirrdle, wtrich make eontact between ;h;;."--
In each case the 

i:j::1_1.". i;i.il;l antt rvt,ere onty rrvofield coils are shown each represents the coils on trvo oI. the polesin series with one another. 
'N";; 

;i-;;;* .""tr"r[* ;;; frr*irvitb eithel overload o" no.ooltuge-"ri-"rtr. ',le'ice, gIcep.t f;i;i" cut.onrs. A-s fans ,"u oo,oj ,ll{,,iJlti,lTl;jrr one direction, no reversiog u.r"ng.*u,u't irr",t.In sorne of ihe oltter .,.,",tr;;; il,!ILu'i "uri,u" larger farrst1.r ir , 'en.by-motors of f i .om B to'4 H.p.; ;  Scott,s three_soeerl
::il*11"r is fued, which is.-..y .l_;tu. ti,;;;;;;;;;;;;;;ffi,;to rhe rwo-speed controller of the same rrrrt "i. Th" it;;;".*;;i:are obtainerlas fo,orvs '---rir'rt.puJ;';i'f";; field coils in serie,r ,second speed, rwo in series. and'tw; i" pr."ff"f ,..,nlri .pi. i,";rit ield coils.in parallel. As in the'cai;;ff i^.
no p,rorecring'A;;i;;;" starting resistances """ #r?1:" 

eontrollers,

T!lJ';idt"',1-.:"'r",ilf ,;,:**:,t:?lX:H.u"",""-i.,ii.il"L";used. Tlrese are of such i riii" *"t' ti.y'nrr.t be fittetl withstarting re,1istanggg., ll'wo controlfuifu"lf,i"t;,rre of notor areslro',vn on Plate XVI.
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The upper t l iegrarn irr the platt ' . t 'epresents Scot[ 's threc-sl ' rced

control ler ' for a I0'H'P"motor" Ther-e is only one row of brushes

bearing on the "oot'otte" ir'"um, and.the.' conlections are made ls

shown. 
' l 'he nrarn t" ' t"h-, ' i l i thl t  s. l toJvn,on the letb of the

diagram. is put on by t; ;"dt-;  ;" ; ion.of the 
l l lut 

oo means of a

""J o' it, .pioat*, .rg i'j:ui" * ol::-If:t; TliX"JfftT'lT
iolrot *rgo r.elease coil. The cam o"Iy l:,t^Tt;;d;; ;; as thar
i, t,. io*-tu.o"d towards the starting posrtlon' B

rrosition is leachetl tt'u s'"ii"t' is frie'to go off rgain' except for

ihe -no-t'oltagl-tu,l *^-i,1on of the controller the armature flelil
In the startlng Posr

"oif. 
-u"i 

tt".t ing iesi*tat'ce ale all in.*:t i":: , . .
On the first speed tn" tt-*i"S resistance is short-circuibed and

the fielil coils are still ti 
ff:ti:lo coils are put in parallel'

On the second sPeer 
#ll;i^;;d "hunted

o; ;h; third speed the field coils are rn pt

by a low tesistance." 
An overload release is provicletl' .the effect of rvhich is to

break the circuit of tt'"""o't"ori"i"""Lil ot'tl so release the mairr

switch. When the ";;;"i ;:*s'-the controlldr must be put

itili"o;"d1"";h;1;o;';';;:itif' u"r"'" the nrotor can be st'arted

u*uti;. 
lower diagram on Plate XYI' repre-sents the circuit of a

controler {br a r0-H.il:;;,;;-ffi; uy tne tnames Electrical

Eneineering ComPanY'
This controller has two separate hanilles, a star|ing handle

and a controlling handle'
The controlliog h"iatt cannot be moved until the starting

bandle is " full oo," uni'iiiu iltt t"otio" of the controllirtg handle

f""1. in. starting hanctle in tlrat position' -
When the controilin-g ia"Jit'i" nuj rigllt back it releaees the

*r""ii,tg il"tar., *ti.rt'iJtn""-tlt"t"ta to the 66off" position by

o tPffi. 
are eight positions for the controlling hantlle' which is

shown in the "off";;t ' i";- "^-ihe plate' 
- ' Ihe 

first 
i" if l i

*ni.n f".t. the staltin! haudle, does.nbt.move the contact ptece

looreeiablv from the iStiti"t tUtt"n' but in the sec-ond position a

l5i*ll""T'r.';;; ;. p""'"utr *itn the field.coil' 
'fhis 'esistance

is eraduallv reduce<l ;;;;;";';lling handle is turned further'
'" "il;; 

fi'.Jiltua, 'rtit *oitott"" hitl-no -overioad or no-voltage

releases, but both "f tfttt" "t" being fitted to those now in tho
'#;i;;: ^"'iu"y 

*il p'""q-ury be r'-ery similar to those in tho

Scott's three-sPeed controller'
'I'he disadvanttg" ;i";'h; contro-ller is that if the controlling

ftrt ir"-i. 'p,,t;"%t;;k to*ortls '6 slorv srreed" the starting

hantlle is released, "o,i tUi-*oar must be started up again; but a

little care 'rvill obviate this'

Otd Type Large.Fans'-In the Niobe class cruisers' ancl some

other ships built at "b;;;;h" same timc' 42'inch fans rvere fitted

i". .ttip i*"tilating, which were driven by motors'

The motors *"ru 
^ii 

E'f', and thpy Eere rvired in pairs' as

shown in Fig. 120'
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Fig. I27 shows one of
details of construction.

181

Fig.  126.

N e e

Ma|ns

.L^ y'ith the change-over-swrtch in the ecntral position, as shown,tne two motors are in series across the mains, and as each motor
l5:,*.^ 

onty half tl,e applied-"oifi;;i*.i borh run at hatfspe€d.
If the change.orer switch is put over to one side or the other,it ehor.t-circoitJ one of the motors, and the otlier con theu be runat fnll speed on the full roltage ;f?h;;;;r. 

"'

. Care must be taken.thatit. aoofrf" pJi" switcf, is not madeunless the starting switch is , igni br.h'" 
""' '  "

rne sHrtlng resistances are of such a size tbat the motors can
_h "q" with thlm in the circuit, ;f it ls ,i.rir_a to run them atless than half speed.

Lundell Motors.-These motors, whose construction is verysirnple and cheap, ale largely "r.a io -*"iiri^., ;p * I"g.p. 
"',

Frc. 127.

them taken to pieces to show the
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There is onlv otte f ield coi l ,-an-t l  the casing of the motor'  rrhich

i. -ua"'of irc,ri, forms part of tltu *u-gn"tG circuit' The field

*if t **."tric rvith thL armature, and-the iron of the casin-g is.

ro-rf*p.a tbat tn'o opposite poles are formed one on each sido of'

the armature.---'ff*r" 
nrotors may be either shunt or series rvound'

CaPstan and other large trIotots'

Sientens' After'^Capstctn Controller'-Ihis is the simplest of

all the controllers for largc motors. A diagram of its circuit is

shown in Plate XYII '
| h e c o n t r o l l e r d r u m l r a s t w o h a l v e s w h i c h a r e e x a c t l y t l r e

u"*.,-o"u-o" each side of the off position, and there are thirteen

brushes bearing on it."--th; 
i.u.tting switch is separate' but rvorked by the same

sp ind le ."" 'bnirr.  
i i rst movement of the conlrol lcr lhe contacts N and o

are 
-cottnected, 

ancl the circuit  is complpted through al l  the

resistance, ancl-the motor I 'uns at slorv- speed'

Further rnovement cuts out resist-ances until A contaet is

conttected to 1he t l t  urn, al l  resistauces being then cul out and t ire

motor runs at ful l  sPeed.^^'-"Th; 
;;;.ti" U'.rt " is connected in shunt direct between the

*ui*'ut ,JoXi speed, and is in series with tho resistances at flster

speeds.".lii 
the resistances are buried in sand to prevent, their short-

. i r . i i i t ing rvhen they-ore hot ard har-e expanded'

There is no o', 'nrt. ,n, l  arrangernent in tbe contlol ler i tself '  but

an aulomatic circuit  bleaker is ' i i t ted in the rnain' Care must be

i;l;; th"t, if rhis circuit bt etiker has gone 9tr :t"i.nS,.t: 11 :],::-
iouO, it in not leplacetl untii the eontroller is in 

.the 
" "fi.-g,"^t^t1t"l;

Sorne of the oider Sieuens' capstan control lel 'st lnstead or

being of t l re drunr typa, have. contact pieces.on a f l-at plate' ano

brushes on an arm pir:oted in the centre ofl the plate' but the

circuit is r-ery similaito that describetl above'

Latu'e nce Scott's C apstan C ontroller'

'I'here are two forms of this controller in- the Serrice' of-which

the 
-more 

modern d;G;; Iittecl-jn.so1,e of--t-h-e-"County Class"

.t"l*t., iu .shown diagrammatieally in Plrte-XVIII'

The motor i. * seiieu motor oi' 30 II.P., with limiting shunt

"oit in*t prelent it running at over 1,000 re'r'olutions per minute

when ther le  i s  no  lon t l  on  i t '"- 
ihrr" ale two tlrums in the coltroller-the controliing drum

vhicfr is rvorkcd by the ltantlle, ancl .th-e reversing drum' - Both

dlums hare coggctl *tt..f.-"" iftlir spindlesr,and th-ese wheeis gea-r

into one another', ,o il,,tt' when tlre corrtroiling drum is revolved'

the reversing drum reroivee also'

The drums u.. .ho*n developed in the .plate' ancl each eun

r e v o l v e t h r o u g l r n e a r l y l S ( ) o i n e i t h e r t l i r e c t i o n | i o m t n e . ' o n ' '
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position. - TLere are 14 brushes that make contact on the con-
trol l ing drum, aud f ive -on the reversing t lnrm" .I .he 

reversing
drum has four contact pieees on it, two ot'rrvhieh nre in-.he "i;.,ri?
al l  the t imc t lre d^rm iJ on one sir le of the .,  off , ,  posit ion. ,ulr i i ; lh;
other two are in the circuit  rvhen the drum is' turnerl the other
\yay. The trvo sides of the contacts on the controlling drum arc
exactly_the same, so,that t ,he.controlUng arrangemeits ar; rhe
s:lme whichever rvay lhe uotor i .  runnins,"

- 
' Ihere 

ar.c I l  posit ions for the contr6' l l ing r lrum on each side
of j l :  "  off" posi i ion, giving 1l speecls, "oE t1.." are obtained
aB JOI IO\Vq : -

, , ,r",1!" 
f i r 'st step, current is suppliei l  to the armature and f ield

coris, i l l t  tn scries thlough one start irg resistance. On each step
l.onr the seconrl to the feventh, anothJ' start ing resistance is pui
ir  Prral lel  rvirh the 1ir.si ,  ancl on t l ie e;ghth ;het a;"--f f  , fr , i . i_
ci rcuitet l .

9n. the ninth step, thc i iel t l  coi ls nre put in paral lel,  each with
a l'esrstance in series with it, instentl of in series rvith onc a'other
as they were before.

,, 
Ol the.tenth s^tep.these resistances ure short-circuiteri, and on

tne eie'enth the fleld coils are shunted with , low rc-.isiance of
about '05 of an ohm.

I'he action of the o'erloacl is as follows :--On the lorver encl
of the_spirr, l le of the control l ing -tJrum is a cam, rvhich, *1,;, ,  th;
control le. is anyrvhere betrveeithe ' ,  off  " posit ion anrr ' the fourth

: j . l : " : i ! ] : .  
s ide ,  l ,onrs .ega ins t  the  h inge, l  a r rn  G o , , , t  t . .ps  i i

In t l re posrt ion shorvrr. \Vhen in this posit ion i t  rn..rkes contact
betrveen the brushe,o rnalketl  lg atr l  2o in the prate, nntr i t  rs k"pi

ll,_:!lr, 
positi,rn by.tle artractiorr of tt,, ,ro-i.oii*g" ;;l;il ;;il;

\ r ' i l ic t l  ls  rn scr ies $ i th  tbe l iu i t in l  s l runt  tu | i ls .
., The, I- ' lorv-o.t lrrrg.et is mrdc'tr-r trrric trre prrce of iL' ovcr.roa,l

corl, ant[, rvhen the crrrlelt exceeds a certain value, a snrall pivoterl
armeture is attracted and completes a circuit .whicrr short-circuits
the uo-voltage release .oil. 'riis ailows the a.rn c to t," p,iriu,i
ovel by a spr.ing, an,l the contact betrveen Nos. lg an.l 20 br.ushes
rs broken.

The effect of this is that the circuils of the Sth, 6th, antl 7th
1laltinS resistances, and the leacl that shorr-circriits dfr.*, u"u
hroken, as is also the circuit of tho magnet shunt if i t is in use,
a.nd only.the lirst four starting rr,listand'es are left io pu"utt.f ii
the circuit. 'r'hese resistances wilr ailow enougl-r ..r""u^nt to flow
tiloughthe motor to hold it against the loar.l, Ent not enough torlunragc i j.. ' l 'o replace the- orirload, rhe controll ins d;;;; i;,r;;
be rnovetl bnck to the fourth step, in rvhich position"G is pushett
back. i r r to  p lace by the cnm on the 'spinJ le.

_,-,\Yn"^ G is_releasetl it completes the circuit of an alarm bell,
wnrch ts-placerl on deck beside the controller haudle, so that the
rnan tvorking the controller shall know when the ovelloarl has
gone.

'Ihe shunt coils of the motor are .ioined up between the brush
1o1rll"d^l antl the negntive rnain, s'o r,hat tiey are gwirched on
by the lirst urotion of the controller. In order to prevent their
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lrcing damaged by tlre E.l'|.F. of inrluctance when the current is

.rvitEhed otf ttoti, thenr, a non-inductive resistance is connectecl

i,r rarallel with tlrern. This resistance is called a kicking coil'

\\-hen the current is switchecl off fronr the field coils, the induc-

lrrnce teutls to keep the current, flowing, and, if the-kicking coil

l'eLe not litted to provide a path for it, it would spark across the

contacts in the control ler and dzmage them.
Since thic kicking coil is across the mains when the motor is

running, all palts of it are at a differe-nt potential. 'Iwo leatls

are taken oflfrom two plrr,ces close togerther. to provide current at

t lorv voltage tbr ringing the cut-out rtlarrn.beil'
'Ihe biow-out mi,gnet is lvound in selies with the armature,

and is so placed thal all the brushes bearing on the controllel

tlrum at'e iu a strong nragnetic field.
An automatic Srake- is fittecl, rvhich is pulled off by the

magnetism of the field magrrets. When the magnets are not

e*c'ited the brake ltolils the motor, and it clnnot revolve-

The older t,r'pe of Scott capstan eontroilel is similar to the

above, but the motor has no limitilg shunt turns, and tbe.arrange,'
ment of the overloatl is slightly diffel'ent. The controlling ancl

reversing dlums are exactly the satue.

Clarhe Chaptnan's Coal and Boat I[oist Controller'

These controllers ere fitted in a large number of ships which

have electrically-driven coal and boat hoists. The motors are

simple series mbtors, ancl the- controller gives seven .pj9{.:

The controller consists of one drum with a row o[ 15 brushes

bearing on it. It is divided into three parts, as shorvn on the

dotted-lines on Plato XIX., and these three parts are ell insulated

Jrom one another, though the contact piece'-s on-any one partof

the drum are all in connection rvith one another through tne

bodv of the drum. It rvill be converrient to refer to the three

part"s of the drum as the positive, negative, and -reversing drums

i'espectively, as shown in the plate lrom right to left.'Tle 
po"sitive and negative-mains are connected to the brushes

markecl i antl -, ancl"the connections to the motor are made as

shown.
A rnasnetic brake is fittecl, and on the first step of the con-

troller the" brake citcuit is connected directly across the mains, so

t,hat the brrrke is taken off'
On the second step, the armature aud field mognets are

connected in series with the mains through one starting

resistance.
The thirtt to seveuth steps eaclr add another stalting resistance

in parallel 'rvith the firstf and the eighth steP short-circuits

rhem all.
'Ihe overloatl coil is in series with the field winding, and a

diagrammatic view of the overload anangements is shown in the

corner of the plate.
IMhen the overload coes, it breaks the circuit of the fourtht

lifth, and sixth storting"resistances and of the short-circuiting
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Iead, and lea,ves the first three sta.ting resistarices in the eircuit.
This allows- euough culrent to pass thiough the moror ro prevent
its running backwards untler. the load, bui not enouEir to iarnaee
it. 'l'o replace the overload, the controller mrrst be reiurned to tfiet'off" position.

In order that the inductance of the brake circuit shall not
cause any damage when the current is slvitched off. the blow_out
coil,.field winding, and one starting resistance, in series with one
another, are put in parallel with Ihe brnke coil by means of the
contacts marked B, just before the positive and neeatire suoolv
mains are cut off. 'Ihese form a kickinE coil for ttre Ul.it"e
magnet.

,The blow-out rnagnet is wound in series with the &rtnature,
and. has-a, Iar,ge number of poles, which are placed, as showri
i1 the- plate, between all the 6r:ushes where sparking is likely to
take place.

JDlectLioally-tlriven air compressors are being fittecl in some
modern ships._ The motor is a 40-H.p. shunt w6unil motor, and
a cliagram of the circuit of the starter.is given in Fig. l2g.

The starter consists of one double-ioie and flve single-pole
slvitches.

5 h u n l
i l e r o

Frc. i28.

Slonl ing Resrstonces

Armolu re

-, 
I.fu 

$oolle.-poJe switcb, which is pur orr f irst, puts into the
errcuit the field, in series. rvith t,he no-voltage release, autl tLe
armature i' series rvith air the starting resistinces. Tiru siogle-
ryl:,.^l_**i; *li"l. ure. pur on in'older from lefJ ro';Ghl,
snort-ctrcult  i l re staft , ing resistances one bv one.

.,_P.:h 
srvitch, yh;n o1, is held on meiharrical ly by rhe swirch

-that \yas put on befor.e it, and eannot be put on'uniil all those
before it are on.

tt. \'d

No Vo l looe
R e l e o s 6
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Tlre ffrst switch, i.e., the double pole, is hclcl on bv the
attract ion of the no-voltage release coi l ,  but rhis coi l  i"  noiural ly
short-circuited bv the two contacts B and C irr series with c,,nl
another, so that the switch will not remain on unless either B
or C is tr loken.

Il is broken when the last su'itch is put on, antl C is broken
by means of a push hul,ton placed just under the ilouble-pole
srvitch.

The procedure in starting the mol,or is therefore as follo.rvs:-
n'irst push the button, so as to put tLe no-r'oltage lelease into action,
and then put on the double-pole switch, wbich rvi l l  be hcld on.
Keeping the button pressed, put the single-pole switches on ore
by orre. Each u'ill be held in place by the one before it, antl the
last one breaks the contact at B. so that the bulton can then be
rele*r,sed. 'Ihe button nust bo ke1,r pressed all the time while
srvitching on, as otherrvise the double-polo srvitch will be released,
aud ir.r comirg off will bring all the others off rvith it.' fhe 

overload, whose coi l  is in series wirh the armature, when
it,  comes into action short.circuits t l re coi l  of the no-roltase
releasc by the contact at A, urd so leleases the double-pole
s'rvilch. If an or.erloacl occurs rvhile starting the motor, the
t'ele,ase will act just the same, as the contact at A is independent
of the othcl trvo at I] and C.

.&fotors .for Coaling Bollards.

Ships of the I(ing Edward VII. class and later classes are
fitted with coaling bollards on the boat deck, which are worked
by motols of about 30 H,P.

The motors ale shunt wound, and run continuously rvhile
t lre bol lard is in uso, being f i t tcr l  with starters of t l ie usual
rlescription und the safety arrangements describetl in the last
cDapter,

I'he bollards are driven through friciion clutche-q, I'trich
reqrrire careful ar ' l j rrstment to lurr properly.

ifhe motors rnust in all cases bo started liglrt, and no loacl
rnust_ be put on them until they are runniug at their normal
spee(t.

Motors for Gun"worhing.

Controller for Twin 6-inch Mounting.

The trvin 6-inch turrets in the cruisers of the County Class
are fitted with electric motors for training.

Thele are two patterns of training gear, the Yicker.s pattern
and the Elswick Dattern.

A diagram of-the circuit of thc YicLers pattern is shown in
P la te  XX.

'Ihe apparatus consists of fwo parts-the controller, which
is placed in the sighting position ia the tunet, and the reverser,
rvhich is down below, beside the motor.
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Tbe motor is shunt wound, and gives l0 H.P. at 1,000 revo.
lutions per minute, and at this spe1d, rvhich is its fastest, it
will revoh'e the turret through its whole arc of training, 270'
in 3O seconds. It is fftted with a magnetic brake. whose coils
are in series within the armature ; 3d amperes through these
coils are required to bring the brake o11'.

The large switches in tlre rererser are workeil by relay eoils
whose circuits are completed through the controller, Oniy one
ofthese switches can be on at any time, one of them being put
on rvhen the coltroller handle is put over ooe way, and the
other when it is put over the other way.

The first moiion of the controller excites one or other of
these relay coils, and the starting resistances are then cut out
by tbe further motion of the controiler.

A no-voltage release is provitled, whose armature, when
attracted, completes the circuit of the relay coils. Unless it is
attracted and hekl up in place, these circuits are broken, and
neither of the larqe switches in the reversel can be actuated.'l'he no-voltage release coil is placeil in series with the
kicking coil that is provided for rlre sbunt winding, rvhose
resistance is high, about 150 ohrns. When the armature of
the no-voltage cut-out is dorvn, the current that flows through
tlre no-voltage and kicking coils in series is not sufficient to
lift i t up, though it is enorigh to hold it when it is l i fted. A
push is fixed on the pillar of the contr.oller, and if this is pressed
when the controller is in the central, or ,(off" position, it shol't-
circuits the kiching eoil, and erergises the no.voltage coil
srrff iciently to l i ft upihe armature, whiih rvil l  then be helfithere,
l hen the prrsh is no longer pressetl.

lfhese arrangen:ents ensure that culrent can never be put
on to tlie motorl unless the controller is lir.st returned to ihu
tt off" positicn,

An overload cut-out is fitted in series with the armatute
the motor, anri lvhen its armature is lrttracted it, breaks
cilcuit of the no-voltage coil, so that the large switch in
reyerser comes off.

of
the
the

The shunt coils of the mctor are excited €rs soon as the
double-pole slvitch is made, and in series with them ar.e the
shunt reg^ulaling resistances Ii. In the nonnal position, with
neither of the large switches in the leverser made. all these
resistances are siroit-circuited by the shunt regulating srpitch
e_xeept l.-he last one, whicb is lel't, in the circuit-to prevent the
sliunt coils getling too hot when the motor is not running. This
last one is short-circuited, thlough the blocks \Y, as-soon as
either of the large reverser switchei is made.

. 
'Ihe ,shunt regulating switch is worked by a relay coil whose

circuit is completed on the last step of the contioller. The
switch is fitted with a, dash pot, so that when it is attractetl
by the relay it moves up slowll', and the shunt resistanqes are
put into the circuit one by one.

- In the Blswick pa,tter.n of twin 6-inch mounting the motoi ie
ehrrnt wound, antl  runs eonlinuously al l  the t ime that tho turret
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is in use. It is fitted lvith a starter of the usual form. with
safety arrangenents as described in the last chapter.

The.rerersing and cont-rollilg of the turret-are performe,l liv
mechanical-ge-aring worked by the training wheel in the sighting
position, which it is not necessary to deseribe here.

IYard-Leonard System of .ll\otor Control.

This system is fitted to the turret training motors of the" Powerful " and r. Te,rribler" and to lhe trainiirg and elevating
motors of the turrets of the ,. Invincibler', the details in each ship
bein g slightly differerrt.

Tlre general principles of the system are as follorvs :-
In the lower part of the trrrret, below the armoured deck, is a

motor generator, consisting of a shunt motor dliving a Beparate
generator. 'Ihe field of the genelator cun b: controlled anrl
reversed by means of a switch in the turret, and the armature cf
the generator is connected direetly ro the arrnaiure of the turret
training motors, rvhose field is constantly excited from the ship's
marns.

- Tl]. motor generator is kept constantly running all the time
that the turret is ir use.

lf there is no current in the generator field, the generator
will, of course, be generating no E.M.F., and the training motor
lvill not move.

If a small current is allowed to pass through the generator
field, a small E.M.F. will be generated, giving a,-small current in
the training motor, which wilf then nrove slow:ly.

As tlre current il the generator fielcl is 
-increased, 

so will
the I.M.F, and consequently the speecl of the training moror,
lncrease.

If the curreut in the generator fiekl is reversed. the E.I{.F.
generated rvi l l ,  of course, be in the opposite cl ireci ion and the
training motor. I'ill run the orher.way.

'Ihe advantage of rhis system is that the only current that, is
being dealt with in the controller is the comparatively small
curlent of the generator field, antl there is consequentiy very
little loss ot'power in resistances, &c., and the controller tan bL
quite small .

Also, by having a sufrcient number of steps in the rheostat
that controls the generator field, the control can be rnade very
t lel icate indeed.

The disrdvantage lies in the extra 'weight of machinery
required. The generator must be of such a size as to develop
the same porver that the training motor tokes at full load, and tlre
motor that drir.es it must of course be also of the same power.
There is therefore three times as much machinery as if motors
'rvere used direct off the mains.

_. Thu a<lvantages, however, are consialered to outweigh the
disadvanta,ses.

Plate XXI. shows the W'ard-Leonard system as fftteal to the
turlet training motors of H.IVI.S. ,, Terrible."
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There ale trvo training motot.s, and they arc connected in
parallel direct to the armature of the generator throusb an
automatic circuit breaker. At the bottom of the plate is ihorvn
the switchboard for theturret, on which are a double-pole srvitch
{or the mains, a starter for the motor of the motor gederator, and
bus bars for the various fields.

When the double-pole grvitch is put on, it feeds bo[h the
motor starter ancl the field bus bars.

fhe starter is of the ordinaty fonn describeil in the last
chapter, fitted with both overload an.l no.voltase releases.

The fleld bus bars have four pairs of leads going from them-
trvo for the training motor lields, one for the-moior fieltl of the
motor generator, and one feeding rhe controlling srvitch in the
turret, and thence the generator field.'Ihe controller is so arrangert that as it is put over one way, a
gradually itcreasing cument is sent through t[e generator field'in
olle dilection, ald if it is put ovel the other rva;; the direction of
the current is reversed.

Geiltel and Lange Tumet Traitting Gear.

This gear, shown diagrammatically in Plal,e XXII., is fftted to
l.he turrcts of H.II.S. t'Powerful." It is an impr:ovetl form of
Ward-L-eonard . gear, and. rvorks on ihe eaure pr.inciple, but is
alranged in a different rnanner.

T)here are trvo motors, as in the ., Terrible," and their arma-
tures are connecled in parallel thr.ough an electlically opertted
reversing switch, to an electrically operated change-over sivitch.'fhese trvo ru'itches are operated by means of solenoids
working ngainst springs, so that when there is current in the
solenoid the switch is in one extreme position, and rvhen there is
no cunent i t  is in the otber extreme posit ion.

The eolenoid of the reversing swiich is excited by means of a
contact on the controlier handle, all the time that ihe controller
handle is on one side of the .. off " position, and not when it is on
the other side.

The solenoid of the change-over switch is excited by means of
another contact on the controller handle, as soon as ihe handle
gets halfrvay over !o its extreme position on either side of thett off" position.

_ The culrent a.lways goes through the ffeld of the generator in
the same direction, ancl the reversal of the traininE ruotors is
effected by means of the reversing switch mentioued ibove.

The full voltage that can be given by the generator is only one
balf that of the ship's mains, for which tho-traiuing motols are
wound. fn the (t Powerful " the tlaining motors are wound for
80 volts, and the generator gives a maximum of 40 volts.

During the first half of the travel of the controllinq hanille.
.when thc solenoid of the .change over switch is not ex"cited. the
motols. are supplieil direct {rom the brushes of the generator,
through the changc-over switch, and the voltage of thelenerator
gradually incrcases as bhe current through its field is incieasing.
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As soon ae the change-over srvitch is actuated, which happens

when the controller hai'tlle is halfway over and the generator is

developing i ls maximum voltage, i ts effect is to put the training

motors di irect acroes the ship's mains, but with generetor in geries

with, but in opposition to, the mains. The generator then becomes

a neqative booster.
From that point until the eontroller handle reachec its extreme

position. the voltage of the generator is gratlually deereased from

its maxinrum down to zero.
It rvill thus be seen that, although only a 4O-volt generator is

used, lhe voltnge applied to the training motors is gradually varied

from 0 up to 80 volts.
The starter for the motor generaior is worked by means of a

solenoid, and the cirouit of thii solenoiil can be -completetl eitber

Uy a push in the turret itselt beside the controller, or by a pusir

b-eside the motor generator iiself.
The acivantage" of this gear over that fitted in the '( Terrible "

is that, as the {enerator lias onl.r' to develop oue-balf the porver

required by the"training rnotorsr tlte motor genel'ator can be made

much smai le r ,  and we igh t  ean be  tbus  s r tved .

Gun-rorkin g G eat of ILM. S. " fnaincible."

H.II.S. " Inyincible " is being fitted with electric machinery

for rvorking 12-inch guns.
Two difierent sysi-ems are being fitted, one designed bi' Elswick

ancl the other by Vickers.
The trainine and elevating motors are in each case controlled

o' the ward-L"eonard sYstcm'-
ln the Elswick turret, the other motors, lbr the hoists,

l'rmmel's, breech mechanism, &c., are all wori<ed by- hand con'

trollers, 
'rvhich 

bave various safety arrangements and automatic

cut-offs and leversing srvitches.
In the Vickels' turret, the ntotors for hoists, ratntners, ontl

bi'eech mechanism ha'r'e electrically rvorheil controllers, actuatetl

by push buttons. 
'I'he liftrng and traversiug motors in the shell

room have hand control lels.
Full descriptions and diagrams of these circuits will be fountl

in an Addenda to the Ilvdraulic Manual.
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CIIAPTER XII.

Snnvrco NIlcurNns AND rrrErn Mlr.l,oolrpltr.

A coon many of the older ships in the Service have two-pole
dynamos, but as these are all obsolescent, it is not consid6red
necessary to descri-be them here. Two of the older multipolar
rnachines will be briefly described, and tirel two of the most
modern,

_ Siemens Sit-pol9 600-arnpere Dynamo.-The body of this

lynu*o ls built up of two miltl steel plates, forming the upper and
lower halves of an irregular hexagor. 'l'he lorvei half 

-rests 
on

brackets; the uppel haii, with its ihree poles, can be removed, so
as to enable the armature to be taken out, The six lees with their
pole pieces are bolted on to this framework, thus forming corrr-
plete magnetic circuits to the armature in the centre, the poles
being alternateiy _north and south. Three of the legs carrying
series as rvell as shunt coils are mado larger thnn tho other three-.
All six poles have shunt coils wound upon them, and thess shunt
coils are all connected in series; one eud of the shunt lvire beinE
joinct l  to the negative teirninal of the machine and the or,her t6
t lrc orrtor l ing contiuctor. :rncl thereforc to the posit ive pole. The
thr t re  se f i t s  co i l .  have the i r  enr l - r  jo ined to  the  inner  and ou ter
t ' iug  tou , luc t , r l s ,  rvh ich  { r re  t r ro  la rge  copper  r ings  enc i rc l ing  the
firce of tLe nra..hirre lrrr l  selving to t l istr ibute the-cun.ent betiveen
them. Tbe inrrec r ing t:ooductoi ir  connected to the three posit ive
brushes, anrl the ouibr one is in connection with the positir.e
terminal of the rnachine. Thus the curlenr flows frcm the
three- positive brushes to the inner ring cond.uctor', through
the three series coils in parallel to the outer ring conductor,
thence to the positive machine terminal through the external
circuit to the negarive machine terminal, whence lt is distributed
to the three negative blushes.

'Ihe macline is tlrus of the " lon.q shunt " typ..
il'he armaturo is laminateil rvith a latge numbcl of slotted

l'rought-iron discs keyerl to the shaft with three keye. Axiat
holes arc fitted for ventilation. 'Ihere are 118 armature bars.
cach rnacle in trvo pieces to prevent erldy currents, anrl sunk one
beneath the other into the slots of the core, and kept in place by
a rnetal packing piece.

'I'hese mllchines having wave wound arrnatures, require rnerely
two sets of blushes.

Since, however, the brush area must be larqe to collect the
total output, 600 amperes, to avoid haviog a lon! commutator, &s
rvould be the case with only two sets of brushes, each sei is
divirled iuto three, placed l20o apart and electrieally connected.
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The total tcsistauce of thc shunt ci lcuit  is 7l l  ' '  Ncal the

tiu of each polc piece is a coi l  consist ing o1 6$ turns o{ irroad

aonoat  s t r i t ' .  s izc  I  inch  by  '3  inc l r ,  insu la te r l  { t ' onr  e r rch  o t l te t ' l ' r '

l ane  ar rc l  I . l . " r ' r r i . l , ,  nnd  f rcm the  mngncts  l r . y  layers  o f  n t i c i t l l i te : r t t , I

cl . ,rzetoar, l .  l -hesc six coi ls, joined two in series and t lrree in

i,rral lel .  folm l lre scl i , :s winding, with a tesistance of '00055 a'
'  

I 'be nrmature has 76 siots. 
-I t  

is of the usrrai laminated type

mountecl orr a tt quill " or framelvork. I'he commutator consists

of Ii2 segments. There are four conductors in erch armatut'e

slot,  makiJg 304 in al l .  Tire winding is a simple lap winding (O)

rvith a pitcir of 13 slots (+ 51, - 4t) in conductors) cornposed of

fo rmer  wor rnr I  co i [s .
Each coil r:onsisis of nine copller strips eaeh '06 inch b.y

'14 inch. laid together and cotton-braided over ai l '  These are

grorrped four in allot, the trvo upper ones treing bouncl up-together

ivi th' tape. nnd rvel l  insulated-from the lorver pnir,  lvhich are

similarly bound. TIle D.P. betweerr the trvo c,lnductol's bounrl

togetbei is, of course, plac[ically inconsiclerirble. so tlte cotton

braidinq is su{ficient insulation.
flach slot is {illed ns follorvs:-
A, layer of glazeboartl is fit'-'t put at tirebotionr as a foundation,

'035 inch thick.
A " trorrgh " of '012-inch glazeboard-is then marle in the slot,

as t lescl ibcri- iu f  ig. 133. In[o this is plaeei l  the ]ol 'er-pair of

conriuctols, tapedf t ' l rr l talacedr" ancl varnished. Armahc is a

hard, r lura6le, 'a.nt l  rraterproof vaurish, extensivelv usei l  in l ielcl

nnd armature rvindirrgs. A la;'er of '03i-inch glazebcrartl sepatates

these concluctors froin thc upper olrcs, whiclt al'e then placed in

tbc slot.  The upper l ips of i t ie glazeboard trough ar€ now turnerl

in over the conductors, and the slot is filled in rvith two layels

of micanito and a ;!- inch larer of glazeboard, over rvhich-tbc

binding str ips l ie. Ptate XXiI l .  shows this insection. Binding

str ios are rnade of No. 18 r, ickel ine l ' i re.
As resards the electr ical ci lcuits of the machine, taki lg the

fields l i rsi .  The shunt ci lcuir lervcs the *" terttr inal of the

machine, goes throush the six shunt coils, all in series, arvay t-o

thc shunt"requlator :it l,he srvitchboard, antl back to the -'B col'

lccting ring. 'Ihe machine is thus a short shunt .clesign, - A
pr',,tciting ioil, rrf rvire wound ou a porcelain former, is placetl at
i l , ,  , l*  rrr ino. bctween the leads to the shunt regulator.

I i r , ,  l :"r ies coi ls l ie betweerr trvo h, 'avI colrper r ings, two in

:criei,  t l rrce iu plral lel .  Ihering at the commutator end is joined

ro the -' lrruslres of i,he machine, ancl also to the terminal for

rhe r:r lrr tr l i : r :r  r :orrnection. From this copper r ing the _cuTe_nt
prssrs lhrorr, l l i  the scries coi ls to a r ing at the coupling eni l  of t i rs
irr lchine. I  i r is l ing is connectei l  to the - ' 'u terminal of tLe

d-snarno, anrl  so to the switchboarrl  mains. Considering now

the arrDcture circuit ,  sinee tLe armature is Q lap wound, with

six poles, there are six paths in paraliel through the armature'
'I'he ontput of the m,rchine is 1'000 amperes at 100-105 r'olts, so

e.ech conductor must carry 166 amperes. The conductors are
't- t7j square incb in cross iect ion, giving a current density in the
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coils of ,2,1g5 a.mperes pe-r square inclr. ,I.he,armature 
keeosvery cool on full ioad, iel Ui,fo* G'..pecifeil *;;il;.;#:perarure rise. There are six biush h;ld.r:;";h ,;;;;;';t,,g .t;ir;carbon brushes of standarcl S";;i;r#:"'t 

'

Since the different sets of brushes of the same polarity are runin parallel, it is necessary tlrat the D.ii ;;;.u" atljacent brush-holders shosld.be the same, ot h*t;;;i-"o"r.nt, wir be ser upbetween the different sets of n"oites.-'iii, o..ur.itates.verycrreful settinE of tho ulag-net ring on the- engiue bed plate,because if thJarmatu*,i, in"l*riifr'""t ", centr.e, rhe voltaservill te highest where rhe., cleT.r*; i, i;; Znd xice tsersd,. .x[e
magnet frames are iherefore fift"d ;irh ;l:i,rlt"btu holtling,ddwncollars, which enable ,Iighr ;j;J;;; #;" maite, borh,in thevertical and horizontat ftrectiJns; i"a.p."j."tl-y of the armaiurebearings,

The armatrrro is centred, as nearly as possible, by measuringthe clearance between th" pJ" ;i;J"*- ",lj"rn" armature. Allconnections. are then take.n 
'off 

tlu fr"o.f, 
*froklers. 

The shuntrvinding can rhon be exciretl, .ftf; ;il;;;tiy o" from any rwoadjacent br-ughes. The dynamo -;";[-'#; he started: 
- 

r,hecurrent useal for exciting the ohunt snoujAnot inaf.. "";, ,pp...l*fiJtUfierence to rhe two br,-ushes ';il;*;;r""#oo""te,l, but if thevoltage between adiacent brush_holdeisiu ooiua, it may be founclthat.tbe voltages.are "o-l,th: .il;;ii;;;;o]"ura tlu magner rinsnrust be.given slight adjustments by meaos'ot tn. not,t ins-down
::t1."1 

i.e., if .th{ top Lrushes ,h";;;i;h..;r;;'tiil il;tlottom ones, rhe maEnet ring must ne ,"iseJ.Uah;i;. ;1.";j;the right. hand brusEes ,tr"1, 1.tjep.. 
.r;lft; rban rhe left, themagnet ring musb be moved sligh;ly to tfre"rigfrt. il;r;;li;clearance, oT cou-rse,gives the hifheJr;;*; 

'

rne ao.lustabte boll is shown in pJate XXIII. Iforizonfaladjustment is obtainecl by revolving tn" *"-r"?i" ."ff_r, by ;;;;;of its hexagon head.
Verticat adjustment is effected by turning the key gland witha spanner on its hexagon head. This tur;s tne uc'.eioea solk.?and raises or lowers tEe magnet ring. 

"i;;"rrt 
on rhe head ofthe bolt;is.screwe. .tlown aftSr the a?justmenrs are correct, andlocks ail parts securely in posirion. 

"Ali-f;;" 
""ff""* *rJt;l "icourser,be moved the sime amount, in order to maintain tle:J*esof armature anil rnagnet ring in th; -;;. li;;.'r{re vor[age between adjaeent brushes should,..when theaaj,is;1e.1ts rr-e made, 1ot vary more than I or 2. per cent.;

rr,nats a1lpear. on the eommutator, they are very likelv to hecauseo by the &rmature beipg .ou.t of balance in tlis win an,ltesll ,should be. rnsds.1q .ee if , itjis is so:
. Jet49 machinp is run rvithout an equaliser conneetiun, i.e.rnotin parallel with other machines, , toIil* lo.pensaiion for thearmature treing out of balance cai be nrade.

rn€ leads from the _ru brushes are led to points nearlyoppositeon the eeries ring. t ,

^..,Jf 
thi. ring is ."movelr,eu.lr brush will feeil a pair of sefiescorl$.

' "  ' . . i  
x ?  

l l
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Suppose the atmature falls a littie, due to wear in the bearings'

trtore 
'd.lll.l'. 

is generatecl at the lower brush-es, since. the

;i;*; will be sfraller there. But the current from tbe lcirver

lrrushcs prsses tbrortgh the upper f ield coi ls, creating a stronger

field therb, and tending to restore the balance'

\'Vhen'the machin'e is run in parallel with others, however'

,tt thu 
-t 

toot.s must be ioinetl to the equaliser ring, and this

compensation is sacrificed,'---fh;;;t* 
motlern tlynamo to be clescribecl-is Laurence Scott's

2l0-k-w. senerator, whith is being fitteil in H'M'S' '( Inflexible 
"

and tt lncl"omitable." It is designed to give 2,o00 amperes "at
tOO to lO5 volts, anil the l,0CO ampere, 220 voltt-machtnes tor

fl.lt.S, tt Invincible " are veiy silrilar, being made from the same

castings, the dif ference being in the windings'- 
A ?ection of one of thesimachines is shown in Plate XXIV ' on

a scale of i I inches to I foot..- " 
Th"-;;J"ture is 4 feet in diameter, and is built up of charcoal

iron stampings in the form of r i l igsr wlroso jntern:r l  t l iametot '  is

g feet. ihe"stanrpiogs are clantpecl togethel and carrieti on n

"J-i .o" spider rvl i ich"is keyed to the sl iaft ,  .nd to this spiclel ' is

also boltetl-the frame that clrlries the commutator'

It will be seen tliat the active length of the armature con'

4uclo"s, that is' the length that is embeiiiled in the slots,, is onlv

O io.h..,  the remaindei of the length shown being the ond

connectiotts.
There are 12 principal poles, nnd 12 auxi l iary^poles interr '

spaced between them' the pole pieces being part of the magnot

ri"n "r.ti"e, with laurinated polei'aces boltedon' fhe winding of

tt" 'naar is-shown in PlateXXV',the series in rei l  and the shunt

in greet. I t  wi l l  be noticed that the machins is a short shunt,

the-shunt rvin.ling being connecteil bet'ween the negative and^the

equaliser ring coiducto'rs, ancl that the.series winding is in four

nalts which are in parul le' l  rvi th one anolhet ' .^ 
The auxi l iary foles, as explained in Ohapter'  \ ' [ [ ' ,  ar:e-* 'ound

with series turns'only, while the principal poles c'arry both series

and shunt.
There are 12 sets of brushes, all cart'ied on one rocker, whoso

position can be acljusted by means of wor* gearing'
' fhe shunt protecting coi ls are c&rt ' led on tne ( lJ 'namo-lrsel l ,

rvountl oo por"^.!uio forhers and covered with a casing of per-

forated zind. One of them is to be seen on the right of the

d v n n m o  i n  P l a t e X X l V ." 
Th. .o..utator is built up separately on its own frame, and

this frame is then boltetl on to the spider of the arnrature'

The brushes are carbon, ancl- ihe brush holders of the

standard Servico form, with the brushes set radially to the

commutator.
" Motors,

Motors may be broatily classified as follolvs:'-

Enclosed motors, in which the armature, field coils, commutator,

brushes, terminals, and entire electrical circuit are completely
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in a watertight casing, of which rhe field casting of the

motor lorms Dal't.

.Protected motors, in which the almatur.e, fir:ltl coils, com-
mutator_s, brushcs, te'minals, and entire elecir ical circuit  are
encloserl b1. a crrsing which shields these parts from contact with

:Il.*a,l 
objccts, but allows complete acceis of air to all parts of

the m0tor.
Opel rnotors, jn which ther.e is no easins at al[ .
Al l  the direct ions for_ care, ma.inlenince, ancl repair of

:P.:t:::t 
machines gir.'en below, apply r.quailr. botL to ,l^t;u,";;

and mot0rs.

- 
' Ihere 

ule lryo |r. inciples rvhich must lre observcd in the care
lil -.l�"1t:h:" 

maciriurr,r'. if thc maxirnurn elficierrcy is re rluired rvith
the ruurrxun! o1' trouLlc.

The iirst, is that ahsolufe cleanliness of all parts, particularly
the cornmutator aud brush gear, is essential.'Ihe 

second is tlrat. aiy- defect or fault, hulevel tlifling,
should at once be irvestigaterl and remedied.

.Ne_glect of either oi tliese.precautions rvill invaria,blv causs
rapid detericration of the machinery antl endress tr.oubre to those
iu cllarec of it.

' I 'he 
commutator must be kept quite smooth and true, Aperiotlical crizrrnination of trre cornurutitor. and brusrr gear *irnotJ

be nrade lvhen the ruacLinc is standing, uod if ai ;;t-il;
blackening is_noticed 

9,, l l ] . .  coumutltor, in start ing up again i t
f l , ,out! 1.,y. l l  

pol isherl.  
_ l i i rre.gluss cloth' is the besr"thing io ,r".

:.::_!:ll.,r'"fl 
may J.re dore ryhile tLre machine is runnirft on irs

olrLrnary .work,

. . -1 t ' ta t  cn  i '  t ime.  h . l f  a  r r r i .u f . , s  .pp l i c r t io r r  o f  t l i i s  g lass  c lo th

l i . l l l . ] :1 r :  l ] l l , l : l -  
r  i : . r l r r .  r r  l r t , r ' , . r r -  r r r .1L ,s l ' , i , ,1 :  , ,  * . * '1 r te  g r . ind i r rg  o f

uic colDnlutatof.
'Ihe 

cloth may advantageously be placeil under a str.ip of'wood, about 2 inches \vlde, cut to tit the circurnfbrence of the
commutator..

,No 
ernery should ever 

. be use-d on any patt of a dl.narno or

l^lllljLllpt when grirrtling .ttre conrmui,lior, anrJ tt;; ;i;.;i"l
I)recaullolts ure necessary, rvhich rvill be enumerated later. The
1^afillc; 

r,f 
.emcry, rvhicli rrre absolutclr rujes{,ructibkr, if allorvecl

ro  lod ! ' c  on  f l re  eor r rn r r r r ' , Io .  o r  b ' r r * r r rs :  i v i I  qu ick ry  car ise  thenr  to
wear unevenly. and. of course, i f  t l reyget into thl bear. ings, thcbrasses wili bl'ruinctl.

Corrrmutators shoultl be rubbed occasionally with a clean raE
vc|v sl ightly. g|ease,l_rvith e- good mine,ral- ; i l ,  " ; ; ; . ; i ; i ' ; ; ; ;
rrtutatur iubricant. 'ihis." 

*,ith"tLe application of tt," glur, "iotii,
wi l l  be fcurt l  to ni l l ie rLe co-rrutuiJ" iu, i-qoiettv and without
ary werr.

"....T1:^ 
conun,utrtolr L,r.ushes,.anr1 brr_rsh gear must be kept clean

l i ] . . l : . : :  
r f", lo qy't ,a prir  of._hclLrrys or a jer, of ccmpreisc. l  :r i r

o:tog,u...q lor t l re purposc. Ihe u orhing iaces of car.brrn blrrshes
::"_lr^". 

uc t iept clearr rurI fr .ec fr.urrr,r,ct i l l ic part icles aud t lcposir
so tllat a crean surlilce of carbon rubs agllinst ih" "o*,rruurro".
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Whm stopped.-One particulal part of the commutator must
not he cleanetl with arrl'tLing excc:pt oil or a cleauing solution,
or a '( flat " l'ill be formcd.

AII clerning -solutiol should be carefully remoyecl n'herr tle
commutator is cl t+an.

l{ the rvhole of the commuiator requires cleaning, or the mica
requircs taking tlorvrr, tlie brushes rnust be lemorled ancl a long
str ip of glass l taper uscd so as to'near an'ay al l  l rrrts of ' the
commutlrtor ectually.

Carbon brushes must slirlc casily iu the Lolders or framt:s
rrhic)r support thern, nnd thc sprir,gs rnust, be artjustetl so as to
Frtclrre an evcn anrl cori t inuous pressure of the carLron biocks in
the conmutator ' .  ' I ' . l re br.ushes must bed accLrrately on.lhe surf irce
of the comrnutator'. 'l'his can Lc ersulecl by laying a Joug stlip of
glass -paper Lretrveen thc blushcs and the- coriur*tator,-ivitli its
smooth side torvards tbe comnutator.,  lhen the machine j i :  at lest.
The glass papel sirouid theu be pulletl Lrrclirvar.tls rnd Jbrrvar.ds
ttnt ler the brushes, being rt  l [rc slmc t iur. kt, l ' t  i r i  lc lsiou, so t.h;rt
i ts smooth side keeps a f irnr beur. in;1 ou t lre coirnrtLtator.,  tLe cnrbou
brusles being pt 'essed on to lLr crr i t in.: . i  :ul . f i l ( .e of the glass paper
by their springs (see lr'ig. l2g). B.r' c-oltinuing this op"eration'for

l 'rc. 120

farhc.n Brush

a short timo, the brushes rvill be cut to a ciean surface which just
fits the commutator. By loosening the spriugs the blushes can be
withdrawn for inspectiou, and iu tLis rvay it is easy to see rvhen a
satisfactory surfaee has been obtained.

Brush holders fbr carbon brushes are now ahvays macle in the
standard Service form, I'hich consists of a fi.ame rvith stots iu it
in which the brushes are plar:etl so ihat they slide radially to the
commutator'. They are ke1-rt plessed ogainst the commuiator by
means of' sprilgs, and are connected electricllly to the brush
holdel by means o1' a piece of flexible copper rvire, long enough to
enable the brush to be lemoved from the slot and exaurinecl rviihout
being disconnectecl. lVith these brush holders, once tlie brush hns
been prolierly bedtlecl, it should require ro more attention until it is
so woln arvay that it has tu be replaccd.

In some of tire oltiel mcitors that had onll' 1o run in one
direction, such as fan motors, a diffcrent form of- brush holder is
ftted, inlvhich the Lrr.ushis held firmly at theencl of an arm whic,h
is pivoted at the other end, tlre plessure on the commutator being
obtained by a coiled spring on the pivot of the orm. Ilrusbes in
these holders requirc lllher. moro cirlefui bedding than others,
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since the atrgle at rvhieh they bcar on the commutator r'aries with
the size of tiie brush and the amount that it is worn.

IYire gauze brushes should have their faces clean antl true ; no
straggling t'ires, or unevenness of the bearing surface, should bc
allowed. If the lrrushes get dir.ty :,nd oily, cl.eaning them in
caustic potash anil then thoroughly rinsing them in lvater. will
remove ali grease.

In setting'lvire gauze brushes in the holders, the strips ot the
comlllutator should be countcd, ancl the brushes are usually plrrcecl
at exactly equal distlnces apalt on the comruutator. This ruls is
not, however, true for all types of machines, as, for instance, the
Wcstminster four-pole dynamo. whece the brushes ar.e in two
sets 90o apart. If the brushes do not beat'evenl.y tliey should be
placed in a rvooclen formerwhich can be easily rriade, and filed up
tl 'ue. No more pressure should be put on the brushes than
necessary to keep thern bearing on the surfice of the commutator.

When nerv brushes are put in, gleat care must be taken to
rnake them bed accurately in the first instance. If this is done.
they rvill u'ork for a lorig time rvith very little attention, and.
'lvithout sparking.

Sparkirrg shoukl never be allorved to continue, as the
inevitable result is rougliening of the commutator, rvhich in its
turn causes more sp:r,r'king, arrd so on urtil the surface of t,he
commlrt&tor is utterly luinetl,

If spalking c&nnot be casily and quickly remeclied, another
machine should be sl,artetl and the ]oad taken off the defective
macli iue.

- 1f sparking occurs, it iyiil probri-'ly bc duc to one of the
fol lorving c&lrscs:-

L. Brushes anrJ Brush holtlers :-

Rocker not at correct position.
One pair of bruehes tai<ing too much current, due to

the other pair not bearing properly or having a,
batl eonnection,

Brush holdel put on on a s1ue,
IJrush holder put on \\'rorg lvav round.
Brush holcler not rieid.
fnsufrcient pressure on brush.
Brush not free in holiler.
Brush not bedded dorvn properly.
Edge of brush broken au'ay.
Dirt collected on edge of brush.

2. Aommutator:*
(a) Dirty.
(6) Mica insulation standing up above the copper of the

strips.
(c) L"fl^t" place on the commutator which has been

formed by continuous sparking or improper use of
, emerv cloth.

(")
(6)

(c)

!Q
\e)
("f \
@)
(h)
(4
(i)
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(/) A shoultlel having been formed :
rnutator, against 'rvhich one of'
bcaring,

(e) Corrunut:rtor not running true, due
turned up by the centres on the
by the journals.

3,  Arnature : - -

(zu) 'I'oo nuch iateral play in tbe bealings, causing
kuocking.

(1,) Armature hkirg too much currcnt, due to an ovcr-
load or an earth.

(c) A brol<en coil or end connection. (This vill cause
a heavy sparking in one plaee which will eat alvay
the commutator strip, and which is easily ilistin-
guishable from sparking due to other causes.)

(d) An earth in the almature, eombined with an earth
somewhere on the outside circuit as well. 'Ihe

appearance of spalking due to this cause is similar
to that carised by (.), but it car l-,e distinguished
by testing for cartbs rvith the nrachine stoppetl and
srvitched off.

fn all rccent installations a tool callecl a commuta,tor grinder is
supplied, It consists of an emery .wheel clriven by a small motor.
'Ihe rvhole is mounted on a slide rest similar to tliat of a lathe.
I'he slide rest is mounted on a standard which is fitted to the
bed plate ol' the ilynamo by the makers, and is so arranged, that
when bolted in position, the slide rest rnor-es accuralely parallel to
the axis of rotation of the dynamo.

To use the grintler, the" tl-vnamo is starteil lunning light at a
moderate streed.

Irrc. 130,

Cammutatar

Standarc/
6o/te.d to bedplate.

rountl  the corn.
the brusl-res is

to having been
shaft instead of

lj,'r e r"r'

,""'u' 
ivhei/



20 i

An emery rvheel is seculed to the flansed holder, and the
motor, lvhich is shunt wound 4 B.H.P., at l f  00 revolurions per
ntinute, is -stalteJ in such a direction that the touching surfacej of
the conrmutatol anrl ernery tvheel move in oppositJ directious.
I'he 'rvheel is used just like-a lathe tool. Lielit^ cuts are taken ofi
rvith it, anil the feed is performed .r'ery gr.adriaily, by hanil.

The eruerl' wh,eel rvears &u'ut t,rot-t,.pidly'ivhin in use, and
consequently ihe feeding rnust be dc,ne c<tntinuourly all the tirrre
that the 'rvheel is travelling alorrg the length of the commutator.
It is thus irnpossible ro gei an absolutely cylindrical sulface rvith
one cnt, antl so, after the irregularities hrve been r.cmoved. the
commutatol must be ganged with calipers at eyer), point of its
leng.th and light cuts 

-taken 
offat dilferent places,-if: necessary)

tntil the surface is a true cylinder'.
\\Ihen the comrnutator iras been trued up in this wav, it should

be examiued to see that the copper surfaces- of thc strips have not
been burred over the mica betwten them, so slrort-cir^cuiting tLe
comrnutator. Before grindiug the commutator', the bnrshes shoultl
be remoled entirely with tiieii holder.s so as to keep thern clear of
metallic dust. I'oi. the same reason paper should be pasted oler
the encl corrnectiots at the cornmutatbr-end, or the grintling rvill
fiil the intelstices rvith metal particles antl cause trou6le,

The bearings should be-r-ery carefully protected frorn the
emery auil -metallic dust by being completely rvrapped up and
coveled n'ith cloth or canvas.

The rvhole machine, commutator, brushes ancl holdcr.s. shoultl
be carcful ly biorvu our uith an air jef,  and thorougLly cleaned
altcr gl irrcl ing.

In olr lel  r i i ips r i ' )r ic1r iu.c rrot suopliecl with faci l i t ies for
col lrprututot '  g| irr t l iug, i f  t l l r ,  r .r ,rnl] tutt tor gets Iough oI untrue, a
irand.est rr i ' : r  l r€ r iggecl 'p, a' t l  t i re commlutato. tr i 'ned carefui ly
rvith a hand tool, only a veiy light cut being taken o{f it.

ln the case of a motor', sorne neans must be plovided to dlive
the annatule round i f  i t  is neeessary lo gl ind oi 1u.o t lown t lre
conrmutator. 'Ihis 

could plobably 6e dire by rneans of a belt
from arotlrer motor.

iJnrncrs rx DyvLuos.

Tl"e rviil norv consider fully the causes of failure of dynamos,
the. symptoms that enu,ble us to loeate i,hem, and subsequently
their reoair.

If a machine heats al.r_norrnally, or if there is a smell of burning
insulation I'rom it, slvitch off arid stop at once, starting anothei
rnacliine to take its place.

If- the lights flicker intermittently, look to the governor, it is
protrnbly ntt Lr, ' ing properly lul-rr icated.

Sboultl u rnachine liril to excite. a series of tests as follorvs
should be systernatically undertaken to detcrnrine the cause:-

(i) See that_ the pilo^t lamp and voltmeter ale properly con-
nectcd up; this makes certairr that the macfi ine-i tself ,
aud not its insti.uments, is at fault. Tiren see that all
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connections are correctly rn*de, ald thnt the brushes

1rc:tl propell.r' oti the ciottlmutl,tor arrtl are in tlleir

r iglrt  posit ions on i t '  
' I 'ouch the pole pieces with at i  i rort

tr iuotl . t  or oihet irnplement to nake celt lr in rvirether

an; '  magnetisrn is being generlted.

( i i )  Shori-circuit  the machinc by joiuing trvo leads of wire
\ I 

(Patt. 600 or largcr) from tlr-e rnain terminals to a

fusible cut-out. 
-'Iliis 

shoull sencl a hrge currerrt

lhrough the series l'ire, and m-ay-assist the shunt wile

to incfiice magnetism into the fielil magnets' 
'Ihe cut-

out should fuie and the rnachine excite ; if this does not

occur, the fault must lie in either the field magnets or

the armature.
( i i i )  Stop the machile; test the coi ls as fol lorvs, bleaking no
\ /  

c^ortnectious except those rnentiorrccl unti l  al ler t l re

cont ' inuity tests aie complete. - Discontrect the mritr

leacls from thc telminals antl nlso the piloi' larnp ancl

voltmetet rvires. Li{t the lirushe:i olI' tlie commuttrtor'

Test, the seties coi is trrrcl  thett the sl iunt coi ls {c'r  cotr-

tinuity rvith I test balterl'- In :L long shunt.tlynamo

this riay bc tlotte in :r silgle opelation by testing liotn

blush to brusb. If correct, next test the slrunt anrt

scries coils for non-coutact, irr doing rvhich it rvill bc

lbttnd. necessary to disconnect thc end of the slrtnt rvit'e

that is joinetl io the scies coil. lVlahc gooii this latter

.oon."iiott, and test both coils for insulation florir eartlt,

that is, liom tlie ilon of the loagnets-or the steel alma-

ture sliaft of the tlvnamo. Shou-itl a frlult bo discovered

during either of fhese tests each shunt and series coil

shoulf, l;e disconnecteil, one at a time, and tested care'

fullv to asceltain rvhich one is faulty' Nolv test for

ir ,s, i lat ion of the armlture by joining orre test ing lerd

to thc shaft tind toucliing anyof the commutatol strips

with the otircr.

lf the fault is still uuiliscovet'ed, proceed as follows :*

(iv) Separ-ately excite the fieltl rnagttcts. 'tr'o do this see the
\ /  

brorl ,ei rr ised, and then join the main terurinals of tLe

ruachine to the nru,in ternin*ls of another dvnauro, usittpl

a cut-out. In a ship -where the dynamos are rvidely

separated this may 6e conveniently done by joining

thLir two main bars on the switchboartl by a piece of

Pfttt. 600 rvile, arrd their two return bars in the sam+:

l'ay, thtough a cut-out whir:h rvill fuse if too much

culren! pi lsses. In slLips i i t ted with-a paral lel switch-

L.roalt1, i t  r lay be . lor,c r,1' I i f t i lg-the-brushes, antl  then

closiug the uraiu srvitclies on the botrd' Ir is most

imporiant to li,ft the brushes of the ftttlty maclline,

otlielwise thereis a dauger of running it as tr ruotor"

I'he pilt-rt lanrp should be disconnected, or- it lay.be
fused'wlten the-currcnt is broken orviug to self'-incluction

of the shunt coil, aud a high, non-inductive resistance
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should be joirred up acloss the terminals of the shunt
coi l ,  to act Ds a kicking coi l ,  arrt l  prolect the insulat ion
frorrr being-punctured. ' I ju.ee i icandescent l t l ,mps, irr
srr,r:s,,rnay be conveniently used fol iLis purpose.
. I1'_the thulty macbine rrory r:xcites, rvhich can be

louu(l out b1. touching one nf i ts f ield ntagnets rvith
a  s l )a r l ro r . ,  l l r t :  cnuse c r f  i t s  [ ; r i l i r rg  to  r lo  so  l ie fb re  rn r r r t
have bce,rr the total loss of i ts r.esidual magnetism.
If, t-rn the contrary, the shurrt coils geb heatecl this rvill
show that ther.e is a shor.t-ci lcuit" in them, the part,
heated.being the sound part, and the cold puit tlo irrrishort-circui ted.

If  the cuise is neit irel of the lattcr,.we can say that
nothing is -wrong l,ith the r)tirenet coils, an"rl rve
pr,oceed as follorvs l_-

(v) lievolve the ar.uuitnre b.\. stenrn, keeping the fiell rnagnets
se l r r l r r te ly .exc i ted ,  pu t  o r r  r  l re  h lu" l , i s .  an t l  pu t  r r  in ra t l
luarl  of rrbout one-f i f th r; f  i ts total calaclty on i l ie
rn*t:hirre. 1f the machine non, proi_lucis D.p,, look

1",i ,il1: 
follorviug inilications of a faulr. i.iuppo-"ing

I f",gt1t las| ing.spark occurs at the brushes at regulai
rutervrls, t l r is rvi l l  shorv that an al.mature coi l  oi  bar
is brokel. 'I'he reasou is as follows:_

Frc.  l3 l .

fmagine a break at A (Fig. l3l).  Ir  is evident that in theparticular position shown it prircticafty does nut ur*"t tr* "ooniJ.
ot . tne _arnature ; l l re coi l  is slrort-circuitet l  by the brusl, .  ani j
eacL half of tlie armat'u.e is contributing its shaie of the cuirent.
But as the coil rvittr the bre ak leaves r,lre-brush the circ'it ;; ;;;
side of the a'nature is broken, a spark occurs, urra iurro"ai"t"irl
tire resistarrce of tire arn&ture is do.blecl, so that " ni.t., f.lir;
,Jgl1 

:"d 
ri sprrk at the brush .will occur every time thar rlie,,r 'ohcn col l  l ,usses t lre bruslr.  In a darl ;  . l .ynamo roorn the str juDelonglng 1o lbe l . l r .ol<err. c r i lunu bc scerr by ttrc f lasb of t l ,e spark,

since the l igl i t  c,r i t tct l  by the spark is sd instantaneous that the
corumutator flI)feal's stopped. lf the commutator be revolved
sr.o\r'I)' rt can be rnarkeil with a quick dab of chalk erery time
the spark occurs, the commutator strip ir connection .with the
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broken coil can bc easiiy founil, ancl the necessary repairs

undertaken.- -fft. 
machinc sliould onlybe run for a few minutee, ancl should

then be stolrlred antl rhe arnrature felt carefully t: d"ltt l  
1:{

heatiug. Suppose, again, that oue of t lre coils or b*rs be lound

i" rr*li.t, ttrii it';tl indlcate tlrat that partieula' coil ot bar is short'

"i..oii.,t, probnbly at the enil eoinections, for the following

''o".oo,-if a coii or bar be short-circuited, as in pig' 132' t le

main current will lot flo*' through it, but the D'P' lhe coil or bar

t r - rc .132.

is itself generntiug u'ill cau.,se l, ltrrge current to florv round the

shor t -c i rcu i te , l  1 , . t : t ion ,  a l r l  w i l l  l rea t  the  co i l '

lf there is an appearance or smell of burn-ing in a drum

armature, the fault wifi gcnclally be found to be clue to a contact

l-retween ailjacent long antl short bnrs'-- 'Si l ; iJ ' the 
dyta"mo rot excite when septrrately excited,ns

abole described, the fault is probabiy in the coxrmutator' and ls

;,r; ;;g.;"rai leakage from-one-s*,r:ip to the next all round it'

llaving nolY run through the general lines of- testing- a

ttr".5iuu. fre will considerhoiv to repail it in case of failure undcr

any of tlit-' above heads.

l lsPl in oF l)TNArIos AND l lorcns'

Startins with the fieicl mngnets, alrrl hrLvilg lound the indi-

'iil'al coii'in which the lirult is : if it canriot bc seen, rhe coll

rvill have to be unwound till the placo is exposed'- 
fi if,. sl.rnt and series n'ireg irre touchine, but neither of therrr

,rrotlog "oil.L,, tlie fault must bc in the layers where the sltu.t an'l

sel ics nleet.
If thc shunt or sel'les coils *re touclrin,g the rtlachiue, the ftult

may l ie i t t  t t try tut ' t t  noar tLe f l trnge, i t '  lhe t larrge be of ruetul;  1- 'rr t

i f  ihe  u l r t l . r ' i re r r th  co i l ,  c i t l re l  ser ies  o l '  s l r t tn t ,  be  lo t tch t t tg  t t te

-"C it is probablr toucling the slee'e on *'hich thc coils n'e

wountl.' "-iL^; 
magnets shoultl be treated rvitli carc, and if- the -trvo

halves of thJ magnet ling are sepatatetl, thev- should be kept fi'om

"oo"*.io" o, utt! blo* ihich 'rvbuld tentl to harden the iron'""-ii 
*""iA proLably be beyoncl the resources available aboard

.hip io ,e-wiJd the doils of a large dynamo or motor, but it may

freouentlv have to be done in tLe cuse ol 'srnal l  motors'
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To re-wind a coi l ,  remove l ;he sleer.e antl  mount i t  ei thcr in a
lathe (if the gap is large enough), or between posts temporalily
rigged up. Next get a reel (such as those supplied with Navat
Service wire), anil rvinil off the shunt coil (if on top). Care
must be taken in unrvinding that the wire is irnmedirtely wouncl
t ightly and evenly on the reel;  otherwise, each succeedinE turrr
wil l  chafe the insulat ion of the former layers. Tbe insulat iorr
betrveen tlie successive layers of the shunt wire should be kept, as
it wiil be useful in re-rvincling.

Careful note of the direction of winding should be taken. so
that in re- 'rvinding the wire may be put on the e;rnre war as
befole,

When all tire shtnt wire is off, the series rvire, if defective.
must also be remor-ed, or t:ice uers(r,.

When the coi l  has been unrvound, the insulat ion of the sleeve
and flanges should be looked to; also tho bushes through which
the wires are rove. Any insulation that has al"sorbed oil should
be discarded, and nerv insulating material substituted. tr'or
insulating the .qleeves,.n layer of thin varnished paper, covered
with thin canvas soaked in hot paraffn wax, will be found a goocl
substitute easily plocuted on board.

Betwcen the series anil the shunt wire good insulation should
be placed, especially in pltces where the D.P. between the trvo
is great, Against the flanges, canvas well saturatcd with paraffin
wax will be found to arsrver, should such insulation as Wiilesden
paper, &c. not be procurable.

If  the wires lerir l  t i rrough bushes in the f langes, they should
be served n' i th l inen to l)rotect the cotton covering, which is
othelwise l iable to r lamage. Each ialer of the shunfcoi l  shoult l
be insulateil fron.r tire next by a l:ryer rrf linen coated with shellae
varnish.

The turns should be evenly laid on, and all inequalities guarded
against. The trollows due to tbe spirai winding of the wiie near
the flanges should be filled in'with linen or cotton-fibre, to prevent
successive layers dropping into them. The same number oI turns
to each layer should be laiil on as in the original winding. No
metal implement should be used in contact with the wiref but a
rvoodon (' drill " will be required,

In order to get the turns on with the requisite uniform tension
the reel off which the wire is being unwound should be fitted with
a brake, which can be convenienrly improviseil from a piece of
rope aud a. rveight suitably applied.

It is necessary to secure the last two turns of a shunt windinE
to prevent them from flying back, if disconnected from the blockl
It is therefore well to secure them to their nert turn. and also to
the layer below.

Yarnish the outside layers over with shellac to keep them
damp-proof, Then test the coils for non-contact and insulation.
If too much shellae has been used, a slight swing will probably bo
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obtained with the insulat ion tesr. This rr i l l ,  horvever, disappear

rvhen ihe spirit in the varnish evaporates'

Should any <loubt exist as to which end the, posit ive crrn'eub

s1o. ld  en ter .  Ly  to  p rodr rce  the  re r lu i rec l  po la . i t y .  t l te  d i rec t io r t

; ; ; ; i ;  
' rr . ' i . . t . .1. 

iyi tn tL" rrppcr'  coi ls ' the d-i lect ion of t l rc

."-r. t t  nruy be tracecl by eyeithrough those out of sight a

;;;;; *uy1 t " passed, antl th'e polarity-testetl by the attraction

or repulsion of a magnetic needle.

If  a magnet has been rvound the wrong-lay, i t  is not necessary

to o"," ln, i  i?. I leversirrg the direct ion 9T the- cu'ent through i t

by reversing i ts connections rvi l l  change i ts polarr l 'y '

Rena i rso fArmat l l re .g ._ ] l2 la rmature t l r reek indsof fau l ts
*uv "i.t". hirstly, an armature l)?lr or connection may be brokel ;

*o'1,ui.. .i"."cly sliorvn how this fa'lt-may be locateil by.the spark

causecl as the commutatot connecled to the faulty coi ls passes

uncler a brush. Secottdlu. two entl  connection-' ,  or commulator

sl l ius. mty be touching, ivhich s' i l l  cal lse a 'qhort 'circuit  bctwee n

,",. 'o.o"l i* conduct 'ois ;  fauits of this na.t.re wil l  gerne'al ly

Lc nratie' .r- isihle hy the b.r ' ing of ins. lat ion. 7'hirdly, t l tere rt tay

be rrn ealth leak in any ptlrt of tire arnr:rtttt'e'

In anv caset tite tllunr sltoultl be tnounted, rvith its shaft on

tr.ultu* oi a cotrrenietrt  height for lvorking, and so thrr ' t  i i  can bo

easi ly revoivetl ,
'Ihe bcst rvay to locate a' broken coil ilr :'r'n itt'nta{'utc is as

fol lorvs: -Scnd u current t l ]rough t l tc arnttture b; '  connecting. tn

trYo oppo.rite -*t.rips otl the commutator two leads from the light'ing

n," in. ' , 'o,t" oI rvlr iclr  has a lorv resistance,sttcl t  as a yat 'r larm gro, '1t '

i rr  i t  to prevent too much curl 'ent from f lo*ing' - l .ngn witt t  I

low-rea<ii 'ng voltnreter (Century or Combined Testing Set). me&sure

the ' r 'o l taqe be t r r 'eer t  ever r ' |2 i1  o f  ad jacent  co lnmuto lo r  s t r lps '  l f
""" ." i i l i  t rrol ien, thc *iroie voltagc'ap' l iet l  to the armature wji l

U" ,*oa bet 'een t1c str. ips 1o .r '6ich i ts el, ls are conrtectet l .  I f

o"u o. *or" coi ls at,e -"horl-ci lcuirerl ,  t l re|e rvi l l  be r lo t i l 'op of voltage

between the str ips to rvhich lhei l  ends are counected'

Should there be a fault in the bnr, it ntay be repaired- by taking

oR itie tlriving bands, iifting the bar out,- re-in-sulating.anrl

r.pl""irg it. I{ Itoltuve", it lies in either of the end connections,

it.ioo.y ff necessary to striir the drum an4 t5oroushly to overha.l

thc armatttre.

To do this disconnect the commutator. by breaking all the

soicleret l  joints to the lugs, nsing resin as l '  f lux'

Note the pitch a.nt l  type of wint l ing'

Str io off  the d| iving baud:r, keetr iug the mica insul:rt ion, anrl

I .em.ve'the loug Lars b. i  breaking the solde.ed joi ' ts and l i f t ing

the bars up,

If any of the bars are tlefective in insulatiol, they must^be

"e_taned. ihe  ends  be ing  t i . s t  t in r rc , l  ready  fo r  rc .so l , le r ing ;  a f te r

re-taping, thc bars sLroulI bc coatcd ]Fith black valnish'
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I f  a nerv h:rr is requiret l ,  i t  is hest marle f i .crm the corc of an
electr ic l ight cable of-suitai le.current ."pu"ity, i r*,nrn.r", i lnlo
a rectangular shape. the ends being weli srveateti togetl,e..

Thtl  end counections, i f  fault ,v, must also be re-lapecl.
I f  the-se connectioni rre clamperl together, as in the ol. l

siemens r.achincs, trre insulei ion 6" trre""oiturs ancl "o;r, l  th;
sleer-" of.r he.ciarnps rnusl,  be iool ied to nnrl  r .6rpxi1,.4, i f l  nec..su,]r i
and the insuJation l .rer* 'c,r the lrar r. 'ds . f  i r ' r"  r t i  rp. rn". l i -d, i
rene'wed, if-requi'erl. Ihe end connectio,s may then i" lr"ih ;;
nnd tested for non-cont.. t  and insuration. To conpress these tothe diameter of the rvinding, i t  is mo,st convenier.rt  to make brass
ba,nds--wit ir  lugs r ivetecr oi i ,  rvi t i r  *rts ancr'rr" i i -  r".-  t igirt"r i" i
t l )em uD.

Sloitert corc, :rrntrturos rre usunllv insul:rtc,t l  rvi th rnica inconiunctio'  either * ' i th a lbrm of co' 'se oi let l  si lk, ."rr.J,,E,"! i . l
c lot l tr" or rvi th a form of calr ibou.d knorvn as i ,  pre-.spa61ri i  ofsometimes ivi t i r  a thin red i ibre, ' rhc 

f irst r 'crrt ionccl is ' the' l ;est
but is also the most expensive, the othe. t*,o Leing ,"o.u o. iu".
l!::]l:"t.. Tlnn''t cloth is marle in various aegi'1e,, "f fi;;;;;;accortl ing to ihe size of slot in which it is to be".secl. I i i ;; l ;generally'sed in snralr armatures in the rn"- or-i." |i"ilr,]"ru"il
i:::j:1i 

"f 
1,loy",r of mica prorectecl on one side by nn. "toit.---ir,-

:i]:yl_i5^:1,1,.1o!.:.rh. 
insularion should be cur so as ro projecrslrghtly liom the e.rls ot' the slot, and also above the surfac! offhe core (see Fig. IBJ), thc surplus being cut ofl. :rfterwards.

I ' tc. l j i3.

'Ihe end connections ru.al now be slipperi ovr:r, the spindle, anrl'rvherr securetl in plaee each one nrust bL-ver;, carefullri t"J;il i;;
'on'contact frorn its neighborrrs, a.t'l to see that -rr ,;r rii",o ,r"
insulated from thc slraft .  The shol i  bars can norv 1..,e put in ulacelorrnrl  t l re dlurrr,  nn.i  clarnpetl  rvi th brass hantls. a fu;." i ,  of "ot i ,r" l
being put b,etrveen the bands'and the bars to profect the insu-
lation of the latter, The errds of the short ba,rs are next

ffi 
Con.ductcr

lW r/ 
'"su/ator

'i//%
7z/ Ccre
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sweateir-torhei'si,re.l:T,i,lll;:'i1,"ff.x.::',",?,1i1i]:x*lL:,1'll;
ir.sulatetl rvith taPe, atte

insulation shoulcl u" "lode' 
^ 

Wht; this hcs lioen tlone' thc long

bars shotltl be placetl iti*un"1n" short bars' anil sweatecl to the

oi i . ia. .r  '  i1 ' t  of 
' the 

cntl  connections'
'Ihe long bar which shoultl be secured- io any particular en'l

.".,iii""'ii "*ily i"t"Ji'y """t;"g t" the pitah from the short

bar n'hich is connected to i t '

Leave the junctions of the long bars to the, neal end stnps till

la-.t. so that, before "t'k;; ;h;G * qil test through for non-

;;i; aoa-'io.olutiu* 
lft,olt;*,o,_,Iu'" 

all the junctions are

completed, test the whc

Goocl insulation, such as mica' shoulil be placed betrveen the

long and short bars, *ittt" 
-tftt 

ltinr:tions of t^he short bars with

thelnd stliPs are made'

rhe next operation is to put on the tTi.r.%lii*: 
"liiit

uu.oiJi iL-. *rttr" arntaturc-, lhen prrl.olt,o lu
;ffi.I.' in""- tr'-" r*rl rviil bc rvhen finishen 

i;",.t'l[.-,0':X:T'Ti
;i;t;; stuck rlorvn and hclct temporarily l'r

i:#ili:fl;i1,ilffi fi H?ilr,;'Jffi r]q*:"'"'i.:::t,]:"'11
;i ""ff : i rl::'- *: i:l l *l m mnl lT ;Tll'x ir. Jff,"fi
li:ffiH.li:Jiix"":l,ior, Iieepins a gooa,st.rin on it' temporariiv
filT"g"th" ;;+ *ltt J-iittt"''oia"tl-when the wire has been

fi :{'*',:rJ;:*";yti:t:'"'"#"lffii'F:liii{+'"ff ",."i,,:
;;;;.;;i f"tling abroad, anil rvith. a g9o* ho.t iron and composrie

candle for a flux, "*;; l;; whole Lf the t'rns of rvire into a

solid band.

As each band is put on' test i t  for. non-ccntact n' i th the

*i.il"S; ;h"n utt "tui.lo, varnish thc rvholtr over'

The only t'hing thai norv tcntaius to be done i-r to slip on

the commutatot ooo"t*" l i  t l ie lugs '" '  th: lonq bars; this'

iii";h;;;; and lugs have been rinned' will be found an easy

matter.

In motors or generators rvhich arrc wotlud with fonnecl coils'

a repair is usually ; ' ; t tp[t  gPt' ' ' t ioo' , I f  
a new rvinding is

requ i red ,  as  w i l l  r "  i f t " * " i t "  i f ^ the  armature  has ' t  bur t t t  o r t t "

6.i., tAe coils have Ut""*"-f""ted to srrch an extent that the

insuiationis a,'ttoynailiilt "t*uiot" must be mounted o",l-t-":ll:1

or i t  may be convenleit , to place,small  fan, motor armatures ln

the lathe. Ihe connections to the commu.tator shoulcl tlien be

broken. with a toloeffi^iiJo'-"od tUt bincling strips cut off the

armature.

I f o n l y o n e c o i l i s t o b e r e - j n s u l a t e d o r r e p h c e t l , i t ^ w i l l b e
,r..ir'rJ"yt*"iirt"i'"t'"r the slots the upper conductors of erery



209

Frc. 134.

coil which .sp-ans the_ defective -one. - Supposing in Fig. lB4 that
No. I-8 eoil has to be,.removed. The upper etnduct?r i, "".f,
slot is.shown !l a fult U_ne, the lower conductor by a doth; ;;;:
Thus it i'q evident that No. l conduetor wilr lift int qoit" "u.ilr-
but to ger_Nc.-E out it is necessary to l ift Nos. 3l i,;"d'i:
and to slip No. S orrt from underneath them. If the ;h;le ;;u;
is to be re wonnd, all the upper conductors should n.st f.,e-fifi"J.
and, as the lower cond'ctors thus becorne accessible, tney i" ifreii
turn can^be lifted,and the coils,as they become'free, can be
removed fronr the armature. If the fauli is merely u iefect i'
insulation,lhe defective coil rnay be re-taped, re-virnished,aocl
slipped under the l ifted_cor,[.ctois into its' Place again, the'coils
bein_g presseri home, antl the nerv bintl ing strips puion.
^ --l i l  horvever, new coils are required"they,no"td be made as
follows :-

J-'al:e one of the old coils and finil out how many wires in
parallel it is composed of the length of wire required. and how
pany turns there are in s coil, fheu measure the length of the

coil (see Fig. f35), where the leugth t9 be measure{
p e r i m e t e r A B C D E P "  -

i p 5oe5a.

is the

o

Frc. 135
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Suppose the coil.is made up of six wires t'.nll"1tftfl:ttll,fl?
"r. T*""'1"'"'"i " *"r'' "$tl;;;"ua:'ff;il3" 1;l *i,'a tnd' coil on
C and E. \Ye tnust tr

(Fig'  136)'  
Frc'  I3€i '

Fonurn ron CorL lYrNorxe'

Frc. 137.
Drs Pr,ere.

,mk

TlTi,U::?";li:i j""'",Ti"i,tJii".'"'.n'"*1"fi l[:1,"il],l.illi
:"l.tnl't iil,ll',:1,' ll,on t :LT ill "'l;1 "'i''i' l'" o " J i"- s'
rvhich foirus a llange "" ;t'J ia"'"i-iit ancl A car be secured to

;il;;;h;;ta" ":i'1" j*Uff;:'"t' l,lJii.;,.,,0 or a rormeir coil

l:,:"""r',i;$*:{dl,,i,,11t",'.:'11't',;,11':-:"1",x::'Bi:;

rvircs rrc run thlough these holes to gLri t le them and keep them

tlrut rvhile rvinding'
'fhe trlate lllust not be mail-e of any other.substance than fibre'

", liitirr"i"". ii'* io'ut"tioo off tho wires' As a frrrthcr securitl"

;;. ' ;;;;; i ihe hot' ' '  sboull be bevellctl '  ̂"'"ii.;;; 
a coil, lirst reeve the ends- of as rranv wires as nre

,.,tri;;:*i* io ttii, "ot*-ih1o"glt the holes iu the'die piate' aud



set up the bolts thloueh
it at a moderate tensi5n.

: ) l  I

tbe plate till the wires rvill pull
Secule the die plate in a vice.

through

,  
Tahe. the forrner, and pui l  enough

to  1 'ass  t l r roug) i  rhe  op tn ing  D in  i l r c
of a { 'cw iuclrrs t ,r , .r j rct irrg. Setr. ie

n i rc  th ror rgh  the  d i r .  1 , la tc
f lange A, und ler,rc au end
thc rvires cale! 'ul ly in tbe

o Z

l ' r c . 1 3 8 .
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sroove between A zr,ntl B. being careful .that -the1'.ar9 
k:tl

:il;;'i;"i as they r'ii lr'u 
-roGu"' 

*u t|1'"rf'*tjiJ',.1::

il::,lt :;1lilJi*#i$::'{; J}'" "F i:H ii! ; ;';; d!''ia' ; o

aill:lifiii"f,i'iil:.,f .*ffi:Ti"*#",f ",f; ,:'H.:x"'X'g;'i33;
and everY effort shoulrlr

Turn tbe former round thc axis A'B' drarving the ' lvi les

throush the tlie piot", nntif i"ing ttt"nt u'itli a Piece of wood into

place in the former'

lVhen the proirer number of turns tlltu 
lrt?,,i;'"tl;];;;;l

Hr::;',r*tf ,m**tiilX,t!'lf "'"!f hf,il:T:iil
,lnai"*.lr" iit.*. The coil rvill 

"norv 
har-e eiglrt

rouncl it, rvhich bintlirtg;'utu-;ot in anr- rv'f foul of ihe lvooclen

Fre. t39.

Frc .  14 r ) .

former.
The flange

be slid out of
F ig .  140.

A can norv be unscrervetl fi'otr-r C' antl the ":it-ti1
' i f ta'-g.oott,  

preserit ing t lre appeali tuce shown ln

oocf/'
oOCVzl
,7777v74
. 1 , t ' / / , t . /

S T R I N G

It is then tapctl rvith linen ta.pe' cach turn 
.covering 

half the

p r q i.'i " i" t1!, ;*"'t*j" illlx; ff. J11"' $ ;:. Jl ;. ll l;
bindiug gets to tnen' I

i"i *irl" tlc correct ntrnber of slot-q on the armature'

.Io do tlr is t,vo pieces of rvooil:rrc,shapetl out lvith a groove in

"".f,iiJ."'j.,st hrgc enough to tnke the coil' 
,"T'i; 

il;th oi' each iit"u ;' the length of tl're slots in the

armature.
C)ne piece of wootl is placed.groove uprvarcls in the vice' and

rhe coit placed in it (see Fig' l4t) '
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Frc.  141.

he/d 6;v A.and"

Ae/d  , / .7  , i ce

- The. uppcr pnlt_of the coil is ttren placetl in the groove in the
other piece of rvoocl.

_ If the u.ppe_r piece of rvood is pullcd or.er torrardstlre opera,tor,
the coi l  wi l i  be spreacl out into rhe for.rn shorvn in Fie. 142.

Fic.  142,

A foot rule should be placetl across tlrc coil wlrile it is beinc
drawn out, in order to cnsute the coii being given the cor.reci
span.

- Bel'ore the coil_is opened out in this rvay, small glooved blcrclis
of woocl A,A shoulcl be put on the coi l  to keep t i ie end connec-
t ions stralght 'rvtr i le the coi l  is being spread. . ihe coi l  wi i l  then
take its shape evenly ancl symmetlically.

'Ihe lvooden blocks are then r:emovetl from the coil. .rvhich is
thoroughiy dlied and th'en varnished.

When dry, the coil is ready to be placed on tire arma,ture.
Before actually placing the coil, the encis of the wires shoulal

be tinned, to facilitate theil connection to the comrnntator luss.
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The making olformetl coil- 'retluires several impiements iu'the

iliriii'HniT:f llt;iil*ru:lT'1;l1iJl,,");ii,!;'"" " *"' "'" r i' t r,.,; ;;,1 t :* *"* "*;;t,!,: X?;' J;l 
t I" l"'"t- ::l I

tr*ilTifiifui : * t' *'#Ln il"#-iri f ;" r*'ls "rl
rrrrurufltus sbould be ""*i ' i i t  ptt:*lt* ' and labelled rvith the

'ii'ir,1.il1"l;l;inf+l:.i:i:i:":[#jiliJ,';:"']i,g.."rTt;J:,::i
Hi:::::'lt":ti" ;i3'"1.lx ci terl rbovt', tt'" -etrii'ls'^ o iu "oto*,v
' " oYii:" -:'$H,iiil:iii,:''1 a a e o r s e' e'ar . " o o % . tJf".;, i' uil, 

tti

*l;,n'':li:",{t'il1'i"toil'"nifl"'131)i i;;' ;it'""-i"p'o
Frc .  143 '

A

wooden triocks should then be groovecl as describeil above, and

th";;;i; f";;; as befr,re, being ifrerwa-rds drieil and varnishetl

."alit" *at t i"""a. The ' l ireit ion of forming is' of course (a)

for lap, and (6) for rv:ive rviniling'

DeJbcts to be llePorted'

In order to pt'orent n dan.rage<l a1m^atur-e or fleld coil being

put away as n splrc *itf'""t ?he defect otiig- 
T:o:^-*-"*r::

iap"ti.a,'in all cases rvhere dynamos and motors in connect'ron



2 t 5

with gun aird torpr,r lo rrmament become damagerl,  a ful l  renort is
ro .ne  l ' r ' r l sher r  g iv i r rg  de ta i l s  o f  the  r le fcc t  a 'd  i t s  cause ;  a is , r  t l re
actron taken in respect to repairs, ond the disposal ofthe defective
parts,

Spare Arntatm,es and lietd Coils,

Spare armatures and field coils for motors and dynamos are
supplied to ships in strong air-t igirt  zinc-l i rred *ooA 

'Uo".. .  
.*"n

Dox. betng clearly rnarked with the nnme of the ship, nni the
::^n-t.lt. "of 

the 
,Lox, whether armature or fielcl ."i1, ^ra til.

n rnc lunc  fo r  w l r i ch  i t  i s  in ten t le t l .

.  The brigbl:  parts_of the shafts of armatures are coated rvith amrxtrrre ot rvr i i te lesd and vasel ine before the ar.mature is packecr.
All boxes are fitted 'rvith an insulated lead pas:i,e trirouEh the

z i r rc  l i r r i r rg  r r rd  s to rvec , l  i r r  r  smal l  |ocke t  . r i , f .  in  i f , " '  ; ;? ' ; ; ;( ' l ose1 w l th  a  * 'a te r t igh t  J i t l ,  T l rc .u t . r  enr l  , f  t l r i s  i s  i ' o r .a r t : rch-
lnent to thr:- test ing lead, arrd the inner c'd i '  the crse of f ielcl
corls, ts soldered to one free end of tho coil, ancl in the case of
armat_ures, is soldered to a piece of bare copper wile which is
lapped round the commuraror.

.The shafts of -sp_are arrrratures are also earthed to the zinc
casrng. and carthed sheets of brass are spru'g irrto trre interio. of
field.coils, so t}at eith<:r can be testeh ior- insuration ,i:itrrooi
opening up the Lrox.

Lubricrttion of I)ynamos anrl lfotors.

G'eat care is necess.rf  in o.der that eleci ' ic rnachines rnav be
k c p t  p ' o p e r . t y  l r r b r i c a t e , l . ' I l r e  i r r s t r u c r ; , r , , .  i * i J - a o * r ' ' i " ' a l i
Torpr,,do Dri l t  Book.fol the <,i l iug of t lynarnos arrd moiors are to
lrc str iet ly arihet.ed to in ai l  cnscs. '

Distribution of llesponsibiIity for lfuchinery,

.. ,'l'he 
followiug circ'lar rretter is i'cluded as raying rlorvn the

dr\tub*tro_n- of responsibility for the efrciencv of 
'ele6trical 

and
otlrer r lachines in His l{ajesty,s ships :-

CircuLar Letter No. BB, N. 5241/06.

f{y Lords Commissioners of the Aclmiraltl lravine Lacl un.l,:r,
consjdelat ion the question of the distr ibution bt. r .espJnsitr i l i tv tbr
the-efficie'cy of vario's mechinery ancl erectricat "rl,l .""t,ul,i"ui
nppl inrrce. orr lroart l  His l \ Iajesty's-sLips, nr.e lr leased to auplot-e of
the  f< r l ln * ' iug  schcnre ,  r ' l r i c l i  l r r r i  been 

^unr le r  
t . ia l  r r i t l r  . r i In , " ,n " ,

results- iu slrips of the ch:irrnel a'il Atlantic tr'leets since LgOl.
being bro.ght i ' to operation in al l  ships of the f leet i , ,  ;r , i .L
gunnery or tor,peclo lieutenants ar.e bolne. In other sliips the
present arrangements are to be continued.
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2. The chalges notr introduced are basecl on thl 'ee gt 'nernl

principles:_-' 
("\ 'Ihat tirose rvlto usc the mschincry are to be held

responsil-rle {br its lt'orking, care, a,nd mnintenance.

(6) 'Ilhat ^ 
the engineering s.taiT should carry out large

mechanical rerrairs to all machines'
(c) That tire torpeclolofficer is the electrical expert of the ship,' 

anil his st-aff should can'y out elect'rical repairs.

3. Accordingly, the following procedure is to be adoptocl in

future :-
'I'he engineer officer will have charge of and be -respo-nsible for

all macbinery, however driven, in the engine and boiler rooms
(except as regards the electrical elficiency and repair of dvnamos),

dnA dtt steam, oi l ,  or gas-t lr iven machinerl ' ,  rvherever situated.

Except as detailed above, his responsibility will end at the main

shut-off r'alves in hydraulic pumping engines, at the-d1'namo

coupling in electrical generatlng nachinery, and at the main

shui-otl-valve in the airlompressors rvhethetj ste&u or electrically

driven. He will al.-o have charge of any hydraulic machinely,

not detailed in paragraphs 5 anti 6'as being under the care of the

gunnery or torpedo l ieutenant, and the water pipes ancl f i t t ings in

counection therervith.

4. 'Ihe engineer offi.cer is to be regarcled as the mechanical

expert of the ;hip, and, under tlle captain's tlirections, he may-be

emporvered to in,spect any of the mechanical. fittings not in his

charge, and report to the captain on their efficlency.

5. The gunnery l ieuteriant wi l l  hale charge of .anci be

responsible f"or ali guns, gun mountings, and machinery. in

conueetion rvith thern, including fring gear and night sightst

except when the machinery ref'erred. to is a steatn, oil, or gas

engrne.

6. The torpetlo lieuicnlnt rvill have <harge . of ancl .bc
responsible for aIl torpetloes, tolpedo tubes, and ger-r' in -counectiol
with them, outside the poini s'licre tlie engineeiotlicer's res.pon-'i-

bility entls. IIe will have charge of and be responsible for all

elec[rical machinerv in the ship not in tbe care of the engineer'

or sunnery officer.' IIe rvill also have charge of all lighting arrd

porier cirduits wherever situated, his responsibility euding at the^motor 
terminals when the motors are in charge of other officers'

Ile is further io have charge of all beil and communication cirouits,

and is to lepair ai l  clectr ical instt 'umenls.

7. The torpedo lieutenant is to bc regalrled as the electlical

expert, and is io be i'esponsible for the electrical efficiency of-the

ship, 
'Under 

the caplain's t l i rect ions he may be empowered to

inspect any of the electrical fittings or machinery of the ship, and

report to the captain on their efrciency.

8. Except as inilicated in the next paragraph, no chonge will
be made ir the engine room complement as a result of the intro-
duction of this scheme, bui the captain will be responsible that, tle
necessary engine room stafi is told o1f as may be required to assist
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the, gunrrer; rrrd torpedo off icers irr rhe c,r 'e of 1l,r  rrrn. lr irrer ' l
uncler rheil charge. In gerreral, one engine roorn artificer alil
one stoker should be assigned to the gunnely and lorpedo
lieutena'ts 

_respcctively- for this pu.pose. these i':rti.gs shouirl
be legardt:d rs lent only, and they are to be available l5r generai
engine rooru duties w,hen requir. i , l .  Jn par.t icul:rr,  the 

"engine

.oom ar' t i f icers told off to tLe gunntry rrr, I  torpeclo ] ieutenints
shoukl be at the service. of tlre cr,gii,eer ollice'r for. executing
repairs to hydratl ic pumping engines and air compressors.

9. An exception to the foregoing rule is, howevcr, r,endered
necessrry by the greab incr.ease in t ire hl. t lmu.l ic nr:rclr irrerr
ol .  armoured_ .ships_ of later de-sign rhrn r l lose uf the ,,  King
Edwrtrr l  YII." and ..  I)uke of i t ldinl iurgh',  ciasses. In t lG
later batt leships and cluisers, including 

.-" 
\ \ 'ar l ior,,  class, the

ergine room cornplcrnent rvill be incr.eisetl, so as to achnit ot.
t i re ,  neccssa ly . ra . t i r rss  be i r rg  r rss ig r re t I  lo  t l r c  l i t . r r tenat r t  (G. )  fc r r
hydraui ic work in rhese shi l ls.

10. The r_,ngineers' wor.kshop, in cl_rar.ge oI tLe ensincer
ofl icer ' ,  is to be consit lered lhe main rvcrksL6p for al l  mech'anir:al
repa i l s  tha t  r r ray  be  neces : i r ry  th roug l rou t ' t l re  sb ip ,  a r ld  t l re
elglneer ollicer is to carly out all rnechanical repairs oitarly ilatule
which cannot be dealt ivith by the arrnour.ers or torpJdo stafi..
The guunery ani l  tor l)edo staffs rre not to be required to ctrrv
o,ut large mec.hanicnl repairs, antl the captain rvill be responsibll
t\a! the engineer officer <:erries out s^uch lepair.s e*l,eiitiouslv
with the engineeriug staff rvhen cluly requisirioned.

I I .  I f  the  j l ru tner r 'depu. tn ren t  r r : r lu i le  any  repa i l s  n ,h ich
neccs-*rtr1c thc ir :c of '  thc nrrr iu rvorksholr ntachirrcs, ihe gunnery
oflicer n'jll r:i:rluisition thc errgr'le,,r' stzLfi, rvho rvill, a{ter"consul"_
tation with the olllr:er in chrLrgc of the rnachiner.y, rlir.ect and carry
out the necessary rvork.

12. If -any rnachinery in the charge of the engineer or
gulnery of l icer fai ls electr ical ly, the torpei lo st:rf f  js to b"e rcquisi-
tioned to repair ii. Similalij', if any of the electrical machirery
outsido the engine room develops a-mechanical fault which thL
turpeclo.staff is unable to lepair, the engineering staff is to be
lequisit ionetl ,  and lhey wil l  direcg and cany oJt the necessary
worl<.

13. If an electrically drir-cn rracliine under the charge of the
engineer.or gunnery of i icer derelops a fault ,  euch as in earth
leak, 

.which impairs the electlical efrciency of the ship, the
torpedo oflicer, after. representing the fact, to the engin'eer or
gunnery oflicer, as the casc may be, will make good the d*efect.


