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Z‘Gutrent‘that:is flowing,.

1. Principles of Alternating Currents.

araday's discovery that by moving wires across a magnetic field
80 as to cut lines of force, a current would be induced, suggested the
construction of magneto electric machines, drawn by mechanical power.
If ‘a coil of wire be revolved between the poles of a magnetic current
a current will be induced in the conductors.
In Fig. 1. ‘a simple coil C of wire is revolved between the poles of 'a
magnet # 8 each end of this coil is connected t0:a slip ring 4-B. Now

‘suppose the coil to be revolving so that the top of the coil is coming

toward one, then the current induced in the wires al that moment will be in
the direction ‘indicated by the arrow heads. It will leave by the ring ‘A,
and will return from the circuit through B. Now when the coil ‘is turned
180° degrees from the position shown, the B. M. F. will be reversed and
now ‘it will leave the ring ‘B. and return bhrough A.

plete revolution of the coil the E. M. F. rises to a maximum, then falls

Hence 'in each com-

to 0 and then rises to a maximum in the opposite direction. Then ‘we have
the primitive form of the alternator, generating a simple periodical alter-
nating current. In alternating current working, the current :is rapidly

reversed, rising and falling in 2 set of pulses, the elmctrical current

15,4 5 i T ‘
—Abglng set, oseillating, forwards and backwdrds, throhgh the line and :around

the circuit with great rapidity under the :influence of a rapddly reversing
E. M. F. ;

Now, as ‘seen above, the coil by cutting lines of force of the magnet-
ic field sets up a2 periodic E. M. F. which changes at every half turn
giving rise to alternating gurrents. On each whole revolution there will
be ‘an K. M. F which rises to a2 maximum:and then .dies away giving a curve
such 'as 'is represented 'in Fig. ‘2. The heights of the curve above the
horizontal line represent the momentary values of the B. M. F's; the

depths below in the second half of the curve represent the inverse B. M. Fig
The exact 'slope of this curve depends upon the :arrange-

that 'succeed then.
ment of the :iron :and the winding of the alternator, rand:also wupon the

Some machines :are constructed :so that their

E. M, F. curve 'is nearly 'a sine curve, while in other machines the curves
vary 'and 'sometimes 'are very irregular. Bach complete operation :exhibited
by the whole wave above ‘and below the 'line is called a period, :and the

‘number of yperiodsina 'second is called the freguency of periodicity of

the alternator. The number of 'revolutions per 'second times ‘the number

@f pairs of poles g¥ves “the freouency.







across. the. magnetic field.

Let.us mow:consider.a two pole.machine in.which there are K. magnetic
llneb of :force passing -through.any coil or part of :a coil,

If -the:armature. makes N.

~wheft it lies
revolutions per

:gecond, ‘then:in that time it will: have passedvthroughsgrf N radius.in:a

second,
.angle of 2

.greatest :nunber of lines.of force.
|.and the coil has
‘88 g,/ N. cos: @ on 8,
| proportional ‘to the rate of

N, ecos:2 T n t.

enclosad:by:the:coil, rand

l:al “‘to the:sin:.it - fellcws:that we npay express.the indaced
| formula in:which there mre factors proportional to.the sine of the angle,
vhe . number of cspirals,and to the maximum flux through

The:nunber of iines of . force cut.by.the:coil will then be
8. Bfn 8:N-8in2. Tl n 1 or

the angular speed,
the.colls

2 If n &8N &1n.8
Now :since one volt .is:
|magnetic:lines at the rate of 10 i
Fin volte of ‘the.armatupe-at the tin
"the angle:® will be
' B2 8 TN g
! E=2TIns
D=2 n 118
BE=Dsin &

D.is the maximum value attaine

‘When-sine: 8 =

;and-in:t seconds.it:will.pass:through:

change  &f

the . asmount of E M.F.
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| value . is spoken of ‘as the amplitude.
| and the:-value of E at any instant can be obkained by multiplying the

ramplitude by sine: @,

‘second, 't,
[ reference to:a table of

1a¥Pesinple case of 2 2 pole field,

2TY n t radiua,

Tlnt ‘radiuas, meaauzed from the position of :the coil .when:its

| plane was :squerely :across:the: flelcaiby :@,thatis

Liet -tHe

.when:it encloses the
I1f ‘there:are 8 spirals.in the coil

turned through: the angle 8, then the flux enclosed, varies

Kow_ since the induced volts are

‘the.nunber.of .1ines of force that :are
gince: the rate:

a second,

of 'change of ‘the cos is proportion~
E MR,

by a

generated by cutting the
it follows that the E. M. F.

t, when thercoil has passed:through

sin 8 = 10?
* 10q

by E. f.

D is the emplitudé .expressed in volts,

‘guch: as

8in 21 n t:®

and

“in-the expression 2 TT n tuand reckoning
natural ‘sines.

wWe

|'actual :angle-through which the epmatare has’ turned,

| machine yielding an.alternating B.M.F.
|B'= Dsin @, © no longer exists as a.physical engle.

which: vari

e

10° or
writing

reaches its highest yalue
That - is when @ is-an-edd multiple of

This maximum

The valus-that sine:8 has at any particular instant
| is obtained by merely filling in- the: number of ‘seconds or-fractions of :a

it out numerically by

hdave taken, © Is éan
but in a multipolar
according ‘to-the law

It is

the imaginary




. angle of wpieh we-have taken  the sign.in order to.get the instanganeous
| value of K. The:alternating E.Y.F. has:a constant frequency which we -
| denote . by:.n, that:is, there:Bre n complete periods:in:a secoend.  Rach r

|- period:between: one maximum:and-the:next occupies:a short interval of tine
|ceach-equal rto: 1 of :a'second. This:interval .is-cslled the periodic tinme

or the period;Pand measured:in-seconds is commonly denoted by T.  Now:we ;
< know:that the sine of :an angle:goes through . its complete series of changes f
‘wbile:the\angle:goes~through42~TT'ar 360°. If, ‘therefore, we.are: going
|vto.express-the: value: of the.E, - M. 'F, @s:a-sine-fonction: of the time: the
5.interval-T:mustncoresapcnawLc~zh¢\angle.2'TTi e take € = 2 TT'E 80 that
| 'when € = T we have @ = £ TI. ind whenever it .is.a simple multiple of 7, @ |
| is a simple:multiple. of 2. TI. .In:fact 2 TT?% gives us.an apggle which is
2 fraction of 2 11 .and whose sine varies as the E, ¥. P. varies, Now:as
1= A'we have the more convenient expression 9 =2{1 n t. The:angle © .is
called-the.angle of phase. In case of - nultipolar.nachines the:angle
[+ tapned through:by the arzature, which: angle we. nay denote by o« is related
| 0.0 by the folicsing.g@uation= p .x = 6« where p is the number of pairs
-of poles. It willibe-seen:.now that if ~the number of poles.are: increased
the frequency will be increased. :4nd there may be several-different:coils
|.upon:the:armature., ~ In'the multipolar machines:there-are 2 11 electrical
|-degrees:between:one-N pole:and the:-next N pole. Hence if the generator
.gives a-'single phase:it will have only one-coil :and the difféerent convoluo-
=;tionsch:this:ceilxwill.be-TTTelectricalwdegceeseapart. There will _be
‘pequired two wires-to-take the current to: the external eircuit :and return.
In:a two phase there:@re 'simply two single phase windings.and.are placed

filror'gﬂqapart. Hence there:are: four wires reguired to-take-the current
~f@o the: external ecircuit. In:a: three phase machine:there are-simply-three,
|:single phase windﬁng;-placed‘(iior-60°:apart. There :are-different ways of
-ennnecting'the:windings-of"th%eerphase.arnatuues,;which will be-spoken of
later .- on. ' There: are-required but. three wires to-the:-external-circuit.
In:alternate«current work, the:ammeters:and: voltneters-do .not read
arithmetical average values, but measure what:are-called vertical: volts
:amd.amperes, - -Vertical volts.and-amperes:are-thessquare root.of the mean
;=square:values. -The mean of:the-squares of the sine is 1/2 hence the
|“gouare root: of ~the:mean- square-will be V172 or 707. Henee if: the E; M. P,
osceillates: between +100 and:-~100 volts the: voltenmeter will read ohly: 70.7
?volts.' And if ‘the: instrument reads 100 volts or amperes they will oseillate
between4141.4 :and.~1414.




|

| When:an E; M, 'F. is applied-to:a condensar the dieleetiic becomes
rieharded; :and in-tryingd:to-discharge itself -sevs:up.an opposing B, . F.
effect. of -thig action is to producé:a load on phage: of -the:current, that
| is,the.current will-resch its:maximun:ahead.of ~the: volts. ' The:action of
[:inductance in:the eircuit produces:a lag of the eurrent.
l:another:effect which .is more important than any retardation of phase.
- produces reactions on-the K.}, F. choking the current down,
‘current is using .in-strength the:reaction of .induction-tends to prevent it.
:The power given put-by:an:alternater cannot be found by simply multiply~-|
:ing volts:and amplérss together, for if there is any difference.in phase-the
l:apparent -watts«will always be in:excess of the:true.watts; because the
 mean: product of ‘two periocdic functions.is-equal’ to:half: the: rroduct of their
| maximum:values:multiplied by the:cosine of their phase difference.
| The great advantage of alternate-current: over-direct current is:in
Inthe alternate: current systen: of power trans-
rmission-the voltage can:be raised: very high, -and-trensmitted:a long distance |
Lover small wires, with out a very:great drop.in:voltage. ‘
rerecent power-trensmission plants:employ voltages-from: 10,000 t0:20,000, rand
'some plants:even:employ voltages:as:high:as-.50;000.
.eleectrie~light plants-the:voltages:used range: from 2000:volts nndupward.
|'Since-the use. of -high voltage aklows:the uge of ‘small wires; the .cost.of
the:transmission:lines:is not:much:of :arfactor.in the:cost:df the: plant.
‘|.When:the current is to be.used the voltage is-lewdred by means of :step.down
‘transformers.
| -In practice it -has:been-found-that it is.not-safe nor: ddvantageous to
fuse direct current:machines at:-a voltage. of: from: 3000 to' 4000; such high
| pressure causes: excessive sparking :at. the brushes, :andsthe insulation of

rthe transmission of power.

/\ny.con&uctogrinawhieh“thece is-flowing;a.curcengjisturrounded‘by
:lines.of force, the:.number:depending-upon-the permissibility of the medium.
Now:if the-conductors:are close together -the:lines from-the different con-
duetors will.cut across.each: other, and - produce self—induction; nnd the
anount - of .cutbing: of thesie:magnetic lines .when .unit current is turned on
.or off .is callmdfthepcoefﬁieient:of~selfﬁindﬁcticnyﬁmand:is"proportional
\'tothe square: of ~the nunber: of :spirals-reacting; that is:d. is proportional
o Sz.'* Hence:in-the external circuit -the resistance .is not-the only
|-factor:that must be:overcome, but also:tha induectance which conbined with
the resistance .is called impedance. - - And. the:.alternate current is governed
|- by-the:impedance:and not by the resistance of-the eirecuit.

. Ijnductance has

¥hile the

“Qome:.of “the

iAndain most:all




'the .commutator will -not -stand:the strain, hence the .employment: of 'such
{voltage:is-not permissible.. ;
| Alternators are simpler in-construction than direct current machines,
for:they have.no -commutator, having simply slép rings, . and for this reason
lare:less:liable to- get out: of order:

:There}arewsomezebjeetionswtovalternateacurtents~for-power"transmission.
The maximu@:pressure:with:alternateaeurrentSais=1;41 times the square:root
iof"bhe;meanfsquare;;hence;a-continuous:cuvrent‘of:equivalent.maximum
‘pressupe will:-trensmit:more power. ~There:is:a certain:loss:in the:line

-taside-from-the:-resietance; :due to:inductance.

Pntil -remently-there-were no - self ‘starting alternate current motors,
|but this objection has:béen-removed: by the:introduction of :self starting
imonophase: motors: of -high:efficiency, and by -the employment.of polyphase

- rearrents.
| 'The-great;advantagesof.alternateacurrentfgenevatocs over :direet current
‘generators, ‘are that no commutator-is required, and-the. pressure can:be
ttransformed-from high-to.low or from low to high voltages.

‘Some of the very earliest:alternators-had revolving multipolerfield
imagnets, and external stationary .armature, but-most of-the.earlier machines
iwere.of “the revolving armature type.

The Ferranti 'Alternstor:nay bertaken:as:an-illustration of-ths iearlier
itypes, In this:machine:wave windings .were-substituted-for:coils, The
:field;magnetg consisted: «f «two.crowns ofalternate poles, :and-the-armature

-icnnsisted‘ef‘atripfcopperhbentuinto¢aﬁwavyistarfform,uconsisting.of.eight
iloops, :and: on.each-side there were:sixteencmagnet poles.,  :The:copper-strip
|was wound around:on itself with-insulation:between, .in:many-layers. - :The
‘limbs. of -the star.mere: held-in place by insulated:bolts passing-through
tstar shaped face plates. '~ The:advantage:of the:armature.of zigzag copper
{was-supposed to lie in:its strengthumnd-simplicity of .construction.

Fhen-the:project of utilizing:the:water power.of Niagara:by:Turbins
lwas:taking 'shape:-the Cateract Construction:Company invited:many different
(manuf acturers.of -both Europe.and America-to-submit plans. ~The:machines
iwere-to be of 15000 horse power,idnivenxby'turbins;atsaﬁe'revolutions;per
tminute,  -While:many: good designs were submitted fram: Europe:it was.decided
;to:havetthe:macbineSubuilt:innémérica, cwing to- the high-tariff and.cost of
itransperbation.

-The machines were designed:for .an-externally revolving umbrella-field

-imagnetnwith,inwardly pointing poles held together:by.an.external annulus




ty)
of steel as possessing both:great stremgth.and:a large fly wheel action,

'The first designs were’ fosz two  phase machine, havng . feequency. of
16:2/3 periods .mer: second‘AWIth.elght poles. 'The frequeney was changed g

| ‘to :26 :and the:arnatures were:wound for:2000 volts. The field maghet con- |
rsists:of ;a nickel«steel ‘ring forged .with:-out:a.wl eld, toward the:interior 4

|.of .which project :twelve poleicores., - This:is supported by an: umbrella
'shaped driver fixed to-the-top of the:shaft. <There-are 187 slets.in

| ‘the:armatuee with:two:conductors.in-each:slot. ' Rach:conductor is 1 11/32

| ‘inzhes by 1/16:in-section, :with slightly rounded.edges. - The armature
winding 1is of the wave-forn.

|
|
‘Construction of :Alternators. f

+Alternate:current: generators . mpy.be classified in three groups.
1. :Those-having 'stationary:-fields. and rotating armature. ‘

i2. “Those- having rotating - fields:and stationary:arnmatures,

8. Those:having:both -field:and armature~stationary, the:magnetic
j:induction;being-causedft.ovary or:alternate by the revolution of .appropriate |
:masses. of :ironzcalled:inductors.

‘Alternators.may:also:be classified:as-single phase'and_polyphase,
‘according ras to whgther-their-coils are-arranged-so-that-the currents in
"them will:be.in or out of phase:with:.each:other.

“Phafield may either be-stationary or-rotating. - They:are excited from |
gome-external sgource, or may:-be:self:execiting, or-may-be partly self excite
+ing:.and partly separate exeited: - Of the two kinds of fields:the rotating
[«field is now universally.used; :and:especially.in large . machines. [

+As:a-rule:most :alternate current: generators-have:iron-clad:armatupes, ?
swhilessome:will be-found.of -the:disc:armature:=type. ' ‘They:mayceither:.be ‘
l:wound on:ring: coils,or«drums. The.coils:may:bersmooth: or slotted; but ‘the
Latter.is:used:in:all pezent:machines. ;

'Thﬂ*stationaryaarmatuﬁe'haS“thezadvanbage over:-the rotating:armature,
[.on:axcount of the high:insulation-that can:besecured.

The armature windings of ‘@21l polyphase denerators may be-considered:as
chonsistingt@fvtwo-cr=thnee-or:mope:single phaseswindings grouped so:as to
|- have: proper: phase-relations. : «4ll:the polyphase:armatures:now:in use:may i
.be regarded:as -developed-from one or two genericvsingle phase forms, namely ;
i¢a)-those having :armature windings:concentrated in-large-slots.or .coils i
‘having one large-tooth:per pole: “(b) those having-the windings-distributed
They:may ef ther be on:the

liuniformly. over-the:rsurface of the:armature.




‘face or,may_beﬁsunk;hatween.ironfteeth;mpr94numerouSﬁthanfthe-pgles;

:In Pig. 8:is-illustrated an:example. of «concentrated winding where -the

':coiISLare=sunk;betweenh¢?etaeth. The skg:coils if: joined successively
;in-series+s0:as to.add the B ¥y 'F's, must .be:joined .up s0 that -the .currents
:¢hat .cireulate:in one:sense:around.any:one tooth, 'shall .cieculate in-the

| ‘reverse-sense:around:-the next; being:wound. or:connected.alternately.

In:Rige 4 ie:illustrated -distributive winding with.a simple ring winding

sAnother .method of winding:is to .wind the:whole number of ‘wites.on half
~the poles, tand-the:armature coils on half tie:slots, that is.making.each
‘bwice.as-larde, :as:illustrated-in Fig. 5. Buch:a .winding:is c@lled
<hemitropic. . :This winding:is.used in both armature and field and.is: employed
' :in-some:of .our:.modern:machines. It has:a pearticuler value:in polyphase
 sarmatures.in reducing ‘the undesirable overlapping: of ‘coils:at -the.ends of
the armature.

‘The monotooth construction with:concentrated winding.can be npodified
'g0:as' to produce a two phase-relation, The number of 'slots .can be:Boubled,
by .cutting another slot .between-eazh of ‘the others, ‘thus:making twelve
‘glots.,  <Now:invthis-set of ;slots.another single phase:winding .can be laid,
as-illustrated in-Fig. 6.

This may:also:be .wound without: overlamping, :as:shown:in Fig. 7.

.In:the-foregoing:there was but one-tooth per pole per phase. :Nowiume.
.can- have two teeth per phage per pole by simply doubling the number of ;slots,
making «24 :and :in-this case each slot carries only half :as many-conductors
| ;a8 before, "that is by keeping-the output the- same, This is:-illustrated
| cinzPigs .8,

Now by:again:doubling-the:number: of -sdots, making 48,making them half
t2ag-large and :each-carries half :as.mamy conductors, :as:shown:in Fig. 9.

Winding,=like?the~last,illastratien, is-an-exgellent plen:and:in

nearly all of the modern machines with stationary armatures-this: style:is

: ":nsed. Inthie plan-the windings:are hetter distributed:over:fhe periphery

(.of “thesarmature.
‘The hemitropic:modification:kends itself readily to two phase. grounxng..
‘Now:in-PFig, 1 if-two sebs: of 'three:coils -displace:the one:set we

' obtain“the‘resultaas.zllustrated.by Fig. 10.

‘And now by ‘displacing the second set of :coils through-a distance

' .equal ‘to 1 1/2.instead. of 1/2 times the pcle piteh; we have:a .winding with-

| .out overlaps, :2s:illustrated: in Fig, 11

These constructions are suitable only for.machines having:an.odd
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‘number of pairs of poles. < In:all cases:it will be: seen-that the ddstance
| ~between+@entral:lines of ‘two-successive:coils . of ‘the same phase-set is
either equal ‘to the pole pitch.multiplied by 2 or 3; :and that the-distance
.between-the.central lines:of “the coil of one phase set and-those of the
.other: phase rset, :¥s-equal-to halfi-the pole piteh or 1 1/2 times the pole
+pitehs .IB.all .casesthe lines-shown:as:coils or.loops may be supposed
:to.consist of sany desired number:.of .individual coils-in- series:aeccording
‘4o ‘the voltage reguired..

‘These-same general:principles.can:also-be-apglied: to:three phase
:desgigns. Now:in our-single phase one:tooth:armature, if we: have: three
«different:coils superposed:in place of ‘the one:and have- -them-spaced symmet-
pically, .we will here -have a three-phase-relation, There :will be three
ctimessas:many sl ts:but-will:be only:about one-third as-large for :an.egual
out: put, 1as:illustrated«in-Fig. 12.

‘Now by~hemitropicuwindinguceucan-have,the“threé-phaseewinding:asaillus-;

| ~trated.in Fig. 13.

iAnd :also this can be.used to-take the form.as illustrated in-Fig. 14.
‘Ip:will . be observed -that:in:all-three phase windinds the :angular dis-
' «tance from the:central:part of oneipoll -to:the:central part: of ‘the next

| :coil of ‘the- same phase:is:equal:either-to-the pole piteh or-to-the pole
pitch.multiplied.by two.or three, :vhile the distance-from-the:.center of :any
:eoil of one phase to:the .center of ;an.adjacent-coil of:another phase:is

- |:equal to.either 1/8«2/8~ -4/2<5/3 of the pole pitch,

| The distributive whanding:.can, of course, be:applied-to-three: phase
.machines as:illustrated by Fig: 15.

‘Fig. 168 .which is electrically identical with -®Fig. 15 shows how for
‘the distributed bunches of looped:coils, :a:mave winding.may be substituted,
“This bast,awhich;iS"éuitable por:a.bar armsture is shown connected .up:as
a2 Y winding having ;a coummon junction;and three:stepsrings,

Amid -the multitude of  possible-forms: of windinge, -the question

. |:naturally :arises, which: modes:are: preferable. In cases where high voltages

;ape recuired . one slot.per pole per phase:is:what is.used .in.most:modern
| 'machines. uwhene;thervoltage.ES'not:cequiredihigb;rtheawindingsamay,be
.grouped- two or more:in:a-slot. :
| Syndkonous,motors:heing practicallyidentical :with generators, ‘the |,
| 'same .windings and- the same considerations.apply to their: ermatures:;as:to

- |- generators. .Induction motors; on the:contrery, have properties of their

.own:which ‘rendep it desirable as far as possible 0 suppress:all reactions
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"that_might:anise'froﬁfhnequéi'_ distribution.of :conductors:around-the
periphery. . Hence it :.is very seldom.in she stator of :an induction motor,

are-any of the forms employed in which the windingds are concentrated in:a

few slots, but .every effort appears to be made-to distribute the .windings,

‘@, B, :Altefnator.
Construction.

The base of the machine is of cast iron . and is:28 inches by 30 .inches.
{-The yoke, :which 1s .28 inches high is belted to the base on beth:sides by
|-two heavy bolts. The bearingd arms a little wider at the bottom than:at the
|"top froming .a - gradual :slope. The. bearing:box is 4 1/4 .fthes .in diemeter |
::and'V:inshes:long. The:bearings . ere provided with deep:oil wells und the
.oil is.brought up by two rings, thus insuring sufficient ~and proper:lubri-
| .cation. - The:shaft is of steel.and:is 1'7/8 inches.in diameter. ' The pulley
| hasia 7 inch face and .is 12.inches in diameter. :The pulley is securely
-fastened to the ghaft by.a key. - The rings whichuare connected to:ghe fields

| are of brass 4 1/2 inches in dismster with.a 3/4 inch face, and are suf- '
‘ficiently insulated from:each: other. ;
It has:a rpevolving field of 'six polesy and has the:shape of :a truncated

~cone with:an-elliptic: base.

| The 'spider-to.which the poles:are securely- fastened is 8 Y/2 inches

|.in dimmeter. - The poles.are:}aminated and:are providad with aspertures for

' ventilation. The fields are wound with No. 15 B, C. S. wire and have a
resistance of 14.2 ohms. The air gap is about 1/8 of :an.inch.

The :armature is stationary:and is wound with-six-separate coils, giving 3
;either.a 1«8«3-4-0r 6 phase current. The arpature is a distributed.wave |
|~winding 'and :is wound with No. 13:B. ‘C, ‘8. ‘wire, having a resistance of
~:234 ohms,

‘The machine gives 120 volts 2s single phase with:all coils jn series. The
‘Normal 'speed is 1200 R. BP. M. - giving 60 cycles. 'Normal'field.excitationi
.i8+8; 18 :amperes. “
| The armature coils are grouped six.in parallel and:are insulated from
| .each other :as three turns. There :@re 36 single coils:in all -and there are

4 -turns:in-series per-.coil. There ape 38-slots: and there:are 8 conductors
per ‘slot. ~The armature coilsare built up of thin iron-sheets insulated
|from:each. other by mica. These ‘Bheets have:a:thickness of :about .05 1n~hes.%

There are 432 turns per pole in the field and all are connevted.ln.serxeg

| The poles are laminated, being .built up of thin.iron-stampings, .insulaged




' ‘from :each other by mica:and ‘ﬁirmly.boltedj'together.
:When:operated:at :a-spged of 1200 ‘R. P, ‘M. :it gives:at full load 126
volts:and 69 amperes.,




THREE PHASE INDUCTIVE LOAD.

In this experiment the rotary converter was operated as a
three phase synchronous motor, and thus working the alternator on
an inductive load. The laternator was operated as a three phase
delta connected machine and throughout the experiment the voltage
and speed were kept constant, the voltage at 68 and the speed at
1120 R. P. M. The rotary converter was at first operated as a
shunt motor until it was in synchronism with the alternator, when
it was switched directly on to the alternator mains, The method of
bringing the rotary converter up to synchronism will be explained
with reference to the Figure, The rotary converter was connected
directly to the 7estinghouse dynamo, and in this circuit was placed
a switch, a fuse box and a starting box, When the switch B is
closed the fields of the converter are separately excited, and by
closing C and opening B it becomes self exciting, The switch D was
closed and the converter was started by means of the starting box F.
The switch B was closed and the converter was operating as a shunt
motor with separate excitation, and was brought up to a speed of
1760 R, P. M, The switch ¢ was now closed and B opened and it now
excites itself, In the self exciting field circuit was placed a
rheostat G to regulate the current, and an ammeter, The lamp at A
would now become bright and then dim, and by regulating the field
current in the alternator and converter, the lamp would become
bright and then die down and become dark. When the lamps became
dark the two machines were in synchronism, Now the switch A was
closed and D opened and the rotary converter was operated as a
three phase synchromous motor driven by the alternator, The field
of the alternator was excited from the 7estinghouse machine, The
small Crocker Wheeler dynamo was belted to the rotary converter and
was connected to & bank of lamps, A load was thrown on the Crocker
"heeler dynamo, thus increasing the load on the rotary converter,
The Crocker Wheeler dynamo was started on open circuit and then the
load én it was gradually increased to its normal output 36 amperes,

It required 44 amperes to run the two machines when the Croc-
ker Wheeler was not loaded.

The rotary converter is a four pole machine having six armature
coils and six step rings so connected as to give a single or poly-
phase current. At the other end often is a commutator which either
delivers or takes in a direct current.

A synchronous motor for a polyphase system may consist of an
ordinary alternator conrected across any two of the mains, but
preferably it is identical in construction to the polyphase genera-
tors and connected to all the lines. They differ from a synchronous
motor mainly in the fact that instead of a motor it has a field
maznet separately excited by means of a continuous current,

e,
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E. ¥, 'F. CURVE OF ALTERNATOR.
The Armature has ‘six coils and the two ends of ‘a single coil were

connected ‘to a Bllistic galvenometer. A current of .07775 amperes:at 4 v
volts was 'sxmt through the fields. The field was turned 10° 'at :a time

vand :at ‘each Lurn the deflection produced:in the ﬁuisnic galvanometer was

noted, A reversing 'switch was put :in circuit with the fields-and by

-mading -and breeking the circuit different deflections for different positions

of ‘the field were noted. The ‘resulting curve follows a sine curve very
closely.. The curve:is nearly symmetrical, the upper half rising just:a

‘trifle higher ‘than-the lower one, probably due to :'some:error in reading
' “the instrument.

In the:armature of ran:alternator, when there:is a current flowing,

‘there'are -two forces:acting upon-the rarmature; the M. ¥, ‘F. of the fieldsg,

due ‘to ‘the field exciting spools.and the ¥. M. F. of the srmature current.
That due to the fields, 1s constant or :approximatelv so,while that of the

‘armature, is-altermating in respect to the former. The E. M. 'F. :induced

in ‘the -armature is due to the magnetic flux:.as it passes through the

‘armature ‘conductors, 'and ‘thus flux iIs produced bv the resuktant of ‘both

M. M. F's of the field and of the armature.

On open circuit the ¥. K. F. of the armature is gero:and the E. ¥. F.

of ‘the -armeture is due to the M., Y¥. F. of the field coils only, In this
case the E. H¥. F. is generally a maximum at the moment :when the armature
coil faces the position midway between adjacent field coils, and thus

encloses no flux.. The E. ¥. F. wave in this case is senerally symmetrical.

A3 will be observed from the curve the E. M. F. of ‘an:alternator

rises to a maximum then dies away to:Zero, 'and then passes to & maximum

value in-the opposite direction.and then passes through zero :again. ¥hen

‘the E. ‘M. 'F. has completed:an ope ration:as just:explained, it is known:as

a cycle and will pass through one cycle as an armature coil passes fronm

| one pole to the next like pole Hence the number of cycles per s:cond is

equal tox the number of ‘revolutions per 'second, times the number of pairs
of poles. The effective pressure of 'an alternating E. M. F. is not egual

{ .in valpe to the maximum value. The effective pressuee :is equal "to thsi s
‘square toot of the mean square values. The mean of "the -souares of the
-gine taken over either one guadrant or ‘& whole circle is 1/2, hence the

-square root of the mean "square value of ‘the -same function is V¥ 1/2 = .]07.
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‘Paking the mazimum ordinate at 90° :as 1-and.considering‘jgsgépne half of
‘the E. M. ‘F., curve, the effective pressure is egual to '+ j?‘_ 707 of
2-—-‘— .

‘the maximum.
The E. M. F. curves of :all alternators do not follow:a sine curve
very closely, 'as ‘the shape of ‘the curve :depends t0:2 dreat extent upon
the (design of the machine., 'some machines giving a peaked curve while others
give flat topped curves. ~Also the curves are not always regular.
in.most cases where the wave is distorted, the values can be replaced by
:equivalent ‘sife velues, ‘and hence the caleculations made considering :a true
sine curve will hold gcod for the distorted curves. .
The distortion of :the sineiwave is due to the lack of uniformity ™
of the arrangement of ‘the:armature coils and fields, 'and the pulsation of
‘the magnetic flux, and the pulsation of the recstance and resistance. :
The G, :E. ‘Alternator, the one .under consideration, gives a very smooth
and ‘regular sine curve, henge we conclude tlat the machine:is uniformly
balanced magnetically.
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"ALTERNATOR OR 'ARC LANP LOAD.

The alternator ‘was operated:as:a single phase machine, :at 'a ‘speed of
1200 ‘R. P. M., 'and the voltage was kept .constant:at 120 during ‘the:experi-

mnent.
of the :alternator.

‘4 consbant current transformer was connected agross the 'radius

The rarc lamps were connected in ‘series to ‘the

‘secondaries of the transformers

one :at 'a time, until five lamps were in.

The ‘lamps:were then thrown in circuit,

‘As the different lamps were

thrown in circuit sinuvltaneous readings cof the different instruments were

‘taken,

¥khen 'series arc lamps are to. be run on:a constant potential ;2lternat-

ing current :system, it is necessary to use some devise whereby the current

in the lamp circuit may be kept constant, irrespective of ‘the number of

One way :in which this.may be;?ccﬁmolished is by the
o ‘e 3 -

use of 'a constant current transformer, a transformer when-supplied with

lamps in operation.

constant potential will deliver a constant current.

The ‘G. E. constant current transformer, the one used in this experi-

ment, ‘consists of ‘two coils, cne fixed ank@ one movable.
is the primary and the movable coil is the secondary.

core passes through both coils.

of -2 weight -attached 'to a 'system of movaeble levers which raise or lower
%hen the transformer is fully loaded the movable coil rests

the coil.-

The movable coil 'is regulated by means

The fixed coil
A laminated iron

upon the primary, or is very cdose to it, and the transformer is giving
If the load is diminished by cutting out lamps the

its maximum E. M.

Foo

current in the movable ccil tends to increase, thus causing a repulsion be=

tween the coils @nd 'separating them.

Now .shen the coils become separated

the magnetic leakage between them results in-:a lowering of ‘the B, M. F.,

thus regulating it to suit the

number of lamps in operation.

Thac ‘transformer was regulated for one .lamp giving T 1/2 amperes,

but the current increased somewhat, for maximum current,
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EXTERNAL -CHARACTERISTIC,

The alternator was operated as a single phase machine and was kept 3
at a constant 'speed of 1200 R. P. M.during the experiment. The voltage ;
was brought up to 110, the full current being kept constant. ‘4 load was
now put on the machine and was gradually increased. At each increase of

load simultaneous readings were taken of the dynamo voltage and the ;
external current. ‘
Now on -another test the voltage was kept constant at 110, and the
field current was gradually increased in order to0 keep up the voltage 2
as the load was increased, and .at each increase of load simultaneous
readings of the field current and the curremt in the external circuit
were taken. In both of the above cases the load was non-inductive. % I
It will be noticed from the data taken thét as the load was inecreased ; '|‘
the voltage dropped, when the field excitation remained constant. This
is caused by the reaction of the armature and the armature inductance.
Now, as is well known, when an alternating current passes through a coil,
there will be an E. M. F. induced which will be opposed to the impressed
Wi, Now as the current that is flowing in the armature ‘is inoreased,;
the inductance becomes greater, and this distorts and demagmetizes the ;
fields and causes the voltage to drop. That 'is, the E. M. F. at the %
|
!
1

collector rings is less than:bhe total E. M. F.induced :in the armature,
for the reason that a portion of the induced §. M. F. is used to overcome
the resistance ‘and ‘a portion is used to overcome the inductance of the
:armature windings. ;

Now, in order to keep the voltage constant as the load increases, g
the field excitation must be :increased. This caneither be done by hand i \
‘regulation, or by some automatic device.

In the second part of this experiment the voltage was kept constant

and as the load became greater the field current was increased. The h
alternator was loaded up to about 15% over load and at this load the * %ﬁ
field excitatifn required to keep up the voltage was 4.15 amperes. 15 il

\

would not be ddvisable to run the generator at this load for :any great
length of time, for the field current required would probably cause ;
excessive heating of the fields.
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MAGNETIZATION CURVE,

The alternator was operated as a single phse.méohine,:and the

-gpeed was kept constant throughout each experiment. 4 voltmeter was

connected across the terminals of the machine and an ammeter was placed

in the field circuit. The emciting current :at ‘starting was very small

and was gradually increased by small increments. At each :increase of
current 'in the fields, simyltaneous readings were taken of the execiting
current ‘and the E. M. F. The field current was varied by means of

rheostats. The machine through its normal range of voltage was operated

at three different speeds. It was at first run at normal speed at 1200
R. P. M. and the exciting current was .3 amperes. When the voltage
reached 120, its normal voltage, the exciting current was 2.2 amperes.

fhe ‘alternator .was then run at a spsed of 1100 R. E. M. and when the
voltage reached 120 the exciting current was '2.45 amperes. The

machine was then operated at 'a speed of 1000 R. P. M. and at 120 volts the
exciting current was 2.7 amperes.
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THRBBE PHASE- BALANCED LOAD.

The alternator was operated as 'a three phase machine, with .delta
.connected armature. The field current :and ‘speed were kept constant, the
field current 'at 2.8 ramperes and the 'speed .ab 1200 R. B. M. The three
wire system was used and the load was kept the same on both sides of the
neutral wire. The generator was started at no load and the voltage was
brought up to 75 volts. The laod was then gradually increased and at ’
each increase of load simultaneous readings of the different instruments
gere taken.

The wattmeter was so connected that it could be switched from one j

'side to the other, and thus obtain the total power in the circuit. When |
the wattmeter was switched from one main to the other the readings were
not the same, when the number of lamps on each side were equal. The

resistanc:c of the lamps were probably not the same, and this would account
for the difference in the indicated readings on the two sides of the line.
As the load was increased the reactions and bhe distortion of the fields
also increased, :and it might have been possible that this distorting aund
demagnetizing action was not uniform throughout the field. The voltage
held up fairly well, dropping from 75 volts to 87 volts when working on .
about 35% full load.
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