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IXTRODUCTICR

The parallel operation of altermntors hes bocen of great prectical
and theoretical interest for about forty ye rs. To enable the elect-
rical engineering students at Michignn State College to more thoreoly
study this sulbject, a special motor-generator sct w s lately parchazed
from the Burke Electric Company of Erie, Pa. While this set !as been
uscd in various ways no complete test has bdeen made of it. The aathers
of this thesis have undertckem to mrke such & test and some of the
fruits of théir labors are pre ented in the followirg pages,

Preliminary to the latoratery work a survey was —ade of the
theory and rrrctice of the operstion of sltcrnators in rarellel,

All data was then secured with gre t erre, and it is bclieved that
the results are relisable,

We extend our thanks to the Staff of the Electric'l Ergineering

Department and to others who elped us in our undertakinrg,



CHAP?.I, Pagel.
Theory of alternating current machinery,

CEAPT.EI. Page 9.
Theeretical discussiem of synchronous machines.

CHAPT.III, Page 20,
Deseription and pietures of the Burke M-G Se%.

CHAP?.IV, Page 28,
NMethods of prevedure.
CHAP?.7. Page 88,

"Performance of the Burke Set.
CHAP?T.VI. Page 61,
Parallel eperatiom,’

CHAP?T.VII. Page T1.
Regulatien.

CHAPT.VIII, Page 80,
Vave forms,

Yot data, Page 88,




SHAPTER X

ALTERNATORS:

In general it may be said that an altermater is an electrie
generator for producing slternating curreant or currents by a rel-
ative motion of conductors and a magnetic field. More particularly,
a synchronous alternator is one in which the magnetic field is ex-
cited by direct current. This is the most general type of alternator
in use at the present time and the essémtial parts of such & synchromnous
machine are indicated in Diagram No.l.

Diagram No.l.- Essential Parts of Synchronous Altermator.

The stationary armature core econsists of soft steel laminatioms
held together in a cast iron freme. These laminations are slotted,
and the armature coils placed in these slots are held there dy suitadle
wedges. In low speed machines, the revolving spider is made of cast

iron, and in high speed machines, of steel of greater temsile strength.
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Each pole plece is fastened to this spider, and in turm is previded
with a fleld coil. The field,epited with direct curremt, is so wound
and comnected, that the opposite magnetic polarity is produced in
adjacent pole pieces. The direct current is condueted to the field
coils by two slip rings e2s indieated.,

The alternator shown in diagram No.l. is an eight pole three
phase machine; it has four armature coils per phase, or one coil =ide
per pole. A schematic sketch of the armature winding and field poles
is shown in diagram No.2, partly developed for purposes of explamation.
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'Diagram No.2.- Armature Winding and Field Poles of .lternator.

The armature conductors which are electrically comnected in
series, belong to phase one, and are under the centers of the poles
at the instant shown. Hence, the voltages indused in these conductors
are a maximm, decause they are ecut by the most demse portion of the
magnetic fleld. The respective directions of the induced voltages
together with those of the exciting ecurrent are shown conventionally
with crosses indicating current flowing toward the page, and a dot
accordingly designating the opposite direction. Am the poles move
on in the direction of rotation, the voltages induced in this phase,
decrease to sero and then inerease in the oppesite directiom, to



reach an opposing maximm after the poles have moved ome ocmplot‘polo
piteh. Thus a complete alternstion ocecurs in the interval of time
which elXapses as the pole moves one pele piteh.

The coils of phase tvwo are the same as those of phase ome,
dut are displaced from them two thirds of a pole pitch measured aleng
the periphery of the armature strrecture, in the direction of the
rotation of the poles. A pole pitch equals one Imndred eighty elestrical
degrees, therefore, the second phase is displaged ene Mndred twemty
electrical degrees in the direction of field rotatiem, from the first.
Since phase two is the same as phase one, the same veltage is indmee?
in 1t as was induced in phase ene, one third of a cycle later. Thus
the wave or the vector of the voltrge: indmeed in phase two lags Behind
that of phase eme by one Imndreld twenty electrical degrees. Cesrespemdingly
the colls eof phase three are so arranged that the veltage indmeed in
them leads that of phase one dy one hamndred twenty electrical degrees.

The arrangement indicate’ adove is ealled a three phase winding
and the voltsge resulting froem each of the three phases may be used
either singly er in gu‘blnatlon. This type of machine with three phases
is the commemest now in use in power and lighting systems. Likewise
machines of the type shown in diagram Ze.l. are alse most cammen. The
reasaon for the use of this type is that the armature is frem a eemperative
standpoint, easily wound for fairly hich wvoltagesand the statiomary
streeture is more easily insulated and mere easily supervised in operatiom.

An alternator is not only capdeadle of ecenvergimg mechanieal
erergy into electrieal emergy, tut it is likewise capéadle of comverting
ol eloctrieal energy input imte mechanical energy at the shaft tims
eperating as a motor. Thus wtdlise! the machine is oalled a rynchromeus
motor. The material to follow, concerns synshrencus machines in general
and their eperatien bdoth as moters and as generaters.
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If a machine similar to the one shown in disgram Neo.l, is
driven by & steam turbine, & water turbine, or some other suitsdle
device, and at the seme time 1f the field is excite’ by a suitadle
direct eurrcnt source, an alternating voltage will appeay ag the
Serminals of each phase. The frequency of this veltage is edbvieuncly
s Nmetion of the fpeed of the driving machine, henee it is mecessary
in erder that a standard frequency of gemeration be maintaimed, that
the drivers be held almest exactly at the required cpeed 2y suitadle
governing devices,

The nlﬁticnahip between the mumbder of poles,p, ¢f an altemmater,
the speed or rotatiem,n, in r.p.m. and the frequency,f, ¢f the induoed
voltege in cycles per second, is as follows: At f cysles per second,
the induce’ veltage has a frequency of 60x af or 120 alternastioms pes
mimmte, Decause each cycle eorrespondims to twe alternatiems. Durinmg
one revolution of the machine,p, poles pass under eash greup of ecndustors
tims indnoing p altematiens. Consequently the mmber of altermatioms
psr mimate 15 n, and 120 £ equals mm. Likewise with & fixved souree
frequency, the synchrenous speed of & machine eperating as a metor
equals 120f/p.

In order to waderstand clearly ‘he mode ef eperction of a
synchonous machine 1t is essential to be familiar with the predmetien
and properties of rotating m.m.f.s Hance a discussion of the primsiples
inlelved in this consideration follows,

REVOLVING FIELDSs

£ gliding magnetic field produced by means of three phase
ewrronts is shown in diagrram Ko.3. The machine considered is of the type
of dingran Ho,1. 18 connected to a source eof three rhase A.C. The rotor
for the purpose ef explanstion is supposed te be remeved, tut the roter
core actually serves as a path fer the lines of force. The gylimdrieal



inner surface of the stator is shewn reduced to the plene S-T. For

the seke of simplicity and clearness, only one coil per pole per rphase
1s indicate: in the sketch. Actually the winding is distributed over

a comperatively large rumber of slots per pole. The flux density in
space due to current 1n one phase only may be assumed to be nearly

s limusoidel at any snd every instant, This is indicated by the waves

at X-X, R=R, and V-V,

_— Alternating Flux
due to Phase 1,

*_The Resulting
Gliding Flux.

Alternating Flux
due to Phase 2,

-Alternating Flux
due to Phase 3.

Diagram No,.3.-Gliding Megnetic Field by three phase currents,

A@ the stator currents vary from instant to instant, the cor-
responding flux densities also change accordingly, but each flux remains
distribvuted simsoidally in space. Each of the three waves retein their
positions, tut during e cycle of altemitilig’ éhriint, all of the ordinates
decrease, pass thru zero, repch an opposité maximmm, end return to



the original values,

Ve shall suppose that the current in phase two leads that inm
phase thru and lags behind that of phase ene; alse that the curremt
in phase two reaches its positive maximm when ¢t equals sere and that
the windings two and three are displaced are displaced one hundred
twenty clectricel degrees to the right ef winding eme. The expressiems
fer the amrrent arve.

‘1 equals I (Cos wt plus 21Y/S )

12 equals I (Cos wt plus 0 )

'_ i, emals I (Cos wk =211/3 )
where I is the amplitude ef each current wave. The curves at i, R,
and ¥V are drawn fer the instants when the corresponding eurrents
reach their maximum,

Consider the instant whem the current in phase two is a maximmm
that is to say, the instant when t equals sero. The cempoment distritutions
of flux density at this instant are pletted om the axis T. The dis-
tritutien due to phase two is the same as the curve at R, Fer phase
one, 11 equals I Cos 211/3 equals -.5 I . Therefore the curve 1-1
is shown as of amplitude .5 B and reversed with respect to the eurve
at X, Similarly 15 equals I Ces (=211/3) equals =.5I, and the cesresponding
B curve is shown sceordingly. By adding these three curves peint ¥y point,
the resultant flux density distritution r-r, is odtained,

By assuming different values of t, and emstructing the asconrding
sine waves, of flux distritmutien, the resul:ant distritutien may de
determined at any instant. It will de found that its amplivade i3
equal to 1.5 B at all times, and that it glides synehonously frem
the leading to the lagzing phase alweys having its maximum overthe
phase in which the current at that imstant is a maximam. Hewever,
such a point-by-point addition is exceedingly tedious, and the same



result may be odbtained analytieally as fellows:

At a certain point T, along the alr gap ef dlagrem Ne.3, let
Sthe flux density resulting from the current in thase twe dbe B Cos w$
Cesx, The angle x is measured from the point ¥ at which the flux im
phase two reaches its maximum in space. The magentie fiecld at the
point T due to the other two phases is obtained by ehanginc the time
angle wt, and the space andle x, by the amounts plus er mimus 211/3.
Thus the resultant megnetic flux 7, due te all three phases is;-

3(x,8,) equals(B Cos wt Cosx)plus ( B Cos (wt plmus 213/S)
Cos (x flns 211/5) plus B Cos (w$-211/3) Cos (x-211/3).

In the above expressiom, each cosine of the sum or of the
difference of two angles may be replased dy its expansiem acoewrding
to the familiar trigonometris formla:

Cos(x plus of mims y) equals Cos x Cos Y mirus or plus Sim x Simn ¥y

After mltiplication and reduction we get: |

B(x,t) equals 1,5 B (Cos wt Cos x plus Sin wt Sinx )

which reduces finally to

B (x,t) equals 1.5 B Cos (wt —x)

It may bde seen, that a simsoidal wave of amplitude B syncheemeusly
gliding frem left to right satisfies the remuired eenditions of the

equatien,

This means that the instantanecus flux density will bde found
to de constant at any peint and meving to the right at the velocity
w, Since w oquals 211 £, whieh- vhich value is the eleotrie angular
velocity of the exciting eurrents, all points for whiech flux demsity
remains constant, move along the air gap at synchrono:s veleelty.

Thus with the stator of a synchronous machine connected as
indieated in the above general discussion, ¢t0 a mltiphase souree,
a rotating moihetic fiold is produced travelins in a sense, about the
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periphery ef the inside of the stator. Now the rotor is excited with
direct current az already indicated, and the same 1s designed wo
that vhen it is rotating at the same speed as the revolving field,
each pelejsef fixe' polarity, will bde under a atator magnetic pole of
exactly oepposite polarity. Thus since unlike mngheetiec poles attract
each etherg uhder the above conditions, the stator with its rotating
£1e1d tends te drag the rotor sround with talcCesme at synchremous
speed as determined by the rotation of the field. The machinex resists
any effort tending to pull the rotor out pf step with a esoumter torque,
and thms we have typical motor sction. The greater the l-ad, the
gruhx: will de the corresponding torque, and the greater the curremt
sup;lied te the stator.

Frem the adove discussion it may be seen, the synchrencus motor
is thus a eomstant apﬁd machine the speed of which is fixed by the
‘standard frequency of the somree and the mumber of poles of the machine.
This particular feature makes such machines desireable for constamt
speed service, though the lack of starting terque frequently prohidits
their use for any traction service.

¥hen a synchronous machine is deing wsed as a motor, it is
obvieusly necessary te dring the roter up to the speed of the rotating
field deforeany power can be developed whoen the $he-rotating m.n.f.
and armature m.m.f. are locked tog‘ther.‘i.nto synchronism., Scversl
methods of accemplishing this result are in common wse, though the
commonest method beczuse #f its eimplicity, 1s te previce the retwr
with a squirrel cage winding so that the machine may be started as
aa indnction motor, The méthods of bringing synehrenous motors wup to
sposed are discussed in greater detail at a 1&er point,



SHALTER 2.

THEORETICAL DISCUSSION OF SYNCHROOUS MACHINES:

For the sake of explanation consider two identical alternators
connected to the same bus dar as indicated in disgrem No.4. From the
bus between the machines; with the machines M and ¢ rumning in syn-
chronism with equal field excitation, the voltages are vectorially
180 degrees apart, and there is consemuently no current fl-wing in

the series circuit., This condition is indicated vectorially in diagrem

Diagram No.4. Diagram Yo.5.

If now the power supply of the machine M 1s reduced, the woltage
vector E- lags behind the first position relative to the voltege E‘
by an angle as shown in diagram No.6. The voltege Ege the vector sum
of 3 and x is then cffective in prédumeing a circulating current I
».a.. the tvo machines thru their impedances. Thus power is transmitted
from G to M. If the supply of external power 1s completely removed
from M, the same will contime to run deing drivem as a motor, and
recelving the necessary power from the generator G. When in additioen,
the machine M is loaded mechanically, more power will be transmitted
from G to M and more current will flow in the series circuit detween
the machines. The application of the machanicel lead results in a
difference in phase position of x- in respect to Ec resulting in
an inercase of E‘ which camses the inerease in curremt already noted,
Despite the change in phase angle, the machines will contimme to
operate in synchronism, provided or course, the pull out terque of

+themotor is not -*-‘d.d
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e

Diagram No.6. Diagram Ne.7.

All of the sbove discussion is bdased on identieal excitatien
of identical machines, Hence, &. the induced motor voltage, and E‘ o
the induced generator voltage Were in each instance equal in magnitude.
If ,however, the excitation of either the moter or the generator is
changed, the phase angle of the voltage for a given motor load will
alse de changed. Diagram No,7. shows a decreased exeitation for the
generator with the q-o excitation for the motor. The generator thus
delivers a leading currsnt to the line, while the motor takes a lagging
current I- as shown. Accordingly for changes of field excitation of
the motor and for differemt phase positions of the motor 101“@
l- in respect to the generator voltage E e The resultent voltage
1. changes in bdoth magnitude and in phase position. Likewise the
current which results from l. changes in both magnitude and phase

position under the adbove conditions.
SYNCHRONIZING CURRENT:

¥hen two alternators are eperating in parallel, the vector -
sum of their induced veltages results in a voltage vhiech préduces
& synchrodising curreit Mhpbdundz..ﬂumr sum, By
an angle depending upon the total resistance and reactance of the
series eircuit, therefore, including the s$etal resistance and
.ructanee of the two armatures. Thus one machine supplies power
to the series circuit, while the other receives power from it. The
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_ machine which gives off power tendsto drive the mashins receiving

pewsr even though they mey be doth operating from the external stmdpoisT
as alternators on a common load. Thé$ flow of synchronisiag current
results in a tendency to retard the machine suppljing the power

eoupled with a tendency to accelerate the ene receiving the same.

Thus the synchronising current tends te keep the twe machines in

synchrenism,

When there is synehrenising current flowing in the series
eireuit detween two machines, the difference between the power supplied
by the one machine and that received by the other, is emual $o thA® .

power lost in the series eirculs,

If several alternators are connected to ene set of dus-dars
the eynchronising curremt as already SRE#EY! tends to keep them
in step. If the prime mover of any one maghine tends to decrease its
speed, the Yachine lags bdehind, and receives power by the symshremising
current vhich aceelerates the lagging alternator thms tending te
keep 1t in gynolrenism. If on the ether hand, the prime mever of
any one machine tends to inerease its speed, a resultant veltage
18 generated enusing a synshronising current to flow. The machine
that leads, delivers power, is thus retarded, and theredy is held
in synehronism ,

HETHODS CF SYNCHRONIZINGS

___ we direct current machines may be cormeeted in parallel as
soen as their voltages are approximately equal provided the preper
pelarity is observed in connecting them together. Hewever, before
two alternators can be switched in parallel, three conditiems
mast de fulfilled: their terminal veltages mmst de:

(1) of the same magnituds ,
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(2) of the same frequency y

(S) in phase with each other,

Unless all of these conditions are met, there will bde a eirculsating
ourrent between the two machines when they are conneeted together.
When the terminal voltages of the two altermaters are equal and
oppesite at all instants, the adove conditions will be met. The
precess of adjusting a machine to de connected to a bus dar or

to snother mnchine, #o:that the adove conditiens will de met is

known as gynchronlsing the machine in guestion. Literally the
term synchronising means "dringing inte step®.

Let us cordidsr what would happen if two aliernators were
oconnected to the same Was dars without having all ef the abeve stated
conditions fulfilled,

(1) If the two machines are 30 excited as to give different voltages

the ether two eonditions being fulfilled, a reastive ourrent will
eirculate bdetween the mhino} leading n the machine excited lewer,

and lagring in the machine excited higher. This results in a stremgthening
of the field at the first machine, and a weskening of that at the second,
the resultant voltage at the dus will be somewhere detween the voltages
of the two machines. The set may still work satisfasterily previding

the reactive current is net teo heavy. Hewever, sush a eirculating
ourrent does noet help the eperatiem, and results in an unnecessary

sz loss in the armatures of the two machines. Should this ecurremt
bdeocme sufficiently large, it may eause a dangerous temperature

rise in the armature windings, er open a eircuit breaker evem theough

the external lead is net exsessive,

(2) If the two machines are not in phase with each other, even though
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thay are of the same frequency and magnitude, an energy carrent will
¢irculate between them, This current tends to drins the two machines
inte step and 1t may de quite large if the differense in phase is
eonsideradle. If the terque due to the synchrenising current s large
enough te btring the two machines into phase promptly, the surge o
eurrent will be of short Guration and will not damage the machines.
Otherwise tae armature windings may de everheated, and the insulaton
dsmnged.
(S) 1f eoupling without synehronism 1s attempted when the twe frequencies
4iffer from each other by a few pereent, the conditiems are appreximately
the same as deserided in (2) above. If two sins.waves of nearly the
seme froquency are drawn this condition may easily be chewn. It will
be found that at some instants the waves are in phase with each other,
then they are in phase quadrature, in phase opposition, and after a
nunber of cyeles in phase again. Unless the energy componeat of the
circulating current 1s sufficlent te pull the lasging machine ln‘lo
step promptly, and to held it there, ene of the machines may Ye injured
%y the inrush of eurrent.

An ordinary ei1l type eircuit dreacker ig mmeh too slew $o protect
an alternator sgainst excessive transient eurrents due te shert eircuit
er to faulty smmehro:dsing. Therefore, it is necessary that great
care be exercised when synchronising a large machine fer the first time.

After the cerrect speed of an alternator te bde synchronised to
the dus has been appreximately odtained thereby meeting the frequency
requirensnts, the field currents are so adj:sted as to give adout
the seme voltage as-that of the bus to which“F machime 1s to be
eomected. It enly remains to bring the machines inte phasewith the
bus. This is done with the aid$ of synchonising lamps, or a eommercial
8 ynohyescops.
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STARTINC KETHODS:

A motor e whieh one member(say the stater) 1s excited with
alternating current and the other (the rotor) with direet current,
pessesses no starting torque beczuse the direction of attraction
between the two memders is reversed with esch alternation ef the
supply voltage. For the same reason, the machine has no terque
for speeds other thsm synchronous. It is only when poles alternate
under a given armature coil at the sarme rPate at which the eurreat
in the coll 1tsBif changes direction, that a wnidirectional Samcential
effort will result. For this reason a synchronous meter has te de
drought up te speed either by means of anether machine er by temperarily
econverting it into an induction motor. The follesing methods of starting
are among those most commonly wused.

(1) When a synchronows motor is part eof a motor generator sst the
other machine bYeing a direct ourrent or an induction gemerator, the
generator may sometimes bde converted inte a motor for starting

when the proper source is availabdle. The machine mey be tlms started
and synchronised by means of the moter on the same shaft.

(2) A small induetion moter or A.C. cummtator motor can de used teo
dring a synchronesus moter up to speed, provided that the latter ean
be synchronised bdefore the 1lsed is applied. Whem directly eommectsd,
the starting induetion meter should have a smaller mumder of peles
than the synchromous machine in order to bde adble te dring the
latter up to synchronous speed.

(3) The field structure ef the synchremous moter 1z previde: with

a squirrel cage winding of sufficient resistance to give the required
starting torque. This 18 at the present time, the mest common methed
of starting sycnhronous motors.
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(4) A cylindrical three phase wound rotor like that ef an induction

moter of this type is sometimes used. This winding is elosed en a
resistance for starting mdv is excited with direet current for

opsration.

(8) A friection clutch is sometimes interposed bdetween the synchrempus
noltor and its lead, to reduce the required starjing current and the
sise of the machine. The stater itself may be used as sush a clutch.
I% is then mounted on auxiliiary bdearings whieh are used &uring the
starting peried. A drake 1is previded ¢f such proportiems az te dring
the stater qn.ickly_ﬁ'ﬂ synchronous speed teo a stop. A high startin-
torque is thus obtained by virtue of the fact that ne torque whatever
is exarted on thelead until the stater has ceme ap to synchrencus
speed and full excitation has been aprlied. Thus the torque which is
available as the rotor speeds up and as the stater retards is the
naximm load torque, or what is known as "pull emt torque”.

BURTIKG:

In a synchronous moter, torqwe is a functicn of the re’ative
phase position of the roter and the impressed stater voltage.Therefere,
when the loed changes on = synchronous motor, the retor is required
to change 1ts relative ghase position without changs ef speed. It 1s
obvious that these two eonditions are not strietly eempstadle -
hence the réhlt 3s effected in a series of oscillatory changes which
may produce serious disturbances in the systen. If the load of suesh
a motor is decreased, the torque is in exscess of that required for
ths decreased load hence an agsceleration of the armature follews.

Then due to this acceleration together with inertia efthe comparatively
heavy armature, the speed of the same increases to some valus slightly
in excess of synchronous. Subsequently due to this new change of phase
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pesition, the terque decreases and becomes less than that required
by the load and this difference must be adjusted by the subsequent
deceleration of the armature. Vhen once more the armature has reached
synchronous speed, its phase position is zuch as to give less torque
than required by the load. The deceleration thus contimmes and the
phase positien 1s retraced until the torque agrin balances the loemd.
However, the armature speed is by this time less than synehromeus
and again passes the desired position. The change in kinetic emergy
of the rotating masa tims ezuses the armature te oscillate around
the desired positiom wvhich is fixed by the terque Just sufficiemt
te equal the load.

DANPIRGs

The results of this oscillatory actiem may im seme instances
%o cumlative 50 that each swccessive dzcillation increases in meg-
nitude until the ma-hine finally dreps out of synchrombem. The
commenest and most ef’ecting method of reducing this oscillatery
astion knom as lmnting, is the use of amertisseur windings.
™ie winding eonsists simply of a short circuited grid similer to
the squirrel eage winding of an indnstien moter, plased im slets
along the periphery of the field iron cere. ¥With such windings,
the hunting oseillatiens of the armature cause a eorrespemding
shange of filmx intsrlinkages ef the windings tims causing a eurrems
$¢ flow in the same, the magnetie effect of which scecordigg te the
olementery law as state: by Lens, acts as a brake en the armature
oscillatiens. The squirrel cage winding provided om some machines
for starting as sn iminetion motor, effects in additien the rurpese
of acting as an anortisseur winding. ¥Yaen the mechime is rumaing
in synchronism ne lines of force eut the squirrel eage strusture



hence under normal eoperating conditions the rresence of this winding
does not &ffect the operation of the machine. The winding prevides

a means for gradual adjustment of the motor phase positions for daanges
of load, and thus tends to eliminste troudbleseme surging er Mmmnting

of the synchronous machine,

SYNCHROROUS COND:NSERS:

Let a polyphase synchronous moter de bdreught up te spescd,
synchronised, and placed on the line at no loai. If during the precess
of synchronization, the field current of the machine has deen se ad~
Justed that the indmse! e.m.f, of the motor is spproximately equal
to the line Yoltage, the machine takes enly a smnll current necessary
to overcome the mo load losses. If the fleld curient then be somewhat
decreased, the motor rdjusts itself to the new conditiems Wy takinc-

e lagzing eurrent from the line or delivering a leading compoment to
the line vhich amounts te the same thing. This reactive current causés
an armature m.m.f, which steengthens the field although not quite

to the value corresponding te the line voltage. The bus voltage exeeeds
$he moter eocunter voltage by an amount equal to the reactance dreop in
the armature., The counter voltage may be thought of as consisting of

a voltege induced by the weakensd fleld, and a voltage due to armature
reaction. Of course the fleld m.m.f, end the armature m.m.f. combimel
into one effective m.m.f. . AS no load, and with a machine with salient
poles, the field excitation may be redunced almest to sero wikhout the
machine's dropping out of step. Some motors may contimme te run even
without any excitation speratins as "reactance machines",

On the other hand, 1f the excitation 1s increased above normal
the machine will draw a leading current fram the line. In this case,
the rcsulting armmature reaction réduces the field. The mere the machine
15 everexcitod, the larger will de the leading eurrent vhich it will
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draw from the line, This effect 1s decmonatreted in Purther detall

in a later disecussicn of cuwrrent loci,

The property of the sjmehronous moter which enabdbles it to draw
wither lerding or a lagring eurrent from the line at no load, is
utilized when it is desired to draw sach a eurrent; fer exemple, for
voltage regalation, for pdér factor correction ets., To obtain this
effeft, & synchronous moter i3 comnected across the lins st the |
desired polnt and is run 1dle with the prover excitatien. The £isdd
eurrent may beccontrolled either dy hand exr by an artamatic regmlator
for a desired performance. A synchronous machime used at no load fer
the purpose of regulatiom is called a"synehrenous condenser”, A
detter name 1s "phase adjuster” since at times tho machine may de
ocalled upon to draw & lagging instead of & leading current.

ARWUTURE REACTION

There are three .eempenent csuses of the fifference betweem neo
load vbltage and voltage under lead witi. the same field current and
speed in an alternator, They are, armature resistance, arnﬁﬁro leaknge
reaotance, and armature reaction. The lattfer cause is the one in
which we are Intercsted,at Shis pelwt of discussiex,

Yhen a current is flowing thru the armature winding it decomes
s source of mfhetomotive foree which 1s comined with that ef the fleld
winding, weakening (er steengthening) and disteeting the field flux,
The flax having tims deen modified , the e.m.f. induced by it in
the armature windings is different from that indneed dy the origimal
flux at no load. The aotual effeet of the armature reagtion is quite
complicated; tus for practical purposes the magnetomotive feree of
the armature may de reselved inte two compenentss
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() Direct armaturc rcaction, whose emycre turns en be dircetly
sudtracted (or added to) those of the field wi d'ng.
(b) Pransv:rse armaturs roaction, whose effect ‘n o penerator is to
shift the field flux agrinst the dirccticr of rotrtiom of the poles,
aend in a synchronous motor in the dirccticn of rotation of the poles.
The armature r-oaction is sirpler in a polyphese m- chine thsn
in a single one, becnuse in a polyphase machine the magnetomotive
forees of tha individusl phases are comdbined into one resultant
magnetomotive force which glides along the air gap at the srme
angalar veloelty es the field poles, Therefore, the relative posi-
tion of the field and armature m.m.f.s remains unshans d with the

time,
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CIU'PT'R F0,.3,
JEE PURKE M-G SET

The Burke motor-generator set now installed in the alternating
current laboratory of Michigan State Colleme w' s mamfactured dy the
Burke Electric Company of Frie, Pennsylvania according to appreximrte
specificetions furnished by the Michigan State College Electrical
Department.

The desimm of the set wes surpervised by Mr. Burke, of the Burke
Company,

‘The set consists of three units mounted on a eommon shaft; a
2200 volt synchronous motor together witﬁ two 220-240 volt synchronous
generators, The stator structure of one of the 220 volt machines Nes
been 30 designed that its position in respect to the rotor may be
adjusted by means of a hand operated, worm gear drive. Since all of
the machines are on the same shaft, it has merely been necessary to
arrange the 220 volt armatures in identicsl positions relative to
their respective stators in order that the two machines may et all
tires satisfy the phase rnd frequeney requirements for parallel opera-
tion with the movable stator set, of course, at a fixed sero position,

'hms by shifting the adjustabdble stators position mimerous
parallel operation conditions mry be obtained for study using the
2200 volt maechine as a prime mover and testing the two 220 volt
machines in parallel, The effect of an effort to incr ase the speed
of the prime mover of the one machine may also be effected ty merely

shifting the phase rdjusting device in the proper manmer,
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Photegraphic diagram No.8, indicates the generzl layout of
the set showing also its relative location in the ladoratory.

The switeh bdoard shown in the foreground of Diagram Ne.8,
is provided with circuit terminals of the armatures of both small
machines so that meters may be conveniently inserted in these
circuits for test purposes. Also an opening in the field circuit of
each of the machines is provided for the insertion of field ammeters
or additional field resistance units when dcsired. There are also
mounted on the board, field rheostats and switches for the small

machines.

Diagram No.8- Burke Motor-Cenerator Set

The comnections of the 2200 volt ma chine are permanently
installed though there is 2 fuse box on the opposite side of the
set from the one shown in diagram No.8. in vhich connections may
be made for high voltage tests of the lasde’ Hedhine.

Diagrem Ko.9. indicates the General Flectric Startinc Cympmsator
which is permanently connected to the 2200 volt machine., The field
switch may be seen in the upper right eormer with the field rheostat



immediately below it. Resistance units are provided thru vhich the
field windings are shorted during the process of starting until the
armature has reached synchronous speed. in armature ammeter and line
voltmater are also installed on the main board though they are out
of the fange of vision included in diagram No.8. Diagram No.l1l0, shows
the comection details of the hand starting compendator.

The armature connections of both small machines together with
thelr field terminals lead to the main doard where they may de con-

veniently comnected for various experiments.

Diagrams No. 11 and 12 indiecate other views of the set. The
hand phase rotation adjuster may be seen on the left hand mechine

in each instance.

‘ l

—

Diagram FNo.ll. Diagram No.l3.

Diagram No.13, is a close-up of the machine with the moveable
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stator. The seale indicating electrieal doghu phase rotation may
be seen in the foreground of the view., The salient pole structure

may also be seen.

Iach machine is provided with a squirrel cage winding which
serves to prevet hunting and also may bde used for starting as an
induction motor.

- The name plate specifieations as furnished by the mamfacturer
cre given on the following page, for each maehine,

Diarram BEa 9
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Namfastured by:

Burke Eleotric Company, Eries Pa.

Serial No, 138264 ‘l‘ypo A.C. 85

Al%ernating Current Generater

KYVYA, - RPN, & Volts Amps Cy F

7.5 1800 240-220 18-19.7 60 3
a1
Serial No, 136686 Type A.C, 85
K.V.A. RPN, Yolts Amps Cy Ph
7.5 1800 240-220 18-19.7 60 3

24,

-7
Mammfactured Iy
Burks Electrie Company, Erie Pa.

Serial No. 138609 Type 135609 Rating Comtimous T emp 0°-40

Sinchonous Hotex
K.V.A, H.P. R; PN, Velts Amps Cy Ph
21.0 25,0 1800 2200 5.5 60 3
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0 Time Relay
Control / Hand
Circuit Trip
Trans.
RUN START
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Auto Transformer

Connection Disgram of the G.E. CR1034-K17 Hand Starting Compemsator

Diagram

No.10,
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CHAPTTR KO. 4.
MEWODS OF PROCIDURE.

N0 LOAD LOSSESe

The first test conducted in the laboratory was that of det-
ermining all no load losses. For this purpose, a direct eurrent metor
wvas arranged to drive the set as indicated in dlagram Ko.l4. Sinee
no aoourately calidrated d.e¢. machine was availadle, it was first
necessary to calibrate this machine by determining its no load
lossen together with the corresponding field and armature current
at the speed of 1800 r.p.m., the symshronous speed of the set, A
lamp bank was provided im series with the d.s. armature to conveniemtly
vary the terminal voltage. In the follewing tetSs, the armature re-
action of the 4.¢. machine is ignored and iren loss is regarded as
sudstantially censtant for a eonstant field excitatien,

After determining the no load losses of the direct current

machine, belt friction in the drive was estimated at 1800 r.p.m.

The direct current machine was then started driving all three
altermaters. Keeping the field current constant atthe no load value
already determined, the speed was adjusted to 1600 r.p.m, with
ne excitation on the alternators. The power input of the dge.
machine was then meted and rescerded together with the armature
eurrent value,

, Then the field of M=7 was excited from the d.e¢. souree .
The direct current machine's power input and armature current values
were then noted for each of a series of field excitations of N-7,

theredy odtaining data for iron loss at various exeitatiems of M-7,



Direct Current Motor

o h R
OO0 0 (™
(Q?

| |F1a.R
220 Volts d.e.
|
120 Volts d.ec. Field
: Gi(8
Field Rheo
Coupling
a |7
220 Volts d.e.
Field Rheo
|
G|7
110 Volts d.ec. Fleld he s Sk
A ST < 2
Field Rheo

Determination of No Load Losses for All Machines




28,

This same procedure was repeated for G-7 and G-8,

The ecupling between G~7 and ¥-7 was next removed and pewer
with direet current input noted for the driving machine witheut ex-
citation of ¥-7 and C-8, The G-8-= ¥-7 coupling was then removed
noting again the input to the direct current machine without excitation
of G~8, Tims data was obtained for eomputing all losses.

OBES CIRCUIT TESTS:

G=7 and G-t were connected for opem circuit test as shown
schematically in diagram Ne.15. The 4riving motor M-7 was started
and comnected to the line scurce. Then deginning with very small
field current values for G-7 and G-8, their respective excitatiems
were increased in small steps noting fer each step the correpponding
field currents and terminsl voltages.

SHORT CIRCUIT TESTS:

The armature termimals of C-7 and G- were conmected in a
shorted Y with an ammeter in each dramsh as showmn in diagram No.l18.
The 4riving motor M-7 was startcd and conneoted te the line. The
fleld currents of (-7 and (-8 were them imoreased, starting with very
smll values, in convenient steps noting in each imstance the cwrrent
valus in the field and in the armature.

Y Curves for M-7:

Yor this tcst G-7 and G-8 were provided with a variadle
resistance lead as shown in diagram Ko.1l7. "V" curve data was
odtained for each of a scries of leads of NM-7 indirestly provided
by G-7 and G-8, Tull lead was regarded as such load as required
rated eurrent at wnity power factor. With this in view G-7 and C-8
were unsocupled for no load data. Then startéing with a small wvalue
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of fleld current for M-7, the excitation was increased in steps noting
in each instance corresponding values of fleld current, armature,
powersocurrenty and voltage. The point at which the two wattmeters
recorded indentical walues was particularly noted as that of unity
power factor. Thus values were likewisé obtained for a series of
loads by recoupling G-7 and G-8 and loadins them as already in-
dieated.

For determining the "V" ourve data for G-7 and G- the alternate
nachine was respectively loaded. Diagram No.1l8 indicates the set wp
for G-7 "V curves. The same general procedure as neted for '-7p
was followed. This procedure was again repeated for C-8 with G-7
loeded.

REGULATIONS

The percent regulation of G-7 and G-8 was determined in the
laboratory for unity power factor, .7 lag and ,7 lead. The comneetion
disgram for this determination is Ko.19. To provide a means ef varying
the power faster C-7 was loaded with a synchronous moter whieh in
turn was arranged to drive a d.¢. machine. This d.¢. ma hine was used
for starting and synchrendising with (-7, and was later wsed as
& gensrator to lead the synchronsus moter. The load was first adjusted
for unity power factor and the excitation of GO was so adjusted
that rated current at rated woltage was edtained, This rated voltage
value was noted, and the load switch was sadbsequently opened. The
Rew no load voltage value of GO67 was then again noted and recorded.

Now power inpat to the load (or synehronous motor) remains
sudbstantially cemnstant (but for eopper loss ) regardless of the
exeitation of the machine. Hemgce the required wattmeter rerdings
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for rated current and .7 (lead) power factor were Somputed. The lead
and the n:\hino G=7 were then so adjusted that rated current was
odtained at rated voltage with a power factor of .7 leading. The load
was then again thrown off noting the new woltage c’ the teminals.,

This preeedure was then repeated for a power factor of 1lag ).
The same scheme was utslised in this test of -8,

PARALLEL OPERATION:

The two machine were comnected for parallel operation em a
common load ms indieated in dlagram ¥o.20, The voltage of each machine
was adjusted to rated value and the switch between them was closed
leaving the load switch open. The phase angle of C~7 was then shifted
in increments of five electrical degrees noting fer each setting eof

the G-7 stator, all eurrents-voltages and power values.

A lead was then applied dy closing the lead switoh and adjusting
the lamp dan' resistance. Then starting sgain with the sero pesitien
of G=7, the phase was again shifted in the same inerements neting
the same meter readings Yeeping the dus voltage constant as pated.

The phase shifter of C-=7 was then again returned to the sero
position. The excitation of G~7 was increased and that of G°8 decrease’
s iml tandously in convenient steps maintaining ratsd tms volteage
and censequently constant re#istance load. All meter readings were
noted for each setting of the field rheostats,

OSCILLOGRAMSS

Oscillograms were odtained of the voltage waves of G-7 and

G-8 equal and in phase, and equal but 180 degrees eut of phase.
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To revedl harmonicgoscillograms of the eurrent for erch machine
under a hervy condensive lord were also obtained.

A three phase voltace wrve wns photogrnpheq,with o resistence
load omn each rhase so balanced as to give equal voltage values.

Startinrg armature current, field current, and armature voltage
wave forms were also studied and a photograph wns obtained of each
of these during the process of starting M-7,

RESISTARCES:

Cold resistance values were measured for each phase by the
drop=-of-potential method using direct éurrent, These values were
checked by means of a portable wheatstone bridge,

GEXERAL PROCEDURE:

The goneral characteristics of the set were observed during
all tests, The effectivencss of the damrer windings on eseh mashine
w2s noted, as a prevention of mnting action. All of the individual
peculiarities of the set which were noted during the prodedure were
recorded,

PERFORMARCE CURVES:

In obtaining the deta for performance curves, the srme connec—
tioms were used as for "V" curves as indicated in diagrams No. 17 and
18. Yor various field excitations of each machine respectively, the
load was varried in convenient steps noting for each step, the eor—
responding current and power input ¥o the mochine under test keeping

the voltage of that machine constant as rated.
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PERFORMANCE CURVES:

It 18 prodbedle that the performance curves included in this
chapter are good irdices of the ectual performonce of the magchines
under test, Much time has deen devoted to their com;letion to as
great a degree of accuracy as.has been possible,

The first diagrams shown, No's. 21 and 22 respectively, indlicate
the iron loss rt ro lord for the machine G-7; G-8 and l4-7.

In obtalining performance curve d-%ta in the lrsborstory, current
and power inmut rerdings to each machine, together with terminal
voltages, were obtanined {n respective order for different losds. From
the inmut values for erch load IZR losces, together with friction,
windame and iron losses were subtrreted to secure corresponding eutput
values., Then efficiency was calculsted as equal to inyut/outrut., All
performance curves are plotted ssin~t K, W. output of the particular
machine under consideration, Current values nre plotted directly as
obtained in the edove menti~ned proccdure while power factor vrlues
wyerw aalculated in each instance, &3 equal to Powerl/E.EI. Les=ses
"were also plotted ns comruteld for various lords. A set of curvaos

are includéd for various excitation of ench mrchine,




39.

The shape ef the efficiency and power facter curves is typleal,
In gemeral, starting frem sers they reach a maximm te fall'G7f sl ightly
Yeyond rated lead. For a given pewer cutput it is evident it is
ovidemt that for any excitation other than that for unity power faster:
more eurrent mst fllw, hence theres is more IZR loss and lewer efficiensy.
Likewise the power factor deereases. Eence this general shape pf per-
fermance curves for differmmt excitatiens is explained em a thesretical

basis,

The obvious flaw in the determination of these performance
curves is that the curves of diagram Neos. 21 and 22 are not assurate
indications of iron loss under load becanse they do not allew fer
srmature reaction. However, since it is very difficult to detasmine
the magnitude of armature reaction, the method here wsed is Miﬁablo.
The results here indicated are in all prodability wvery clese te these
of actual leading. An input-cutput Test might have deenm used had &
meshine been availadle which had beem asccurstely calibrated, taking
account of its armature reaction.

A eensideration ¢f the shapes of the ourves of diagram Nos.
21 and 22 leads te the oonclusien that within the ngsmal operating
conditiens of the machines their fields are not saturated. If they
were these curves would slant sharply upward did te the right,
Most modern machines are &ui@ed to eperate under normal conditiems
with a saturated field becwnse this results in greater stability.
In spite of this odservation the machines of the Burke Set are

eenpa.utivoly‘ stable in operation.

Another interesting thing to be observed in comnectien with
goneral performanee is that the frictien less ef 0-7 is somewhat larger
than that of G-8 despite the faet that each ef the parts are ef



|
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fdemtieal drmensiens. This 1s dus to the faot that the mowesble stater
of G-7 1o smapended directly from the shaft. This is further daébebed’
by the fact that the bearings of machine Fo.7. tend to run hottew

than these of G-8 end M-7,

I8 1s to bde moted that friction windage and irom losses sre :
practically censtant as shown on the performence curves, for a given
excitation. Here again armature reaction would tend to alter irem
less theush friection and windage are aetually constant since they
are functions of speed and the strusture of the retating parts enly.

"v* CURVES:

Y curves are a plot of fleld current against armature curremt

for a given load on & gynchromgus motor. A eorplete set of these
curves differing by steps of 20% of ratel load are ineluded up to
1008 load . These curves are shown in diagram Nos, 23«24«25, Fer N
& fixed load en a synchronous motor it is evident that for any exsitatien
other than that for unity power factor a greater current must flw
than at unity. Thus at unity power factor, the current is 2 mirdmum
for a synchronous motor with a fixed load, The smaller the fleld
ourrent below that for unity power fastor , the greater will de the
armature ocurrent. Likewise fer excitatiens above that of unity power
fastor, the eurrent increases with an inerease of excitatiom.
Omihtiu_:l as already exph.lnod.mlta in a,lcading eurrent,
while under excitation results in a lageing current. Formal exsitatien
of 100% 1s regarded as that excitation which will give unity power

factor at rated load,
CURRERT 1.0CI:

¢t
mmmmmuﬁat&'&mm«mumm




leel for eme machine (say G-8) be sonsidered. Disgrem ¥o0.26 is a plet
of sush loel for actual wvalue odtained from G-8 , The locl of voltages
and Motor current feor different field excitations are indicated.

Diagrams Ne. 27 to SS9 are the performance curves already

diseussed.

It was noted that the damper windings of each machine were
effective ir presenting "hunting actien” with the machines operating
as motors,
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SEAPITR X0 .8,

RESULTS OF TESTSs

Vhen two alternators have been adjusted to series oppositiom
@8 phases as describde’ in an earlier chapter, their voltages are
in the proper relation to csuse them to operate in parallel;, delivering
current to an external circuit attached between them to the btws mrs.

In the initial econsideration, G-7 and G-8 were plac;ed in parallel
without load tut with equal terminal voltage. The phase of G~7 was
shifted which effects the same result as a tendency to ehangce the
speed of the prime mover.,All values of ecurrent and pewer were noted
for variocus phase shifted under these conditions, Diagram No. 45 is
& plot of power and current values for each machine ageinst phase
shift in electrieal dcgrees for G-7. Since the same eurrent flowed
thru each machine the current eurves are identieal. Also the power
supplied by ome machine is practisally equal to that supplied by the
other ( with exceptien of IZR 1085 in bas bars detween them). Beth
current and power inerease and at an inereasing rate with inerease
in phase angle. A given condition may be dDetter wnderstoed frem
'Y 'vector diagram, Diagram Ko.48 shows all currents and voltages at
no load with a phase shift of 60°, It can be scen that a phase shift
of 60 results practically in a shift ef the phase of indueed voltages
of 60°% Lis already susgested, the legging machine G-7 supplies
pewer which the other machine receives. Diagram ¥o.47 is a plet of
pewer factor for each machine at no lead against phase shift. It
can be seen that the »ower factor of each machine remains about

anity~ this follows from the fact that the indmeed voltages are
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oqual snd the eurremt lags about 90%ehind E, thus bringimg it in phase
with the tus voltage.

A resistance load of censtant magnitude was then applied te the
dus and the phase angle was again shifted, Diasram No. 48 shews current
and power values for each machine against phase shift under these
conditions. It can be soen that as the phase angle is shifted the
currents frem each machine increase though in an oppSite direetienal
sense, The h&;gln;; mrchine (=7 supplies more powcr with each shift
of phase until in addition to supplying the lead power, it is driving
G-C as a m. Disgram No., 47 also indicates power factor pletted
against phase shift for these econditions. As phase shift inecreases
the power factor of each machine decreases thourh only ad small
amount as shown, The vector disgram for a phase shift of 30® 1s showm
in diagram No.49. At this point G=7 is supplying all ef the power %o
the 1load and (-8 1s merely floating on the line with indmsed wveltage
therefors, equal to its terminal voltage.

In the last part of the parallel eperatiom eensideration,
dus voltage was maintained constant tut excitatien of C-7iwas
inoreased while that of C~8 was decreased. This esmsed an increase
of indnced voltage 7 and a docrease of induced veltage 8, Thms
G-7 supplied a lagging current and G-8 a leading current. The vecter
diagram is ¥o. 50 for a eurremt value of 11,15 anperes for the emurrent
of C=7, Diagrsm No. 51 is a plot of pewer facter of each machine
sgainst its respective field excitatien. Sinse the mochines are abht
1dentieal wnity pewer facter for each cecurs fer each at Fkli¥iiévus
oxcitatiens. As already explained, above this walue P;F. desreases and
del w it PJ} lihvise/docreun though net by the same ameunt due

te a 4difference in armature reaction.
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It is of intsrest to note that in each instance with twe

synechronous gensrators eperating in perallel en a eommon load,

the vester sum of the currents supplied by these machines is equal

to the load current wvhile the vecter differcnee equals the eirculating
cwrrent,

EFFICT OF FOEM OF VOLTAGE CURVE ON PARALLE OPERATION :

The adle designe» C.E.L, Erown early eperated his orvm slternaters ,
with smeoth iren armature cores in parallel with Gans altermaters which
have highly reactive, pele type armatures. The fermer gawe a veltage
eurve which appreximated a simseid while the latter's curve was quite
irregular an peake:. Dr, Steimmets also early eperated maghineswikh
smooth irem armature eores in parasllel with othershaving teothed
ceres. Tese experiments showed that machines with different voltage
curves eoul de run together satisfactorily, as is now very frequemtly
dome, ut they require consideradly insreasei change of surrent as
compared with the symehronising current of machines with voltage
curves vhich are exactly alike, Por, since the uiiike ourves cannet
colncide oven when the machines are exastly in step, a curremt of
a more or less irregular wave form will bde exchanged bdetween the
the machines and this is superimpesed upon the true synehromising
eurrent. This superimpesed current may have a very different frequemey
fren that of the machines, aarit 1s not neces arily without & pewer
component, because Izn losses always result from the flow of this

eurrent.
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DETZRIIRATICY” FOR G=7 and G-8 BY VARICUS 7-700DS:

Open circuit and short circuit curv-s wcre dr wn for G-7

and for G-8, These are ircludcd in dirgrans No. ©2

end 530 Tre

curves for the two machincs ere so nerrly identicel thet the resula-

tion co putations ere csrried thru for orly ore ranchine,

Rerulation wrs also determ’red by actusl test for unity power

factor end for .7 lend and,? lag.

T™e folloing tadle cortairs the reszulits of the differcnt

metiods of determining r-mlation tomether with the rctual values

obtained ¢ rverimentally.,

REGLATICK D/TA
hod of deterrminatio Machine % Regulation

E. Mo F. 100 ¢-7; G-8 24.10
¥, X, P, 100 ditte 1Q90

A. 1. E. B. 100 ditte 12,30
Actunl te:t G-7 100 G-7 12,60
Actual tec ¢ . 100 c-8 12.€0
E. M. ¥, 70 tag ©G-7:C-8 47 €0
A. I. B. E. 70 Leg a34% 23.50
Aetual tont 70 leg -7 25,10
Actual tost 70 leg ¢-¢ 24,90
E. M, P 70 lead G-7;6-8 -25,95
M, M, ¥, 70 leand ditte -26,00
Ao Io E. f' 70 lead. diﬂb -21070
Astunl test 70 lead a=7 «23.20
Actuanl test 70 lead c-8 -23,70
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REGULATION BY E.M,F, METHCD:

Rated current equal 16,6 amperes. From the short circuit cmywy
this current corresponds to & field excitation 2t short eircuit en
the armature, of 1.35 amperes. The opem circul terminal voltage
eofrupdling to this value of fleld current equals 158 volts. The
reactance drop at full lcad current is thus shown to be 158 volts.
1Z, equals therefore, 158/18,8 % equals 4,85 ohms, the synchronous
impedance per phase.

% Regulation equals 100(No load voltage-full load voltage)/
full load ®oltage. Let full load voltage equals 3‘ and no load
voltage equal lo with synchrhronous reactance and resistance per
phase equal to x and r, respectively. Consider diagrem No. 54.

Dim Fo. 54.

:.mhib pluf(lplujx.) Vhen the power factor is unity
£, equals (133.84 plus JO) plus 16.8 (.284 plus J 4.85 ) equals
(136,34 %%4/), £, equals 165 volts . Thus % regulation equals

100 (165 «133)/133 equals 24.0 %

Vhen power factor equals .7 lag i. equals (133 x.7 plus j .7x133)
plus 18.8 (,284 plus J 4.85 ) equals 98,34 plus J 184.1 equals an
effective value of voltage of 208 volts. Thus % regulation equals

(208 «133) 100 /133 equals 48.8 %,
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Vhen power factor equils .7 lead L, equals 153 (.7 = J.7)
plus 18,8 (.284 plus J 4.85 ) cquals(S3f1 - j93.1 ) plus (5.56 plus 91.2)
equals 98,45 - j1.9 . !. equals 98.5 volts . % regulation equals
100 (98,5 =133/133 equals -25,95 % .

Diagrams No. 55 and 56 indidcate the application of the e.m.f.d v r27./5».

methodsfor r factors of é 28 logzines and leading respectively.

- Diagram FNo.56.

The magnetomotive force method used was as fellows. E & was
omimdinm.aamwurormo.n.f.uthuudmhnru-
olve: into two compoments e8 and " as shown in dlagrams No. 54-56.
The field currents corresponding to he volteges e and e88 were
obdtained from the opers circuit curve and were added vectorially
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te odtain a value I‘.. The voltiope corresponding te a field curremt
!,.m dstermined from the open circuit curve and was used as the
ne load voltage I. in the determination of regulation.

For unity power factor. o' equals 116 and e'* equals 116
Then from the open circult curve 1,' equals 1.8 amperes while
If" equals 1,8 amperes, 1, equals 2,54 amperes, E. eorresponding
to a field current of 2,54 amperes equals 147.5 volts. % regulation
equals 100(147,5-133/133 equals 10,9 %,

Yhen power factor equals .7 lag. €' equals 98,54 while @"
equals 184.1 . 13 equals 1.5 smperes while If' equals 4.2 amperes.
I' equals 4.46 amperes. E. eorresponding te a field current of
4 .46 srperes equals 188.5 volts, Therefore % regulatien equals
100(186,5-183)/133 equals 41.7%.

Vhen the power factor equals .7 lead. ¢' equals 98.45
while o" equals -1.9.1} equals 1.5 I," equals practically sere I,

-Therefore e@;uaia\ 1:5 amperes which correpsends to a veltages of 98.45.
Hemoe % regulation equals 100{98.45=133)/133 equals 26%.

REGULATION BY A.I.E.E, METHOD:s

The sere power factor eurve was construsted frem the oven
eireuit curve by suddredting from i1t at all points the full leed I z.
drep. For any glven field excitation and sere power facter the
Yoltage that would be indused em open cirewis referring te disgrsm
Yo, 58 15 e-a and the apparent internal drop umder load 1s da.

The % regulation is thus 100da/ca, The teminal veltage for ether
power factors is found by drawing e.m.f. diagrams similar te diagram
%o.58. The 1ine d>-f is drawn at the power factor angle # frem the
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the X axis. The 1IZ drop is dravn from b as shown, and then a~¢ as
taken from the eurve is drawn intersecting £-b at s. @=b is then
"She terminal voltage at the power factor emual to Cos 6 . o=b 18
then laid off on the curve of diagram No. 57 tims leesting the peint
4. By repeating this process for several fleld excitstiems,

the full load saturation curve may be ebtained for any desired pewer
factor. The regulation from this curve fer a given power factor is
tids 100 d'a/es . in which d' is the point of intersectien vetween
the normal voltage line and the saturation eurve.

Por unity power factor., % regulatien equnls 16x100/1%0 equals 12.3
For power factor of .7 lag % regulation equals 54x100/230 equals 23,3
For power factor of .7 lead % regulation equals -50x100/220 er -21.7

@ISCUSSION OF HESULTSs

The conclusion te be drawn from the absve ealculation at Jdst
as far as the machines considered are concerned is olear cut.and
4efinide, The A.1.EE method In each instance gives excellent results
whieh check very well with those actually obtained in the labdberatery,
Both the m.m.f, mbthod and the e.n.f, method give values in each
case vhich 4o not check againat the actual. The above calculatioms,
do Bot bear out the Gemeraily Sizpossd fact thot the mean of the m.m.f.
method and the e.m.f, methods gives about the werreet values. vhile
the results obtained in this connsetien may not de general, 1t
ean hardly be said that these conclusiems are femsral. However,
1t would certainly be much safer ir view of these results te
advecate the A.I.E.E. method in preferance te cither of the other

two as far as scouracy is conocerned.
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Diagram No. 57- A.I.E.E, Method of Determining Regulation.
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SIAPTZR KO, 8-
JAVE JORS

COMERCIAL WAVE FPORMS:

In small plants operating at comparatively low polentials
the current and voltage waves are m#t of great importance. As this
was the most common eendition in the earlier devopment of the eletrieal
industyy, little attention was then given te wave forms. However,
the vast extensiens of electrical systems of distridtution and the
necessity 727 eperating long distance transmission lines at high
potentials demand very careful attentien to all factors that may
produee wave distartiem.’

There are two fundamental remaisites of the wave form in
constant potentlu} systems:
(1) In parallel operatiom, the waves should be equal at all imstmts.
to prevent cross currents.
(2) The differentials and integrals of the curve should have the

same shape as the generated voltagevave,

For alternating currents generated Wy rbtatlng machinery
bYoth requiredents are met by simple sine waves,

The principle wnaveoidadle fastor in producing distortien
in wvave forms is the variable permeadility ef irem. ¥awy Other
csuses are due to faulty design er construetiem.

The generated voltage wave of a properly designel altermater
shoulll approach very el-sely the standard simsoidal form. Of eourse
in many cases, the inherent characteristies of the load lead te a

distorted current wave which would de noymal under a normal load,
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Hence care must be exercised in large interconnected systems to avoid
such conditions which would lead to distemtion in parts of the network.

In the 1light of the above general observations it seems adviseable
to consider 24 leaat briefly the wave forms of the synchronous gemerators
No.7 and 8,

Diagram No, 59 shows the wave form of the current supplied
by G=8 under a heavy condensive 1 ad. Diagram No.60 indiecates the
same condition for G-7tthough a slightly diffcrent shunt was wused
to ectuate the oscillograph element., It may be readily seen that

these waves are practiecally simasoidal.

B asma o it e e B s

Diagram No.60.~ Wave Form of G-7

Diagram No 61 indicatcs equal voltages of G-7 and G-8 in
phase opposition. This corresponds to a sero phase rotation setting
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of the -7 rotor. It may be seem’that the machines are properlydigmsed
on the shaft fer their voltages are sorrespendingly Just 180° out
of phase at all times. Likewise when the two voltages were sonnected
in phase they appeared identieal. This investigation was carried thm
for each phase though only one pair of phases is ecnsidered in the

dlagrsm.

Diagram No, €2 shows the currents of eanch phase of 0-7 with
a dalanced resistance load such as te give rated eurrens.

Diagream Ko.63 indicates start'ang conditions of armature voltage,
eurrent, and field ourrent. It may de seen that for starging, reduced
armature geltage is applied and a high armature surrent of irresular
form flows . An altermating field current alse flows due te the
fact that the lines of foree of the rotating field cut the field
eoils first at a high rate theredy indueing a high voltage acress
the terminals of the field whiech ¢suses an alternating current te
flow. Thé resistance is provided acress the field fer starting te
prevent damage to insullation dne te the hish voltage induced .

Vhen the machine has reached synchronous speed, it msy be seen ¢th at
the field current is sero becmuse the fiecld structure is traveling
at the same rate as the field, hence no lines of foree cut the field
windings. At this point, the 4.¢. switch is closed exsiting the
field. As the machine pulls inte step there is a transitery rush

of current asshown by the irregularity of the armature current wave.
The full armature voltsge was then applied and after a temporary
J4nstantansous surge of fleld current and armature current, 2ll1
values settled down to these of normal eperatiom.



Diagram No, 61 G-7 and C~8 in phase opposition.

Diagram No. 62, Three phase currents of G-7.
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&7 &-8; E=7

Speed held constant at 1800 r.p.m.

Field Current of d.c. machine constant at ,26 amps

¥o Load Power Inp:: t:;c. machine dI. 'y altof-‘am
Ho Load . 145 1,00 0.0
hl_ction—wmaagn of .

G-7; G-8; M-7 1045 7.08 0.0

Friction-Windage for
all machines Iron loss
gor c-8 1297 8,78 8.0

Ditto as sdove dut iron
loss for different ex-
eitation 1187 7.80 2.0

Ditto as above 1208 8.20 4.0

Priction-iiindage for
all machines and Iron

loss for G=7 1310 7.75 8.0
Ditto as adove for

different excitation 1214 ‘ 8.20 4.0
Ditto as sbove 1150 8.75 2.0

Priction-Windage for
all machines and Iron

loss for M-7 2100 13,70 10,0

Ditto as above for .

different excitation. 1714 11,50 6.0

Ditto as above 1413 8.50 . 8.1

Priction-Windage of

G-8 alone 400 2.60 0.0
Reslstance Date for D.C. Machine

1 2.02 2.60 3.00

E 3.95 5.10 5,82

R 1.9 1.96 1.94

Hcap Armeture Repiptsnce equals 1.95 ohms




JAxeon Lesses of 75 G-8:; X-7.

Priction-¥indage of all Machines plus No Load Losses of 4.¢.

~Eachine equal 7.5 Vatte
Senerator ¥o.8.
Pield Current Total watts input to d.c. Cu. Loss in Watts Iren
—tf alterpator _____ machine i ss G-8
6.0 1297 150 200
4.0 1208 131 130
2.0 1157 ‘ 119 2§
Senerator No.Z.
8.0 1310 150 210
4.0 1214 | 15 154
2,0 1150 117 s
Notor ¥o.7,
10,0 2100 330 ges
6.0 N4 275 810
S.l 1413 141 b ¥:4.3
ges
Priction-Windage Loss of Generator Ko.7. 285 watts
Priction-vindage Loss of Generater No.8. 244 watts
Frietion-indage Loss of liotor ¥e.7. . 275 watts
Hote:

It is of interest t6 note in the above tadtmlation of frietion-
windage locses, the machine G=7 has a somewhat larger loss than the
machine G-8 while their comstructiem is to all appearnnces identiesal.

Thias 1s due,howeversto the fect that the stator of G-7 13 sctually
suspended from the shaft, thus causing a greater fréttion 1-ss.



I lf!:I E 1 jﬁ?L E E
x-y =~y x-3 4 -y o~y =8
40 485 50,0  49.5 30 55.0  36.0 36.0
.50 61.0 62,0 61.5 .40 47.5  50.0  47.5
.60 73.0 74,0  73.5 .5 61.0 62.2 61,5
70 85.0 86.5 85,5 .60 71.8 75,0 72.2
.80 98.0 99.0  98.5 70 85.5  84.5 84.0
.90 109.5  110.5 110.0 .80 97.2  98.0  97.5
1.00 123.0 1255 123.0 .90 109.5  110.5 110.0
1.10 132.0  155.0 132.5 1,00 121.5  122.5 121.8
1.30 156.0  155.0 1560 1,10 152,0 132,5 132,0
1.40 166.0  165.0 166.0 1,20 143.5  144.2  143.8
1.50 177.0  176.0 177.0 1,30 156.0 155.0 156.0
1.60 186,0  185.0 186.0  1.40 164.5 164.0 164.0
1.70 197.0  196.0 197.0 1,50 175.0 174.0 175.0
1.90 208,0  206,0 206.0 1,60 185.0 184.0 185.0
2,00 220,0  219.0 220,0 1,70 195.0 194.0 195.0
2,22 234,0  233,0 235,0  1.80 204.0  203.0 204.0
2,50 252,0  252,0 252,0 2,00 220,0  219.0 220,0
2,70 263,0  262,0 265.0 2,20 234,0 233.0 234.0
2.90 275,0  272,0 275.0 ,2.40 243.0 243.0 243.0
3.20 288,0 265.0 265.0 2,60 266,0  287.0 258,0
.00 278.0 276.0 277.0




If Ix I’ !. X' :x I’ I.
.28 4.0 4.0 4.0 27 4.0 4.0 4.0
«40 5.2 5.2 5.2 «40 5.2 5.2 5.2
«55 7.8 7.2 7.3 +50 6.7 6.5 6.6
«80 7.9 7.8 7.8 .80 8.0 7.8 7.8
«70 9.4 9.5 9.4 «70 9.3 9.2 9.3
«80 10,7 10.7 10,7 .80 10,7 10.8 10.6
90 12,2 12,2 12,2 «90 12,3 12.2 12,2

1.10 15.2 15,3 15,8 1.00 13,7 - 13.7 13.7
1,20 16.30 16.3 16.2 1.10 15,0 - 15.0 15,0
1,30 17.7 17.8 17.7 1,20 16.4 16.3 16.3
1.40 19,2 19.2 19.1 1.50 17,7 17.7 17.7
1.80 20.4 20,85 20,3 1.40 19.1 19.2 19.1
1.60 21.9 22,0 21,8 1,80 20,6 20,7 20.8
1.70 23.4 23.4 23.2 1.80 22,0 22,0 21.8

1,70 28.4 23.4 23.3




Devformongs Curve Dots fox 8 .

4.3 Ampg or 60%
K.W, Input Cu, Loss Input-losscs Efficlency-% 1 P.P.~%
watts K.v, emperes
6.85 170 6.15 92,6 20,0 80.0
5,43 110 5.00 92,2 16.4 79.6
| 4.10 73 3.70 90.4 13.2 74.7
3.52 [ J3.13 89.5 12,1 70.0
3.60 48 2,63 84.4 10,4 69.85

In the adove calculetiems, Constant Friction-Wirdage Loss - 326 watts

—rConstont at 244 vOIts 4 Yrom
-Rerformance Curye Date for &3
Zleld Excitatiop euals
2.5 Anza of JOOK
7.90 153 .36 92,2 19.0 96,5
7.50 135 6.98 93.0 17.8 99,3
7.04 119 6.43 2.4 16.7  99.8
5.95 80 5.49 92,5 15.8  100.0
5.44 69 4.99 91.7 12,7 100,0
4.9 58 4.4 90.8 1.3 100.0
4,88 “ 5,99 90,0 10.2  100.0
3.94 6 3.52 89.4 9.3  99.9
3.29 28 2,88 87.5 8.1 99.6
2,77 20 2,56 85.3 6.8  98.5

In the adove calculatiems,Constant Friction-¥indage Less - 387 watt

—h-COROEARE 0% 244 YOlt8 _ A Yvem.







Performance Curyve Dota for G-8,
rigld Ixcitation equals

S dmps or )208
K.%W. Input Cu. Loss Inmut=Losses Efficiency-% I P.F.-%

- watts K.¥, amperes

7.20 153 6.70 93.0 19.0 91.4
6.45 125 5.97 92.8 17.1 90,9
5.22 91 4.79 92.1 14.5 86.58
4.185 64 S.73 90.0 12,2 82.0
3.45 54 3.05 88.4 11.3° 73.6
2,78 4 2,38 85.8 10,0 68.8

In the adbove calculations, Constant Prietiom-Windage loss = 352 watts
—m-S0natant at 240 xalta & Iren

Zicld Excitatien equals
3.2 Anpe oF 140%
5.50 137 5.00 9.0 18,0 73.6
4.82 121 4.4 89,8 16.9 69.5
4.48 104 4,02 89,5 15.7 68.5
4.00 8 S.55 86.7 4.8 8.2
3,00 (73 2,56 85.4 14.0 51,7

In the adove calculatiems, Constant Frietion-vindage Loss « 360 wrtts

% Py
7.85 153 1%3% doe o2 1%.9 19.0 9.5
7.26 -} .79 93.4 17.5  100,0
5,86 82 5.44 92,6 4.1 100,0
4.75 54 4.56 92,0 11.2  100,0
.78 S8 s.4 90.2 9.3 98.5
2,62 20 2,27 6.7 6.7 96.4

In the above calculations, constant Pridtion-iiindage Less - 523 watts
———h-tonatont at 244 _xalts Alzen.




Rerformence Curye Datn fox &7
Eleld kxcitation equals |

3.5 Anpg or 0%
¥.¥, Inmt Cu. loes Input-lLossss Efficiency-% I P.F.~%
watts K.¥. amperes
8,65 170 6,10 91.7 20,0 80,0
6,00 134 5,49 91,5 17.9 a.3
5,45 12 4,96 9.2 16.2 €1.5
4,20 n 3.75 89.4 15,0 7TI.8
3.83 62 3,09 85,8 12.2 70.5

2,90 47 2.48 €5.8 . 10,5 66.8

In the above calculations, Constant Friction-Windsge Loes = 575 watts
—-g0ngtant at 244 volts 3 Irem

Eisld Excltation equels
30 Arpa or 120%
7,15 151 6.62 92.5 18.8  91.7
€.47 128 6.00 2.7 17.2 90,5
5.N 109 £.43 92.0 15.9 09,5
5,28 92 4.7¢ 1.2 14.7 85,5
4,73 e €.27 90.4 15.4 85,0
4.18 64 5.7 89.4 12,3  61.4
S.42 53 3.00 87.2 11,2 8.7
2.80 44 2,38 85,0 10.2 8.2

In the above calenlations,Constant Frictien-Windage less- 395 watts
—lhsonstant ot 244 yolts A Iren

Xield Exsifatign equals

3.5 Ampa o J40%
5,30 133 4.75 17.8 oy 737
4.73 120 4.30 16.8 91.0 €7.8

Cont®d on next page.



Rerformance Curve Data for G-7

Field Exoltation equnle
3.5 Amps or J40%

KW, Input Cu Less Input-l.osses Efficieney~% 1 P.F. %
watte E¥, emperes

5,30 133 4,75 - 89,7 17.8 73.7
4.73 120 4.30 9.0 16.8 67.8
4.5 108 3.99 68.8 15.8 84.5
4.10 94 S.58 87.5 14.8 62,5
3.02 6l 2,53 83.8 13.8 53.2

In the adbove ealculation, Congtant Fri@tion-¥indace Losses «» 415 watts
t 2 s Iron
Rerformance Curye Dats for ¥-1
Eleld Excitetion equalg
2.5 Avps e Yo%

2,85 b | 2.1% 61.2 1.22 52.4
4.10 55 S.47 64.5 1.61 61.4
5,74 85 5.09 88,7 2,00 69,3
7.35 118 6.6¢ 90.6 2,34 175.8
8,90 154 8.17 9.8 2,7 79.4
10.57 204 9.79 92.5 s.11 81,9
12,88 303 12,00 93.2 3.80 8.7
15.60 430 14,60 93.5 4.50 64.7
17.33 530 16.22 93,70 5.00 04.7
19.64 661 18.41 93.9 5.60 84,7

In the adbove esdoulation, Constant Prictien-iiindage
—-tongkent ot 2400 yolts & Iron

Losses = 575 w.

& Iron



Porformance Curve Data for ¥-7

Tleld Exeltation equalg
.2 Amps or 1078
K. ¥, Input Cu. Loess Input-losses Efficiemcy-% I P.F. %
watte K.V, superes oo .
22,30 €50 21.0% 94.5 5.5 100.0
17.40 90 16.50 9%.3 4.3 100.0
13.40 222 12,57 9s.8 S.4 99.4
8,75 102 8.05 92.0 2.2 %8.2
4,90 28 4,27 87.5 1.3 96.7

In the sbove cslculation,Constant Friction-¥indege & Lesses= 605 watts
—b-f0nskant a% 2600 yolts Iron

Zleld Exsitation equals
2.8 Amps &£ 112%
18,97 551 17,60 93.9 5.1 91.9
17.15 425 16.10 93.9 4.5 9.8
15.18 340 14,22 93,8 4.0 .5
13,50 276 12,60 93.5 5.60 90.5
12,62 233 11.7¢ 93.2 3.52 9.7
10.61 178 9.61 92.4 2.9 88.1
7.72 104 6.99 90,5 2,22 .0
5.85 78 5.15 68,1 1.92 73.5
4.20 50 5.53 84,1 1.5¢ 65.7
2,65 27 2,00 75.6 1.12 £7.0

In the above calculations, Constant Friction=t/indage lLess = 625 watts
—r—dR.gonstont at 2420 & Irem

-




Performance Curve Data for B-Y

Zleld Exclitatlon equals
4.2 Amps gx 140%
K.¥. Inpat Ca. Loss Input-lLosses Effieciency-% I P.F.%
xmits K.,
3.50 170 2,65 75.8 2.74 S0.4
4.98 180 4.13 62,8 2,80 62..4
€.75 225 5.85 86.6 S.20 $§0.&
8.15 254 7.22 88.6 .36 57.8
9.52 278 8,57 90.0 3.54 64.2
11,00 332 10,09 91.6 S.74 70.0
13,36 373 12,4 93.2 4.20 75.8
15,32 428 14,22 93.4 4,50 82,0
17.69 510 16.51 935.8 4.90 €68.0 '
19,99 £94 18,72 3.9 5,30 89,7
In the above caleulation, Cons@ant Friction-¥indage
E Constant at 2450 & Iron Less 675 watts
Eleld Exaltation emala
3.0 impe or 159%
4.04 263 2,97 73.5 3.54 27.2
5.85 284 4,58 80.8 3.87 S8.6
7.34 296 6.24 85.1 S.75 46.%5
8 .80 330 7.87 87.3 3.98 53,0
10,10 360 8.94 88.8 4.13 58.4
11.40 390 10.27 90.0 4.30 63.3
15,68 551 14,32 9.5 5,10 73.2
19.12 mn 17.60 92.0 5,80 78.6
In the above ealculations,Constant Priction=i/indage = 205 watts

—nConatont ot 2440 & Iron Less




Zor o8

If I‘ If I‘
—Tolkeed —L0% Loed

«25 20,80 25 23.40

80 18,00 «50 20,60

75 15,20 75 18.00
1.00 12,60 1.00 15.30
1.25 10.00 1.25 12.50
1.80 7.20 1.50 9.80
1,75 4.50 1,78 7.50
2,00 2,30 2,00 4.80
2.25 1.20 P.F. =1 2,28 S, 70O P.F. =1
2.50 2.10 2,50 4.40
2,75 4.70 2,75 7.30
S.00 7.70 S.00 9.80
S.28 10,70 J.25 12,30
3.50 13.30 3.80 14,70
3.75 15,60 S.78 16.80
4.00 17.60 4.00 18.00




Lor &8
I, I‘ If I‘
40% Loed 60% Loed

«50 23,70 «78 24,00

o785 21,00 1,00 21.30
1,00 18.40 1.25 18.50
1.28 15,60 1,50 17.70
1.50 13.00 1,75 13.20
1.78 10,30 2,00 11.00
2,00 8.40 2.29 9.80 P.F.
2,27 7.30 P.F. sl 2,50 10.40
2,50 8.00 2,75 12,20
2,78 10,00 3.00 14,00
3,00 12,30 3.25 16,00
3.28 14,40 3.50 17.60
3.50 16.30 3.75 19,00
3.78 18,00 4.00 20.60
4,00 19.60




for G-8
If !. !r !.
—200 000 — 2008 Lond _____

1.00 24,00 1.25 24.10
1.25 21.60 1,50 22,00
1,50 19,00 1,75 20,50
1,75 16,80 2,00 19.30
2,00 15,30 2,25 18,40
2,25 14.40 2,58 18.00 P,F. =1
2,42 14,30 P.F. =1 2,78 18,20
2,50 14.60 .00 19,00
2,75 15,60 3.25 19,60
$.00 16.70 S.50 20.40
3.25 17.90 3.75 21,30
3.50 19,00 4.00 22,10
S.75 20,10

4,00 21.10




lor &7
!f 1. If !u
No Load R —L20tkend

25 20,40 ‘.25 23,00

.50 18,00 .50 20,30

.75 15.10 .75 17.80
1.00 12,30 1.00 15,00
1.25 9.8 1.25 12,10
1.50 7.00 1.50 9.80
1.78 4.40 1.75 ?7.00
2,00 2,50 2,00 4.60
2,20 2.00 P, F.=1 2,25 3.60 P.F. = 1
2,50 2,70 2,50 4.40
2,78 4.80 2,75 - 7.40
$.00 .00 5.00 10.00
3.25 10,90 .25 12,80
S.50 13.%0 .50 14.90
3.75 15.30 3,76 16.60
4,00 16.90 4.00 18,30




Y Saxyas

Lor X7

1, 1 1, 1
— A0 —0n__Lead __

.25 5.65 .80 6.20

.50 5.15 .75 5.65

.75 4.65 1.00 5.15
1.00 .15 1.25 4.60
1.28 3.60 1.50 4.10
1.50 3.08 1.75 3.50
1.78 2,85 2.00 8.00
2,00 2,00 2.50 2.00
2,25 1.50 2,75 1.40
2.50 1.00 3.00 1.10 p.r.21
3.00 40 Unity Power Facter  5.26 1.55
3.25 .65 3.50 1.98
3.50 1.25 5.75 2.0
5.75 1.90 4.00 $.00
4.00 2,50 4,25 3,50
.28 3.00 4.80 5.98
4.50 3.50 4.75 4.25
.75 5.85 5.00 .88
5.00 4.20




Lor k-2
1 5 I, I
408 Lopd ——0R kel

1.00 6.20 1.50 6.20
1.25 5.60 1.75 5.60
1.50 5.15 2.00 5.10
1.75 4.65 2.25 4.50
2.00 4.10 2.50 4.10
2,25 3.50 2,78 3.50
2,50 5.00 3,08 3.30
2,75 2,50 3.25 3.50
3.05, 2,256 PP, 21 3,50 3.70
3.28 2.38 5.75 4.00
3.50 2.78 4.00 4.30
3.75 $.20 4.28 4.60
4.00 3.60 4.50 4.80
4.28 4.00 4.75 5.00
4.50 4.30 5.00 5.20
4.75 5.65
5.00 5.90




X Cuxyes

Lox ®-7
I I 1 I

—0R 100l —bO0k Load __
1.28 6.70 2,25 6.95
1.50 6.25 2,50 6.20
1.75 5.70 2,78 5.85
2,00 5.15 $.00 5.60
2,25 4.65 s.25 5.5 P.F.2
2,80 4.15 5.50 5.58
2,75 3.50 S.75 5.57
$.00 3.30 4.00 5.61
5.06 4.55 P.¥, =1 4.26 5.65
3.25 4.40 4.50 5.71
3.80 4.60 4.75 5.78
3.75 4.75 5.00 5.80
4.00 4.90

4.25 8.085

4.50 5.25

4.75 5.40

5,00 5.55




Lold Armature Resigtance for G-8

Irial ___ Terminals E »

1 . X=2 7.60 13,70 «570
2 X-Z $.00 8.65 578
5 x"z 2 . w ‘o“ . 578
2 Y=2 4.90 8.64 588
S Y=2 2.80 4.88 +«573
Celculsted Resistance Yaluos

Zorminals Ax.Res.Jerminal AY.Res.FPhase

X-Y 5761 «2801

X=2Z +5753 « 2876

Y2 «5707 .2853
Note:

Each of the triale indicated in the above tabulation
of resistance data, is in turn the mean of three additiomal
trials.




Cold Armature Resigtence for ¢-7

Trisl  Terminals K ) S
p XY 7.80 13,70 «570
2 X-Y 5,30 9.20 576
S X=-Y 2,80 4.88 578
1 X=2 7.70 13.40 574
2 X=2 5.00 8,65 578
] X=-Z 2,76 4.7 577
1 Y=2 7.80 13,56 578
2 Y=2Z 4,90 8.62 «270
Salculoted Resistance Date

Jerninals Av.Res.Terminal Ax.Res.Fhase

X=-Y <5780 « 2878

X=Z 5760 2880

Y=2 5750 2878
Fotes

Each of the trials indicated in the adéve tatulatiem
of resistance data, is in turn the mean of three additiemal
m'o




Lold Armature Re=#stance for E-7

—irdalg __ Jorminals E R
1 X-Y 46,0 3.26 14.10
2 X-Y 50,0 3.55 14.10
1 X-Z 45.‘ 3023 14 012
2 X~Z 50,7 S.60 14.10
S X-Z 60.8 4.30 14.15
1 Y-Z “07 5 .30 1‘ .10
S Y=-2Z 60.8 4,32 14.10
Calculated Bosistance Yalues
Iemminals Ax.Rea.Zerminal Ax.Beg.phase
X-Y 1‘.15 7.0‘
X-2 14.12 7.08
Y-Z 14,10 7.08
Note:

Each of the trials indiecated in the above tadulation
of resistance data, is in turn the mean of three additional
triﬁl'o




Earallel Overatien Data

lox &7:6-8
| &1 l“!}:’ I, I, total Vatts FPhase Shift
electrieal degwess
J0lts _____armgpes eswperes  amperes
229 0.00 0,00 2,10 0 0
230 0.00 0,00 2,0 650 5
228 .70 80 2,10 1550 10
229 1.0 1.0 2.8 2550 15
230 1.80 1.80  2.20 3580 20
231 2,25 2,23 2,26 4460 25
232 2,78 2,95  2.28 5560 30
232 S.95 $3.90  2.56 7850 35
232 4.55 4,5 2,70 9000 40
S8 partl.
230 0,00 0,00 2,16 0 0
230 0.00 0,00 2.6 -410 5
230 .50 50 2.8 -1550 10
230 1.25 1.25  2.20 -2490 15
230 175 178 2,18 -3520 20
230 2.8 2,22 2,32 -4370 25
230 2,75 295 2,57 ~5445 50
230 3,86  S.91 2,83 ~7700 s5
230 4,47 449 2,78 ~8845 40
Nete:

In the above tadmlatien, when power values are indicated as

negative, this is interpreted to mean that the power is flowing frem

the machine with such a sigh.



Rower Faoter Date
$-X kaxt 1.
Phase Shift Total Wakts TsE1 Power Facter
—2L00trice] degrees Rer Cent X300
10 1550 1550 1.000
15 2550 2778 46
20 3580 8585 997
28 4450 4480 .997
30 5550 5550 1.000
35 7850 7870 .998
40 9000 9050 ,997
$-8 Paxt 1.
10 1580 1590 .998
15 2490 2490 1.000
20 3520 3580 9968
25 4370 4380 .999
80 5445 5500 .908
S5 6410 6620 .970
40 2700 7900 975
ST Rart 2a.

0 2180 2240 973

5 3275 $280 .999
10 4200 4270 .965
15 5150 5225 .987
20 6200 6240 978
25 7150 7280 982

S0 €150 8340 978



Zarallel Qperatien Data

&1 Zaxt 2
B I 1 I Watts Phase Shift
Yolts  emphres  ampires  empfres 1 8
229 1.15 1.10 2.20 2180 0
229 1.65 1.65 2,20 3278 5
229 2,16 2,11 2,20 4200 10
229 2.65 2,61 2,25 5150 15
230 3.15 .13 2,30 6200 20
230 5,67 s.65 2.40 7150 28
230 4,20 4.16 2,50 6150 50
230 4.74 4.70 2,51 92085 ss
£-8 Raxf 2a.
230 1.4 1.44 2,26 2860 0
230 75 75 2.2¢ 1775 5
230 18 a5 2,27 820 10
230 .00 .00 2.30 -90 15
230 40 40 2,38 -5 60 20
230 1.15 1.13 2.42 =1920 25
230 1.65 1.68 2,51 -2928 30
230 2,20 2,20 2,680 «=3950 35
Fote:

In the adove data, vhem power values are precedsd by a negative
sign, it 18 interpreted to mean that power is in such instances flewing
from the machine under oonsideratiem.




Loed Datp

Rart 2a. Rarallel Qperatien
':1:! Eégi; !E;i Vatts Phase Shift
228 1.26 1.26 5160 o
220 1.25 1.26 5140 5
227 1.28 1.25 5108 10
227 1,25 1.28 5108 15
229 1.27 1.26 5160 20
228 1.26 1.25 5110 30
227 1.25 1.25 2060 55
Rart 23.

227 1.26 1.26 5080
226 1.252 1.240 5040
226 1.25 1.24 5040
226 1.23 1.24 5040
226 1.25 1.241 5060
227 1.25 1.24 5060
227 1.25 1.24 5080
226 1.25 1.24 5040

Note:

In the above talulation, no great eare has bdeen exsrcised te record
exact ourrent and voltage values, though the power values indlecated are
as socurate as could be obtainei, This ascounts for the fact that though
the load was pure resistancein each case, the produet of velts and amperes
in some instances, does not check agcurately with the value indieate: for
power, The actual power wvalues shown are used as the ultimate values.




Zarallel Operation

XRower Factor Pags
§-8 Rort 2a.
Phase Shifs Total Watts VS ETI  Pewer Facter
__olectrics] derrees
o 2860 2860 1.000
5 1775 1780 999
10 620 880 996
15 erroy orrorY orrer
20 960 960  1.000
25 1920 2150 .900
30 2925 5280 .890
35 8950 4360 .918
S-7 Baxt 22
2500 2770 920
2600 3210 .812
2850 3590 793
5100 “Uso .700
$350 5230 640
s528 5580 598
870 6840 566
4000 7440 .538
S8 Paxt 2b.
2530 2770 914
2340 2690 .810
2155 5160 .682
1890 2890 517
1710 4220 .405
1490 4820 309
1250 5630 222



Zarallel Qperetion Date

&7 Raxt 22.
!1 Is Vatts I
Yolts SIReres __ EIeres Superee
229 1,40 1.40 2500 2,50
228 1,62 1.60 2600 2,60
228 1,90 1,75 2850 2,7
228 2.26 2.20 3100 2,98
228 2,68 2.61 3350 2,18
228 2,98 2,95 3525 3,80
228 S48 S.359 3870 S.50
228 3.77 S.70 4000 S.70
S8 Iaxt 2%
230 1.40 1.40 2530 2,00
229 1,45 1.46 2340 1.87
230 1,88 1.60 2156 1.72
230 1,81 1,85 1890 1.52
229 2,12 2.18 1710 1.3¢
230 2.40 2.45 1490 1.20
230 2,80 2.83 1230 1,02
229 3,10 S.13 1045 .88
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