
OPERATION OF SINGLE PHASE 
INDUCTION GENERATOR 

A Dissertation 
submitted in partialfullment 

of the requirements for the Degree 
of 

MASTER OF ENGINEERING 
in 

ADVANCED ELECTRICAL MACHINES 

0F  

~h. 7s7—?8 	by  
R.C. GUNS i I   

.' DEPAR1TMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEE 

ROORKEE 

U.P; 
(INDIA) 

1967 



C ER !  I F I C A T I 

Crtified that the dissertation entitled 

tIOP!RATON OF SINGLE PHASE ICIIO1( G 	l'X4WW' 
which Is being subaitted by Sri R, C. Guns In 
p&rs1 ttitfl.laent for the award of the Degree 
of Muter of 2ginsedng in AdvancedAdvencadectriesi 
Machines of University of RoGre, Roo cee., is  
a recoi e of candidate' a ova $ carried ort by 

him der my supervision and guidance. The 

mat s' embodied in this dissertation has not 
been submitted for the award of any other degree 
or d1plc**. 

This is further to certify that ho has 
wox4ced for 8 months from  
to 	Vt - 296' for preparing dissertation 
for Master of Engineering Degree at the Maver. 
s . ty. 

Dated, 
August 3+0 ,196' 

feeder 
Department of !eet*- fig. Universityof Rots*sø 

IORXEE 

 



AMMOIS TS 

The author wishes to express his deop  
sense of erat1t o to 11r.8.K. 3airi, Reader 

,eotrical gineering, Uni ersit ' of Lbox* 
for his able guidance nd affectionate cuz'- 
agenent to initiate this topic and for v . - 
ble suggestions and advicos extendod by 14n at 
every stage of Pr aration of this disser-
ttLtiOI. 

Sincere thanks are due to Professor C.U. 
ahosb, , Head of the Y&lectrionl igineering 
Departnent# 	varsity of Roorkae1  aooroo for 
p rouid„ng various facilities in c onnec .4th 
the 	.9 

Dat-►A sst 3o  1967 
0 E 



+i 	l 

PAGE 

s nopsis 	 (i) 

List of Symbols 	 (ii) 

CRAFTER I * - INTRODUCTION 	 1 

CIL4IPTR 11. s. AUAL!SXS AND EERI- 

44ALV*1ItCATION 	9 

CHOTE III s - 8 EAD STATE CHARACTER 

$TICS AND DI3CUS9ION 

of THE I Ut' s 	41 

kPP DIX 1 - BALANCED 'TW) PBA&E 

MOTOR OPERATION 	 53 

l P WDIX 2 ,- NOTES ON 'ice MEA8URE- 

T OF PAS M OF 

TIM MACHINE t ID 3 TEST 57 

0 

EEPER 1 6 	- 	 G1 



Ci) 

SYNOPSIS 

The present workaaa rises of the shy of 
a single pie inductl n m nine rm so a genera. 
for either at s ,ersynchronotte aped or as a self 
-excited one. The different cases that have been 
analysed involve either th operation m one of 
the winding (nam.3 main or azilia: ) or on both 
the windings • s vt t s ].y* 

The analysis has been carried out by asst 
ing different cases as particular case or wn' aiane-
ac . operation of a balancd two phase machines The 
exp reasexpressionsfor the transient vt tages available 
at the terminals or the stator wing have been 
deduced from the fund metal flux 1nkage squat- 
ions in each case along with the time cantGnt 
orot voltage decay. 

The steady state characteristics of # 
machine,, vnploying various cflbinationg or main 
end auxiliary winding resulting thereby either 
a single phase or a two phase operation,  ha 
been obtained. 

The transient voltage induced att the 
time eons tent for different operations ware 
determined ezperimentally to verify the refits 
deduced. 

It has been concluded that a single phase 
machine can be run successfully to generate power,. 



	

(l) 	 Self inductance of one stator 
phase i.e. either er of the main 
v$.ndtng or of auxlliar?! ending 
rf rred to the rotor side, 

(2) = Self ; u 4 ' co Of cne rotor 
phase, (Asstiig a po], pbas, 
syetricsl rotor}. 

(3) M 	Maximum gales of mutual . induct- 
one* bet y stator and rotor 
phases, 

(4) r 	= Resistance of rein or 	llary 
winding referred  to rotor side. 

8 	 a Rests tac tce of one rotor phase. 

C 	 Main winding current. 

	

(7) 	I 	a AUsiliary winding current. 

	

(a) 	 a Rotor current along main winding 
axis. 

I 	Rotor current elms au*tUary  
winding axis. 

	

t 	 = Rotor currents after a s den 
cue along the maw and auxilø 
iary winding aces rapectively. 



1) 	 Self recetance or one rotor 
Ph&$*# 

(12) X 	* Self re*o tsnCs of one stetor 

phase 

(13) X 	Mutn1 reactance be en stator 
end fro of phase. 

(14) s 	x Practianal slip 

(15) X0 	= Covaoitine reactance of the 
emp aoi tor. 

( 1 6) rj, A r 	n Rotor flux linkages, 

(17) A i$ A 	a Stator V,ux linkages. 

( ) 	V 	* Applied stage for motor 
operation. 

(3,9) 	0 	a Open circuit voltage for a 
ter: current 	and I . 

(2 ) 	0s 	z Stesuiy voltage that would exist 
at the 	nel* of the induct-' 
ion generator if the circuit 
.e it is 	s daAy 1. 

r,x 

the generator is carrying loo! 
current. 

(21) 	 Open circuit rotor time constant 



XNTRODUCXO!  



When the stator winding of a polyphase induO. 
t4on machine In connected to suppir, a enchronousiy  
rotating magnetic field Is established In the air 
gap. The rotating field indw es a voltage in the 
rotor condzictors and the rotor if its oireu3 t is 
closed, turns at a speed s ghtlr less then that of 
the flux. The difference in the speed of rotation 
between the flux and the rotor, eressed. as a perccnt 
age of nch any speed, is called the slip,  The 
a1il is positive when the machine operates as a motor 
and the rotor speed In less than that at the tluz. 

As a generator, the induction aachine i 3 

driven by a prime mover and as the speed  Of the rotor 
is increased to equal synchronous speed, there is no 
relative motion between the rotor conductors and the  
fu . Renee no voltage is Induced In the rotor bars. 

A firther Increase in the sparkd canses a reversal in 
relative direction of rotation betweaz the rotor bars 
and the flux, and the rotor voltage and currentare 
correspondingly reversed. The sUP under this Condi 
tion is considered to be negative* The shaft torque 
supplied by the prime mover Is transferred acroa 
the air gap to the stator, from which .t Is delivered 
to the system as generated Power. The net po er out-' 
put which is a function of slip equals the shaft input 



w 3 sW 

less the losses within the machine. 
The drivji of an Induction machine faster 

than the synchronous speed causing It to generate 
alternating oixrrent power Is quite eU awn. 
Some instali&ttonø of induction machines operated 
In this manner have been made, but as yet the 
practice of using Induction generators has not been 
adopte . to any appreciable extent, Probably  t . 
main reason for this is that the induction. rnachir2e  
must draw a lagging magnetizing current from the 
fly system to which it is connected. Moreover 
the v3ltage and tr.pienc7 of the i s n ,one - 
gyrator are deperdent entry upon that of the 
connected system. On the other hand the character-
istic mecbanIcal strength i and ruggedness of an 
indueton machine, Its ability to rain at high speeds, 
lesser station sustained short circuit risk and 
relatively low initial and upkeep cost are Its 
advantages. 

It may be shown that an induction machine  
can be made: to operate with the exciting or meet- 
hung current taftied from static capacitance  
connected In shunt across the terminals of the 
machine, as an Isolated or independent generator, 
incorporating a1.3 the foregoing advantages and 



most ot the main d advantages eliminate, 
it can be seen that the only requiraent 

for obtaining on output Is a sotirce of ma eti -
sing Vars along vith a suitable load below the 
purer l trait, The required Vare can be swp3.ied  
by a aynthrtous machine or by sit eaaoitor ►. 
Thus an output can be dtaincid from the .nductim  
gersirator ih# it is connected 	 a system. 	et 
ing of cnly shunt capacitors end a ioad. Naturally ly 
some energy must be Put (introduced) into the 
electrical systems, to start the bui1dip of voltage 
to t 	sr-at rag point. This can take the fo= of 
an Initial charge on the capacitor, or more eft 

an initial curt in the motion gcner  
ator, Both of these s tees areavailablewhen 
an inthtion gme rater, load and shunt capacitors 
are iu4deay ssrated from a =ply system* 

if the induction g*t.rator is separated  
fro i a System with sufficient *mkt of cap aCi--
tors connected to Its teals,, the voltage rises 
or fails and thefrequency changes until the not 
magnetizes Vars fron the capacitor and load 
absoibeit by the remaining system fitly m* b 
the rairenats of the induction generator. In 
general an excess of capacitive Vars causes the 
voltage to rise* But it the nianbor of Fars supplied  



by the capacitors  exceed the value which. c be 
ab soak +d by the induction generator, pia l2io 
generator is d,Ltvering a given load,, the load 

being ouch as to give a slip Bch is greater 
than the sUP at the load determinedfrom the 
power limit of the machine, then the voltago of 
the induction generator decays, The frexency  
of the system adjusts Itself to a point hoze 
the generator slip gives the required load out 
put.* 

it has b eon observed 	 the Induction 

generator with static capacitance +  1nCC teed in 
shunt across Its terminal.s will old up its 
voltage in a mayor similar to the build taiof 
the d» c, shunt generato i 1e dal magnetti  
in the iron of the magnetic circuit sets UP a 
small alternating voltage in the stator, this 
voltage applied to the Capacitance causes a 
lagging magnetizing current to fl ov In the 
stator wAnding (machine applies leading uad" 
rato curTant to the capacitance  car drav3 
lagging qud.rature current),  if the dance 
is of the proper value,, the current that cyan 
flow will be large enough to Increase the fl 
Est+.g in the air gap# An increase of the 
air gap flux will result in a higher voltage, 



Larger exciting current drawn by the capacitance, 
more air gap flux .d so 	the terminal 
voltage or the machine reaches its final bid. 
uP due. This value Is determined by the a atur.w 
atian. curve Of the machine and by the capacitive 
reaetance of the connected eapaoitaxce, 

If both $ the saturation curve (terminal  
voltage at noloati versus exctttng current) and 
a straight line through origin, the slope of 
Bch 3S the capacitive  react► ce 	are plotted 
to the seme scales,, the point where the straight 
line Intersects the saturation curve is the fib 

build i4 Peint If the saturation curesOf the 
induction generator i s known the final build 
vole for any particular oapacitive reaetonco 
can be predetermined. 

it has been foRM that exactly sane p cnoow 
mom. takes Place In the Case Of a ogle phi 
indaction motor and It can as well be made to 
operate an an induction g erator by either 

rotating the iachine at sPsedi Bator than the 

synchronous  ed, or by connecting capacitors 

across Its stator terminals. In addition to 

this It the capacitor is connected in series with 



the machine .sttor winding, the made constants 

can be well oompensato. to give fairly flat 
external cha rae tori a tic «. 

G. WO$T2  In his paper has Presence a 
method for calculating the 3intta of self exci t- 
atian n capacitor induction motor 	the 
motors are di, sconnec t.. tram the power some 
and operating at co nstant speed. Hover, in 
this paper Practical mew are suggested to 
impress the 8e excitation, 

The self eitation of side Phase motors 
was also studied by A. 160140 and K-► O1t7DA3  ond 
they have presented the analytical results of 
self exultation of single phase irduction motor 

taking Into scat the urnal capacitor. The 
Limit at the terudrza3. voltage of the Ind ti+c 
motor due to self excitatiori at the time of 
source sconn so P2tm  was also dbta . in thi a 
Paper* 

All this work was to eUinate or reduce 
the undesirable effects of self + ci 	-+* at  
the instant of switching Off a single Phase 
capacitor motor ocnneeted to a load of high 
moment of inertia. No technical Paper baa come 
to the knowledge of the author 	this 



p ►~+ a. is utilised to obtain single pb o 
supply# in the present thesis i at# pt 
been n*de to ttde effect, Both the transient 
and steady state characteristics have been 
died in dell v!tb xperlrnentai ve ft- 



CHAPTER . IX 
• 1 MW 	-  

	

2.1 	Gene 

	

2,2 	Assumptions and ecusion  

	

.3 	2r,ssions for transient voi.tagc 
=der different operating e , L s 
or the main and aud1iar winding 

with a ari. nt . verifications, 

CAS I $ . Main winding cone to a rco and 
auxi.liar 	 riding open, 

CAMS 11 * . Main winding conneeted to some 

through capacitor and auxi1 a 

winding opens: 
Y 

CASE III * • Main wind 	 as auxi1ta r 
winding through oaaeitor c meek 
to single Phase sWP1y.  

CASE IV i- Main winding connected to source and 
aw43 iar,r winding short cirauit  
through asp a. tort 

M 
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2.1 	NF.JIU 
When a three phase induction motor with 

•zteal capacitor is disocrnnected from the power 
source the teiine3 voltage of the motor may 
rise depending upon the circuit conditions*, The 
tennina3. v ' . toge of a tie phase induction. 
motor driven by a prime mover, viii rise upto 
certain value. If suitable capacitors are ccrneot-~ 
ed In Its circuit. The voltage build-up Is deter-
mined by the magnetization curve of the induction 
motor., Co>aCitanee of the capacitor and the 
numb or of rotations of tb motor,* 

The sane pbenoenon also appears In the 
single phase capacitor motor. But the made 
may, develop a high transient - .tags at its 
terminals even without a capacitor.  he limit  
of exetation may be determined frc Hurwitz  
ri teria3. The analytical result " self excit' 

at on of single phase induction . motor taki g  
Into acaamt the external capacitor was c .tained  
by A. 180N0 and X. O1UDA by the Use Of method 
suggestedby W.V. LYON`. The it of the terzniv 
nal v L t e of the I c ti on motor due to self 
excitation at the time Of source di sOonnec tIon 
was also cb tai ned  by them. 



In the present anaiysl s, eqnation for 

transient voltages across stator vinding have 
been deduc of following the me tad of analysi s 

for three phase induction machine as given by  
A.Z. Fl TZGR I3 and  C• KIN GS 1E (JR. )5.. ` r 
this anal sls flux Linkages of the rotor along 
any axis are required to be knon. The faux 
linkages of rotor along anr axis zere obtained 
by '1TZGERALD wd KIN GSL Y in the most goner. 
al-used form for a three Phww machine whih was 
then extended to two Phase b .anew and at 
phase (sp ad al ease of two Phase balanced)  
ma*ines„ 

Thus In the present 'c wok staring frc*n 
the various voltage equations (obtained from 
the flux linkage equations) tax the ease of a 
balanced  two Phase machine, the cunt disc--  
button I. the various windings was obtained for 
varying operating con  di time and from the  
currits, the flux linkages and sub sequexrtly  
the transiant v' Ltage obtainable le at the staff 
winding teznal s was found. The voltage so 
€ ved was entirely d•Pe eut an the peters 
of the machine, the parameters of the machine 
being evaluated by ccbdudting the tests so as to 
simulate*  as far as possible, all the con&t tions 
In the assumptions. 



The following different comb 3 ins- of the 
wings were studied for this pose., use are 

AZN WIN DIN 0 1 AUX1L1.ARY WN D3 G 
i 

11, Connected to sou S 

2.  Voltage V through ' Op I 

capaOitop  
f 

3.  Vol tame 	V # Voltage V through 
' capacitor.  

4 Co+o ted to source ' Short ci 	ui wed through 
capacitor. 

Thus either, both the main tim aux ll ary 
wiaUngs were used,, or only main Car aUXX .I EID3r) 

winding wa used $ therebr i'e salting a two phase 
or a single Phase ixuction gonerator operation. 

The pr•gert anslyai s Is based 	the f011OW.  
Ing asswnptions 

(1) The cxci ting conductance Is negligible. 
( ) The impedance is converted to the rotor side,. 
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(3) The resistance and the self reactance ce 

of an aA4 anziliar7 ceding rferr 
to the roar side are equal. 

(4) The main winding and *ixxiliary winding 
are In s acs quaadrature. 

( ) The rotor is a balanced pal hale 
structure. 

(6) The parameters  of the møtor used In 
theory are those of a balanced two  
phase motor. 

(7) The resistance of any icternal 	i 
tar in neglect. 

(a) The ratio, or the effective nixrbor of 
turns i the aUxiliax7 winding to main 
winding Its qty. 

(9) PLux and M,M,1. distribution to te sinueoi.. 

del* 

AsXtio!1 (I) is equivalent to noleeting 
the *ore lose 000uring in the machine. A is 
quite well known from the induetion Motor Perform- 
ance calculation, 	cor. loss constitute ctl7 
a 	1i portion of the total losses In the machine, 
and therefor. can be safely neglected.  

£sspbons (2), (3) and (8) are equivalent 
to saying that th. resistance ad the self 



reactance of the main winding and the wdtiary ia 
winding reterred to the rotor side, are eqa., 
Assumptionn (3) was øiuU1atd by eqzaUsing t' er 
iupatance of the main winding and au1i ry . 

nag by inserting the required iedanee tn 
either of the winding. 

In order to e. ]i f the onlysi s a nrP 
U (8) 	 . made* However, if tho ratio of e 
effeetie nnber of turns on the au.dii.ta wind-

ing to the effe*tite number of turns on the main 
vI ndin. is not 	the , . rois can be carried 
out on  cm the some lines,  cc eider that the ;ate.- 

a r Winding is made up of two windings as  in a 
tranafoiei* hing the transfor..ition ratio u . 
to the turns ratio of the main machine. 'Th3 the 
ins ratio of the main wing to the :fictitious 
ate : iy winding viU be urdt7 and the to b 
ratio between the fictions winding and the actual  

ak a winding will be the turns ratio of the 

actual machine, The resistance and reactance of 

the actual 	li ry wincing can now easit be 
converted to the fie' . tione winding by ordtnaxr 
transformer theory* 

Aesumtion (8) was used to analyse a balan-
cad two Phase m opine from which varioue other 
eases cad be easily derived. Thia resulted In 

eini4 tied enalysis. 



As both the main winding ar the au iiary 

winding  sere used in se cep erationa,, the Para-
motors as c oated m the basis of either cro*s-
fie1d theory or d le revolving  field theory ca -
not be ucoepted. Therefore the parameters involved  
In the analysis rust be the Same as for baLanced  
two phase oierat on o 

$ 

ti1 operinSIA.0 phase oextion  
with main winding connected to source and aad1iary 
winding open. 
(11) 	... .l . Ora., t(  .  $ - Poer devel edtrQn 
main ceding connected to source with auxfliaX7 
winding opens  the rna4*in being at 	Per- 
a .c rc*iaus Weed. 

It a two phase motor mi ti"Iy ring on 
ogle phase amply with one winding open, , Is 
driven by a Prime mover at a speed more then its 
synchronous  speed * it will draw the exci t .g 
current from the synchronou.s machinery Of the 
system systa to which It Is cc*ineeted i.e. the exoit-
ing + mot or the induction g a ator will b o 



dr n fra+ the source of upp1 "* 
For aingLe phi operation of a two Phase 

motor 1, a 0, therefore the flux linkage eqiiaticis 
are given by (from App diz 1), 

Stator I 	(1) 

A "1 a L22 1 r1+ HLx 
Bator $ 	 .► ~ .. ,~ 	(2) 

A 	L22 Yr2 

an1 the voltage enat1one are given by 

V * (r]. ' 4 X) 	* 3 	Ir2. "' 	Iar2 .,. ►. 	t3 r 

(D2 + 3 X22) lrl 3 X I - 8 X lr2 0 * (3 b 

0 = (r + 3 X2) l+ 8 	xrl,#s 	qqi • *,*, 	0 c 

e1inttnGt..On of X from (3 b) and (3 0) givess 

(r2 + 3 X22) 1rt'~' 3 X I 	 $ 
0" Irl - 	Im 	 +S x22 



from hi Chi 

_ 
r(r2.3 X22)2+ 	 1 'r + 	xz(a..- l)J 	r . 

(4) 

Si 3. ly , elimination of i1 from a ua 

ions (3 b) and (3 0) gives 

I= - 	 1 
m 	 a 

~ IS~y 1112 	 (8) 

No rotor flux linkages are A r + 3 A 	. 

initially it has to remain constant. When the 
mattne to +rte.co nn ted from the ably the rotor 
mrr is sho uld + h~o to I 	I~ such 
that 

22I;3, .3 L2242L22.IriL +M I+j L22 1r2 

which gives 



mw 	.ice 

Now the oltsge induced Is given by 

e =3 	Ir1 "w 	1 3 	0* ► *** 

th Mipply is di econnea tad the indizeod vol 
age be e' say, then e' is given by 

I  

(a) 

As in a synchronous machine or a three phase 
inducton generator the voltage Kati (Instan-
taneous value) Is given by  

Who" ' = open circuit rotor Ume cons twit. 

The eoLutXon of above equation (9) Is .given by  

e • 	 (10)  

Whoro e' Ia given by ( ) above 





Equation (10) given the idea of the decay 
of the voltage of the machine ;rte the initial 
value e' to any value e in the interval t. 
Also e,ressj.on for *' shave that it is greater 
than e, thi; is due o the tact that ` vp . circuit 
the drop in the vending boomed zero and move 
voltage is made a ail 1e at the terirdna1s cd' the 
m acbine. 

1n . Veriri .p  s 	Lrst the induction  
machine 	as a motor 'b ,r connecting the mein 
ceding to the ply and keeping the anxiiary 
winding open and than graduafly increasing the 
speed of the set by means of a cOWied D. C. motor 
so as to run the set at s speed greater than the 
synchronous  speed • The vatt, eter c . ec te& in 
the main winding circuit during all these opera. 
tans indicated the initial Positive reading 
failing to zero and then to negative values. This 
ensures that the set Is now operating as a genera-
tor, The generator output at the time when the 
source was disocrnected, was fed through a 
zthehostet to one of the vibrator oiroui t or the 
Duddel Oscillograpb,► The relay being operated by, 
a  Doc. voltage of lower value. Thus the transient 
voltage ind cs ed in the winding was recorded with 
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the help of oscillograph, diocf*mecting the supply 

at the time Of taking a Photographic record by 
means of a relay. 

Experimentalset 1W 1.8 5h)1QTI in fig* (1). 
The result Obtained is t ulatad below!. 

' 	Theoretical 	perimental 
r 	 $ 

Time Constant Ol +O.:B 
(in cads) 

The transient voltage wave forx. (o c llo r ! 
record) i e shown In fig. ( s) +► 

(:.)  JjA '' 2j2 r .  : - Single phase indnot±on 
motor cerat1.on on 	 wading ctLV. 
(ii) 	 s - Main winding di cCnnec t- 

. trom vourcc and short circuited through a 
Capacitor In parallel with load irnpedance. 

In thla ease f3.rat the made will 6ruv 
its magnetizing curt through the xmPPl r, but 
as the speed of the mace is mate hi ghor 
machine r ll start generating and now the supply 
pie is dissected. The *cue will Ct as 
a Belt excited induction generator, the citing 



current now being supplied by the capacitors of 

the 'Proper value. By slightly 3ust ing the 

speed of the tnaohine the rated output voltage and 
froqUiC7 can be c*s Wined. 

For this operation the flux linkage equa-
.on s are gtven by 

stator Is 
	

0 0 0 1 0 0 0 * (U) 
M1r2  

A r1 m i22Ir 

Rotor s 	 , . S*.. 

A 1 L22 1X2 

and the voltage oqu tions area givi by 

0 m (r2+ 3X22)1r, + a 1* 	X22 I 	.... (lb) 

0 m (r2 3 X22)2  r2+  a K28 1r1 + 	In .. *. (13c) 

When the machine act* as a ze1f exe it aerator 
than addtioiris1 follaving equations are also 



satisfied narne1r, 

And 	10  = 

As in CASE z, e1i 	.f± of l from (13 b) 
*nd (13 0) giv.s 

.. 
[r2  + i 	 1 

(x.4) 

a K12 1rl 	6 S ! i • 0 

and e1Finatjcri of l 3L  from (t3 b) and (1 +rs 

gives 

[(r)2+$24  1 ?2 

1C2 I 

repenting the same Proceduxe as in CASS I  

I r, 1 	 r2  

ate 	X1 Ci + 	K12).» 	 , 



The voltage equatirn is given by 

The so1utio of (1S) is given by . 

1l 	T = `T 	"  
J1ii ti 
 W: z*oa it ru.~~...~.' is irSaimr 

,. 11 	.s in the CASs I 

and T; el rotor open eizNutt tuna constant. 

Now flux linkages in this case are given by 

(20)  

+   
X22 	rw 

.e o I Is gib by (13*) after substituting 

for I r3. and I from ( ) and ( ) In tenns o ' 
inI thus 

+ 3 (X ,3,'" 	)+ 	-- 	 Immv 

or 1m, 	r- + (X11- ) + 
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.r 	a. 

Ptux linkages In CASE I are given by (20*) sindlarly, 
but bovever ' is given by 

I [r + 	+ 3 	 tr V For CASE I 

or er  

` 	
_ 

on substituting the vo1ue from (0a), (21) 
(22) yield 

	

3X 	I 

ov since K 	zz U 

and K21 = 

equation (23) reduces to 

- 	+ 3 (X, ' x0+ 2. 
1c21  

(2) 

If X0  is greatDr than (X 





w. 26 +.. 

magni tt . , then T becomes negative, 
Rye the time constant T thin obtained 

is negative showing tberebyr that the machine to 
acting as a self excited generator. 

in this easC also the recoid of the trans- 
lent voltage induced In the winding was token by 
means of the arrangement described In CAS X, The 
machine was made a self excited generator, by 
sd3uuting the speedof the set slightly or by 
p er Euflotmt of cap aci  tors in the circuit, the 
rated output voltage and frequenoy were adjw3ted, 
The experimental ntal set w is as shown in fig. (2) 

The result obtained is tabulated bel+c 4 

Item 	 " 	Theoretical 	zp*rimental 

initial induced  
voltage 101,0 103 

+~ 0 in vol is . 

The transient voltage wave form is shown in 
fig., (2a). 



A I r III.  
(1) 	 ; Capacitor rwt singles phase 
motor i.e. main winding an well as auxiljury winding  
through oapaeitor connate to single pie supply* 
(ii) Qrr j3tor ne, ,Mqns leatric connection  
tmaitered, the machine being run at eupereynchronout 
spy 

In this Owe the machine connected as a 
awaeitor ten, motor to single phase slippy (split  
phase motor) , to rnae to run at a speed higher than 
the synchronous speed by a pie mgr. 

For this operation, the flux linkage oqwttics 
are given by 

Stator 1 	 ....  (24 ) 
' 	 ~1 	lla +M1 

Ark,=L22 i 4M 
Rotor : 	 (25) 

A 	Ir2 + I& 

and the voltage equations are given by 

(ri + 3 X ) "" 	X , 	iXm 	Imo, 	V 

+ x 	frj+x c ] m 	 V (26) 

$ 	 3 	$ X (a +jam) X 	0 



[A]  [1] 	[vJ  

Solving these voltage equations for various ourients 
it lead tow 

V  4w I1  j xu  

V ['ri+xu.uxaJ + 
JAI 

[rl+J (x .~' ' 'x 	+ 23x AM +  

(1+3) [-jXm -3 Xm r+ Xm X28 (Z a2 )J 

si.mslearsq 

V j 	 " 

3 	 0 x+ X22) 

+ 	r2 + 23z X  +  

+ L4( 1+3) [ex. %+X, i3 Xrn X(24)]  ) 



c 	V 

1 ri+i (X -b )I V 	3 

a 	0 	8  

3 	a (i+3 X) 

j. (r]+ XU, ,+ 3XU (s X 	[rii.+X+3   

x S . x2+ i X (s2-1)] + 3 X (at.+) 	i) 

(3+3X ) 	- x , 	3 X 	v 

xiip 	[r'1+,( ,- )] +x 	V 

m 	-r 	(r2+3X)o 

i 	 a % o 

* . 	+ u+i X) E-jxmzv  + t X22(i .s2)'J 

L ,-- + 	 ' J (+a Xm 1)+  

f these .quati 	(in terms of known pesters ) 
lry  X aM ia  *efou in terrxuof 



lot 	1  . ` IK13 Im 

1218 	X23 	 0*69 0 	(27) 

d 1*  1(331 

Now the rotor flux linkages sre A + jA % 

and initlaily it has to remain cans tent4 When 
the machine Its cisconnea ted rr the stWply the 
rotor currents should change to 	and i Sucb 
that 

L2Irl + jam Z212  =(L22I 4 im) 

this gives 

z
(28) 

2 

and 	I 	IZ2  + 	1  

The voltage induced is givr br 

0 * 	Imo - J 1r2 ,....... 	( ) 

When the supply is disconnected, lot the induced 
voltage be a1 , vhl.cb is given by  

e' *3 X I 	 IT2 



dM 30 

pa 3 	+ A 	in)'"" 	 1Z'2 + 
SON 

O Ia) ... 	(30 

The voltsge equation Is given by 

d t  

Where T T z 	flux 33113 08 In th s cas 
flux linkages for balance4 two phcse 
operation. 

andT m open otr(ntt i rotor time ec st ►'t v 

The solution of (31) t.o given by 

The Initial value Of being given by (3d). 
The value of *4 can be fur x+ r eip1itied by 
using sgUa t . (27). 

NOV w' * 3xm rl +  	)- .X(11 + 	fig) 

expressing2„,, 1T2 and 1i n fo rma of 

(27) is  gives 

x J (X + 	~” t ~: + 	) xC t ? 
X 

Also 20 Is given by (26), after wits ti biting for 



E 

ri 

 

 

u-4  
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I 10 IV2 aM la in tezm8 Of I, in this yields 

[(ri.  3 X) + 3 . Kl,3 - X1, Ki 3'W. , K23] 

V 
or 1* * 	 * . (33 

[(r1+ j 	+ S 	IK13U g3— KWJ 

Also 'lux linkages In this ease are given by 

) l.= '\ j +$ Avg 

• (10221ri+ 	)+3 (L2 LIrg +?4 ad 

& ::Ii: ( M3Lr -. V .,. (3) 
r1+$ X )+$ 	x13 

 -X11 3- 	lC j 

and the lluz linkages for balanced two phase oper - 
tion are given by 

(
L22 

2:+ M)+ 3(~ K2+ . 3 A 
(rj+ 3 X)+ 3 	X, x~, ; - 	Ka 

(fpm Appendix i) 





Therefore % 

[ L12Ki3t M)+J(t2L  K23+M  K33)][YotixU  + i x k, — X,1 k3  -- Xk2] 

T=T [CL22 K,+M)+J(Lv2K2}MK3)J[Y,+jxii+.1X1, W1  —   — Xi, 	X7 
 

In this cue self ezcittia ia not possible 
but if the eobine Is run at sversynchronou9 speed, 
generator action resuits The load output of tho 
machine being determined tr the slip at Bch 
the machine vorts 

The experimental verification to the deduced 

analysis is eriered by determining the time eona t 
ant experimentally. 

The experiments]. . set Vs IS shy in .g. (3) . 
The result obtni.ned Is tabulated below. 

Iteiii 	`Th.ore tical 	pe rimen tal. 

Time cons tent 

In second a 	 04 122 	00-M 

T 

The transient vc.tage waveform is shy in ti .(W. 

(t) 	 tiçpp I - Single phase Moor era- 
tion with main winding connected to source arvi 
auxiliary wing short circuited through capacitor. 



r. ,3r •,• 

( .I)  GG tq gggM _, i  * Main winding discem 
so ted fr source to apply load with a xiU ary 
winding short ciraul ted through capacitor. 

The Induotiot machine is run as a single 
pb r• motor with ciliary wing short circuited 
through sufficient amt of cap i to 
the supply to main winding diaconnect $, the 
*cue runs a a self excited ind.ucticrn generators 
By adjusting the speed ligbt1y light 	 the rates output 
voltage d freuoncy can be obtained from main 
winder 

'h flux linkage eq1zrtion are given by  

A 02,  =L11 	4 )111,1 
Stators 	 ,, 6., *. 	(36) 

A32  = L l a + 1  

A =I I + 
Rotors 	 «►* 	(' ) 

X = •L22  112  1 

and the voltage equations for this operation are 
given by 



*  X 	frl+s(xn y,)]  + X. 	3 1 0 

3 Xn 	-8 1 	(+3Z22) -I Z 0 

X 	c " 0J  

LxIJ 	tIJ 
Solving the** for individua1 aurrerLt 4ii lead to 

V 	 3 

0 [rj+3(xU1. Xc)] + X 	3 Xm 

0 	 ( +3 X ) 	øX 2  

0 	3 	 (i+3 	) 

*I t 	
[I+ 3(X.. x0J [' +2 3 r2 X22  

+ 	` ` s X : "' 3 Z  Fj Sri; r 	xu23 J -- 



3i d.1 arly,o 

0 

0 (z'2 3  

0 	S. 

+ 	t ~ 0 	X. 

3  0 a~ 

a x 

 

3X 	0(+ J X). 

JA I 

= 	f X($ 	z)- fr + 1(X]X' )] 
IM 



' 
En*3 (X3.l. Xe?1 + ~ 	Q 

JAI 

 

3 	$X2 	0 I 

 

JAI 

From above 	a4ia 1 	I end I& AT* f 

intermso 

of I 	K14 im 

(om) 

end 

N ►terthe rotor fl.uz Unkggea a" Ar1 + 3 A and 
ink, ti*Uy it has to remain cone Cant 4hen the 
w*chM.ne to disconnected from the apl 	rotor 
currents should chime to 	and I 	such that  

L 1, + 3 L I =(L Ii 	)+ 3(L I=+ M .1.) 



.37 . 

this gives 

= 1r1 +  

#00*1* 	(40) 

and I A* 1 V2 +  

:" he voltage :induced to given by 

0 x 	Ir, a* 1r2 
	 O 

When tho supply is dseonneøted, lot the iniioed  
voltage be a',  i jcb Is given by 

+ 	Is)- (IVO + 	Is,)..(43) 

The vole *quation is gig by 

• + T 	, s~► 0 .. .s« 	 (4 3) 
dt 

linkages n this *&so 
flux U.kages for balanced two pie 
operation. 

and T = + pin cirouit rotor tiae constant 
0 

The solution of (43) Ia given by 

(44)  
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T)ie motet. value of es being given by (42) 
The vat.ue of ell can be further rnodifid  

by use (39). 

Now e 	3 XmIr1  + 
	

2)" 	I + 	Ii). 

( ) this gives 

Also If*  to givenby (a), *fir s t ting for 
*d 1. In terms of In  in. mss, yie4e 

[Cr1   + 3 	3+ 	IK14 ice, 	. 	It 	t 	V 

V 
Or X 	 ( ) 

Drej  X  )+3 X3ICV,-  X  `. iC"`X.  K 

Also flux lam as In this ass* are Oven by 

A l  Ark +3 )'r2  

n (Las I +H 20) + ,j (L1 +M 1 ) 



w 

~ K14 
 11 

+M)+3 (L K4+MK ) 	 (4e) 
(r ;+ 3 ii)+ a X. K14 Z  

and the .flux linkages for banced two phase opera 

tion are gig by 

0M 	+ 14)+  3 (L 	+ ! Na) 

Appendix  1) 
Therefore, 

11 [ L 22K14tNi)tj(L22K24 MKS)1[astlx«+JX K1—X1 (3—)4nk2j 
T = TO 

. LC ~-za Ks + 
 

Thia time constant T eon be boim to be negative 
indicating thereby that the mac .no to a self 
excited generator nd will build up tts voltage 
dap ending cam the saturation curve of the maohino 
and reactance of the excitation capaC .ice. 

3? 	 Yectton - 

The machine under teet vas run as a motor 
by connecting its main w1ing to single phi 
supply rd odor winding short circuited through 
capacitor. The speed t nd3ustedward with proper 
amount of copaeito. in the auxiliary winding circuit, 
the supply to the main winding was disconnected. 





The macbine now operates as a self excited genera- 

rs  the exciting current being supplied by the  
o aoi.fi rs of the au 11a17 winding circuit. Again 
the oscillograph record was taken for the transient 
voltage induced in the iain winding by means of a 
relay connected across the autut of the machine, 
which in turn was ecnee ted to the vibrator 
circuit of the osoillograph. 

The experimental set up is shown in ;fig.. (4) . 
The z'eault obtained  is tabulated below, 

Item 	 ' Theoretical * 	perimental  
I 

Initial induced  
voltage 102 105 

9 1  in volts, 

The transient vole waveform is shoim in fig. (4a). 

In the above analysts,, equation for tras-
lent rise or decay of the voltage induced in the 
winding was obtained for dif rent cases,* The 
initial veins of the voltage waa also obtained. 
Thus at any instant the voltage of the made 
can be predoterritned for any of the cases 
discussed above. 

1&4i Li 	
kT 
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CHAPTER 	111 



TM following cases vero stiziled In detail 
for the steady operation of the Simla, phase 
Indio on generator. 

$ Main wing connected to so true d 
suxilisir3r winding went  the machine being run at 
sup. 	br4*toU8 spe 
CLJt a a* Main winding connected to óouree rind 
auxiUery i4rLingloaded by resistive l , th 
mace wing at supersyncbrcn spy • (The 
md.n wind tug kept floating). 

cuffs Main winding saelt as ai.Uiliaxy 
windingthrough capacitor eonnected to single 
pie dpi, the machine being run at super- 
$ynCtlrczLoIls spy. 

„I to. Main minding connea tod to see nd 
auxiliary winding short circuited thrcugh ca- 
citor and then main wing supply disconnected 
afterward* (welt xoitation ea s).  

In this ease following aombinsti one wars 
sent i 

} With main winding unloaded. d. 
(ii) Main winding loaded with constant Sm snc*. 

(iii) Main winding loaded with variable resistive 
load. 
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Ccrneidering first CASE I W  themaohine 
was started as a single phase i 	ti.on to tor 
with one i4xxLing may. Then the speed of the 
prime mover was increased gra&luaUy above  
synohrmous speed Of the machine thereby eper.  
sting it as an 3 uc 	generator. The ezeit.» 
ing curt of the machine is drsm 
stWply. The following CUM$ pot 

(I) Main wing cur t versus power 
output (fig. 6 a), 

( ) SUp (In P. .) versua power output 
(fig* b). 

The expsrj.z*entsl set up Is shown Sn 
fig. (5). 

The abrvs curves show that the power 
output of such a generator eon be increased by  
increasing the speed of the unahine or the 
current deliver by the machine to supply. The 
limit of Per output being da4dsd by the 
cur c t rating of the mathins. 

In CA8 221, when th ma#hina runs eA 

generator at i ersynchronous speed with main 
winding oonectad to see and auziliary  
winding loaded with resistive load, the tsin 
supply can be made to rnish only the core 



EXPERIMENTAL SETUP FOR CASE I. 	FIGURE 5)• 

23 
A 

DV 

EXPERIMENTAL SITUP FOR CASE it (FIGURE 6)• 



AM AA 

loss d small toper loss,, The suxiliar7 wind 
Ing lost Is delivered by the prime mover 
togethor with the nechenioal losses of the sets 
The main wing was not used to take any load 
and it was kept just floating stoh that with a 
slight tame in the spec the main winding 
eould be loded. The variation in the speed of 
the sot suob that the vattaneter ooraeotod In 
the cIrcuit of the main winding 	 ys i,roubt 
to the same reader indicating the eoro loss 
anda s].l copper Z s) after cage . the 
load on the Dili 917 winding,#  was nom * Thus 
the main winding was not anpplying any load $ the 
load of the +eery winding together with the 
mechardca3, lois of the set being swplied by 
the pr a mover, The meahina was loads. by. 
resistive load only as with inductive loads,) . 

=lnal voltage drops excessively.  
The test .results are reported in tt 

form of the following cups i 

.p m.) versus output of the 
a ixiUa 	d ing (fig* 6 a). 

( ) main winding Arent versus auxiliary 
winding euroit. (tig. 6 b) . 
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(3) 	Aux :Vary winding voltage versus 

auxiliey winding current (fig, 6 0) 

The perl*entai set up is shown in 	. WW 
The a V*gUmay of the auWput voltae vu the same 
as that of the main winding exciting current. 

'1g. (6 a) shows that the ou# ut goes on 
increasing with the increased speed. Therefore, 
full to powr con be deUvered by the auziliar. 
winding by increasing the speed of the machine. 
The limit being decided by the cent rating of 
the iachins.. 

.g. ( ) show that thO main winding 
curt increases very slimy to comparison to 
the awiUary winding curt*  this being true 
on account of the feat that .t ► the Increase 
or 100 on the auxiliary winding the excitatLon 
of the machine (dam by the main winding fran 
the Cpl) increases slightly* 

g. (8 c) shows that the curve of any 
,ia wing Voltage Versus vW11a windi 
curt Is eiidl to the D. C sit generator 
ebaracta z,istic. 

In CASE III, with the suet running at super 
snebronous speed the machine was mile a g era 
tor. For diffrent values of capacitors  In the 



EXPERIMENTAL SETUP FOf-' (/\SE 1IC. (FIGURE 7). 

VI 

236V 

A te• 

23o 1  
A• C. 

2: 
A 

EXPERIMENTHL SETUP FOR  CASE IV. (FI(,URE. 8). 



au ul ary winding circuit, the variation ion or 
load output or the machine with . atip vas observed 
and this was Ccpared with the load output 
only niein wing Is connected to some md the 
machine being mv4* to act as a generator. For 
one particular operation the value of the capaci 
tanco choosen warn kept constant and the slip 

variod 

The 	 cups are plotted an the 
same shoot 

CO Load Output versus Slip (n LP,.),  
then only main wing is connected  
to source and the set r at super- 
scbnous speed#  (Curve 1). 

(2) Load output versus spy (in R, Pet . ) 

when the main winding as wefl as the 
auxi1ary winding through capacitor 
is connected to the single pis 

and the set being run at aupor- 
eynohronous sped for U) e +a 27 F 
and(ii)c3? 	Ps  (curvesI1andIII) 

These are shoe in fig. (7 s) 	The Oar- 

mental not up is shorn i fig. (7) 
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?rom the above curves It can be seen that 
the paver output for a particular slip speed in 
the case of curves _I and ] 11 is more than In 
case of curve I • Also with the Value or the 
Capacitor In the auxiliary winding circuit 
increased, the power output Increases still 
further 

In CASE IV, the machine acts as a self 
exci ted generator*  The rated voltage may be 
obt'i'ed by changing the speed or the capacitance 
in the auxiliary winding circuit. 

To determine the effect or a cif current 
of the a :Nary winding, on the performance of 
the machine, observations rare recorded with main 

xting open, with a constant lod impedance  act 
with varying resistive load connected across the 

main winding, wtile the auxiliary winding current 
was varied by changing either external resistance 
or capacitance in the cirmdt .. 

The foUoving curves are plotted ' " 
(I) With main winding loaded. 

(1) Main winding voltage versus auxiliary 
wing current. (Fig. a a).. 

(2) Auxiliary winding voltage versus auxi 
Diary idMing gent. (Fig.:  8 b) . 
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(11) With main winding  load with a Constant load 

Impedance. 
(1) t4e►jn winding voltage versus Man winding 

O iiljary winding voltage versus aWd 

liary wing oust, (Fig. 8 c. 

(3) Mme► winding current versus auxiliary 
winding current. (fig, 8 e) 

(iii) With main winding loaded with a ° as .d►+ 

resia 	to . 
(1) Auxiliary winding voltage versus n t.*o 

li ate winding current. (fig,  8 f) * 
(2) Main winding voltage versus main wind. 

Ing cur t (fig. 8 ). 
(3) Main winding current versus auxiliary 

wing current (fig, 8 ) 

The experimental set up IS shown in fig, (8). 

1,g. (8 a) and (8 b) show that with the 
increase of onrient In the auxiliary wing the 
main and auxiliary wing voltage increases 

719,. (8 c) sid (8 4) chow that with tho  
inc ss• of currents  the voltage in the ci ui t 
(main or auxiliary) also increases 

Pig, (8.) sbQws that for a greater  change 
In the auxiliary winding current the main winding 
currant changes very ebowty. 
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Fig„ (8 t) shy that with increase of 
current the voltage increases. 

Fig. (8 f) show that the ch*racteristc 
is similar to that of a I): Co Shunt generator. 

Vig. (8 h) gives the variation or main. 4nda 
ing curt with auxiliary winding curt, 

The sstui'ation curve of the macbin. was elso 

ab wed by putting the cap act tors no rose the main 
- xIg of the machine and first connecting this 

to supply. The machine at first dry its gne ti,  

zing current frob the supply but by properly o&just*-
ing the speed of the set and the value of the.. 
capacitors, 	mane Is me as a self exotted  
generator and the supply being disconnected fran 
the main wing. The exciting current now being 
supplied by the capacitors,  B varying the c a 
óitore across the machine teainate, the no 4o 
terminal voltage was varied 	 a graph  of no load 
terminal voltage  versus exciting current was 
plotted. This giver the saturation curve or the 
magnetization  characto stic of the machine. The 
saturation curve is shown in fig. (9) . 

The above experimental results *1*6 arrive 
at the following conclusions 14► 



The induction  made iwjth eap aci t, .u® øXCit~►. 

ation will build VP its voltage exactly as does a 
d. c. shunt generator, the final build UP value being 
determined by the saturation curve Of the macula 
and by ► value of the tracks of the exultation 

capacitance. 
2, Wave she of the induction gene ia r with 
capacitive ► ci 	c is sinusoidal 

3, The induction g orator can be made to 
ale most any type of load, provided that 
the loads are compensated to present unity par 
factor characteristics  to the gene a r, 

4. 	Use of inductiongenerator with capacitive 
excitation may be made (a) In laboratories  whe 
a she of sine !w*.ve power is desired and (b) 
in installations of anon capacity tiexe single 

phase power Is required and wbere the cost of a 
synchronous  generstor and *ux llax es Is probi-
bitive, 
5, 	Low cost of capacitors makes possible  
comparatively  cheap instellation, especially 
those of small capacity 

p 

There are tufortinately, a number of 4isaw 
sdvantages inherent In the capacitor excited  
systems4 The voltage regulation Is excessive and 
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In edition there is m. critical + ue for the  

magnetizing reactance det.r n+d by the Sloe 
of the air gap line. Thus the machine de al te 
on a sustained d short circuit.  Sea ly It Is 
difficult  to guarentee to any degree of accursoy  
the tenns1 voltag, of any aebtne. This Is 
due to the variations in ma ►stiiing ourve! (for 
6itrent flux densities) and the tolerance on 

capacitors Bch may be as auch as 25 peree t, 
Thirdly the generator as might be expected IS 

very susceptible to inductive leeds and f na iy 
the teinal Voltage waveform  wavefcrnn is some vhat distor-
ted due to the tact that the gyrator is being 
worked In a saturated condition.  

While these disedvantages are formidable, 
a little thought will make it clear- that most Of 
the difficulties would be rec 	if the machira 
is made to sate s day Instead of gredually. 
I f the magnetizing our" were flat tc ped , t" 
in feat changes in the ,slope of the reactance 
line would produce  no change in terminal voltage 

d sufficient excitation capacitance could be 
initially provided to cope with the maxim  load 
de*and, However,, If the magnetic circuit of the 
generator was cod* to saturate rnrltlenly Instead 
or gradually then 



excessive iron losses would occur, 
i) excessive harmonic distortion, which would 

be very difficult -toremove, would occur. 

The alternative is to use an extszel sy tern 

of saturable 	 oharactei1ttC can be 
closely controlled end whose fimetian. is to pa u+ 

an ems►* . ► magnetizing curue  such minimizes the 

voltage regulation. 

e induction generator system  s likely to 
be some àmt heavier than a conventhma3. Synch--
nous machine for a given output and speed because 

of the bulk of the capacitors a reactors necessary  
for imitation. However$  in terms of cost ad 
robustness, the sq4rrel *ago desipn has much to 
offer and if It is desired to use the machine as 
a motor as eii as generator then it is d fflmal tQ' 

to select another ac. (motor) machine which is 
capable of porfoxmXng both duties with high eft 
Clancy, These qualities together 4th the fact 
that it is ba h.ess make the induction generator 
Ideal for aissil. applications  *sere It may be 
necessary to have a machine operating as a motor on 
the ground and as a generator during the flights* 
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APP: DIX 	IL 

In this ease the supp3jy voltage to the  
main and auxi1iazr vinding is to quadrature so 
as t producea balanced magnetic Meld in the 

air" gap of the machine► The voltages fed to 
use vinding5 are also balanced i.e. in the 
portion of the turns ratio of the cachine 
( . ° In the present case) 

The flux bags e a 	given by 

Stator I 

1 + M a 



and the voltage equations are given by 

try,+IXu) 	X 	3X 	 1r, V 

+ X .. 	(r1* 3 X2.1) 	+ r 	3 Xm 	In 	
•f3) 

3X1 	 Am 	(ra+3 X22) -3 AM I , 0 

a 	( +3 Z22 Ir2 0 

[Al) 	1] 	a Lvj 

Solving these equ alo for various gents gives 

V 	I" X 

V (r+3  X ) 

0 

0 	1 

3 Xm  

+ 3Z1  

(+3 X ) 

(i +3 X2
2)~ 

41 (Tl+23x )[ + 23 r?  

+ a1 u$ Xi + 	X22(1 -) +2 	(z 8 	,) 



.N56ø 

AL ay 

V 	3 

1V 

0 (r +3 X22) •s X22 

0 a 	( +3 s 

D 	{3 rj 	 •2j z X+4(s2..i)] 

* 2 Xm Cx yes ~ +ale X428 te~•],)~ ~2 ~ Xmts x~te ~~ } 

• (ri, + .j X11) 	" X3.3. 	V 

+ 3t1 	(rl.+3 hid 	iV 	3 

s 	0 	*q XM 
	JAI 

I►i,i 

'<z'j+ 2' Xll) 3 	r2+ 	x(32-1 



:t 

m1d I~ a (r1+j X ) 	X , 	3X,~, 	V 

+ X , 	( +j X) + 	jV 

I 	 -S 	(r2+3 a) 0 

9 jX 	 0 

1',i 

..,.~~ (i 1) k X. ra ; 	i s2Ji „(c Via,► M? 

tram these ezprssionsI n.,, X v2an 1. are four 
In terms of 

Let 1ri X It 

I 	K 	 '«.... (4) 

and Is * 3  1 TO 

Then from the voltage e u .of 

( + 	,) 1r.0XU1 + 3 Xf Z , -XI =v 

Subs tution of (4) In this gives 

is ( , + 3 X11) a X11,• X3 + 3 3,x.r 	 v 

V am 

rj+j X11) - X K3+J K t" x 	j 



Th* rotor ri. linkages cedar thie eanditi * are 
gig by 

A2 = (1128 X + K%a) • 3 , 	I + K 1a) 

(L , ) 4 i(La 2  + K K3) 
. 	 V 

)i X K + K - 

The induetLcb maahino USd  

Is a fi. horse pa r motors  hsving two main 
windings, the conecttcn oars thereforebe obtained 

for either 110 volts or 	t (by ccnnecting 
these either In parallel or aeries)ries) the fOXmeD 

typo (1.w volts) being used, d wother wing 
knoie as the auxiliary tiding,. The inducticri  
machine was coupled d th a sep aratsly "old d•o* 
motor# The variable armature voltage vu given 
to the d o ck* motor arses► through a rectifier 



(bridge typo) to control the speed of the set. 
The excitation was kept constant for the a o a 
machine. This methed of speed control Is si- 
lar to the W*Td4oflard eth 	nd has the 
eharacteristic elvantage or controlling the spy 
from zero to full speed and also In the negative 
direr Ofli 

U$ 40 The parae rsofthe thictian 
machine were calculated . bar the method used for 
two pia motors and the single phase operation 
was tram as a special ease of the two Phase 

one vi th one of the phase currents .err. 
For this purpos. a two pie spier with one 'of 
the phase 90 degrees out of phase with respect 
to the Other was given to the two windings 
namely the *sin and auxiliary and the machine  
was rum by means of Di Co motor St a mhrm 
speed, The open circuit test was thus conducted 
with slip equal to zero 	the parameters thus 
ob tamed by this test were tree fron the effect 
of slip, This voltages fed to the two viridings 
were adjust so as to get a balanced  field in 

the r ,gap of the mace i.e the voltages 
applied to the auxiliary arid main vindinge were 
in proportion of their terns ratio$  the currents 
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being equal der this co 1 ttrn. Thus exact 
coniiitians were aixrnttatad sn performing the its, 
as made in the  	ons, The blocked rotor 
test yes performed at a reduced voltage so as to 
get again a b*lanaed ocmdition, ' Th two phase 
supply with one phase 90 degrees out with respect 
to the other was obtained from a Scott - connected  
transformer* The manetising reactance was c .cul' 
*tom by a method sugges tad by DR. KOHLX. 
sic. 't~6 in whiCh the losses of the d . c. machine 
at synchr(mous speed are eeleulated by deco U g 
the i. ue 	mares and also after cowling  
tw maces end exciting both of them, the but 
to the dodo motor is fc md. From this Z can be 
found 3 	given below* 

From this paper, 
Torque is given by (at a a 0) 

torque a r. _' 

end the magnetizing current in gives by, 

2T IN I 

X 	t 	+ j)+j (T + T ) 



orX 2 	z,rTc X2(2' 	)2  

v rs T * open circuit rotor time a s tant 

mM T., a shortcircuit rotor tiae *met t. 

psrietra thus obtaind by abovetests 
are 

ri. a 1,995 ohis for both min aM apiary 
vindi . 

a 0,9 ohm. 

aM X1  24.8 ohs. 

The impedance of the aain or auxiliary wing 
was male equal by Inserting extra impedance in 
either of the wtrxUng as required by sssuipticn. 
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