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The present work comprises of the study of
a single phase induction machine run as & genera-
tor sither at suwersynchronous speed or a9 o eolf
excited one, The different cages that have deen
analysed involve either the operation on one of
the winding (namely main or auxiliary) or on both
the windings.sinultanecusly,

The analfnia has been carried out by assun=
ing different cases a9 particular case of unbalanc-
ed operation of a balanced two phase machine, The
expressions for the transient voltages avallsble
at the terminals of the stator winding have been
deduced from the fundamental flux linkage equat-
fons in each case slong with the time constant
of voltage decay.

The stealy state charastoristics of the
machine, employing various combinations of main
pnd suxiliary winding resulting thereby either
a 3ingle phase or a two phase operation, have
baen obtained.

The transient voltage induced and the
time eonstant for different operations wore
determined experimentally to verify the results
deduced,

It has been concluded that a single phase

machine can be run successfully to generate power.
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Belf inductance of one Stator
phase i,e, either of the main
winding or of auxfliary winding
referyred to the rotor aide.

Self induggance of one rotor
phase. (Assuming a polyphase
symmetrical vrotor).

Maximum walue of mutusl ranﬂuct-
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When the stator winding of s polyphase induce
tion machine ia connected to supply, a synchronously
rotating magnetic field is estaoblished in the alr
gap. The rotating field induces a voltage in the
rotor conductors gnd the rotor 4f its circult 1s
cloged, turns at 3 speed siightly less than that of
the flux. 7The difference in the spsed of rotation
between the flux end the rotor, expresscd as a percente
age of synchronous speed, is called the slip., The
slip is positive when the machine operates as a motor
and the rotor speed is less than that of the flux,

As a generator, the induction machine is
driven by a prime mover and s the speed of the rotor
is inereased to equal synchronous apeed, there is no
relative motion between the rotor conductors and the
flux. Henoe no voltage 19 induced in the rotor bars.
A further increase in the speed oauses p reversal in
relative direction of rotation between the rotor bars
and the flux, gnd the rotor voltage and current are
correspondingly reversed. The slip under this ¢ondi-
tion i1s considered to be negative. The shaft torque
supplicd by the prime mover is trensferred aoross
the air-gap to the gtator, from which it is dolivered
to the system as gonerated Power. The net power out-
put wvhich 13 a function of slip equals the shaft input



less the losses within the machine.

The driving of an induction machine faster
than the synchronous speed causing 1t to generate
al ternating current power 1is quite well known,

Some instaliations of induction machines operated
in this manner have besn made, dut as yet the
practice of using induction generators has not been
adopted to any appreciable extent, FProbably the
main resson £02 thig 41z that the induction machine
must draw a lagging magnetizing current from the
supply systen to which 1t 41s comnected. MNorcover
the voltage mnd frequency of the induction gonoe
rator are dependent entirely upon thet of the
connected system. On the other hand the character—
istic mechanical strength ané ruggednsss of an
induction machine, i1ts sbility to run at high speeds,
lesser station sustained short circult risk and
relatively lov initial and upkeep cost are its
advantapges. .

It may be shown that an induction maeh.ihe ‘
can be made to operate with the exciting or megnet-
i1z2ing currsnt Obtained from static capacitance
connected in shunt across the terminals of the
machine, as an isolated or indepandent ganerator,
incorporating all the foregoing advantsges and



most of the main disadvantages eliminated,

It can be soen that the only requlrement
for obtaining an output is a source of mapgnotl-
sing Vars along wvith a sultable load below the
power 1limit, The required Vars can be supplied
by a synchronous machine or by shunt capacitors.,
Thus an ocutput can bo dbtained from the induction
generator vhen it is connected to a system consist-
ing of only shunt capacitors and a load. Waturslly
some ensrgy must be put {(introduced) into the
- eleotrical system to start the bulid-up of voltage
to the wperating point. This can tale the form of
en Initisl charge on the earacitor, or nmore offect-
ively, sm initlal current in the induction ganeyr-
atory DBoth of these gources are evallable vhen
on induwtion generator, load and shunt cepacitors
are suddenly separated from a supply system,

If the induction generator is separated
from a system with sufficient amount of cabaci-~
tors comnected to 3ts terminsle. the voltage vises
or fglls and the frequency changes until the net
nagnetizing Vars from the capacitor and load
absorbed by tha remaining systen sxactly match
the requiremsnts of the induction generator. In
general an axcess of capacitive Vars causes the
voltage to rise. But if the nunbexr of Vars supplied



by the Gapéeitora oexceed the value which can be
absorded by the induction generstor, vhen the
generator 1s delivering a given load, the load
being such as to give a slip which is greater
than the slip at the load determined from the
power 1limit of the machine, then the voltage of
the induction generator decays. The frequency
of the systen adjusts 1tself to a polint whore
the generator slip gives the reguired load out-
put.

It has been abserved that the Induction
generator with static e¢apasitance connected in
shunt acrogs its terminals will bulld up &ts
voltage in a manner similar to the build up of
the d.c¢. shunt genarator]'* Residual magnetimm
in the iron of the magnetic elircouit sets up a
small alternating voltage in the stator, this
voltage applied to the capacitance causes a
lagegdng mgmatizing current to flow in the
stator winding (machine arplies leading qued-
rature current to the capacitance or draws a
lagging qusdrature current). If the caracitance
is of the proper value, the current that can
flow will be large enough to inoreamse the flux
existing in the alr gar. An Increasge of the
alr gap flux will result in a higher valtagje,

;‘



larger exciting current drawn by the capacitance,
more alr gap flux and s0 on until the teminal
voltage of the machine resnches $its £final bulld-~
up valus. This value is determined by the satur-
ation curve of the machine and by the capacitive
reactance of the connected capasitance. |

If both, the saturation curve (terminal
voltage at no-load versus exciting current) snd
a strpight 1line through origin, the slope of
which is the cgpacitive reactonce X, are plotted
to the ssme scales, the point where the straight
lins intersects the saturation curve i1g the finel
build up point, If the ssturation curve of the
induction generator is known, the final build wp
voltage for any particuler cavacitive reactance
can be predeternined, |

It has besn found that exactly same pheno-
mena takes place in the case of a ainglo phage
induction motor and 1t can as well be made to
orerate as an induction generator dy either
rotating the machine at speeds groator than the
synchronous speed, or by connecting capscitors
acro>ss its astator términals., In addition to
this 1f the capacitor is connected in series with



the machine stator winding, the machine constants
can be well canpensated to give fairly fliat
extemal characteristic,

G. ANGSTZ in his paper has presented a
method for caleulating the ldmits of self excit-
ation In capacitor induction motor vhen the
mnotors sre disconnected from the pm:v souree
and operating at canstant speed. However, in
this paper practical means are suggested to
suppress the self exoitation,

The self excitation of aingle phase motors
was also studied by A. ISONO end K. OKUDAS ond
they have presented the analytieal results of
self excitation of single phase induction motor
taking 'i.nto accomt the externsal cgpacitor. The
14mit of the terminal voltage of the induction
motor due to self excitation at the time of
source discommection was also cbtained in this
Paper,

A1l this work was to eliminate or reduce
the undesirable effects of self mzm&m at
the instant of svitching off a single phase
cppacitor motor cannected to a losd of high
moment of inertla. No technieal Paper has cane
to the knowledge of the suthor where this



Phenomena is utilised to obtain single Phase
supply, In tha pregent thesis sn attempt hss
been made to this effect, Both the tt'mien.t
and steady state charactoristics have been
exanined in detall with experimental verifi-
cation, |



2el General
2.2 Aasumptions and Discussion
2.3 Zxpressions for transient voltage

mder different operating conditions
of the maln and auxiliary winding
with experimontal verifications.

CASE 1 s« Main winding connected to source snd
guxiliary winding open, ’

CASE JI 1« Main winding connected to source
through capacitor and awxiliary

CASE I1I 1~ Main winding as well as suxiliary
vinding through cadpacitor connected
to single phase suwhly,

CASE 1V 5= Main winding ecamnected to source and
auxiliary vinding short cirouited
through cspacgtor, |



2.1 GUHIERAL |

When a three phase induction motor with
external cabPacitor is disoonnected from the powver
source, the terminal voltage of the motor nay
rise depending upon the eircuit conditions. The
terminal voltage of a three phase induction
motor driven by a prime mover, will rise uwpto a
certain value, if suitable capacitors are commect-
ed in 1ts circuit. The woltage bulld-up 1s deter-
mined by the magnetization ocurve of the induction
motor, Capacitsnce of the cepacitor and the
nunmber of rotstions of the motor.

The sane Yhenomenon alsc appears in the
single phase eapacitor motor. But the machine
may develop a high transient voltage at its
terminals even without a capacitor. The limit
of execitation may be determined fyraom Hurwitz
griteriad. The enalytical result of self excelte
ation of single Phase induction motor takﬁng
into account the external capacitor was dbiained
by A. ISONO and K. OKUDA by the use of method
suggested by W.V. LYON®, The 1limit of the termiw
nal voltage of the induction motor due to self
'excit-ation at the time of source disconnection
was also dbtained by them. |



In the present analysis, equations for
transient voltages scross stator winding have
been deduced following the method of analyasls
for three Phase induction machine as given by
A.S. FITZGERALD and C. KINGSLEY (JR.)8., For
this analysis flux linkages of the rotor along
any axis are required to be known. The flux
linkages of rotor along any axis were obtained
by FITZGERALD gnd KINGSLEY 4n the most gener-
allised form for a three pPhase machine which was
then extended to two phase balanced and single
phase (speclal c¢ase of two Phase balsnced)
machines.

Thus in the present work starting rom
the various voltage equations {(obtained from
the flux linkage equations) for the case of a
balanced two Phase machine, the current distri-
bBution in the various windings was obtained for
varying operating conditions and from these
currents, the flux linkages and subsgequently
the transiont valtage obtainable at the atator
winding teiminals was found. The voltage SO |
obtained was entirely dehendent on the parsmeters
of the machine, the paramsters of the machine
being evaluated by conducting the teats so as to
simulate, as far as possible, all the conditions
in the assumptions.



The following different corbinations of the
wvindings were studied for this purpose, These are

"

Nos § MAIN WINDING j AUXILIARY WINDING

31, Conneated to sourcse Opan
2 VYol tage V through Open
eapaelitor

Vol tage V through
capscitor,

3. Voltage V

Short circulted through
c¢apacitor.

4. Conncotad to source

S o ww W w W e ® o WS e ow W e W @

e

Thus either, both the main and auxiliary
windings were used, or only main {(ar axmuary}
winding was used, thereby resulting a two phase
or a single Phase induction gemerator apmmﬁ..m.

2.2 W .
The present analysis 1s based on the follow-
ing essumptions - |
(3_'.) The exciting conductance is negligibleo.
(2) The impedance 1s converted to the rotor aside,
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{2) The resistance and the self reactance
of main and auxiliary wﬁnﬂiﬁg referred
to the rotor side are equal. |

{4) The main winding and auxiliary winding
are in space quadrature,

(6) The rotor is a dalanced polyphase
stracture,

{(6) The parameters of the motor used in

- theory are those of a balanced two
Phase notor.

{(7) The resistance of any external oapaci-
tor is neglected.

(8) The ratio of the effective number of
tums on the auxiliary winding to nein
winding $= unity.

{(9) PFlux and MM.F. distribution 1s sinusol-
dal.

Assumption (1) is equivelent to noglecting
the core loss occuring in the machine, Aa is
quite woll known froam the induction motor performe
ancé caloulation, the core loss constitute aly
a muall portion of the total losses in the machine,
end therefore can be safely neglected,

Agsumptions (2), (3) and (B) arse equivalent
%0 saying that the resistance and the self



- 14 -

reactance of the maln winding and the auxiliary
winding referred to the rotor side, are squal,
Agsumption (3) was similated by equalising the
impedance of the malin winding and suxiliary
winding by inserting the required impedance in
either of the winding.

In order to =implify tho analysls agsump-
tion (8) was made, Howevey, if the ratio of the
effeative number of turng on the suxiliary wind-
ing to the effective nunmber of tumas on the main
winding 1z not wmity, the analysis can dbe vc:arrﬁ.ea
out on the Seme lines, considering that the suxle
liary winding is mpde up of two windings aé in a
transformer, having the transformation ratio eqgual
to the turns ratlo of the main machine. Thus the
turns ratio of the main winding to the fictitious
auxiliory winding will be unity and the turns
ratio between the fictiocus winding and the adatual
 auxiliary winding will be the turms ratio of the
- actual maéhfme. The resistance and resctance of
the actual auxiliary winding ¢an now easily bo
converted ta the fictitious mnﬂin& by ordinary
 grensformer theory. |

Assunption (8) was used to analyse a balan-
ged two phase machine from vhich varMous other
cases could bo easily derived. Thig resulted in
sinplified analysis.



As both the main winding and the suxiliary
winding were used in some operations, the para-
meters as calculated on the basis of either cross-
field theory Or douwble revolving field theory can-
not be accepted, Therefore the Darameters involved
4n the analysis must be the mane as for balsnced
two phase operation.

2a3

(1) Joitial oreration s~ Single phase operation
with main winding connected to source and mxiliary
winding open, _
(11 1~ Power developed from
main winding connected to source with auxilisry
winding open, the machine being run at super~
gynchronous speed.

If a two Phase motor initlslly ruming on
aingle phase suprly with one winding open, is
Ariven by a Drime mover at a spreed more than its
synchronous speed, | it wvill draw the exciting
current from the synchronous machinery of the
systen $0 which 1t is connscted 1,0, the excit-
ing current of the induction generator will bes




dyawvn from the gource of supply.

For single phase cperation of a two phase
motor 1, = 0, thersfore the flux linkage equations
are given by (from Appendix 1).

Stator 3 chBsvre
)isa = 5 M 192

Rotor 3

Y9 se ada

and the woltage squations are given }ay
Va(ry +3 X1) In+ 3 %Irl”xmxr;a eves
O = (ry + 3 Xpg) Ipg+ 3 Xy Iy = 8 Xpo Ipg o»
O = (rg + § Xpg) Ipo+ 8 Xpp Xpa+s Xn Iy vese

elimination of Ips from (3 b) and (3 o) glves

(rg + § Xpp) Tpg*r 3 Xy Iy ® Xon
w——— ; : R

8 Xop Inq + 8 Xy Iy | ."2‘;3%1‘22

(1

(2)

{38 g

(3 1v

(3 «



from which

(ro+l 332)3 Xga
Ip = =

sxmra*-mezz(sB 1)

Iry

= Kl}l Irl ,‘.,.,".,.)m' (4)

Similarly, elimination of Ipy from equa-~
tions (3 b)) amd (3 ¢) gives

tp = - | $22d Xg2)® ¢ 8% XPpp x
8 5 X T T

= Kal 11’2 Y T PP Y R T (5)

Now yotor flux linkages are A vy *+3 Ary ond
initially 1t has to remain constant., When the
machine is dlsconnected from the suwply tho rotor
currents should change to 1;1 and 1., such
that

) ¥ :

which pives

I;.‘}. = Irz“’i,lé‘ Tw

LA R A N R RN X 3 (6)

L]



Now the voltsge induced is given by
e = J xm 11‘1 - xm Im s e (?7)

ﬁhen the supply 1s discomected the induced volt-
age be e' say, then o' 1s givon dy

o = § Xy Ipy - Xy Ipg

=3Xm€1n*-f,g§ In) ~ Xy Ipo oo (8)

As in a synchronous machine or a three rphase
induction generator the voltage squation (instsn-
teneous value) is given by

® + Tt; -a-%— et = Q snensse (9)

Where T; sz openn circuit rotor tinme constant.

Tha solution of asbove esguation (9) is given by

- /75

e = ot & R YN (19}

Where e!' 4ig given dy (8) adbovo.

Now o = 3§ Xpl Ipy Y Iy - X Irg

a[j X1+ % » K31)~- .%2%1] 1:,'1 (8s)






Equation (10) gives the.idoa of the decay
of the voltage of the machine from the initial
value o' to any value e in the interval ¢t.
Also expression for €' shows that it 4s greater
than e, this 1s due to the fact that g

the drop in the winding betomes zerod and more
voltage is made available at the termingls of the
machine,

, , first the induction
machine was run as a motor by commecting the main
winding to the suwply and keeping the auxiliary
winding open snd then gradually increasing the
speed of the set by means of a coupled D.C. motor
50 a8 to yrun the set at a spesed greater then the
synchronous speed. The wvattmeter connected in
the nain winding circuit during all these Opera~
tioms indicated the initial Positive reading
falling to zero and then 0 negative values. This
engures that the set 1s now oherating as a genera-
tor. The gemerator output at the time when the
source was disconnected, was fed through a
rhehostat to one of the vibrator clreult of the
Duddel Oscillograph. The relay being operated by
a D.Ce voltage of lower wvalue, Thus the transient
voltage induced in the winding was recorded with
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the help of oscillograrh, dlsconnecting the supply

at the time of taking a Photograrhic record by

means of o rrelay. |
Experimental set W 1s shown in fig. (1).
The result obtained 1is tabulated below.

Itam : Theoretical : Experimental
Tine Constant 0.128 0.123
(in seconds)

The trensient valtage wave form (oselllogroph
record) 4s showm in fig. (1ia).

gassE 11
(1) JInitdsl. Operation :~ Single pbase induction
gotor cperation on one winding only.
(11) Cenerator Operations~ Main winding disconnect-
ed from source end short circuited through s
capacitor in parallel with load impedance.

in this case firat the machine will draw
1ts magnetizing current through the supply, but
as the speed of the machine is made higheor, the
machine will start generating and now the supply
phase is disconnected, The machine will act as
a 30lf excited induction gsnerator, the axcitmg



current now being suwplied by the capacitors of
the proper value. By slightly sdjusting the
speod of tho machine the rated output voltage and
frequency can be &tainea.

For this operation the flux linkage equa~
tions are glven by

Stator 3 | (131)

[ X B N 2 N N I J

)\:@1 = Log Ipy*t M In

Ro tor 'S IT RS (12)
Ay

snd the voltage equations are given by

Vo= rye 3(Xgy = Xg) Iy + 3% Tpo= Xy Ipn o0 (132)
0 = (ro+ J Xop)lpo* 8 Xop Ipy * 8 Xy Tm eese (130)

When the machine acts as a self sxcited gerierszor
then sdditional following equations are also



satisfied namely,

Xone X = V
ce 7o wrescas (14)

and Ic‘“Im

Ag 4n CASE I, elimination of Ipn from (13 b)
and (13 ¢) gives ‘

(rp + 3 Xpg)°+ 8% X5,
In = - | =2 rort

3 Xy rg + Xp X2z (%=1

» Km Irl P e | {1B8)

and olimination of Iuy from (13 b) and (13 o)
gives

2
Im "n - [ (!‘2*& ng.)at—t?—h——-]xrz

8 Xy 13
L K22 Ira aseene e _ (16)

repeating the game Procedure as in CASE I,'gives

o = 3 X (I, + 323 Im)= Xy Iy

| o K "
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The voltage equation ias given by

e + ¥ g—-%' = O T EEY (33)

The solution of (18) is given by

¢ ﬂ&'e "tfr sHrvevesn {12)

' o Jlux Jlnkages. o thls case
Where T = Ty X Tlux linkages in the GASE I

and T, = rotor open circult time constant.
Now flux linkages in this case are given by

’\1‘1"'3’\1'2 ® Lop Ipg+ M Xy + 3 Lop Ipo e {20)

Also Iy 4s given by (13a) after substituting
for Ipy avd Iy, from (15) and (16) 4n terms of
Ige thus

3 Xy X |
ry *+ J(K - Koy )l s - c———— h P
[ n- X 12 Koo :, m

v

or Iy = _ (21)
[ maratxaa-xe) + % - ‘%‘J
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Flux linkages Iin CASE I are given by (20a) similtarly,
but howvever I, 4s given by

3% _Xm
Ial:(rl"’3x11)*“if'ﬁ 1{21:’”" For CASS X

v
or Im 52 S — g ' xm ' YRR (22)
™y - X ' — —— .
[(1'::*3 22) *gn — 1]

on aubstituting the values from (20a), (21) and
(22) yield

. *g

+ (1'1."" 3 X939+ g“'"‘"a;m ' -l |

ry+ IH{Xy3-Xe) + Tz oo

Now since Kyq = K12
and Koy = Koo

equation (23) reduces to

- I
PR -

L.E K J (23&)

If X 48 greator than (X349 +

Ny e, .
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~ 25 =

magnituie,then T bDecomes negative,

Hence the time comstant T thus obtained
18 negative showing thereby that the machine is
acting a5 & self excited generator.

In this case 5130 the record of the trans-
jent voltage induced in the winding was taken by
mesns of the arrangement descrided in CASE I, The
machine was made a self excited generator, by
sdjusting the speed of the set siightly or by
propey amount of capacitors in the circult, the
rated output voltage and frequency were aljusted,
The experimental set up is as shown In fig.(2).

The result obtained is tsbulated below.

I tem : Theoretical : Experimental

Initial indSuced

vol tags 101.0 103
@' 4in volts.
L-—-—-——-u:" 0 A

" . IS , v_l
The transisnt voltage wave form is shown in '
ﬂg. ‘.2&)-



CASE IIX

(1) Initial Oparation 3~ Capacitor mun single phase
notor 1.0, main winding as well as auxiliary winding
through capatitor connocted to single phase supply.
{11) Genarator Operstions« Blectric connection

unal tered, the machine being run at supersynchronous
apeed,

In this cane the machine connected as a
capacitor run motor to single phase supply (split
phase motor), is made to run at a speed higher than
the synchronous speed by a prime mover,

For this operation, the flux linkage equations
are given by

| Asy = Lyq Iy + M Iy,
Stator ¢ see (24)

Aog = Lyy I, + M I

}\rlﬂhaalri + M I,
Rotor 1 e (26)

* Ry

and the voltage equations are given by

(ry + 3 Xq1) - X11 Xy - Xy rlm. 4.7-‘
+ Xy1 [rr+a(X13-Xe)] +Xy  $%n Ia| || (26)
3 Xn ~8 Xy  (mp+iXpp) -sXpg ey
8 Xn b 8 Yoo (ro+iXeo)ifT 0
S s Tez (r2 wa.i -m‘.-ii . 3




-27 =

(4] [1] = [¥]
Solving these voltage equations for variocus currents
will lead to.

v - Xy 3 %y - %y
Imm
Vo [raei(Xyy%)] 4 Xy 3 % ~ |af
0 -8 b (rp+) Xog) - 8 Xop
o 3 X s Xoo (rp+§ Zpo)

- - {[rr..acxn-.xcmu] [15 + 23m Xpp + Xpots2-1)]

* Xn(1+)) | ~3Xy v5-38 Xp v+ Xp Xza“-"ﬂz’]}

Sinilarly
(r1+32(u) v an -Xm
Iaﬂ
gt LAEE T AN
3 X, 0 (m+iXgn) ~s Xog
8 Xy 0 8 XZpp (12*31%3

-,-Y-i-{(r,_ ~ X33 + § Xq9) [12 + 241y Xop + xga(se-x)_]
* Xn(143) | o%y 1o+ Xy 1= X, 322(82«-1)] |



(ry1 + J X4y) - X33
T xgy [ ry+3(X11-Xo) ]

3 Xy ~ 8 Xy

s Xy I Xy

v =X
v )X
+|al
0 -8 X
0 (1p+) Xp)

| x[3 X To¥ Xy Xm(la-lj] + 3 Xg (1+1) (s°-1) }

and Iyg = | {r1+] X31)

3 %m
8 Xm

+ X33y [r]_"ﬂ (X43 %o ’] *Xp v

-8 Xy
1 X

1%, V
(rp+§Xpp)0
s Xoo 0

- T%.‘{rrbxn*j X11) [—3%12 * Zm xea(l“’a)J

= |A]

3 _
+ [rl—Xn* JCXn'vXu)] (+3 Xpy )+ xm(l"ﬁ)(sa-l)}

from these equations (in torms of known parameters)
Ipgs Ipp and I, are found in tems of I,
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let Iy = K3 In

11’3 = Kaa Im sunene (27)
and I, = Kpg Iy

Now the rotor flux linkages are Ary + 3).:2
and initdally 4t has to remain constant., When
the machine is disconnected from the supply the

rotor currents should change to Iy and In, such
that

+ 3 (o I,0 + M I,)

this gives

ver  (28)
' M
and 1:2 o Il% -l-% Ia

The voltage induced 1s given by

e = J Xm In - x" 1:3 YEYIIZXXT (29)

When the suwply is disconnected, let the induced
voltags be @', which is given dy

+ L]
o = § Xy Tpy = Xy I



= 3 Xy (Ipy *-Lﬁag In)= Zpllym +% Ig) «ee  (30)

The voltsge equation is given by

® + T a = O SrEs NP enY B (31)
d

et
t
flux linkasges in this case

flux linksges for balanced two p}:ase
operation-

mucre‘.l’::T;x

and T;a open circuit rotor time constent
The solution of (31) is given by

-t/
e 2 o'¢c I dEsseasnse (&}

The initial value e' being given by (30).
The value of e' can be further simpiified dy
using squation (27).

M M
Now ' = J Xp(I,, + vy Imd~ Xpm(Iy,+ o Ig)

expressing Ir’_, 13,2 and I, in teyms of I, from
(27) this gives

' = [:; Xm({Kyg + —-xxgz-)- Xy (Kon #;-Eg Kgg) | Iy (30a)

Also I, 1s given by (26), after substituting for
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I,.l, Ipp and Ig in temns of I,, in this ylelds
[(l‘z:" 3 X31) + 3 Xy Kyg- X33 Kza~ Xn Kas:l In=Y

or Iu - - v o— *1{38)
[(ra* 3 Xp)+ 3 Xy KyaXyy Kga- Xn Kag]

Also flux linkages in this case are given by

Ar= Ary + § Arg

= (log 11‘1"“%)"’3 (Log Ipp + M 1)
= [(1.22 Ky + M) + § (Los Kpa+ U Kag)] Iy

[“‘22 Ky + M)+ § (Ipy Kpg* M Ka:s)]

V oene (38)
[ﬁl‘r" 3 X33)+ 3 Xy Kyg~ X33 Kga- Xy Ka3)

and the filux linkages for bslanced two phase opernw-
tion are given by

(Lpg Ky+ M)+ 3(Lgp Kg+ M K3 |
Az 3 - 1

(1‘::."' 3 X3p)+ 3 Xy Ky “xu Xz~ Xm Ka
{from Appendix 1)
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Therefore,

S [Laakist M)+i(Lyy Kot M Kaz)J[tixu + i Xmbi = Xu Kg = Xomk, ]

¢ [@.22 K,+M)+j(l—12 K2 +M KB)][YD+JXlI +‘j %m "('3 - X,. K -Xm KIS]

In this case solf excitation 1s not possible
but 1f the machine is run at supersynchronous speed,
generator action results. The load output of tho
machine being determined from the slip at which
the machine works.

The exporimental verification to the deduced
analysis 38 renderod by determining the time const~
ant experimentally.

The experimentsl set up is showm in fig.(3),

The result obtained is tabulated bLelow,

rmw

r

Itenm ~ !Theoretical isperimental
Time constant
in seconds 0+122 0.120
T

T UT U VUV VUTTPIEUTAPIOTSPNET R ——

The transient voltage waveform 4s shown in fig.(3a).

SASS IY

(1) Initial Overation 3~ Single phase motor opera-

tion with main winding connected to source and
suxiliary winding short cirouited through c:ameitar.




ected from source to suply load vith auxiliary
winding short circuited through capacitor.

The induction machine is mm a8 a singie |
phase motor with auxiliary winding short circuited
through sufficient amount of capaocitors and then
the supply to main winding discomnnected, the
machine runs as g self excited induction generator.
By adjusting the spead slightly the rated output
vol tage and frequency can be obtained from main
winding.

The flux Linkage eguations are given by

Stator: Pusece {36)

Ary =lge Iy, +M Iy
Rotors senrasn (37}
Arg = Loy Ip, +H I,

and the voltage equations for this operation ave
given by |



e

r(.rld- b | xn)

r - _

~X1 1% ~Xy Im | |V

¢ X1 [t X)) c Xy 3 Xy 1. | fo

= (a8)
I Xy -5 Xy {rg+3%gz) -8 Xg2 ||Ig,| [0
8 Xy I Xy s Xoo (12+3x23j11.3 G_l
[a] [1] = [v]
Solving these for individual ourrents will lead to
v - Xqq 3 Xy - Xm
0 [r*iXgy-Xo)] ¢ Xy 3 X .
Im = '.',A'
0 -~ B Xy (rp*) Xp2) -8 Xpg
o 3 3 8 Xan rp*y Xpp)

- { [ra+ 3¢k~ %a)] [ 42 3 1, Xpn+ Xonts®-1)]

+ Ea(e 8 Xy 190+ 3 Xn [<3 e Tt Xn Ypa(1-P) | }



Similarliy, | . .
v |
T | +|al
1 X o) + Xy 3 X,
+ M *
N 0 (ra+§ Xpg) -8 Xpp
. s Xon (rp+) Zoa)
G - L
s X

‘ )

22(a®1) 3 Xnl-s Xn m

2 § rg Xpg+ X2p
”ir{xu[‘é*
|A

Xy [1 %y o+ X Xgp {.ae-a.)]}

v .
- X311
) |
(ry+3 X313 )] 0 - )
X [ra+3¢xq1-%, Xm
+ A1 -
Irj"‘ . xn . | -
3 *n ' 3 Xn 0 (rp+ J Xpo
s X,

v .)]
- X3y~ Xe
= { = X31(s Xy xp)~ [!'1 +

(s -1)J *313(32~1)}
x[3 Xp w2 + X %oz



and
(ry+ 3 Xy9) - X131 I Xn
+ Xqq [uﬁs(xn* xeﬂ * Xy
I1ya= 3 %m - 8 Xy (rp+d Xpo)
8 X 3 Xp s Xoo

v

5 wm— Ky [«rj g Xp* Xy Xoo (lﬁaz)]* ﬁ (#2=1)

Al

+ [r;-t-:} an.-»xe)] (+a3 Xp 1p) }

v

O

o

O

= |al

From obove expressions I,v Iy and 1, are found

in torms of Iy

Im = KQ& Im ‘oo w

(33)

Now the rotor flux linkeges are Ary + 3 Arg and
initially 41¢ has to remain comstant. When the
machine 4z disconnected from the supply the rotor
currents should change to I;‘l and I;.a such that

Loz Ipy + 3 Ip2 Iy =(lgg Ipy#¥ Ipd+ 3(lgg Ipp+ M Ig)



this gives

¥ M |

11‘1 = Irl + m{; Im

voven {40)

and I =1 S

I I v .
The voltage induced ia given by

a = J x‘In ~XQI,2 Ehhkew (43)

When the swpply is disconneoted, let the induced
voltege be @', which is given by

. . L/
et "3%1:-1*%%3

a ) Xg(Ipy + 'ﬁg’e’ Ip)- XpClgp + ;:;... Ig)er  (42)

The wol tage equation 13 given by

¥
. "'T"%—"; L ¢ P E {43)

Where T = T) x —.fhUX linkages in this case

fiux linksges for halaneed two phase
operation.

and ‘r; = ¢gpen circult rotor time constant

The aolution of (43) 1s given by

& = O~’€ “tjr ... (“)



The inttial value of &' bdeing given by (42)

The value of e' can be further modified

oxpressing Ipyy Iy and I, In terms of X, from
(39) this gives

e = E xmcxl‘&* %)u xﬁ (1(2&& % Km) xm see (4A2g)

Also I, 4s given by (38), sftar substituting for
Irys Irp a0 Ig in terms of In in this, ylelds

[(1"1 + 3 Xu)-!' 3 Xp Kqg -~ X3 KM* Xn Km]lm!; v

v

or IB=W o m——— -

[Cryes X3)+d XgKia- X131 Kga= Xy Km]

(45)

Alge flux linkages in this case are given by |

Ala )\314-3 )\;-2
= (Ipg Ip; + ¥ Iy) + J (Lpgl,, + M I,)

"[“‘22‘"14*“3*3 (Lgo Kgg + M Kaa*] n



Log Kyg + M)+ § (log Kpg + M Kg) e ¥V aee (46)
(ry+ 3 Z31)+ § Xg Kyg~ X3y Kpg-Xy Kgg

=

and the flux linkages for dbalenced two phase operaw-
tion are given by

N, w2 E1 *B)v 3 (Leo Ka+ M Kp) .V
a N M
(ry ¢ 3 X31)* § Xy Ky- Xy K- Xp Kg

{(from Appendix 1)
Therafore, '

(T=T,

3 EC Lzz K'4+M) +J (L22K24+MK34_)J[Tc+jxu +jx‘v'1 K, - xu Kg“ kazj

® [C bz X+ M)+ §(Laa K, + Ml{;)J[ Wit JXut § X b, Ko WG — X, K24_]

This time comstant T oan be shown 0 be negative
indicating thereby that the machine 1s a gself
excited ganaratur and will dbulld wp its voitage
depending on the saturation curve of the maohine
and regctance of the axcitation cspacitance,

The machine under test was run as a motor
by connecting 1ts main winding to single phase
supply and auxiliary winding short circuitsed thrbugh
caprelitor, The speed was adjusted and with proper
amount of capaelitors in the suxiliary winding circuit,
the supply to the main winding was dlaemww,
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The machine now operates as a self excited goners-
tor, the exciting current being supplied by the
capacitors of the suxiliary winding circuit. Again
the oscillograph record wasg taken for the transient
voltage induced in the main winding by means of @
relay connected seross the ocutput of the machine,
which in turn was connected to the vibrator
circuit of the oscillograph.

The experimental set up is shown m»;g;,g. (4).

The result cbtained is tebulated below.

Iten : Theoretical : Experimental

Initial Anduced
vol tage -‘ w2 1056
e' in volts.

The transient wvoltago waveform 4g shown in f£ig.(4a).

In the sbave analysis, squation for trans-
ient rise or decay of the voltage induced in the
winding was obtained for different cases., The
initial value of the voltage was also obtained.
Thus at any instant the voltage of the machine
can be predetemined for any of the cases
discussed above.

G 7 33
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The following cases wero stidied in detail
for the steady operation of the single phase
induotion generator.

gaga 1 ¢t~ Main winding commaotod to source end
asuxilisry winding open, the machine being run at
supersynchronous speed,

CAsR 11 v~ Main winding connected to source and
auxiliary winding losded by resistive losd, the
machine mumning at suwersynchronous speed, (The
main winding kept floating),

CASS Jil:= Hain winding as well as auxillary
winding through c¢spacitor connected to single
phase supply, the machine being run at super-
synchronous speed. |

CASE 1Y 1~ Main winding connected to source snd
auxiliary winding short circuited through capa~

citor and then main winding suwpply discommected

aftervards (self excitation case),

In this case following conmbinations vere
experimented s~
(1) With main winding unlosded,
(11) Main winding loaied with constant impedance.
(414) Main winding loaded with varisble resistive
losd.
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- Considering first CASE I, the machine
was Started as & single phase indnoction motor
with one winding only. Then the speed of the
prime mover wvas increased greiually adbove the
synchronous speed of the mschine thereby spor-
ating it as an induction generator. The excit-~
ing current of the machine is drawn from the
suwpply. The following curves plotted -

(1) Main winding current versus power
output (fig. 5 a).

(2) sudp (in R.P.M.) versus power output
(£4g. & D),

The experimental set up is shown in
£ig. (B).

The above curves show that the power
output of such a generator can be increased by
incyreasing the spsed of the machine oy the
current delivered by the machine to sworly. The
1imit of power output being desided by the
current rating of the machine,

In CASE II, vhen the machine runs as
gonerator at supersynchronous speed with main
winding connected to source and auxiliary
winding loaded with resistive load, the main
supply can be made to furniszh only the core



EXPERIMENTAL SETUP FOr cast I- (FIGURE 5).
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EXPERIMENTAL SETUP FOR CASE IL- (FIGURE 6).




loss and small coper loss. Tho auxiliary wind.
ing load 13 delivered by the prime mover »
togethor with the mechanicgl losses of the set.
The malin winding was not used to take any load
and 1t was kept Just floating such that with &
slight ¢bange in the speed, the main winding
conld be loaded, The variation in the spead of
the =20t such that the wattmeter connected in
the clrcuit of the main winding always brought
to thoe same reading (indicating the core 1a§a
and a smsll copper loss) after change in the
load on the gaxiliary winding, was noted. Tims
the nmain winding was not supplying any load sy the
load of tho auxiliary winding togother wvith the
mechonical lossas of the set being supplied by
the prime moveyr. The machine was loaded by
resistive load only as with inductive losds,
tam;mal vol tapgs drops excessively.

The tost results are reported in the
form of the followving curves 3 -

(1) s811ip (r.p.m.) iéraus output of the
auxiliary winding (ftg., 6 al.

(2) Main winding current versus suxililary
winding current. (fig. 6 b).
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(3) Auxiliary vinding voltage versus
auxiliary winding current (fig, 6 e).

The exporimentsl set up 18 shown in fig.(6).
The frequency of the output voltage was the same
as that of the main winding exciting current,

Fig. (€ a) shows that the cutput goes on
increasing with the increased speed, Therefore,
full losd power ean bo delivered by the auxiliary
vinding by increasing the spced of the msehine,
The 1imit being decided by the current rating of
the machine,

Fig., (6d) shows that the main winding
current increases very slowly in conparison to
the suxilisry winding current, this being true
on account of the fact that with the inerease
of 1oad on the auxiliary winding the excitation
of the machine (drawn by the main winding f{rom
the supply) increases siightliy.

Flg. (6 ¢) shows that the curve of quxi-
1iary winding voltage versus suxiliasry winding
current is eimilar to the D.C, shhmt generator
characteristioc, ;

In CASE II1, with the set running at super
synchronous speed the machine was made a genera~
tor. For diffeorent values of capacitors in ‘é.ba



EXPERIMENTAL SETUP FOR CASE 0. (FIGURE 7).
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EXPERIMENTAL SETUP FOR CASE IV. (FIGURE 8).




- 46 -

auxiliary winding circult, the variation of
1oad output of the machine with slip was observed
and this was compared with the load output vhen
only main winding is connected to source anxi the
machine being mede to act as a generator, JFor
one partieular operation the wvalue of the capaci-
tanco choosen was kept constant and the slip
variod.

The £0llowving curves ave plotted on the
sama sheet i

(1) Load output versus siip (in R.P.i.),
when only main winding is connectad
to source and the set run at supor-
synchronous speed, (Curve 1).

(2) Losd output versus speed {(in R.P.M.)
when the main winding as well as the
auxiliary winding through cspacitor
is connected to the single phase
aupply and the set being run at super-
synchronous speed for (1) ¢ = 27 F
and (14) ¢ = 37 F. (Curves IXI and II1I).

These are shown in fig. (7 a), The experi-
mental set up is shown ip fig. (7)e
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From the sbove curves it can be seon that
the power ocutput for a particular slip speed in
the case of curves II and III 1s more than in
case of curve I, Also with the value of the
capacitor An the auxiliary winding oircult
increased, the power ocutput increases still
further,

in CABE IV, the machine acts as a self
oxcitod generator. The rated voltage may he
obtained by changing tho speed or the cgpacitance
in the auziliary winding ciroult.

To detamine the effect of exciting current
of the auxiliary winding, on the performance of
the machine, observations were rvecorded with main
winding open, with a constant 1osd impedance and
vith varying resistive loasd connected across the
nain winding, while the suxiliary winding current
was varied dy changing either extemal resistance
or capacitance in the circult.

The following ceurxrves are plotted i1~
(1) With main winding unloaded,

(1) Main winding voltage versus auxiliary
winding current, (Fig. 8 a).

(2) Auxiliary winding voltage versus auxi-
1liary winding current. (Fig. 8 b).
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(11) With main wvinding loaded with a constent losd
impedance. |

(1) Haln winding vol tage versus main winding
current. (rfig. 8 o). |

(2) Auwxtiliary winding voltage versus auxiw
1iary winding current. (Fig. 8 4).

(3) Main winding current versus auxiliary

winding current, (fig. 8 e),.

(111) With main winding losded with a varidile
resiative load, |

{1) Auxiliary winding voltage versus asuxi~
1iary winding current, (fig. 8 £i.

(2) Main winding voltape versus main wind
ing curvent, (fig, 8 g).

(3) Main winding current versus awiliary
winding current (fig. 8 h).

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

Fig. (28 8) and (8 b) show that with the
inerease of current 4n the suxiliary winding the
nain snd auxiliary winding voltage incresses.

Mg. (8 ¢) and (8 d) show that with tho
incresse of current, tho wvoltage in the cirﬁu&.t
(main or auxiliary) also inereased,

- Fig. (8 e) shows that for a greater change
in the auxiliary winding current the main winding
current chanpges wvary slovly.
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Fig. (8 1) klmws that wvith increass of
current the voltage increasss. ,

g, (8 £) shows that the characteristic
418 similar to that of a D.Cs shunt generator.

Fig, (8 h) gives the vartation of main winde
ing current with auxiliary winding current.

The saturation curve of the machine was also
obtained by putting the capacitors acress the main
winding of the machine and first coammecting this
to supply. The machine at first dravs 1ts magneti-~
zing current from the suwply but by properly gijust~
ing the spesd of the set and the value of the -
capacitors, the machine 13 made as a self exclted
generator and the supply being disconnected fm
the main winding. The exciting current now being
mmplie&.by the capasitors. By varying the capa~
aitors across the machine tarminals, the no-load
termingl vol tage vas varied and a graph of no lond
termingl vol tage versus exciting current was
plottsd, This gives the saturation curve or the
nagnetization characteristic of the machine. The
uturatifm curve is showmn in fig. (9).

The adbove experimontal results alse arrive
&t the following conclusions i1~



1. The induction machine with caepacitive excit-
ation will build up its voltage exactly as does a
d,0. shunt generator, the final build up value being
detormined by the saturation curve of the machine
and by the value of the resctance of the excitation
aapaci tance,

24 Wave shape of the induction generator with
capacitive execitation is sinusofdal. ‘
a. The induction generator ¢an be made to

handle almost any type of load, provided that
the loazis are compensated to prasent unity power
factor charscteristics to the generator,

%e Use of induction generator with eapscitive
excitation may be made {(a) Iin laboratories where
a source of aine wave power $3 desired and (b)

in installations of small capacity vhere single
phase power is required and vhere the cost of &
synchronous generator snd auxiliaries is prohie-
bitive,

Be Low cost of capacitors makes possible
comparatively cheap installations, especially
those of small capacity,

AGES O CAPACITOR EXCITATION

There are unfortunately, a number of dis-
sdvantages dnherent in the capacitor excited
systems., The wltage regulation 1s excessive and
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in addition there 4s a criticsl welue for the
magnetizing reactance determined by the slope
of the aoir gap line, Thus the machine de-excites
on a sustained short eireuit. Secondly it is
difficult to guarantes to any degres of accuracy
the temminal voltage of any machine, This is
due to the varistions in magnetizing curves {for
difforent flux densities) and the tolerance on
‘éapaﬁiwm which may be as much a8 25 percent,
Thirdly the generator as might be expscted 1is
very susceptible to inductive loads and Cinally
the terminal voltage waveform is some what distor-
ted due to the fact that the generator 18 belng
worked in a gaturated condition, |
While these dissdvantages are formidsble,
a little thought will make it clear that most of
the difficulties would be resolved &€ the machine
18 mode to saturate suddenly instesd of graduaily.
1f the mggnetizing curve were flat topped, then
in fact changes in the slope of the resctance
1ine would produce no change in teminal vol tage
and suffiocient excitation capscitance could be
initiclly provided to cope with the maximum load
demand, However, if the magnetic circult of the
gemerator was made to saturate suldenly instead
of grodually then



1) excessive iron losses would ocecur,
11) excessive hamemic distortion, which would
be very difficult: to remove, would occur.

The alternative 18 to use an extewmal system
of saturable reactors ubpm ¢characteristic can be
closely controlled and whose function is to produce
an effective magnetizing curve which minimizes the .
vol tage regulation. '

The Mucﬁon gonerator system is likely to
be some what heavier than a conventional synchro-
nous machine for a given output and speeﬂ becauss
of the bulk of the egpacitors snd reaemm necessary
for exeitation, Bowever, in toxms of cost and
robustness, the squirrel ¢age design has much to
offer and 4f 4t is desired to use the machine as
& motor as well gs generator then 4t 1s difficultr
to select another a.c. {(motor) machine which is
capsdble of performing both duties with high efrt-
cioncy. These qualities together with the fact
that 1t 18 drushless make the induction generator
ideal for missile applications where it may be
necessary to have a machine operating as s motor on
the ground »md 88 a generator during the fiights,



- 53 =

(fiux Linkages)

In this ogse the supply voltage to the
main and auxiliary winding 1s in quadrature so
as to produce a balanced magnetic field 4n the
gir gap of the machine., The voltages fed to
these windings are also balancoed i.e, in the
proportion of the tums ratio of the machine
{unity in the present case).

'ma'_ﬂwc linkage equations ars given by
Asl = Lll Im + M Irl

Stator ¢ saenees (1)
/\Saabllll*ﬂ Im

Rotor @ sunsen(l)



and the voltage equations are given by

(s +3%) =% 3% <Xy || [V]
+ X (rg+ J X311} + Xp 1%y ||Ta | gV .
§ X ~s Yy (ra+) Xgz) -8 Xpp 3;-1“ 0
R 1% %z (% Rl |0

[a] [1] = [¥]
Solving these squations for various currents gives
v - Xy VX - ¥
IV (e Ky % 5 %,

= |8q]
0 -8 Xy (19%) Xgg) =8 Xpp

0 I Xy s Xop (rg+] 322’
| 2
= T { (r+ 2 3 Xqp) [ + 23 mp Tpp(eP 1)y ]

*2J ¥n ["&% =} Xp 1o+ X 322(1“93)]*‘2%(12 s xm)}



Similarly

+ X1y
I& =

3 Xn

& Xn

v 3 X,
IV + Xy

0 (rg+§ Xpp) =-s X2

0 8 Xpo

= im

! T HAy |

(rp+§ Xoo

= 'T%;{T{(J ry ~ 2 Xp3) [rg 25 ™ x33+€2(sz-1)]

+2 Xy [§ Xy 1p * Fy Zoz (02'-1)] +2 § Xnls Xp :g)}

(rg +3 X)) ~In v

+ Xqy (ry+3 X31) 3V

R BT 5% O
8 Xg I Xy 0

1Ay

= Xm

3 X

-8 Xop
(rp+] Xpo)

@ —1—;{(*-3:‘1 + 2 X39)(~8 Xy 12) + 2} xg (8%-1)

-(ry+ 2 :;}?xu) [ § Xy 12+ Xpn Xze(az-lﬂ }



and Iy = ((eyed Xyp) =Ky 3%y V
+ %qq (ry+§ Xqy) +Fp v y
3 Xn ~8 Xp (rpo*ifpg) © :
8 Xp J Zn s8Xp O

= -,-%;r{(j ) [~) Xy 1ot Xp Xgo(1-02ery(s X, rg,)}

from these expressions Ip, Iy, and I, are found
in terms of I, |

Let Iy = Ky In
Ipg = K2 Iy sesnse (4)
ad Ig = E& Im
Then from the voltage esquation
(r1+3 X)) In =X 1y ¢ § ZpIpy =X Ipp = V

Bubstitution of (4) in this gives

xm [(rl*jxn)»xu. st-a!tlxn ~xmK3] =V

A |
or Im = . .

[‘1‘1‘*3 X31)~ X311 Kg+) Ky ZXn- Xg Ke]



The rotor flux linkages under this condition are
given by

Ag = (Lpg Igy + M Ip) + § (Lop Ign + ¥ Iy)
a[.(L%K]_#H) +3 (Lgn Ky ¢ M xa)] In

(Lgg K3#) + §(l2g K2 + M K3) - v
g - \ — : - x
(rp+ 3 X3~ X33 K3 + § By Xn~ Xaa X2

APPSRDIX 2

Sxparinontal set un ¢~ The induction machine used
i3 a fractional horse power motor, having two main
windings, the connsction can therefore bs obtained
for either 110 volis or m volts (by comnecting
these either in pummi or sories), the former
type (110 volts) being used, md'momr winding
know: a8 the auxiliary winding. The induction
machine was coupled with a seperately excited d,c.
motor. The variable armature voltage was given
to the d,c. motor arsmturs through a mctﬁ.ﬁég’



(bridge type) to control the speed of the set.
The excitation was kept constent for the d,c,.
machine., This method of speed contyol 13 simi-
lar to the YWard«Leonard method and has the
eharacteristic alvantage of econtrolling the speed
from éem to full spesd and also in the negstive
direction,

¥aasuremant :~ The parameters of the induction
machine were calculated by the method used for
two phase motors and the single phase operation
was treated as a special case of the two plhiase
mac¢hine with one of the phase currents zero,

For this purpose a two phase supply with one of
the phase 90 degress out of phase with respect
to the other was given to the two windings
nanely the main and auxiliary and the machine
vas Tun by mesns of D.C. motor st synchronous
speed, The epen ocircuit test was thus conducted
with s1ip equal to zero and the paremetors thus
obtained by this test were free from the effect
of slip, The voltages fed to the two windings
were adjusted 30 as to get a balsnced fleld in
the air gap of the machine 1,e, the vol tages
applied to the auxiliary and main windings were
in proportion of their turns ratio, the currents
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being squal under this condition., Thus exact
conditionsg were simulated in performing the test,
as made in the assumptions. The dblocked rotor
test was performed at & reduced voltage so as to
get sgain a balsnced condition, The two phase
supply with one phase 20 degrees out with respect
to the other was obtained from & Seott - connected
transformer, The magnetizing reactsnce was caleul-
ated by a method suggested by D.R. KOHLI gnd

8.K. nme in which the losses of the d4.c. machine
at aynchronous speed are ealcoulated by decowpling
the induetion machine and also after couwpling the
two machines ond exeiting both of them, the input
to the 4.0, motor is found. From this X; cmm be
found as given below. |

From this paper,
Torque is givem by (at 8 = O)

2 1
To uea-f-(-fﬂ) . , —
4 g Ap <T3+r§5§#(._11{2+ 1)

and the magnetizing current is gim by,

e L [T .
.moaof- r]_ ,
11 (E. + 2)+3(Ty + 1Y)




| a
¢, Jorque | Tm x
[ Imo| 2 (2T} - 1)

-
or Xg© = TENE—x R % - 1°

7

vhere T) = open circuit rotor time constant
and T = ghort circult rotor time constant.

The parsmeters thus cdbtained by sdbove tests
ave

ry = 1,006 olms for doth main and suxiliary
winding.
Xy = Xpp = 27+0 ohms,

g = 0.8 ohm,
and Xy = 24,8 ohms, ?
The impedgnce of the main or auxilisary winding
vas male squal by ingerting extra impedance in
either of the winding as required by assumption.
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