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The a mthronised A ynchrono ue machine is r.d entally 
a slipring asynchronous motor, lb gLve it a high starttng 
torque, same r istce is introduced in the a for circuits  
which is cut in stepa, Wham fall asynchronous motor speed 
.teaet equal to synchronous speed is obtained, the rotor is 
con ,ected to the d. c. exciter and the machine pulls into at 
and inns as synchronousmotor. 

In the aeyn venous motor action,  the secondary oarri es 
power currents only. Being produced by thducUon, this 
current eutaaat tally increases with load and so within limits 
(decided by rotor heating and oousoqu.antly star heating) 
provides for a certain overload capacity. 

In the synchz nous i otor action, the secondary may 
carry In addition to power curreate a part or whale of the 
ma et sing current and possibly an over m aetis.ng current 
which gives a leading component to stator carrot. The 
rotor mrre t is however mntxolled by external memo and 
must be large enough to ► allow for reasonable overload ca rarity,. 

Fl 



1he principal advantage which the machine possesses over 
a normal synchronous motor lies in its starting characteristics,  
It is well Imova that sync nous motor with dhrper windings 
for starting will only start ateinet some 	to Sp pere nt 
of Pill load torque and own that requires large currents 
at low power factor tbr an appreciable time where an the synohro. 
oai aed, asynchronous no tx r starts up from rest Ii k e an asynchrogw 
noun motor and easily s ch 	es Itself Est 3uatanten ugly 
against full toad or more than a.11 load 

its advantages .ges over eyxchronous and asynchronous motors 
may be iurnrated as l owst.. 

( . It possesses a high starting torque. 
(Vin advantage over syn. ch nou a motor) 

(2) •  I t Lma at synchronous speeds, 
(An advantage over asyn ch.r,nau a ro to r) , 

(3). No separate damper winding is needed. The low 
resistance of the rotor circuit serves both  
as diiiping windings and exciting windings. 
Hence it is ehcap~er• 
(Compared with synchronous motor which requires 
a separate damper winding) 

(4). When loaded beyond its load limit as synchronous 
motor, it starts operating as an asynchronous motor. 
((bmparsd to s nchroYUSus motor which comes to a 
dead stop.) 

(5) i It can operate at various power factors by the 
adjustment of load .fibs constant excitation or by 
adJustm+ t of exdtatj©n .tbr constant load. 



The excitationcan be so adjusted to improve the power factor 
of the syste * 

1.3„  CDt38T1CTIQT 

The stator of a synchxonisod. Asynch noun motor Is a 
standard asynchronous no to r stator ui th sa ii.' clo sod slots 
and either a concentric or a fro wincing. 

The rotor carries a three phase windings for asynchronous 
motor action. This Mudding can be re.arrangod In several ways 
for d. e*  ezeitation for synchronous motor notion„ The 
different typos of rotor c ,noottone andioir relative merits 
and danerits are g.van in great details in the later pages. 

The tor must have an oz ter faich is driven  either 
direct or in case of » w,, spoedachine by gearing or chaLn so 
as to give a hi or speed and enable a e aUer ezeitor to be 
used. However the modern practice is to use etatle exciters. 

1,4, ThEI1G AD 

The mw h .ne st-.rte like hound rotor asynchronous  rotor. 
It starts up with resistance In the rotor circ%it and to 
capabt+o of starting against 2 to 	 limes full load torque 
The rotor rest stance Is cut in Steppe til3, it is zthO rtod. in 
order to , $X chront ee,, the rotor circuit 1 smomtarily opened 
and 1.o sod again so as to include ' the exciter in the circuit„ 
For a short period after the switdx is closodt  the rotor carries 
loth,, the iniliced alternating currents and the forced direct 
currants, The final action of those currents is to cause 
the machine to accole :tto still further and In nor al operntionn 
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FIG. 1.4 STARTING AND RUNNING CONNECTION.) OF 
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0 Btha taus of C.i. (ar1ch3Iod na cl r noun 
no tb r) at o tartin a i. s IiI1ttr to that of a 3phao olip. 
rLng a flCUtflU's not►r. Jhai a 3phuo s; x ply is I,von 

'too atatoro currents pz c2uood in the 3.pbam wind ngs 
croato a ra oti c fold of coy. st n t atrith uhich x totes 



at $ :c XUoUs epeer Tho flux utat1n<j at synchronous speed 
cuts the rotor canc'iotors, pn>ctices a*m«fo and hands currents 
in the closed rotor circuit. The reaction betwo n rotor r 
c irrmts and stator flux creates the torque which tunas the 
x1)t0r In the c1irootjon of the revolving field C stator flux) 

to equivalant r~,rcuit of Sa asynchronous ma for at 4 
slip $ is ,halm in the fi ure 

FIG. 2.21 :- THE EQUIVALENT CIRCUIT OF ASyN- 

CHRONOUS MOTOR. 

where r 	r2 are the stator and rotor resistances per phase, 
Z34 and i are the stator and rotor led age reactance per 
phase« c d 	is the maettsi.ng reactance, ft is the cp+au 
circuit slip wag oral tage per phase.  

'Where N1 Is the synchronous speed and N2 In the rotor 

gyrator curr(n t I , a 4 

Ir a 	OEM 
?L r2 t (sx2i .) 

 

Ir .~ 	Elo 

Acn  )it (X2 ̀  " ) 
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Ref ez g . to the equJv*i it o1 rt~tit Air gap power 

Psi 	_r Q.,a02 
# ¼ __ 5E20 _________ 
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i + S1x 2 Q,L. 
Rbther copper toss p~r s x r 
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rW 	
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Therefore the oss n aical power developed PM 

A '11 Pr 

4 t 	lz 

Xt ' be the torque dOv .oped in KSUogr memetar, , that 
Tx 2iN2 
0.133  

Therefore 
T 2.91 

I 	X 790 a 3PM  LIL 

"M 

Pbr Max s= t x=qua 
i 0 10 'i 4sx:e)- sC~sx cZQ) 
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Qr 	l-L = ± 3%1 

qtr 	S 	± x l 

In c aao of uotor dip ii po d fit. vat so con s.dor1n,g an. y 
e po .tiva voluo of slipq the atium torque bOco ►ao 

2.1 

	

9 	C Zo - .  

	

N1 	2 (2 t 

ZfI'Ob Z 1 oaCO rQcc oo i. o ivaa in QtI tD r b2 B tSca z 

	

2 •91 	V, 0.7'7, V 

i 2X~~ 

I t In coca that maziaun torque is indcpaicIcnt of the rotor 
root t eo, Lbo rator roaisineo only deco itnoa the olip at 

c this to rqU 0 occurs. 
Zn order to have a s az.r.►r h rriva at starts g, the ro ge r 

rod. st 'n ce . ou1d be oqut to et id sttl1 logo reactance 
of the a t 21on1y_ Eonl4 the vuv O ~ 	ice and 
roactanco be equal but Choy rnu.ld by of mail value if 
lar'o starting torque Ic roju r 1. If the rotor rest ct co 
lo uO rO thcn the ro to r roactan ec at atc d stLll p to rqu e 
i sto d o f ineroaeing 1.11 docroaeo. 

2. 
0 $o1lo4ng Is the data that can by obtained fron the 

o d, ar , p jtj teixci to be tho fall load point c d 
tic tict have bey dri at P' end L parallel to the output 
lIne ccid t03cuO line  
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thus est bl , ng the xa4mui, output and torque values, 

V 

OP0 • 	No load Q airm t 
C' $ 0o :- No load power factor. 
IsIs -.- 'art atrouit turret 
the Off:- zrt tcuit power taot' ar 
P NOG : - lb tor input at $tend still (a M 

x Stator oo p or lo sa t ro t' copper lo so 
at stand stu1, 

"SO P :- lbtir 	Ions at at id of .l  
Ft~ 	- Stator c per togs at staid still 
OP 	- P1 l load oirrait, 
cbs 0 :- TCli load power .0aoior„, 
PIS 	:- U1 load output 
NB 	- Fill loud rotor oo per loss 
BC 	-Ftzll load stator c o-,per loss 

- Iron id f .cttorn loss (N load 1080) 



PB - Ibtor Input (Torque in s chz noun watts) 
Efftcl enor 

PD 

Mazimuzn load „__! 	Overloadt crap act t7 4 	,11 20 ad 
PN 

,. .. _ Stalling torque/11 load torque 

pPB 
	Starting to rqu o/' z11 load torque 

The saoo4 torque characteristics of an a Lch sous no tor 
are as shows 	 R2 =1 

I x2 

J 	 I x2 

o  / ~ 

I 	 SL I P 
1 	01 0.2 03 04 05 06 0 ,7 0, 8 0.9 

F/G, 25.' SPEED TORQUE_ 
CHA R4CTER/S TICS 

The azrvos dew how the increase of rez st ace increases the 
starting torque,. . The value of roiistcance has absolutely no 
effect on the ma it de of 	iru 	rque, It only controls 
the slip at wtt ch It o c rs,. 

t 	~1 	# 	i 	: er . )L { 1 Y• ~i1 

tlnsidering the Ideal. circle dtagru of an asynchronous 
motor in whi cth Vie 1oses are neglected. The stator current taker 
by the mater when running light is X,u represented by OP in 

IC 



1j 

purely reactive. The machine under such conditions rune at 
synchronous speed 

z 
i ISC~l Isc L -- 	— - 

--- 	 Isc~-Ili ~ 

I~ 	 L Z 2 Iscc+Its 2 	- Isc r -I 
2 

FIG. 2 , 6, 

N t consider that the rotor is locked„ This time asynchronous 
motox acts like a transformer with its secondary shortv ,rciited 
The Ideal shzrt +r .r 4t current taken by th&t stator is 
I 	repreedated by OZ. 

Haig obtained the majieti sing curr4mt and the short 
circuit currant, the stator current locus can be dram with 
POZ as di meter* 

The XiinU  maximum power factor is that given by the tangent 
OP. Thereibre Q 	Co )sc.  _ I u. 

Ts~t + 1~. 

The rata of 	um torque to the fall load torque is 
(I s C ti - 1,►•) /z.  

TR A- D 	I +. Cos 	
~. 

If the value of 1,k, ineroases to I,' , the over load 
capacity decreases„ In order to have improved power factor 
the value of I~. mould be as ama.1 as passible an,d to have a 



1 a3gI ovextoad cap ac . ty the value of X 	shou3i be as large 
as  possible. 

Now the rain k sing currant X has to got up certain  
mount of flux in the ma et1c circuit and the sir g,pa. The 
air gap mare turns constitute the major percentage of no 
toad aip era turn e. If 8$ be the flux den at ter in air Cap in 
Lines per square c ureter and 3 be the.l cig h of air Cap 
in Centimeters, the, air gap anpore turns/polo a 0.8 S r $ 

Taking the wipers turns for other parts like atator 
x re,, teeth end rotor eke to be K ttmae the air gap ampere 
turns, the total no load ampere turns for the machine are 

0 0.8 ( 3-,-K) Be x G there the value  of IC may vary 
betwe 0.05 to 0.2 

Theamplitude of th fux*dnøta3, of the anpere «* turn wave 
set up her 3phase urrits is 

' (x) • c .., n q K 3, X~, 	(DSZ*i Vad in App en dL ) 
Chi 

210 total no load amp a ap e turns/pole for the m chin e., 
must equal the anpiltido of the fun 1 a lta1 of the ampero.turn 
wave 
.. 0.9, J, no qKck, , X,u c .8+~ 1+10 8.8 r 6 

I a o.8( l+ BBza " • 	y  

09aiJLn5 gICdpi 
9 

or Z 1 	8. 
Ihereibro it is cvide►t that n2agnatldng irrt I'. is 

dt rout . y proportional . to the air gap length Z,, b in order to 
secure a snag, magnetising currant$ air gap should be as snail 
as possible. However7 the mechanical conaiderai ons ,U , Uka peri. 
pheral ap eedt deflection etc._; l imt t the smallness of the air gap. 



1; 

The ideal short circuit current is' .van by 
Impressed voltage/ Total leakage reactance. 

Totall leakage reactance oan , net of slot leakage reactance, 
aid winding leakage reactance iijdk*zinonic leakage reactance. 
The slot leakage reactance depends upon the geometry of the 
a Jot and dD es not dop axd upon the air gape 	.nil arty the over 
hang leakage reactance dop►~ids upon ie length of end mnductoro, 
thdr 	a €. d the typo of winding cnnecttons, % it is also 
not dependent upon air fiat► l gth0 The harmonic leakage is 
however inversely proportional to the laigth of air gap. 

Hen e a decrease In tile lath of air gap decreases the 
value of 1~. in direct proportions and decreases the value of 
Xj by a very short mount, So the power fact sr is improved 
and the overload capactty is increased, 

;Erb.& I 

Y A, C. *aohins Must have equal nog* of polos on 
stator and rotor but flood not have equal number of phases. The 
supply normally phase ven s the stator br t 32 or stngLe 
phase ro tors may all be used. 

The rotor having a 3»phaao winding' can not be directs y 
used f: r D, C. excel tation. arm a a1 torat&on s are to be done in 
the rotor co. n eetion s ! r d. c. ;,.: excitation*: The alterations so 
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per red must r utort to the following requiraimtss 
,, 'b give aWmaDidally*id lydistrMutodm.ri.f to the rotor. . 

2. To distribute the power loss as evenly as possLble. 
3. To cause the da- ptng currents to be am orated if the 

load pulsates 
40 To keep the secondary st ad -etill voltage to a roasnat 

value. 
S. 1b permit temporary asynchronous operation if the 

may . um 	thronoue torque In exceeded. 
AU the above ro u r mts bavo boon dealt spar-ldy, 

In case of S. Arai. wo r1c n g as asynchronous motor, slip 
frequricy currents are inc xood in the rotor which produce m.n.f 
wave which travels wth respect to  rotor at a speed which io 
slip times the synchronous speed and is In the direction of 

tons  Oup erimpo sod upon this rotation is the speed of rotor. 
4d the stator d the rotor poles are therefore stationary with 
respect to each o t .art  hit vh i d. a oxritat .on is switched on, 
it produces m.m.f wave which rem $ fixed w.r,l rotor windings 
and b es not creep fb rtiard like the A. C*  m,m„ 4. 

The D, C, m»m. f wave contains certain ha. onion, 'Those 
harmonies may produce harmonic voltages which will circulate 
pare do currents in the atatorg  thoughvarious arrctncnits 
are availaLo to elititnato harnonie vol was*  br eXriiple 
thirds c rding, 411 eliminate phase third harmonic z id star 
connection line third ha ionic in a 3•phaoe winding. The 
statDr leakage i apodioo presented to +may' hazanio 411 rise 
wi th the order of the h rmonio. A ciuitar machine will recjuire 
to have a sLnttLc1aUy distributed ,m. f. The various systcros of 



C 
STATIONARY /1•C . 

VECTORS. 

D.C. excitation are considered belou in the light of thair 

halt o C Contclts, 

3.2.1 s Ag Lu , 
If the llindtngo tiara ozd to l as ion by niothod Io 1 and 2 

A 	_ 	I 
-- 	 A 	_ 

tti 
NO.I 

0• C. SUPPLY 

_I _I  2 	2 

PHASEA

23- 

 

 
h N0.2.  

D.C. SUPPLY 	 LINE

2 I 
C  2  -w  	H 	 PHAS HASE B.0 E CuC A 

2 	 STATIONARY_A.C. VECTOR. 
NO.2. EXCITATION METHOD  

The corresponding,  m.ni. f rWave foi fbr 

both the a ove mots rds is 

,15 

J 

V- , -- - -- i --- - -- 	6 
0 T /6 	n/ 2  

P1/MSE A. --- 	 ;HAPE OF RESULTANT m 

PHASE 8.--------- 
PHASE C. _ - 	- 

210 above wave fbzri eta a be u1ysod inInto 

A 	1- C 	13' 	-A 



are h ca m.m.f at tics caitrO of tha pole: 4TI n I 
*to 

m a No. of canczetDr$/polq/'phase  
I s Iitem place to rrcnt, 

If tho titidinee aro eXcxt.tad as shun by vo hod Ii 3 and 4 
.q 3/21 

0 	 A D. C . SOPPL Y 

O ZERO. A 

ti3(  

NO.3. 	
2 	

- 3 
2 

(--~ 4 	 STATIONARY A.C. VECTORS 

2 

5UPPLY 	
LINE B 

+N3I~

+,r) 	r 	1 
z 7-~° z 

LINE A 

,x- 	L /NE C 

 

- i 
2 NO. 4,  

5TATION' RY A C t.EC TCI?S 

o co Dro3ondin av bm for tho ato va iiøthodø La 

+c / 	/ +A \ 	B 

PHASE B — -- — 

PHASE C  

0 	7y3 	271/3 IT  

SNAPF OF RE3bL7F. ,JT 
"m-rn f 

I o &zvo nave ib m can be rmalysad into 

~2 
 e - 5 2 S.,. 5e +! 	-! ~ 1 Sw. ' ~ e.-- -- 

Wacw 	m.n. t at tho co trr of pole _ 

M 
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32.2. 	srpvj 

I ' the rotor is mound only for t o phases and excited 
as 	wr. #a by method No, 6 

~I 

+ I 	+! I o. C. SUPPLY 	
2 I 90 + L 

N0. S 	 STATIONARY A.C. VECTOR 

The m.m, f wave ib rat forr the abovea oz . t-I Lion is 

2/ 

PHASE A- ------- 
PHASE 8 , ----- — 

 

 

v n/2 7 

SHAPE OF RESUL?ANT 

m m.f 
The above i.m.:wave ibrin can be analysed in#, 

8 & 	Sw, e _ ! St..3e + L St.. 50 _.

. -.. 3 

here b1 io 12 

3,2.3. 	s , 

I " rotor to mound only for one phase, the jo.m.t vavo ibm Is 

/\ 
A _ q A 

r -, =s 

'11► above *.mil' wave fom can be anmtyced into 
8& [sue, e - .1 Sw.3e + L' S~;.. Se -• . -- 



tioroh 	h.1 

3, Xn aU the 3-phauo o tcca, tho IwW.cntal ti,m.f 
3.6n4 

has the v u e 	Ir, 	a Al. m there are all or 
hanionl mom , to• 

S. In a l the -tt phaoo oystciol the ndEacnt , nz, tn,f 
h au the value & 	 tare are eallor 

it 
harmonic czntcm c,. 

3# ' he h arntori a core t is are of greater na it t ido In 
one phase and to phaao ortci then i4 th 3phaoo syst , 
Ucnco ono phaao syatc i s to be proforo t to Other 

In ; pha o eystt o f o 1 tc tIou, one phaee Carr. Qs cublo 
the trcnt thci the other uD pho oo cnd stnee all the phaaoo 
hcw • he u. io rod. ; t oo, the rd1attvo ha4t ng In the phaco 
A$B;C 10 11 0.25 a 0,25,  

A 

( CB ~ 

»" tha thoi:i. . c nduct vl y o2 the eoeon t .nca:. µin Io vary 



hii, this uneven generation of heat 411 very nearly o th 
out. 9tt If it 3s otherwise 	pa -dare reached w'U be 
different in different parts of the windings. This difference 
of the tarps ,-Aure can be avoided by making the slot 1br 
phase A of approzimatt1y double the size then that for the 
phase 13 sad C, Instead of having one winding in phase J4 two 
parallel e.reiis of winding each having the sane no, of tons 
rand res. ct nca as phase B aid C can be arran 'act. The relative 
heating in the phase AZ At * 8 t C is flow I x I a I s I 	the 
machine iseaved of the ill-offsets of uneven heat generation, 

A 	A 
1 

0 rrlar stnptnge have aslots of is type is so . in i g. 
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STAMPING OF /200 fK. W. MACHINE. 



S . , 
I CTAT/CN 

Al - C  B 
Df1MFING 

Z= 1 
-A 	C 	.B 

SMALL •WUNTI I( 
- D/SPLf EME!7 

O t ROTC? 

AU the synchronous ma climes may hunt on pulsating loads 
The low resistance of the secondary psasits its use both 
as d ping end exstting windings. 

F!Ng. (a) and (b) show the stator field$ the rotor circuit 
asrresponding to excitation methods No, I. and 3 and the exciter c .x 
quit 

STA10H `l; L[ 

20 

VOLTAGES ,~ 	 ~ i 

- 	~1 HO CfTER 
FIG. (Gk) 

DIRECTION OF 
----~ DAMPING CURRENTS 



__ U 
W;- 'Wi 

ROTATION 
-E- 

DAMPING 
VOLTAGES 

SMALL HUNTING 
'-~ DISPLACEMENT 

OF ROTOR 

STATOR FIELD 

2/ 

EXCITER 

FIG. (6) 

As the rotor roves relative to the stator field, owing to the 
puLoattons of load, bra voltages are generated In all the 
phases s ii.di flay ae i zt or oppose on' other in the w.ndinge, 
If they assist one another in a closed path as shom in fig. 
(a) trr is will be induced in the rotor thick 411 fond to 
dnp out the pulsations, If they oppose one, mother as : io zt 
in f1 (b) there is no dapping, 

It is seen that wpm phases are fed in parallel damping 
in satisfactory but it is not g rte , they are In Series, 

the s ndary st nd stiU voltages should be 1e. s tm 
2500 l is in any case, If however, the turns disposition 
is such that et 1d. a l.11 vol tags is roro than this value$ 
eat phase nay be round In two hat ces r, that the whole winding 
f'v s ubio inverted star. tthur one star uay be used for 
starting or both in paralle4. The two are +grin octod In sex I1 
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I C. JPF _Y 

Eoltaa0j R co- a," ". ^, 

it t f4+, 	"l0 dcping D1 too co as cifl ,o 

0 pUi1 out torgtio of  o 3. A.f4. it unod as as 	rzins ua 
t o 	1a tocta l y 1 tc or the as synchronousactor, It is 

ia'afbro bast to u a a r'rindng uhich ioata tho zo tor, 
Cann octod r Eau chronou z op aration, 

12 txo pocz load occu o thv ua ino may work .far cn 
In a Vcs' t an aasrn t't aau c motor ciu roiuni to syn a?~ rand 
e+. var %o p sue, 	o an r van-)u a action . a tea nt hay Ca a to 

nauas 	qtw bit it in pQrILn11b1O br a 
u ,02 porb4.. 

n cow) ofc (n O phnoo m a; tia acino tan it loss a:` 
ota,»t.nc" ezrquo bocica C? iziooctcd lco roaotcioo ao c'otpXaro 
uith Zpbua rnd 22phQSQ zvtDISt 4 also t o iaahino c1 iota 
c t"► bn t t?. nor at tbt,f 	ca s .n o phana. rotors aro 

{.a~, 
 

at a'-i rac, 



The two phase srsten of rotor connection has greater 
proportions of harmonic o ntents in the m,.m.t wave torn mien 
three phase system. Hence it is not p efercd tb throe phase 
system. 

In three phase eyste i there are n, of ways in whi ic 
d. c. excitation may be supplied) but it is ern„ r m otbo d 110.1 
which possesses V. 	daiping action, The other methods have 
very poor dapping aatton,, 

4.L _ _ 

The sinceronous motorhas q►t two unique characteristics 
na ay the absolute cx►nstomat speed end the adjustable power 
factor. If the mac tiro Is over excited$ the stator current tattoo 
the loading power factor and if it is under cited, It takes 
3.aging power factor. 

The 9. A.M. Combines the pa 4 starting perib z cc of u►und 
rotor asynchronous :io r with the do d. rab1 a running chaxacter. 
istics of synchronous motor# 4Lnca the do p requirements 
for the synchronous motor said the asticbzonous rotor me 
d . ~wtetri c .y opposed, so the starting p erfb man e+ to some 
ext€t is sacrificed to obtain the best synchronous rot r 
characteristics. The behaviour of made as synchronous motor 
to nt&.ned in the olioving paragraphs. 
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Zn the case o f large electrical rotating nachines the 
armature reststgice is much sal1er then variou' react ces 
and h ace the arsattra resistance is neglected. 

The vector diagr*►a for leading unity and la,,g ng power 
"ac bo ar are shaft 

6 ~v(y ~. r 	
(c) I.AGGfNC /~ . 

(u) I -`4D NC /' f. 	_ 	t' ' 

v supply voltage V inipreised on the arr aturo is ba.,nced 
by the ccn orated vl tagga 2 (by the fl.d system) n d the 
armature inipo&iee drop IX (AU tho-o values are per phase). 
Power developed per phase 	Q,s (Øe) ; -f; L1 to 
I$adtng power factor end - v,, sign for 1aizg pover facora. 
I all the to sies care neglected thou power doveio ,ed is equal 
to power input, therefore 

Cbn Bering the vector dtagr at triie 

( ) 	V2 + E,. 2 "SAC Cb S 8 
on I 	1' + 	~► 	rt r r 	+~ w► R M M 

x 

l.n 0 Sin 90 ± ) 	Cb 

on 	'bs f 	+ 	 .- 	 000O(i i) (v2 + .. 2V cb s Q) 
Power pu 'phase w Vx Cb s 0 

VA(V'4E1 ZVECos0) t 
X 

V E S e 
x 

E Sw. 6 

A V z+ C''_ z \,. C rc 9) 
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The aadc .mua load at aynchro ou s motor which if exceeded will 
o as the mot r to fall out of step is 4vcn by 

PH 0 V- 	where A , 0p0 
X 

210 power ite diagram of snchronouss machine is as shown 

P0WF4 	I f-UNSTABLE' 

1  iao 270 360 

0 	goo ` 	---A VGLE e 

M ~~ UNSTA8L E 
i 

MDTnR 
4CT/C,V 	---* GENEPAToP. ACT/OA' 

The ma .,iura power as motor is that rresponci.1ng to - 9th° 

After t . o the no tor characteristics are quite unstable and 
the rachina comos to rest (L_ 

4,3, 	''row' 	EXC1 ATIdN:- 

U saturation is negLected, 9 is directly proportional 
to oxtatton, Cbnaldormg to vector ciago , 

(1)0 2 0" V2 + E2 2 Vb+ ( s 8 
If excitation is kept ocnstit Which memo to soy 8 

is constant), as the loud va1os locus of point Q 10 a circ.e 
having its centre at 0 and rac' ua equal to 
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lb d t ine the locus of 1, it may be observed that since 
locus of IX I s a circle and as Xis 4 instant, that of I 
should be another circle. 

' (Vl + (8/10 » 2 V/ WX t,8 8 
t *&a 

 
sate that I is one aide of the t ian lie ribose 

other tu tdes are of constant lezgths V/X and Z includLng 
a vim.a 1e angle 0 o  OrfeOqu+zi1 .y locus of I is a circle 
Stith radius W` Z and Its :+ tra bung , Where pbasoY OD: X 
lags behind the DltaCa by ► . a Oo  a tatsan" x/a 

Now if the excitation of the uiac the is Increased 
I can be made loading as loU, The maxttnum power of synchs. 
WWU r:.n°hinQ is 	4 	48 S 1s the radius of the ci wclo, 
As i tago is con stcait, and the radius of ci rc a P014 a JVX 

thii PDX to certain scale reprosonta the m .mum poser of the 
M 

machine  

Co 

0 

P 

the radius of ctrcle 
0 	`/ 

Zit the :.uchine be undor.ezci reds, 
shrinks and the current may be lazg1ng Ibr all loads. The 
maximum pcor 411 obviou y be much re zced. 

Z6 



0 llcLriui oua ► cv :Arai to In a uon-odic t 
o c rortau a rlaciAn o ;? 

t~gaa cV frpllod itco 	, a cnøtnt  

0 LUUOP« ma ► .tad In afi t ar +tea t,cleLtation 
LU tD V4 

x pchro23Uo Cot Co 
a cry sty t Vol talc V c xd onatit a c tatIon 

( L . C La a1.co conot .nt)$ 	Irpouor avo L 'io 10 
invarc . ' p ►par Uo za, 	t io 	hi,noz, zaact nco X, 

tt 	vet;;a 
111tQO 	La,, l a road as of stair 

* Aatuzo roactton roaa c co, 
LTou c►atura iar »rco roclot nao 11 a a i- 4 - 
uhcro 	3`,9 -0 	t 1QLcxrjo react mco 

t Ovarbi 1 oa oa coact c o 

` c urao h-data ic*► af,a aaatc' c i La traI ibs t in 
s etflOtt a taw 	as trama to ih of cr rap La l arcc,~ 
Ait ara ary C.00ntaU$ 	L'a bo ran ao ayndi onus 
n a i a0 DO batna con al dax ac's, 

	

Z ha Olo t L"!1d ,vor i:i rj 1 	^g€a' roc. ,t, 1 co tl a 
Lnacpcic1ciit of o . 	icmth Izit harnor 10 1oaizc o roactcnco 
va:» a0 Lfv'ora .y tjIva Ca, cc 1r c t , G 	tQL ato Mco 
?3aot in a may bo ein, t 	ate 

fi 	V' 	fY9MY ltY#~YMiI~~INN~Uw~~I1~wYw11MMMILL1Y r1 NR (IL) 
Q ^' aviV""JJu 4 W:~ t 1 o am atu o n oa o'1on ra c, c cn co 
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o' n: s Of rao µtiL Of tU t2"pc't ra 

'121 "' 1/2 O< X ZO t ZZ 4 (Roi or to A p 	z) 

III 	ITo. o c ar c aotava por 1ot 

	

 v l.tiQ o 	o current por p1aO3. 
q 	'oQ o d?o t par poloo por pkicaoo 

jj 

£Uz t. ttt3" 'I? r 	'q ",a, mi Ai, x o•ti T 

' p oz Dole pi tc 2 	~ 	(3 a, 1 £  
uho'o cgitvc c lcnth of a 3b1roo 

2 Polo ptcz. 
'ol' aGs if ?.Ccc taco to t a .t 

#' l  	I' tai„ ,? 	1, j p vo et s . 

'short  

et Ea, ..4.44 f Tp& Kdoh ,,c,o C('lv► o•9I N f K dpi)( 2 Qer~) (° ti 
7)J 2 	 S 

' vs ixiAturo ranot.on rar tcncc, 

E=' 4 ' 4 4 f Ta i, k dp, x ~ b 
I 

X [C'  
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,t, increase in $ xxiean5 docrease in deriomina ►r and 

h&ICS CreasS in power developed. *r machine with a large air 
gap c n deliver ntore power and honesis more #table*  

If in the circle diagr n of a on. chznQus motora line be 
&M Co rro ,on ding tb the I 2 lass in the machine, thm the 
vertical intercept between the circle and the line, 
Corresponding to a given, value of the stator urrmt, gives 

the power developed in the nachino, which can be directly 
read. 

F , 

'-U 

C 
Y:-  V/Z 

0 	 A 

FIG. 4.5/ • PRACTICAL CIRCLE D/A  GRAM. 

S 
	OF UNDER EXCITED MACHINE 
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Power input 	v. o a . cas i 

'" V. 9L. 

f ,p Or loss0 9 R. 

00m~-'c 	az,z md aso = 	Z 
(b ordinates of centre PO of the circle are 

OA 0 OPu 0e d * V/Z . 'Z a 	0 
Apo : op0 	d : v,z i/z 0 vw22 

Power t.z'+O.opOd a To a L • 0 Q . 
Now 06 2.R _ R [6LP,1- oP, + 2.oe.OPo CosLop J 

2P. OP, . oD. + R [a P i- 

2R. OP„ . OD - R. OP . 

where OF is 1UUgEIt to circle, 
Nov tr,. ioOIP0 andO'' are . .3..ar. 

2' 2 	9rotore 0 a 03, Op0 
of 	OF 
0 t1 ,E 1 2 U 0P010D -*fi, O3 OPO 

2R.OP00OD -► APO .OK 
t;►hors OK 03/2 

OD*OIQ  

40 	0'O I) 

,0P0, Qv where Qw is parallel to sd 
equal to K 

'.0P Q, 

Power Dal vclop ed a V'.; t „ * 2 R 0P0, Q$ 

V,$. •. V,L.4 . 	.Q •APO 
z Q (V * tAPO)  
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Lot 7 hO 	point on 
U60= Po'10 	r[ V-M APO ]+ YY [V-2R ►O ] 
Ii" Ys 	. W0) •.L$. 

az ,XL s 	V LaY. 2 . APO 
Poor davolopod Is then given b t 

QY( V.2 RA0) 
If from R aline is dray sat.no, an angle and cutting 96 
in Y1 ihh ei, 
tan. (3 = yL - Ys-LS = Ys-LS - YS 	('Is _) Cotac _Cotoc 	~ 

L s to cG L s t a„ ( 	 LS 

c r ten ~c tfl( 
LS 

V 	 ~R _ 
v-ZR.AR, 	v-~.R•APO 	v-iR VR 

22 

2R. 	_ 21z 	-_ 	_ 2 ta+2i oC 
i  2Z- 2 R1 	k - 21 	i - ("-/x)

z 
	- Y.c~,ZeC 

L01 (~ s tam. 1 oG 

2 oG 

the Vartical intorocpt bat am the circle and the line 
R. Y,U will r ros t the power developed, 

In ease of an over exc. ed tac. ine cf ce the 

origin is enclosed by the excitation circle, to tmgmt 
OF can not be drn , eo the gr ,hicll CnstrtiatLgn is 
to be little ioc led 	rora 0 draw OF p peradieutur to 
V/Zneottn the crLo at Yo, 



Thxt,gi P dra a tit Me th g VIZ pr e d at 3 
!o7 gortfer developed $I '~# , 	OQ ,R 

  * 	, - OPO4' 't MQ.OP0 O+ s L QOF ) 

V 

F 

p 	W a 	 E/z 

	

R y 	V/z 

° 	 4 	 A 

FIG. 452. PRACTICAL CIRCLE DIAGRAM 
OF OVER EXCITED MACHINE. 

5 

O44dCOln trif1e OR O Ind C'I Ò 

	

IP 	Opp '0 j? 
g"',l-aOPO (0700+JO) +►' Oa 
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OP0 ,, G 

"S 	, 	0p~ a 0P0 , 30 

Is GPO 	tth WO Olt a 03/2 

bstttut.ng C 	0P 0 2 F0,, 2 CAN in the +e pation of 
power developed. 

w2R.0P0 	A4 O D 

a 8a.0P0 ,KD 
The root o. pri, f is sr,e, 

The lino RJ pas in t1U 4t I R can be drava mad. ,g 
ctl i1,13 of 	: 2oc with the horintal. 
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In order tD explain the op oratzipm of . A.M. with 
oonsti* t exr .tation. and varying loada, it is asuied that the 
magnetising in.m.t is ss a fbr aapc1Ybr1ous and synchronou 
motor or in other words the impad nce of as chronous motor  
r a, at synchronouss speed is practicallyy idczziticai with the 
magnetising inpodance of the asynchronous motor, Ica that the 
no load VOCtoor OPo In the circle shake of as ohronous 
.::::otc r fixes the c tre for the excitation circle fbr synchronous 
n ator operation. the ..agrin for %AM has the form as sho. 

,1 

P _ 

0, 

FULL LOAD _ _ GL 

r 
HALF LOAD— G --- 

M" 

NO LOAD N 
d 	A 	T  -- 

FIG, 5.1. CURRENT DIAGRAM OF S. 4.M. 
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OP is the M. load current find PH to the power scale repro• 
seats the Ml load out put as asynchronous moterr* The limit 
of stability as synchronous motor is P0S, The output lines 
are practically straight lines parmllel to the absd. s .a. 
ThO no load line is drawl horisint€?dly from PO  and the 
full load line is parai .fit. to the .ortgontal and c1iett 
PM from the no-load line. T e di agrai asnzmed all losses 
a©natant and equal to Palo  The vector Oct gives the 
stator currant and its phase relationship withvoltage. 

Now 	pose, as I* the normal e ndition that the 

direct ezeitLn cure cnt rcnains fixed at the full load 
Valuot  the 1anC th 'PoQ is natant, Tholocusof Q to a 
r .rde of radius P 	id ccntro Po„ Now no .octLng minor 
erfi ci cn cy van lattons, the povar tniponcnt of tho stator 
current will be proportional to morh i cal output. If the 
load is 'halved, the point Q will take the ear position Q' 
so that the vertical. u,trtponit of stator current is halved 
end the power factor becomes more leading, 

It the load Is increased$  the point Q will ma ye up the 
e.rele towards . At the point Q% the value of stator currant 
will be OQ" ad its power factor unity*  If the load 
further increases, the stator currant will increase and its 
pone ° factor lac.ng tin at point S, where the inaxitius  
pull out torque in roach ed$  the machine epos out of stop 

d the load will transfer on the as chronous motor 
characteristics at the point P' so that now stator current 
will be OP' and output P 1 M',r  The me tor will continue to rrn 
as an asynchronous motor with fluctuations of slip aid torque 
and 411 come into stop once again whan the value of load becw.ies 
le.7s thanPofit; 
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~'g' ~"M' 	iw~.+ 	3FT4-0 . * r 	,W► r - 	z 4r , r 

xp ari cats we periormod an a nahtn a► d. th following 
ec 1'ications I- 

4 1 VA ; 3-»phase; l/22 V 
23,'3D.5 Al 0.8 p. f 
-Synehr anus speed . ]000 r.p.m+ 

The resistance of stator and rotor were bund by X(elvtn's 
uble bzL do m ad the ibliowing vatee were obtaine 

etator re at z ca per phase a Q,3$o s 

Rio or ro i stanco per phase a 0.0478 o s 
1io ratio of trc a aariatiou (st& r s la tor) 

was p2Xn1mtauy found to be 306 
► rotor row stance per phase roforad to stator 1, 0.585 nuns 

The no load id short circuit toot were porlarrnad on 
h o i achiu c1d circle die rcsn for as chrouou ts rotor 

was drar~i cDrro ond1n to the data obtained In the atove 
two  tests, 	fol3. 1-dug results were obtained. 

Stags r ci= rc t at full load a U, 3A4 
P.R. of the stator aurroat 4 0.82 lacng  
Rotor currant at full load * 9, A, 

P. F, of Ib to r c rr t 	a 0,985 l a-, ng 
g.ip at full load 	a 0.0635 
'R.l1 load torque 	$ 3,43 s 1 chn,nous Kv 
M aad must pu~cc.l Out tD rtju e 	a 8.44 Sync rr)nous Zv 
M1 out tx ,u / tlU load torque a P,. 
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"f.c ency at ; fl load 	v 88% 
The d.e. excitation br wing tho motor as s xchronous 

motor V is c .crulatad as follows* 	
tt rw.s 

Ibto Q rr zit • 9.15 A (2tabr turts) 
t ..,,.s 

9.1)5 *3.5 (Ibtor trot) 

32 A. 

uival ait d. Co  excitation a 32 X J2 0 45.2 A 

*O In order to . have se ro to r mom*  f VI th do c. 0r0. tat.ton I  
rotor axrront sh,uld be .2&. 

The curr tt locus ibr synchronous ittzr operation of %Aam 
for d.c. excitation of 1A and 26 A were drus : ttaDra sally 
.nCO cuL1rcflt +diagrees of $,A,1. is all in Ltriattng 
qu tt t t es, a the corresponding A.C. equivalents o f 30A d 
2A direct c:aj,.,,malt are - 	a 6.O5A (Stator terms) and 525i 

3.5 xf2 
ro poetivoly. WLth Pu  as c+ trey o'clos wore d awn with 

a, Wations 6#05 A nd 5;26 A raspectivoly. The S.A.. was 
coupled to a %nr c ron u s c n o rata r which could be to adud. 
These th reticcl care s ofaa:. - axt locus have bac i v rir ed 
eza erlm t ,.y. 



I 	a 

SET UP 
OF THE EXPERIMENT. 



O8aiUogphio records of rotor actrrctt, stator carr nt were 
~dault ae)u11 y rcCOrd.ydd on a s1x charnel Cagnetta Oscii1og,rr b 
for the r.ia.-:hna puUing into synchronism and in out of 
s to c hroni5vn on ,yti chrronou s o verlo ad. 

b lowing is the o1octri cal circuit used for the e 	martt, 

:YN , MOTOK 
FIELV 

SYN 

p f 	 I 	 I C-ENERATOR I 
ROTOR 	 1--,---- 

z TO 

—__I.—_ _— 	OSCILLO- 
Th O5LILLOGRAtFI 	 GRAPH 

Ci ATTFRY  

 I 
7'Ali 1 tR 	 p  

(Two  w 4 ) 
 

3- P-iA, E LOAD 	T1. SWITCH 
(ONt WAY ) 

The pinta r3. 1 view of the axe a arrny c.._. t is sho.ai in the 
ph tograph. 

nts of 300A :c3 75 A r ',I usred to r,.)cnrd rotor curt int 
and stator c —lr{mot. In o door do rornrd tho itae va'iatLone  
of stators a h3 h rG5I St:nce t1as unoc1 ii a: os ,rith the 
,1 tape vi.bra1 	. 210 n.zchIna 'tu ran an 01 a. a 	zonous 
motor, The st 	t.n I:; r::. 	c o vas cut stt i b-,r step. The 
switch I-pan put on tho :).a« side 	d1 th o : '~ ri 	tLlo4 Into 
StaP,6 Thai  ?. t ms u 1, on 	th i 	r ~~ir 	u overload 
It pu.,i add out Of syn x4nnj n x'1&1 ', tartot1 

WI 

~+ 	SHUNT 



a1i.fl g as asyi ranaus xotor The oçpomre tt o for the 
rscorcitag fun 'E1,1 	adju stet1 w *Is to In duao as thronou s 

m, uI Un into :itch, th a .7; ".bn.,onou s ran ad tho e f'f. ct 

or By'  sthm,u v ve r1e a3. The "a: a .~ are awn on the 
fadn, p 'w rlphi., Tao tb1.1oAn~; c rndusons have bucn 

1, The ourvos no.1 oti the variation of rotor cU :rant„ 
whoa © machine to is r x ar, asYn chronou s rioter, the 
xotrrCu -rcnt is £uXdj. and varying; 4th slip 
frequency. The broke, part Of the curve sows the 
operation of s4tdin on di -ct airrnt, The rotor 
Curr .' shall, now be Om of incbcej ettezattnC ru''cnt 
ar £brcot t.ltreet irrt, The inc .00r1 oito . atIn Curr t 

3 die colato CZO B tho !1a,,2hln0 aoe1oratos ttan 
s t; yn r a rnou a to s eironnu o epeod. At synchronous 

speed, rotor Ohm carry only Uroct currnt salt by the 
0ZXtte Into it* 	II21 tho t.:l c!i 	Ia prat on laCAAr,n..u$ 
overload,, the r. cajno 411 ajtomat,,y be 1z,tbring 
attci 	eras ;, 	ar1nt; the tino, it is notoring, the 
value of roibr 	r nt till mcaso r firing, tho tth; 
it i 	 c 	n the vc1uo of 	Cucnt 411 decrease. 

2, The 	 no., 2" .o ►. u the 'vzv n t. on of stator  Cam' rran t, 

It bcw the zwFply f og' s,, 	a •i the raac.' i no Is running  
as aw.,la . an-,us Sao tort it 	canstmt volue. Alx► w~e~,. 
It to 	In 	3" rnisi, It has constant wjue. 

6.Li.i 	h./ 0„ 	a. 	i+i L7 V 	 cn the F chjne ► o ric 

a« L`4 J LnI,tthe V'ZUQ Of 	 Nur»'iii Iaor: etc o and 
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c ri.ng the tine I.t mox►ks as g r ciiitin,g, the value at 
stator ar °r t dee a on beca1 a in the case$  the ieahine 
flea to ,per c u'r t into *ppl y. It is observed that 
whet rotor urr tt ixiczesea, stator crront ala 
increases d win rotor current decreases stator 
urrtn t el m decreases.. 

3. The curves no. 3 h 	4j ltae applied to t, ha 

StatD r y 
 

it do 09 not vary 



The pertorminco ch ractozjst.e eurvom for the exper.. 
me tal motor have boon drawn from current ri.agrem bi 

(i, F2U load 1 to r exd tation, 
(2) 66.4  pere t of full load z tor excitai,on, 

These curves bow O)  r the wer-faot r, stator current id 
reactive KVA vary with ► toad. 

The $.A.14. to inhere ' incapable of the temporary 
overloads at a chron us oed. In asynchronous motor#  the 
overload capacity is practLcally indopsidont of the magnetising 

rrOnt, the xotor rn„rn*f Varying automatically with load 
up to ► its maxt.mum value called the pull out torque. In A.M., 
this property IS UnforbMhta y aba t bec i o tho rotor 
mom, f i s fixed. By having more of excitation (mad hence 
more of stator current)$  the available powerr of the machine 
cmi be inor aazsad. But the Values of stator and rotor 
currants are 3.initod by raper space available and the 
ppeunts.li1e ixeat.mg, The nature of load where 4,A.M. is 
u red (ew go pumps or fa loads) an overload of iD to 
perocut is I ,probable and in Bach cases an overload capacity 
of 1 peroe .t for the iiachine will be .aa,f11 	,t. 

A low power factor 411 Increase the first eo st of the 
machine in addition to its Moaning cost,. If the power *faclb r 
of the ;, achine is increased, the u seXUl eaorgy available is 
increased without increasing the electrical proportions of 
machine and in certain cases ct3ne ova be rec..cod4  Alga 
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FIG. 5.2. 	PERFORMANCE 'CHARACTERISTIC 

of 	S. AM. 
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tO wing ( øt of finis machine  t a decreased. 
Qirvss t) *how how the power factor of the machine 

imp ro vas with eXd tation keeping the load c in st i t6 
Cirves (11) 	,w how by varying excitation with 1a ad'  

the power factor is maintained n st t. 

Mee  

The nsttt excitation corresponding to full  load end 
unity power factor or 0,9 leading power factor has constant 
rotor losses fbr all loads. t hOn the nab a is operating at 
fractional loads or eve, no load$  the power factor Ia quite 
low but the stator current &ad stator copper loss are 
unnecessarily high,, This 1P as to decrease the efficiency 
of the machine. In order to reduce the stator loss, the 
vo 1Dr loss and the increase the efficiency, a sYston of vax'. a e 

Isintroduced which sends excitation current tO 
the rotor corresponding to the scats of me*ienjcal load. 
Such a sy'st+ ,, is shalt in tig. s s. 

The syst*t nan d. sts of ,GMs a three-phase rectifier 
mad + ro t trena rears, The exciter of $.4.M has gat two 
: elds, one iunt ftold fad from the exciter and other i'1)4 
fed indirectiy from the Zinn 4th with the help of cur rent Crane 
Lb xm ors and a 3.ph ash rectifier, The exciter shunt i 
den eel to potato the ou9 out necessary to excite the motor 
at a required rat power factor sad no load. Wei the load on 
the machine increases, the line current increases and 
cX)fl$eueftLy the currai t in  the a «d1iary field and o the 
excitation of exciter increases which 

3' 
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increasers the vol Cage o f the exciter :i c* can 1zI)p3. y more 
excitation to meat the new load condition at required power 
factor ( say unity or 0.9 leading) 

CURRENT TRANSFORMERS 

STATO 
W(NDIP 

13PASE  
SUPPLY. 

ROTOR / 
(INDI NG I~ 

\ 

SE 
FIER 

SHUNT FIELD 	FIELD AND DIVERTOR 
(CARRYING FIELD CURRENT . PROPORTIONAL TO LOAD) 

FIG-5-5 /AUTOMATIC VARIATION OF EXCITATION WITH LOAD,  

lit Sh ovate+ ads are however not po sibla because 
saturation begins to affect the ou ,ut of the tr offers 
ii #fit the remit that o f i ary excitation is no longer 
proporbtona , to the line a rtrm t am the exciter sate: atiou 

11 reduce the response to aui1iary a chat. nx 
1e prav Sion of automatic variation of excitation 

dependent on line irr&it also insures against the machine 
being pulled out of echronjsz by severe vo , tage drop s 
provided they are too short 'tD increase the tauperature of the 
mac n*, 
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developed t o g1vda, if aonotzt loss equal tD the as chronous 

motor no load loss PO A is s bgtraoted from the power devolopwd 
a very' practical circle die as giving the output directlyr 
in obtained. The diagrcn in shoi in fig. 6.8 
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7  r  I 

6a the riaehina I a uu .ng -4th rotor ort.ctrcuited, 
it cad i very f nr17 O1LL to sY a iro ou s ee 1 cad very 
1Ot4 f ocu11oy dzrrmt .re thcieed in the rotor whom d~ c, 

'cttatan is tom.t cod on It tses to its final value 
inetttu&y', it is iper imposed upon low fr quetxcy 
ro1r an'rmts, The Io° ,r devalops two torques. 

` as asynchronous toz' torque r a o to slip frequency 
ciren so 

2) 	The synchruflous motor  ntar torque cie to d. c, 
Boib r o sue. aching on do e# * fie as chronou s torque was 

bal&elng the load torque znd the motor was sinning at 
cz~nst t speed. After s4tcbing on* the s chronous torque 
dovolopod ma7 aeeQ.orate the altar and the x nnected load. 

a torque depdo upon the value of fiad cirr it nd upon 
the 	it1ar ciplaenent a betwcn the axis of synchronously 
rotattng a.c. poles and the xta of d.c. poles, The gular 
displaecru3lt varies vi th time in a, moor Ito on fined by 
this ibllo%Jing differential ocivationo 

	

C.  
t 

a. de 	S.A = e. 
( riv+ d ; appendix) 

The slutton of sjdi a. oqurtlon Is UEpCs ,blO and 
simpli .cations as ch as sin 8 0 a radtis which are true 
ba° aaol , nand - O can not be applied because 0 

varios evc c beyond thosü l it , kbt ever the phioznion of 



r 

p+~11 g Intoø itcp uiU bo cpAito c ,otr b ' aouns of b11o,thc 
d.±ftrjA citl 	1f'.na icn* 

c ; w- jjn tho 0-t es, ps1a :;br c on In tha ts1n n of a 
voirn? vt ' ona ca 4 p^r polo pOz pbaOO, Ilo i iho 7a .OUO 

} 	:':;a X ' polc trite raccct to rotor polao may bo 

r. r 

t ` 3 viL.: .a4}i nt of ..1 :.th,j cn 	' ie t to of 	to 
Vol ct r i t c at.'AtD ' pal -$ ! a to .S O (L g. ?.3) this 
u .ziciG.i .t thi z lrC-)jrjj :io'' (t3 .lop E " s ct nou 3 

qua r ^ Y it only O/:.i v 4i:i i.i { t a. ,n3a wi .: io o A. 	Ai q1A o 

that 	t t na tho iuc'iinoat as nc r,~nouo pcx3. 
1.0uavor 1 Cj tho t.o. poi. es c VrLCO J1th ?O oa 3Ot 	d€0 04 
poloo, 'Uio xvtor dov aoyo sw a afouD toI toga 1opcndtflQ 
upon 'th o G n o of cn1a 0 , `.Xis. o to qU o do : 1op Od sit tho 
x to ? In In a ' ,L tLon to thc auya dix o motor b rgu o. i1hQ 
txa ircarjnotto rotor *alto !a 2ttoicat cw)tht t ctcoo - 
orato 4I o ~ ~. tie seta v rjIll pull into of cnd c oil 
o caw) y ca v pO a.1..DXI fz= 0 to 0 C e( 000) do rA , i g 

ti tMon 10 ad, 

tYo =1 tat-on is nT1tCOL on at C7 AC1a loco than 
0013, ;: a;c.i ror trill azpori eo synchxonouo for quo r11t at 

3 s-: ou r. t: cr:' LT:ii chln, ai d ay c ii. atahino 1111 pull In to 
Up Efl. 



I hovr cZcit!tLon is E3uitohod orn at c 	10 
0> x 13o two motorrina bDxiqu+o trill , ► on falling till at 
e 	I. a ., it u .11 be zero* In thi. 0 po at tiori a. C. poles 
onposc the d.e. poles, both b€in, of the steno polarity$ 
ho £.LC1d cyst a ipsbaO! through a polo pitch,, the 
dip Incroaooe end the systca 	 arlcncos a retardation 
actlono Duo to th13 suddcn retardation, the in *ation 

txrnto in the rte :, in oz'oaao which o to increase the 
aoyn: sz noua orqUQ uhich putt.rj up the ro't'or, 1so during 
t''i o ro`,atda. iort, ?stn the d. ow poles no under the not 
a.o. poles of oppot to polarlty,tho rotrr ti11 export cries 
styncorious rotor to o. The in 	sed aecwenou 
rio tar t rqu e and tho s c}unous to to r to to pull up 
the {iachino to synch niVic1 it is in very 	,t .oaf, cases 
that it =ay roqui ro tho 	ulativo of foot of soral 
pow tivo half cyoloc to suce oynehxnoj npoed tob 
roachoc , 

Mo nceosr ry id ma..fici t oenc'itiori in C11 the cases 
o f pulling into a► is that load torque should be loss  
tht:..o over load c&padty a ' to iaa? no as a rnd notza 
rott,r. if ©< 0C*$ the nac dno 1 l:, pull into otep 
ui thin one zriin o f r) tor cn R.:• c t vh" . o b r o'> DOO, 
It ~ aY rull into Stcu . t $$,n t_ vW lags vi rotor cu rrci t 
lid in vaay cam.tMcal ccs i th s-1var . onr,1n(s of rotor 

:rc "4 The tau* . natLon L prabablo t 3 a ta load 
tzLiuo I n vary nuairly 	a' . 4o 4ic ;i o►amnouO overload 
Capacity. I:ouovor, ; is boot position of c .gain!; on d..c. 
arciLiatLon io that u,f ii e i the rotor ulil occupy  vi th r i o,~ cc 4 
to orttor whc oyndironiso 
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0 4 +~1 ~;xwrvweraL rti.x~a~ 

' 	'Jr. C i~w e ' O 3r t») 3tCp, If bbQ , locd on tiro 

reth3 Z,. z 	 ..,^ . E:.^ by 	t"a.t the r a vQ ci.O 

W Q11 C! t, w-. i `~y.: „  .tom.... t. i. 7 i.+.f kRc.Rtt 1 iJ 	'+M 	• d.c.po1 o 	1',13.1 c i 

on a.flc   :'L; u!-) t3 C3°, a. to c'f~ i ch 'mac naciino ulil £c.1 

i it t z ro'T a bciiavea aS ho 

	

i ~►~ .~1 A t .. .a ~ ~. 	dip r1n~; async~hl'onsu  

ct 	1 i qi' c is i ow I s i'otor hcing 

'zo ritzx1 	t!j2 c vy 10-w rotLoticc of  tho wd tcsr. In 

. t 	o-6 die ._.ac' rag i o &.;!A o bot r, m a„ c ;mod 0* C. 
pal u tJL l i)O 	lcinc c ' .i caUy $ r zero t 3OI . 

	

On tai: c. )erinc.tc mt>r i 	the tccbno was uor re 
as Gyz! c 1 noun 	r , the nouar fniut 1x the achino vat 
MOO urt cs U1 oll of a Oaddcnt the n the _ito put ©n 
c tra to i of " 4 wa top thO tiath2.no ucrt out of etup. 
C.i3 line A3 a' -cue e load line. If the to eoe off' tho r for 
CII'o fr,.l3Cc':, ti tL ,tom rr.21 iou the pouor do ..aped or paver 
Input, Z o i ,xt,1 o phcnon'men jioy be canpo vod l lz o ' 'x . a. Lot  

.zti 	inc be ..•,w14n;, as a cm noun :.qtr CLret -3 taut lime 
eiows th?o load 1izio or the uox' unvolopcet br t30 itoX 

or tea.o peer in ut ID the ric u. aa, 	'orr the d,e. 	Lt1on 
be r t cd on* The Lno curare hue the parr- CQ 

etlotloc rya ;f w°Nr+on±eu o r ,o `ho r c a rr 	n 1tn ; 
tGtio . 14,3rid line 1aw±n; rc±ro attic? "yy AD; l = UALU 

beinc: ' 3n Fr;+ 1 In the XtL Zo rc'uo rfol by  

sc 
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with t, ,e ilt that stator 	41i Increase 

Xri the fe ative portion of po ie M816 cuter ., e► 

	

rttot in tr is 	• r aehine act$ as a 	rc tDPj  

the not o ac '1 L tth g torque  'iU decroase with iie 

rasilt that tamer 1 ' t and mtor cure t will 
both d craase. The hatched portion above load 
line produces acceleration :d bui load line 

pr, o OOs z!aardation. The variation o " power input 
the ator ti' it, the iotor current and slip are 

S'j 7.2. 
..vin In he 	{" , 	h, They have all bet dor..ved 

Fromthe vI rci o . arm +gyp rre pondir tz input 

varIations. 



'T1 orz ivn at miity or 1-adlnz pcniov 
it is pctL abe it p1teO ira a 

1dIng potion racti r1 	cxitriit 	od Is 'oqtzir'od 

for cc10 air mriproxorss  ax.vnla (prr3, fcLs 

pumps, 	1zLovo:, 	are cuaiioro and In larCo In&'. stric1 
ri., .s  such :Is rinincmU1 in cant factory, lino to 

shaftinc in tzti1G milts flour iniUs, Mbbor corks 

and paor 

The S.P.M. in riufacrcd ir a rmge of outpat 
almost ecua]. to AcnoUi ria<binG, Its rge varies 

izm 80 to 6000 h.p at 11 XV The aD Ot of  exciters  

rMers the 'ice of nhIna belou 50 ho p lea,,; popular,*  

The ro1 ft4 Lbr this nachlno is said 'to be from 300 h.p 

and upmirds. 
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'ha aj;iQturO 	OrOttiS In oas3 of a single phase windinga 

for q 3.o is p or polo p r phase i. a 
4(2 I N c g;,,, w~ 

2 

'dare I R.M, ► value of tho airy nt In c ch xantiaibr 
d a N. of O ametars per slot. 

F/G . 9.1 
This s gi veE a L to at nt .tlold s :atton y in s,azo fo 
which  

'! o f t.) 	It i a as ov-a £m otLon a+ sine 
teizis are mi 'r n & 

« x + & ) Halt' wave , 	* sri etry a* evm 
h rrn nies arc, abs+a . 

N.1 

t bt lr8 	~i' _ Pole pi tc h 
order of tio her ort c . Always odd, 

iT 
~~ ( f Cam, ~OY V -_ G&. 

1 	J 
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tho thiL'! ha?u ni o is r i ng, 

W Lx)v37 t. '_ V'.4a 'r . r, 	of the tf th  

=  o•q L c tv 'r" ► Ste.. (W + s x 1 
ATx5  

JM i,j3 c.rlythe ro 1t. it of tho 7th h  

EI AT-  _ - o q 1 N 	L S ~;,,,. 	? % ) 

t 0 fur,er i' jc y s of tto rww phase arr°:a .era 

~" 5,41ic tLon aap o, us- turncl wave i s 

A-1- _ o•9 I Ivy i L
SD;.... (wE-x~x~~ ! Sw.(wk+sf~x) - 15,.;..Cw~- ixl+ - ---^ 

1 	 r 	 / 	J 

It is 	that fifth hintc fto1d is rotating in a 

rtrar°t on 0ppO .to to that of 	ImMtal did the 

7th hafliniC„ 
r a fr r4ad tmdndin vith q slots per pole per phase# 

the armature react on x p o e tun f eve ioi3ifies to  

q,,.  



whore; vinc?r,W- `ac i 
 rib. fr factor Z pitch for. 

Lot 
Tm 2 	inn s idli-onc us torque  inKrnoterSo 

Ta rqu o In .K& mater 

g , 	"To , o t }J? off' pDi O3 

t : iio in SO xxda 

W 5Li ? at load " L as 	 in 

M ech i c . ra  . a par seconds. 

pW " øltp rat toad 7. as ai aflthflOUs r for in n 

radi an 
of l of c 1r3 o f p Lo of actor behind 'ai e 

synhron ? i1 " +ttLn £JLnc in 1e irM e r ?ac21ar. 

8 	; n;, . e o f l.a.0 of eaLtr8 f polo 	zir be bind 

trio irtnoua1r tating f1 w in ei. ootrl ee.t 

r isiar 

barquo*  

.arunits~u 	tnpoc=' $Lne 
As 61n nOtt 	4X z Tw dt_~ aOE 

Ac ca Or: ton 	_ i d 1°̀  - _ 

iO 
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or I d 
+ Tm In 0 : 

p dt ♦ p dt 

	

or 429 	a.%.. * b .n 0 !C 

	

dt2 	dt 

where t a: Te = 
It..).  

b: T,, L 
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