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1o 1o GENZRAL THFDRY ¢ |

The amchroniged Asynchronous machine 15 fundanentally
a slipring asynchronous motor, T glve £t a high starting
torque, some resistace ig introduced in the wwtor circuit,
which 45 aut in steps, When full asynchronous motor speed
almo gt equal to sychmnous epeed ig obtginod, tho rotor 13
connectsd to theo d.¢, axcdter and the machine pulls into step
snd rung as synchronous motor,

In the ssynchrenous motor action, the gecondary carries
power currents only, Belng prodiced by induetlon, this
carrent wtamgﬁcauy increosges with load and s within limits
(daclded by rotor heating and consequently stator heating)
provides for a certaln overload capacity,

In the gynchionous motor gction, the secondary may
carry in addition to power currenta a part or whole of the
magnetising airrent end posslbly an over magnetising current
whioch gives a leading component to gtator aarrant, The
otor currant 1s however contmwlied by extemal nems end
mugt be large enough to allow for reasonable overload capacity,
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The prinelpal adventage which the machine possesses over
a normal synchronous motor lies in 1ty starting characteristics,
It is well kown that gynchronous motor with damper windings
for starting will only start againat some 40 to 80 percent
of full load torque and evan then roquires large currantsg
at low power factor for an spproclahble time vhere as the symchive
niged asynchmonous motor starts up from rest like a asynchro-
nous motor and easily synchroniges itself almost ingtantenecudly
agalngt f411 load or more than Mll load,
Its advantages over smchivnous end agmchronous motors
nay be enumorated as follovate
(1. It possenses a high starting torque,
(i advantage over synchrsnous motor)
| (D) It Tuing at synchronous gpeeds,
(& advantage over asymchronous motor).
(3. Ho separate damper winding is needed, The low
- ragistenca of the wtor dreilt serves oth
as damping windings ma axciting wvindinga,
Hance 1t 1s chagper,
(Compared with gynchronous motor which requires
a separate danper winding) |
(4), Wnen loaded boyond 1ts load 1imit as symchronoug
motor, 1t starts oparating as an asynchronous motor.
(G®npared to synchrnous motor wilch comes to a
dead stop,)
(8)¢ It can operate at various power factors by the
adjustuant of load fHr constant excitation or by
adjustnent of excltation for cmnstant load.



The excdtation can be m adjusted to improve the power factor
of the gystam,

1.3, QNSTRICTION &

The stator of a szmchmﬁissd Asychronous motor ig a
standard asychyonous motor stator with sanieclosed slots
amd alther a concentric or a fraie winding, ,

The rotoy carrias a thres phage Iwindings for asynchronous
motor action, Thlg vinding con be resarranged in several ways
for doc, excltation for synchronous rotor actlon, The
dfferant types of mwior o nactions and thoelr réla‘civa merits
and damerits are glven in groat detalls in the later pagos,

The mtbr mnugt have an exclter which Ls driven efther
diract or in cage of louegpeademachine by g;mrmg or chain ®
ag  glve a highor speed and anable a gnaller exciter to be
used, However the modern practice is to use statle exclters,

The machine st-rts like wund rotor agynchronous wotor,
It atarts up vith resigtance in the rotor clrauit and 1s
capabl e of starting agalnst 2 to 2 times full load torgue,
The rotor restatonce 15 mt in gtops t411 1t is shortsd, In
order to agynchronigse, the rotor clrcealt 1s momentarlily opened
and closed again m as t indlude tha exciter in the circult,
For a short perlod after the switch is closed, tha mtor carrias
both, the indicad alternating airrents snd tho forced drect
carrents, Tho finel action of those currents is to cause
the machine tv accelevate gtill further and in nomal operatipn



the . m.c:fomoug gpasd 1s reached in a fraction of saoands.
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£16.1.4  STARTING AND RUNNING CONNEC TIONS OF
swvcummsm ASYNC//RONOUS MACHING

2oy GLIERAL

The Behaviour of O Adlle (omchmonisod Asynchronous
notor) at atarting ig similar © that of a dephago glipe
ring asynchronous rotor, ‘:mén a 3-phase gu ply is piven
to the stator, currets produced in the 3-phase windings
croate a nagnotic f1dld of constant strangth uhich 1o tatos



at smchronous speed, Tho flux rotating st sychionous spoed
cats the rolor condictors, prodices e,m,fs sad hance currents
in the closod rotor circult, The reaction between mtor
currents and stator flux creates the torque which tums the
rotor in the diroction of the rewslving fleld (stator flux),

2% IQQIS OF STATOR WRRANT .

The equivalent cdlreuit of sn asynchronons motor at a
giip § 1g shown in the fiure
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FI1G. 221 :- THE EQUIVALENT CIRCUIT OF ASYN—
CHRONQOUS MOTOR,

vhere rq and ry are the stator and rotor resigtances per phase,
X34 and X, ; ave the stator @id rotor leskage reactance per
phase, and ¥ 1s the magnetising resctance, Eq Is the opmn
clrault glip ring wltage per phase,
Qyp 4§ «N1=K
| 1l
Whore N, 1s the synchionous groed and Ny is the motor

8p aed, —
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Hoeo the loous of motor airrent 1o a circlo,

Ine otator aurrent 1g tho voct® om of rotor airrant
Lp (2%  d thono lond carraat Iy /- o thoraforo tho
locag of ofialpr currat 1s aleo o eirclo as ghown,
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Refering tv tho equijivalent odrouit Alr gap power
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or Ar = & Sxa¢
S . + Ax
or XaL

In cosocof motory dlip lo pogitivo, m congldoring only
the posltlve voluo of dllp, tho naximum torquo bocomag

RS TR ¥ SO
N| ?_X,_Q_

%2 rofor lookage ronctaico 1s v in gtator tamg, tim
b

% . za Y . 077 v,

Ny 3x 2%, ~,

K3~m.

2%, ¢

It ig gomn that maxinun torque 1s indepandent of the rotor
rocd staneo, The mtor rosﬁ.sumca only detominog the allp at
vidch this torguo occurs,

In order to hava ¢ maxlnum torqua at gtarting, tho rmtor
ms@.s’cﬁca should be ogual to gstond stlll loalkago reactanes
of tho roton, lot only should tao wilus of Toilstice md
| roacfos:i;{i ﬁé oqual but thoy should bo of all valuo if
larne gtarting torque i romirad, If the mior roalstenco
1s noro then tho rotor ronetmes at gtend gtlll, torqua
ingtocd of increaging 11113: doeraasqg,

0 flloving 1s the data thot cen bo obtalned fron tho
drelo dlogran, P 1o tokten to bo the M1l load point md
tmgmt have bomn dran at P* end L parclldl o the cutput

linc md torquo line rogpoctl valy,e



thus establiching the maximum output and torque values,

ROTOR
COPPER

I ey Loss
o 7/
/ T
- ’ / V/
e/ , , STATOR
Stf\'/ - - M
e T Ny
° C
o D H

FIG. 24 - CIRCLE D/IAGRAM OF ASYCHRONOUS MOTOR.

Op, = No lpad CQurrant
®s #, -~ No load power factor.
Ish - Short clreult currat
®8 Fg.- Short civcult pover factor
PgoG :- Zotor input at stand still ( Se 1)
| = Stator conper loss+ rotor copper loss
at stand stdil, |
Pgo F - Fotor woper loss at stend still

Fa ~ Stator o mer loss at stendg stiil
oP ‘= Pall load currant,

®s @ - il load pover factory

PN - Ml lcad output

BB - Rl loud mtor OPer loss

BC - Rull load atator eco-per loss

€0 - Iron &d friction loss (No load losa)
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- BRotor input (Torque in symchronous watts)
= Efficlency

. Qip

PB
15
N3,
PB

. Mazimum load
_}%&L = Over load capacity = Fail joad
~ai..

- Stalling torque/full load torque

PSoF . starting torque/Mull losd torque

are as shous

TORB UE
—_—

~_4__,L9A4..',—>5LH=>
C 01 02 0304905060708 09 |

FI1G. 25 SFFFED TORQUE
CHARACTERISTICS
The curves sww how the increase of reskstance increases the

- gtarting torque, The value of roglstohce has abslutaly no
effoct on the magnitude of maximug torque, It only controls
tho glip at which 1%t ocmurs, .

2,64

Oonsldering the ideal circle dlagram of an gsynchronous
moltor in which the locses are neglected, The stator cirrent taken
by the motor when running 1ight 1s I u represented by 0Py 48
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purely reactive, The maching under sich conditions runs at
smchronous gpoed,

e
oTT N
g ; \\
/ \
3, SN MO T b \
b / |
o a' |
Ll o’ *Z
— ] U ———>] Ton: -
S Tse; o
-~ -~-]5CC+]/1 e Isei-Tu :’
—z | 2
< dsc 4 Tu _ me Isci lu’
2 2
FIG. 2-6.

Noxt consider that the rotor 1s locked, Tus time asynchronous
motor acts like a tronsfommer with its secondary shortecireut ted
The ideal ghort ddrauit current teken by that stator is
Iget represented by 0%,

Having obtelned the magnetising currat and the short
clrailt currmt, the stator aurrent locus can be drawn with
sz' as diemeter,

The meximum power factor is that glven by the tangnt

OP, Therefore Cosfy « l1sci- Iam
Isei 4 L.
The ratlo of maxinum torque to the full load torque is

T-—M-A*_ - (IS(‘\‘.—].M)/Q_M. M'lw‘:;\_aj,c[,ﬁ.«wd.
TRATep [n Cs3

If the velue of I, incroases to I.°  theover load
capacity decreases, In order to have impmved power factor
the valus of I M should be as mall as possibla and to have a
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large overload capacity the value of Izy should be ae large
&5 posgille,

Fow the magnetidng aurrent Ip, has o set up certain
amount of fux in the magetic cirautlt and the air gxp. The
alr gap ampare tumsg congtitute the major percentage of no
load ampere turms, If Bg be the flux denalty in aip gap in
lines por square centimeter and 3§ be the length of air gap
in centimeters, then alr gop ampere turng/pole = 0.8 Bgx 8

Taking the mpore tump for other parts 1ike stator
torey tasth and rotor wke to Lo K timeg the alr gap ampere
tums, the total no load ampere tums for the machine ars

» 0.8 ( 1+K) Bg x 8 where the valusof K may vary
betwear 0,05 0,2

Tho amplitude of the fundamental of the anpere « M wave
sct up by Gephase currents is

£(%) » 0.9_%,. Bg q XKdp3 X (Derived in Appendix)

The totel no load ampe-e tumsg/pole for the machine,
must equal the amplitide of the fundanental of the amp 8regs turn

wave
»

.. 0.9..%. Rg q Kdpy I ® 0,8(1+K) Bgx 8

o xka 0.8( 1+KX) Bgx 8
0.9,_%_ Dy q Kdpy

orl . < §

Therofore 1t s avident that nagnetiging current In ig
dlrectly proportional to the alr gep langth, @ in order ty
secure & gmall magnetising current, eir gap should be as snall
88 possiblo, However, the mechanical considerations 1ike porie
pheral spesd, deflection ete, 1imit the mallness of tha alr L



The ideal short cirouit current 1s "dven by

Impressed wltage/ Total leakage roactanca,
Total leakage reactance conslsts of slot leakage reactance,
@d winding leakage reactance ndharmmonic leakage reactance,
The slot leakage reactance depends upon tho geometry of the
flot and des not depend upon the alr gop. @inllarly the over
hang leakage reactance depads upon #he length of and conductors,
thelr shape and the type of winding comnections, % it is alm
not dependent upon air gap length, T™he hammonic leakage 1g

however invergely proportional to the length of alr gap.

| Hance & decrease in tho length of alr gap decreasas the
value of I in drect proportions md decrsages the value of
Ig0t by a very short mmount, % the po'wer factor Lo improved

and the overload capacity 1s increased,

iny AC, machine must have equal no, of polog on
stator and rotor but need not have oqual number of phagses, The
sipply normally 3~-phace gnvems the stator but 3; 2y or single
phage rotors may all be nsed, |

The rotor having a 3-phase winding can not be directly
used for D.C., excd tatlon, Sme alterations are to be done in
the mtor coinections for d, o, exclitation, The glterations wm
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" perfomed must conforn to the fpllovwing requirementss

L D give a simumidally distribtuted men.f t the mtor,

2% T dstrilute the power loss as evanly as possible,

3, To cange thao daping currants % be pganorated Lf the
load pul sates,

4, To keep tha socondary atind -gtlll wltage to a reasonal
value, '

6. 7o permit tamporary asynchronous operation if the
maxioum synchronous wrque 1g axcocded,

A1l the anve roguiramants have boen dealt separ-tdly,

DL STAT

In case of §, AM. working as asychronous notor, slip
froquancy currants are Induced in the rotor which produce mem.f
wave wildh travels with raspect to Yotor at a sposd which ig
slip timos the asmchronous gpood and Ls in the drection of
notion, Superimposed upon this rotation 1s the speed of rotor,
% the gtator md the motor polos arc therefora stationary vith
regpect to cach other, Dut vhen d,c¢ excitation i3 switched on,
it produces mem. £ wvave uhich renalns fixed w.r.l rotor windings
end doos not cereep forvard like the A,C, nyn. L,

Te D,Cy men,f wvave contains certain hamonics, These
hamonl cs may produce hamonic wltagos whiéh vill circulate
parasitic carrents in tho stator, though varfous arronzments
are avallaile to eliminate hamonic wl tages. Fbr'aanple two
thirds chording will eliminate phage third hamonie and star
connéctlon line third hamwnic in a 3«phase winding, The
stator leakage inpedmeo presentad tv any hamonic will rise
with the order of the harmonie, A quiter machine will roquire
to have a af.nusoidau‘y distributed myn,f, The various systms of
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D,C, axcltation ars congldared bolow in the 1ight of thdr

.

hampid o contats,

3.2 1 3-PHASE SYQIR{Y
1f the vindings ora o¥eltod as shown by nothods Mo 1 and 2

B A

| .
|
l
|
D.C. SUPPLY
I
-5 L
2
¢ B
R S STATIONARY A-C .
VECTORS.

A \ :%:I NT
'y

1, NO.2.

i
2 - —-fWW\/\/\N\N\-4»I

¢ I A PHASE CA PHASE 8.C
. 2 STATIONARY A.C. VECTOR.
NO?2. EXCITATION METHOD STALIONAR .

The corrasponding meme £ wave fom for

0.C.SUPPLY

oth the awove nethods 1is

/ N A\u
/ R A\
/ s\ \
( A N ] ' }
A /-C B\ -A — et —y
— N S o ﬂ/e 2 A
PHASE A, ——e SHAPE OF RESULTANT M -}
PHASE B, —-—- —
PHASE C. — - —..— .

Tho above wave form cm bo apalysed into

. N - { . . .
q_i‘_e,: [Sw\e-f-%; S 50 - L, 9w'7e-.!n. Siew W19 —---- ]



there h = mm,f at tho cmtre of tho pole = "_"__”C‘_E
o
D » o, 0of condnctors/pola/phase

I » Maximum phase aarrant,

If the windings aro excltod as shown by mothod Ho.3 mnd 4

c N7t
V3 > ‘
+ ?1[; T )
h"._A . + J}d
- | C oS I
A -
W D.C.SUPPLY N
. ‘ ?_EE_&O,—;» A
-'F3—I 1 p
-5 i
2 p—- < /
B D Y
2
NO.3. 3]
37 2

}\h > T STATIONARY A.C. VECTORS .
.—“;( D.C.SUPPLY -
AN 1D

2 |

NO. 4.

STATIONARY A C VEC/ICRS
e corregponding vava form for tho amve nethods Lg

2 ;
+c / /J +A \ \ \
L ] / T i A\ T \:jB (

/= - \ —d
et B LNl emy w76
PHASE B — - __ SHAPRE O:nRESULTA.VT

m
Phase © —m f
The atove vave form can be analysed into
634 [Sing - L. Sins I, -1 s
_ET [ w6 52 509 5 Sw79 s Swite ]
Whore h = mn.f at tho catrd of pole = L~'.z' 'if- L%,

16



3e 2 2 W0 PHASE $YITRM
If the rotor 15 wund only for tw phases and excltad
as showr kx by method No, 5

V27
+f'___1- D.C. supPpLY '+, o
.’ ' ‘/?51 20 +-LJ
¥
NO. 5. STATIONARY A-C. VECTOR

The m.m. £ wave formm fr the ghove excdt tion 13

y |
______ o |
AN !
A, B/ AN \ |
| ) I g | T — ﬁ).
K 7/ ~AN _B\
Y A 4 \\\ _____ t
!
PHASE A _______ o m, 78
PHASE 8.

_____ R SHAPE OF RESULTANT
mow .

The ahove m,m,fwave form can be analysed into

vhere hg 41 m.

3'2‘3. R ] : 2 QYo

If rotor 45 wound only for one phase, the mem.f vave fom ig
shown, '

‘m« atove me.n. £ wave fo!&n can be malysed into
[Sme - 3 Sw36 + 51 Sua 50 J
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dhorah g W 1

3,24, DUCLUSONS,

1, In all the 3«phago aysteng, tho fundeacntal namef
3.6n,1
hag the valug e Al there aro cnallor

1]
hamonl ¢ men, £,

g In gll the tuwp phago gystaig; the fundemental nem,§
hag the value 2.8.10% » Al thore are sigllor
v
hamwonic conteata,

3, Tha harmonic mﬁtmts are of greater magnitude in
ono phage and two phago gystca then with S-phago systc,

Heneo thpoo phango systan 45 to bo profored to othor
systeng,

In 2ephaso systen of oxeltotion, ond phasy ecarrieos dublo
tho carsent then thae other tup phasos ond ginee all thao phason
hava tho gcag rogl stenece, the rdlative hogting in tho phaso

MB3C 10 L8 0,25 § 0,25,
‘ A

1
3/ TN

I

L

12 tho thomal condaietivity of tho gocondary incilatien 1o very
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high, this uneven gmeration of heat wlll very nearly smooth
out, | Bat 1f 1t 1g othervise, tempe uture reached will be
dfferent in dlfferent parts of the windings, This dlfferance
of the tamperature can be awided by making the slot for
phage A of approximatdly double the size than that for the
phase 3 and C, Ingtesd of having one winding in phase A, two
parallal circuits of winding ecach having the sane np, of tumgp
and roglgtancoe as phase B and C can be arran ‘ody The ralative
heating in thephase A+ A' 4 B Cisnow 1t 11t 13 1 & the
machine 1gsaved of the illeoffects of wneven heat gmeration,

-

A %A'/

’z
ul

o \,.rPHJ R
C 1111’\?

P -

The rotor stampings havéysiots of tils type 13 siown in fig,

} \j\mﬂfmf

STAMPING OF 1200 K. W. MACHINE.
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Al the synchronous maciines may hunt on pulsating loads,
The low reslstance of the secondary pemits 1ts use both
as damping and axel ting windings,

Fg. (a) and (b) show the stator fleld, the mtor clrcult
corraesponding to excl tation methods No, 1 and 3 and the excliter ol:
cul &

STATOR i LL

5.
ROTATICN
- S MALL IUNTI {c
— > DISELACEMEN!
O+ ROTC R

DAMPING

VOLTAGES
DIRECTION OF

=" "> DAMPING CURRENTS

o

EXCITER

CFlG. (&)



STATOR FIELD

4 SMALL HUNTING
—> DISPLACEMENT
/‘ OF ROTOR

N

———— | I 1 1 N 1 1
B A Al -cd BY -4 c "/ '
DAMPING '
. VOLTAGES S M
|

0y |

EXCITER

Fia, (b)

ROTATION

As the rotor mpves rdalative o the stator fldld, owing to the
pulsatlons of load, extra wllages are gangrated in all the
phases viich may agsl st or oppose onegnother in the windings,
If they assist one anpther in a closed path as shown in fig,
() currents will be indicad in the rotor which will tad to
dmp out the pulsations, If they opposo one gnother ag sowm
in fig, (b) there 1s no damping,

1t 19 soen that when phases are fed in parallel dauping
in satisfactory but it is not s vwhen they are in series,

The sacondary stond-gtlll wltages sould be lass than
2300 wlts in any case, If however, the tums Al sposition
ia asach that stand-still wltage 1¢ more then this value,
ez h phase ngy be wound in two hal ves o that the whole winding
forng duble inverted star, ELthor one star nay be used for
starting or both in paralleg. The tw are mrnacted in serbiks



Sow mwaliy, L0 Maliveamoction must bo nade as dwotn,

- L C.ouPHY o - s

0% e Ceoplng wiltagos oo t?:li:’*v Mo rdativo

g

ozl @ cn of doaping wltagoo aro ag chioil,

Tho pull out torquo of & AM. 1€ uged as agynchronoug
o 1o umally hishor them as synchronous motor, I6 ig
thoreforo boot % uso a vinding vhich loaves the mtor
conngetod D asynchronous oparation,

££ @ poak load occurg, tho naching may vork for m
ingicat an agyncaronous not P cid rotum t synchrondys
aftor (no ponks  Tho agmchivnoug action 1g ungtondy due to
ciporl-poped synchronous Hogue Tt 4t 1o poralsddle Dy o
bl of porlod,

e7e GLRAD, (FING 00 _CMLETOR HMA_MINIE v
In cans of alngla phnoo tptor, tho nachine has pot loesgs of

otariing araue boeowoo of Lnevoaced 1ealinno roactoneo ag compyara

vith Zwphaco end @ Z-phogo o rs, 1d dleo tho nmaching deplotn

eranfling (oadoaey ab holg oocdy; © rinslo phaso wiorg aro
ot ot o) unsed,
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The tw> phase yygtas of rotor connactlon has greator
proportions of hammonie contentg in the m.m.f vave fom than
threa phase systam, Hence 1t is not prefered to three phase
éystm.

In three phase systas, thero are no, of ways in which
docs 9xcd tation may be auppliod, but it Ls only nothod Yo, 1
which pogsesses good darping action, Ths pther methods have
vary poor damping action, |

4,1, GEAR,

The sychronous motor has gt two unique charactorigtdes
naidly the absolute consgtant speed and the adjustable pover
factor, If the machine is over oxelted, tho stator current takes
the leading power facwr and 1f 1t is underoxcited, 1t takes
lazzing power factor,

The S, AM. combines the mod starting perforamee of wund
rotor agynchronous motor with tho deglradle rnning qharac’car-
1stlcs of gynchroncusmotor, Qnce the deglen requirenents
for the gynchronous motor and the asychronous motor are
mﬁetuwy opposed, s the gtarting perfomonece % some
extent 15 sacrificed o obtaln tho bost smchronous motor
characteristics, The bdraviour of machine ag sychronous metor
is contalned in the following paragraphs.
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In the case of large alectrical rotating machines the
amature reslstance 1s nuch analler then various reactances
aid hence the amature reslstance is neglected,

The vector dlagrams for leading unity and la;ging power
factor are shown

(b) l’N/{Y b (c) LAGGING b -f-

() LEAD NG b f. )
Tho supply wltage V inmpresged on the armature i1s balanced

by the ganorated wltage B (by the f1dld systan) end the
amaturc inpedance drop IX (411 tho-o values are por phase),
Pover davdloped per phase 2 B Gos (F=0) § +vg sign for
loading powor factor and - vy sign for lagsing power faciors,
If al1 the losses ars naglectad, thon pover developed 1s aqual
to powver Input, thercfore

Bl os( £ 20) 3 VI MSF evuconnsnsrsenss (1)
Gngldering the vector diagram, triangle

(m?, V+@.2mBonse
or I . W.QEM("g’fEaxf ) rierennennne (41)

Al 20

- E w +
:ﬁ"@'m(‘éb:ﬂ "‘5%‘3—
or Wsg :“."E‘%‘L‘Q"‘ = _&%‘—-’ erea(lil)
| (v +B° = 2VB (s 0)

Povor input/phase = VI s ¢

_V_JZVL-)- E:-'-—?,VECqse) . + £ Sw. 8
) X Jlvre eX_ 2veCsp)

= V& Sae
K
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e maximum load of gynchronous motor which 1f excssded will
caise the motor to fall cut of step 13 glvan by

Py '..!EL vhaere o6 g2 9o°
X
The pover angle dlagran of synchronous machine is as shown

ﬂ

POWER

‘“CUNSTABLE

P

. ] o
] l 1120 270 360
Io) 804 l

== ANGLE O

\ A ~— UNSTABLE
M /
//
MOTOR !
<

ACTICON > GENERATOR. ACT/ON

The maxiium pover as motor 1s that corrosponding o = 90°
After this tho notor diaractoristics are quite unstable and
the nachins comas to rest (EENEEREEER

SLAHTE EXCIVTATION' -

If gsaturation iga neglectod, E 1s dlrectly proportional
b excltation, Onatdering the veotor d agram,

(1024 . 2. 2 e o e

If excltation 1s kept conatant (which moms to say E
1s constant), as the load varlesg loos of point Q15 a circle
having 1ts centro at 0 and radtus equal to & |
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I determine the lomig of I, 1% may be observed that ginca
locug of IXis a c¢ircle and as X 13 a constont, that of I
should d@ another circle,

(W% (w02 (508 2 x, &% “Gso

Wileh states that I 43 one glde of the trlungle vhose
other tw sides are of constant langths WX and /X includlng
a variaile sngle 0 , Onsoquently loas of I 18 a drele
with radluns B/X and 4%g catrs bolng D, Where phagey op: Y
lags behind the wltace by anglo ¢, & ten™1 /A

Now 1f the excltation of the maciine 1g inereased
I can be nude leading as well. 'The maximum pover of synchrpe
mus nechine s VB/ X, Tds 5/X 19 the radius of the clrcle,
As wltage 1s constant, and the radlus of circle PoM = F/X
than PoM o certaln geale reprosemnts S\ha m-xlmum power of the

machine /’T

LIMIT OF STABILITY

|
I
!
l
|
¢
|
(
|
|
|
{
!
|
|
!

Ve
If the nachdne be underwexcl ted, tho radlus of clrale

shrinksg and the aarrant may be lapging for all loads, The
maximum power will obvioudly bo much reduced,
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WMo nesdimmn govor gvellobla in o noneodlicat

ayacaronpug machino 1o
RiaVa/ X
wvhora Ve Mopllod wltego viilch 19 congtent

O ‘B.u.fr‘. zaaor €od in gtator due & il tation
in woton,

Z 2 Synchronoug pcactanco,
SDr o wnstert wliago ¥V ad conatent axeltatlion
(12019 ale onstnt), nodown povor avatlable s
invaorody propordienal ‘o tho gmchionotis reactmeo X,
. MEXe gy og
vhoro % 8% Lookoge rouctonce of stator

g, » Amawro roaction roactmea,
Hou amaturd lackago roactmneco i = B+ Fp+ Ty
uncTa Bg = Qot leckago reactmen

%y & Overamg wcxkagc} ronctonco

3, & Homoanle leakapge voactoneo

V& course humenie lonkano vanctonco 24 alnsgb absoat 4n
sychronsis naeinog those the Laeth of alr pap 45 1arge,
B2t hero noyrchronong nacidnog @ bo xun ag sy caronous
nachlnog arg bolng conoldarod,
\ o diot ond ovor heng loualage roactaiea avo
independont of ole gep lonc) bt hamonle loakago roactonco
vardog Invorgoly witha ol goy laagth, & Wtal loalmgo
Panetonco nay o wilitia as

D e g+ 8 eecccmmcnmcnmoncceecvonenon (1)

Ta bcraviour of 1o amal»d ronctlon Panetcheo



Lo » Yo Invopllnated, The poniowm smatura reaction
wpore-tarag o o Qmdonmid of tho Lyperes-tim
yave w?a'

42y 5 /28 00 ZUgq &Hépy (Rofor o Avpcmdiz)
W0 B g #p. of phacao

g & o, 0 wniectorys por dot

I = DMIU.G wiune of tho earrent por phaods

4@ = lo, of dlots por polo por phaso,

tipy © Uinding 2octsy,

Puzx delty in ale 1 Dyya A x oW

Flux por pole pitch B, = Pa, 2 LTp
vhora 19 caulvalcat laagth of amatura,
2 Pole pitca,
Hlage inducod dro v tolg fluw
By ® 444 2 Tpl’s'k@l 5 3-8 Loy %‘ 1a7p Volis.

whoro Ty 2 mor/phaso,
(- " ECL( =444 f Tpk KoL,o,xl-o%[(M_lg 0-9I N, V KdP')(%‘. e' TP) (Lﬂﬂ
S

£ » Amoturo ronctlon reactmes,

= E_IC__M s 44y fTre kdp, e
* (e oane g kb)) (5 Le "‘r)(°~‘§-"‘)_]

04 Xa <C

L
)
? Xa - ¥
x’ = Q+.‘£.+-'5-
S s
c
¢ = Qa —
*S
PM ) VE

@+ Y

28
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i increase in § meas docrsease in denominator and
hence increase in powaer developed, S machine with a large alr
gap can daliver more power and hace is more gtalle,

drawr wrregondlng ® the IZR loss in the nachine, tha the
vertical intercept between the cirela and the line,

corrasponding to a glven velue of the stator earrent, glvas
the power developed in the machine, which ean be drectly
ragd,

v
/
Vo
A v sV

R\ L

B

FIG. 4.5/ PRACTICAL C/RCLE DIAGRAM.
OF UNDER EXC/TED MACHINE _

S



Power input g V. oa. Gs $

= V. 8L,

Coppor loszs e Oa' R,

hs < o ¥/2 ad Sin:R 2
Go~ordinatas of centre P, of the circle are

0A® 0P, s« ® V/Z, /3 & VR/Z°
p, = OP, §in«= V/Z, B/Z e VR/22
Pover ddjraloped = V, &L « 0Q> ,R,
Now oerR . R [_GLP:- 0P 4 2.08.0FCs (80.)
. R [P -6P* 4 2.0% 0D)

2
JR_OP..0D. + R [QR-0% )

2
= 2R,OP‘,.OD - R.oF.

vhere OF 15 tangent o circle,
How triango OFP, and OFT aro sinilar,

QF =0py Theretore OF2 » 0J, OB,
oJ  OF
*

v e 0Q°,R® 2R 0P,,0D « R, 0J, O,
2 ZR,0P5,0D = R,0P, & 0K
Whore OK » 0J/2
2 2Ry OFy { OD » 0K
= 2R,0P, ,KD

t 2R,0Py,Qw where Qw 1s parallel % md
*OFo v aqusl % KD, ’

= QR.OPQ Qf Sin<
Power Dalvdloped 3 VaQla » 3 ROPgeQ8 , ¥n<c
g VoQA = ViLeS = ZR.0P,. Q8 Stnec
VeQS = ViLed = 2R.QY, APy
Q8 (V »2R, iPy) = V,L.S

4]

20
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Lot ¥ ho any point on Q8§
Useful pover - Qy [ V=28, &, )+ ¥8 (WoR Pp] ~V.LS
If Yg( Ve oR By} wvis,

or Y% «_ ¥
L8 V2R,

Powar developed 1s then glven by

QY { W2 R, &p,) -
If from R a 1ing is drowm maldng an angle and cutting &
in ¥, then, |

tam (3 = \-!—'T " YS—LS - Ys-LS . Ys _Cat X =(\££ _‘) Co} oC
RL R Ls tameC |5 tank Ls
er tan < tnp . VYs-
Lgs
v
- hd _ -t . 2R.AR 2R o
v_1R AP, v-2R.AP, V-2R VR
T
Z
_o2RY L 2RY o (Ry)T 2 Yaw &
- 2 1 T F —_—
2% 2R x*- R - (RA)Y V- tonr ot

t%(;; taw 2 ¢
B . 2

@ the verlical intoreeps betwosn the cirels ad the line
R YU wlll roprogmt tha power devcloped,

QVERe BRGLLER HAGIIIUS

In case of an over axclted nacrne, gines the
origin is encloged by tho excltation circle, the tagmt
OF can not be drawn, & the grgphical constmiction ig
 bo littlenodlfled, From O drav OF parpmdienlar to
V/2 neoting the circle at
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Through F draw a2 tmgat mesting V/Z produced at J
No¥ povar developed # ¥, QL = OQQ,R

332, 1 2 op2

z R (@; - OP; = 2P, x0D)

e
AV
F
™~
~
~u
//
-
£/y
Q = e !Po /3:2"(
Yz :' l
~---"0 A

FIG. 4.52. PRACTICAL CIRCLE D/IAGRAM
OF OVER EXCITED MACHINE .

Gngldering Wrimsglo 0Py md JW,

9..& F .......n.....,..."’
E’Q J'Po

2
WQ & opo L] Jpo

® |
P, oP 0 '
o « 0Py ( 0Py +J0 ) KR AN
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'2
= 0P, + 0P, ,J0

o's B = 0Py s 0Py 3

8 0Py 40K  vhare OK » 0J/2

Subatituting Py « 0P, ® 2Py, 2 0K in the amation of
power developed,
0% R = 2ROP, ( 0K -0D )
s 2R, 0P, , XD,
Tho rost of prodf 1=z sme,
Ihe iine RW passing thmurh R can be drawn making
@ ngloof Bagauits tho horlzontal,
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In order v explain the oporation of S, AM, with
constant exd tation md varylng loadsy, it L9 assumaed that the
nagnetdl eing m.m,f 18 sme for asynchwnouz and sychronous
motor or in other wrds the impadence of asymchronous motor
rn at synchronous speed 18 practically identicsl with the
nagnetiging inpedance of the asychronous motor, s that the
no load vector 0P, in the drcle dagram of asynchronous
mptor fixes the centre for the exclitation circle for sychmonous
notor operation, The dagram for S, AM has the form as shown,

™
b~ p -
~ T —
53 P
[La}
Vv 8 '
|§»~ p
NI R
1 ,,S_.;.””
-
Q ,

HALF LOAD_Q/___

&
NO LOAD N/ _
——————— =

(o] A
FIG.51. CURRENT DIAGRAM OF S.A. M.
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OP 13 the M1l load aurrmt and P¥ o the powsr scale repro-
sty the full load out put as asynchronous motor., The linit
of stabllity as smchronous motor is P48, The output lines

are practically stralgzht lines parallel t the abscls:a,
The no load 1ine ig drawn hordgontally from Py md the
full load line is parallel to the horizontal and distant
PM from the no«load line, This dlagram assumed all losses
congtant and equal to PgAe The vector 0Q glves the
stator aarrent ond Lts phase relationship with wltage,

Now su-pose, as 18 the nomal condltion that the
diroct exciting currint remaing fixed at the full load
value, tho length PpQ s constant, The lomus of Qis a |
cdrcle of radius PyQ and cantre Py, Now neglecting minor
efficlmey vartations, tho povor component of the stator
current will be proportional to mechanical output, If the
load is halved, the point @ will toke the now position Q!

@ that the vartical component of statvr currant 15 haolved
and the power factor bacomes more leading,

If tho load 1s incroased, the point Q will move up the
cdrcle towards 8§ At the point @, tho valua of gtator aarrent
vill be 0Q" and 1ita power factor unity, If the load
further increages, tho stator currant will increase ond its
pover factor laging 11l at point 8 vhere the maxinum
pull out torque is roached, tho machine gog out of step
and the load wlll transfer on the asychronous motop
characterlstlcs at the point P' o that now stator carrant
will be OP' md output P!, Toe motor will continue to mn
ag an agynchronous motor vith fluctuations of slip and torque
and will come into step once agaln vhon the valua of load becomas
le2s then P, 3, o
(Plecne tee aflin boge
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Bxperinaits woro perfomod on a nachine with following
specd{icationsg -

4 KVA 3 3 »phase § 10/20 V

21/10.5 A 0.8 p.f

Smchronons spoed « 1000 r,pem.

The rod stanco of stator and rotvr were found by Kalvint's
double bridze and the followving values were obtalned,
Stator resiotance per phase = 0,583 ohms

Rotor rogl stanco per phase 0.0478 ohms

e ratio of tronsfomation (atator ¢ Potor)
vas experinentally found to ke 3,5

% mior rogigtance por phagse refored to stator ¢ 0,585 ohms

The no load and short clreuit tost were perfomed on
the maciing and clrele dagran for asychronous rotor
vas dramn corragponding to the dats obtéined in the above
tw tests, Tao folloving results were pbtained,

Stator Qurrent at full load 11,254,

PoFo of tho stator current = 0,82 1azming

Rotor currsnt at full load ® 9,15 A,

PoF of Fotor atrrant z 0,985 la~~ing
Qip at Mll load o 0,0638
Full load torque . = 3,43 synchronous Kv

Meximum pu'l out tormue ® 8,44 Symchronous Kw
Pull out torque/Mill Inad torque m 2,48
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Bfficlency at full load s 88%
The d.co excltation for ruming the notor as synchronous
motor was caleulatad ag followst s
Fotor Qurrant w 9,15 A (Stator Lamne)
= P15 2 3,86 (otor E:a;;)
= 32 A
Equivalent d,c, excltation ® 32 x J2 = 45,9 4,
@ in order to have sme rolor mem,f with d.o, excdtation,
otor airrant should be 45,24,
The current locus for sychrnous motox operation of S, AM
for dece excltation of 30A end P A were drawn theoratically
Sines aavrant dlagrom of 9, AM, 15 all in g temating

quantlties, o the corresponding A,C, equivalents of A and

B dlrect crrrant are —ille——. ® 6,054 (Stator tems) and 5257
3.8x/2

rospoctivalys With Py ns cantre, clrdles were diam with
axcl totlons 6,08 A and 5,25 A rospectlvaly, The $.A.M. was
coupled v a synchmnous garerator vilch could be loaded,
Those theoretleal curvos of wirraat locus have bowr vorifled
exparimatally,



SET UP |
OF THE EXPERIMENT .
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O0sddllographie recordis of mtor ourrart, stator aurr nt vere
slmul taneously recordsd on a six channel mmagnetic Oscillo graph
for the nahine pullingz into symchronism and foing out of
synchrond8mn on symchronous o verlo ade

Following 1s the aloctrical clrouit used for the exparinmt,

SYN- MOTOK
FLELP

Wl e mmne
AN § o]
/T v SHUNT F*————-:‘:“-_——W-thj
§ ol Mot

| GENERATOR

e VNN

OSCILLO

No- THh O5CILLOGRAPHK E - GRAPH
) — /\’\ANV;.U”\O”() —
‘EAD R
j . BATTERY
O—

“TAKIELR P oSwiT iy

( Two way) L—':' ’

3-PHALE LOAD Tr SWITCH
(one way)

E:M STATOR

/

b T—o—ﬁ e v--?-r—

\ ‘1 I

[,__W~__

facinz pho tograph,

Shnts of 1004 24 7,5 A we > uesd o romrd mior aarront
and stator arrrant, In ordor do rewrd the wltase varlations
of stator, a high resistonce was used in serios with the
wltage vibrotde o The nachine veg mn as m agmchronou g
motors The starting rodd stamca was ait stap by stepe, The
swltch was put on the 0,8, side md the naciine pulled into
stops Then 2t wus nton mdden smdimn us overload

It pu'lad sut of gynchroniasn ad startod
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rnning as asyn hironsus motore  The exposure tine for the
recording filn was o adjusted e a9 to includo asynchronous

T, pulling into stop, the sychronons mm and the affsct

of symchromoug overload, The Taorls aro shown on the
facing photozramhs, Tha ibllbm.ng mnclugiong have been
drawm 3

lo The eurvos no.l shov the varlatlon of rotor current,

24

wha tho machine L5 voridn: as asynchronpus notor, the
lor @ rot 1s dnusidal and varying with 'alip
froquaney, The bk part oo tho curve shovs the
oporatlon of sultehing on @r-ect aurrent, Tho motor
carrant sholl nov be smm of indicad altomating currat
ad foreod dract aurrent, The indicod al temating acurrnt
giall die down o cam ag the naiing acedlorateos Tmon
sabgmcamvaous o gwmcironnug gpoads AV synchronctus
spacdy i shall ecarry only dlpsct eurrmt st by the
exel tor into 1%, Vham tho nzcine is put on gymchmn-ug
ovorload, e nachine wlll altematdy ba motoring

ard gonorating, Mring the time, 1t is motoeing, the
valuc.of mibr aivent A1l ineranse md during the tine
1t 1o gmorating the volue of mwior cumeat will decrease,

Me wurvas noe. 2 gy the vaintlon ol stator aurrent,

It has tho susply fromaey, What tho nachine ig raming
43 asmearnsua rotory Lt ns constmnt value, Alsp whes.
1t 15 xuming synchient sacdy 1€ hag constont valusg,

uring the  swmehronsus ovarls wdy wien the nachine works

as motoring, e value of giator eyrsmé inercacls and
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during tho #%ine 1t wrks as gavarnting, the value of
stater cuvrant decraages bocsise in this case, the machine
thles to pump cirrent into sipply. It is9 observed that
vhen roior awrrdrt incrosses, stator currnt alm
increases sd vhan rotor current decreagses statwr

aarrent aley decreases,

3, The airves no. 3 shoy Mgk wltage applied to the
gtetor ;, It doos ot vary,

46
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The perfommnce ch ractoristle cirves Hr the axp orie
natal motor have boen drawn from current dagran for

(1) Full load rotor exeltation,

(2) 66.4 poreent of full Ipad roipr axcl tation,
These curves show how tho pover-factor, stator currant md
reactive KVA vary wilth load,

e 8, AH. 15 inherently incapable of the tamporary
ovarloads at smchronous spoed, In asyachronous motor, the
overload copacity is practically indopmdmnt of the magnatiging
aurrent, the otor m,m, £ varying automatically with load
up t 1ts maximum value callad the pull out torque, In $,AM,,
this property 1s unfortunately absmt bacaugs the rolor
mem.f is fixed, By having more of excltation (mnd hence
more of stator current), the avallable power of the nachine
can be incranged, Bt the volues of atator and rotor
carraits are limited by copper spoce avallable and the
pemigsille heating, The naturo of load vhera S, AM, is
used (e, g pumps or fen loads) an overload of 10 to D
pereant s inprobable and 4in such casos an overload capaci by
of 15 percent for tho nmachine will be suffichent,

Bo4s

A low power factor will increase the firgt cost of the
machine in addltion to 1ts munning cost, If the power factor
of the nachine 1s inereased, the useful anergy avallable is
increaged without increaging ths alectrical proportions of
machine and in certain cases thuse e be redced, Also
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PERCENTAGE STATOR CURRENT =
PERCENTAGE REACTIVE KV A

8

1004 .

80,

Gol

—

o
0
+

|

S POWER FACTOR —>

0.8

Q7.

0-6

FIG. 52. PERFORMANCE CHARACTER/STIC
| oF S A.M.

. POWER FACTOR (66-4% FULL LOAD EXCITATION)
| POWER FACTOR ( FULL LOAD EXCITATL

s ,STATOR CURRENT
(FULL LOAD EXCITATION)

REACTIVE. KVA
( FULL LOAD EXCITATION)

STATOR CURRENT
(66.4), FULL LOAD EXCITATION

ReACTIVE K VA
(66.4% Fuu LoaD EXCITATION)

20 40 60 80 100 200

PERCENTAGE LOAD N een



the running st of the machine 1g decreasad,

Qurves (1) show how the power factor of the machine
improves with excltation keeping the lpad congtant,

Carves (11) show how by varying exeitation with load,
the power factor 19 maintained constant,

5.5,

The constant axel tation corregponding o full leoad and
uni ty power factor or 0,9 leading pover factor has congtmt
rotor losses for all loads, When the machine is operating at
fractional loads or evan no load, the power factor 1g quite
low but the stator eurremt md stator copper loss are
unnecessarily high, Tuis gpas to decrease the efficlency
of the machine, In order to roduce the stator loss, the
rotr loss and the {ncrease the effid enoy, a systas of variasie
e tation 1s introduced which sends excl tation cirrent to
the rotor corresponding to the state of mechanical load,
Such a system 1s shown in fig, 55
| The system cons. sts of S, MM, a throe-phase rectifloer
and current trmhfbmors. The exclter of S,AM hag gt tw
flelds, ons shunt ficld fed from the exclter and other fiald
fed indirectly from the line with the halp of mrrant traige
formers and g 3ephage rectifier, The exedter shunt 1g
designed t produce the output necessary to excite the motor
at a requirsd poﬁa‘r factor and no load, Vhen the load on
the machine Increages, the line cirrent increages and
congequantly the current in thae andliary f16ld and o the
excltation of exelter inercases which ine
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increases the wltage of the exclter which ean Mpply more
axcd tation to meat the new load condition at required pover
factor (say unity er 0,9 leading),

CURRENT TRANSFORMERS

= "
STATOR e ?3PHA$E
WINDING —__ vue SUPPLY .
2.9.9.%
YUUvU o
// \\\ l J
ROTOR /
\ EXCITER
TINDIN - - 3
Dl G/ _§‘_~\“_\ 'j Y y A ¥ N 3 PHASE
\ R D gi] RECTIFIER
/
\
J/ 1 o+ 4
4 5

SHUNT FIELD

/
FIELD AND DIVERTOR
(CARRYING FIELD CURRENT PROPORTIONAL T LOAD)

FIG 55 AUTOMATIC VARIATION OF EXC/TATION WITH LOAD,

High overloads are hovever not possible because
saturation begins to affect the output of the trangfymers
with the resilt that muxtllary exeltation is no longer
proportional % the line eurrant and the exclter saturation
will redice the response to auxiliary exed tation,

e provision of automatic variation of excitation
depadent on line currant alm inmires againgt the machine
belng pulled out of smchrondam by severo wltage drops
provided they are to siort o incresse the taaperaturs of the

nachine,

|
|
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1y Shs ogachivhous lupoadaneo 49 largo, o no locd cQrrcld

o e coptduious ot 1o qulto low,

NO LOAD N

0
FIG. 56! LARGE SYNCHRONOUS IMPEDENCE ,

TbP? smcaronous notor oporailon, 1t 1o or@ thot no load
carront 1o vory naoovly cqual to A1 load carrant ad
povor Loctor end offlcl mey aro quitn lov execpt moar tho
1imlit of atebdlity., I¢ 10 som thot largo gyachronous
inpadmeo atells a largo vorlotlion of pover factor vith
e, |

(0) T aYLCUn AT

" o grndauisug lupedmeo g gaall the no locd

¢l A% 13 M asijchionous rowr g quite lavse .

s

|
Futt LoaAb Q{}; : p

NO LOAD p : p!

- - - B e

F1G.562. SMALL SYNCHRONOUS IMPEDENCE

o gmcmastin poy e Gio o load cavrant 4o gnl s Leaon
caupored ul{a Sull locod aarvaat and tho powor foehie ad

o2fleleney are quld to hich,



Hoea a mod sosnchronsus nachinoe in vhich nasnotlalng
carr A% lg cacarsd O vo nindrmin nekos o poo® &, Adl, thea
1% e 1o cyeltod with drect aarvent, Qonxly &
regvriel c@eazclivo lonélne roacidl ve killo-mw-amnc oa

o cagll gyeagonoug lupodmeo 4s o vo proforad,

Joean6a of tho ouilleting requircadts of agsacamnons
myor cad gyachionous motwr, that 1g B Zay, DF incroagod
Wrqo c1d duproved povor factor In m agyachronsug mowz',
the olr 3e» 10 o bo as e3all ag poocdhlo end for :lncrcaacd
nozioun ouiprt end otoblllty in-a oynchronous Rachino, the
alr ey L0 W bo quito large, In ordor % have o COLPILo=
mlgo botus n tho requirencats of synchronous motor end
asmcamnous nobry, 10 olr gay in $ AHe 13 nado appmmé
natdly 100 poreat zroator thm ia plein asyachronous notor,

548, m&g_i T, GG RACLTL T R 1} €51

In {the lagt zoelica, 1S Lalund of obtalning o govar

AX. POWER
M ]oU'IPUT ‘

(OCPPER LOSS

FIG. 58 PRACTICAL C/RCLE DIAGRAM OF S.AM.

4-0



devaloped s given, If constant loss equal to the asynchronous
motor no load loss PyA 18 mbatracted from the power developmed
a very practical clrcle dlagram giving the output drectly

- 48 obtained, The diagrem 1s shown in fig, 5.8
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than the naching 15 rumning with rotor shoriecircuited,
1% mpoed 1= veryn orly ool tn gyichiomous gpoed and very
low frequancy oirrente cre induced in the mtor vhen d, o,
axcd tation 1s switched on 1% vbees t 1ts final valune
instantenepusly, It ig super inposed upon low {roquancy
rotor wrrmts, The mwinr devalops tw torgues,

{1) The gsynchronous mtor torque die v glip frequaney

airrents,

(2) The sychronous motor torque die to dece

Before sultching on decey tho asymchronous wrque was
balancing the load torgue aad tho motor was funning at
ownstint gpoads After suitching on, the gmchronous Wwrque
dovalepad may accdlerate the rotor and the connected load,
T s torque depands upon the volud of fleld current and upon
tho aneular dimlacenant © Ddeotuom the axls of sychronoudly
rotating s.c. poles and the axls of d.ce polos. The angular
M splacaiant varios with tinme in a menner detomined by
the following differmtial eouation, |

‘ﬁ*ad_,_g+h5w9= C.
LAt ak (Derived in appendlx)

The sylution of suck an equation 1s lmpossiblo and
glnplificatdong skch as sn @ ¢ 0 in radiens vhich ars true
botwems A° gnd = B° can not be applied bacause O
varias oven beyond those linits, iovever thé phenomenon of
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pulling into otep will bo quite dlear by moms of folloulng
dlngqca mad wplaination,

Tlrmpe ooyug $ho Gees polo Dbrasiion in e vinding of a
P loe havine gno @od ney polo por phagos Nouw the vardous
poclilsn of stobor poleg vith rarmoet o Wr polas may bo

(1o TN OO 1 (e AL o (Y

Rttee SV
2 o vac fnotond of aultSring on ey U0 quip of wtow
polcn md the giator pol-s 1o T oo (fige 7.1, tig
0Hig tact tha e Olg sov davclep any syachionoug
cotr e It ilgonly Ui csynchmmﬁs cotor torque
at Lo wptating the nacine ad asmeimnoug gpoed,
Povover 11C1 tho . G polog gdvcaeo wlth rcapgét W de G
polog, ulo mior dovdlopo syncaronous moWwr torqus depending
upon 1o «ing of enala @ , Iils torquo doveloped at tho
rotor 1g in o 'Jitlon tv the agyichronsusg notor torque. then
tha oyncironotg rot? rguo Lo cafficime crifm@m o accdle
orato tha HOwe, the rotor wlll pull into atéi: end chall
oceupy ¢ay pooltion fon 0 v 0 (& < 009 depanddng

© upon load,

Louos 2,
IL 4o aueltation Lg auliched on at my mgle 1osa then
20%, tho rolor uill omporlcaco syachyonous lorqua rigit ot
W pont of gultening md the aaehine will pull in®

gtup EUoh,
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Chpn e B
I€ nouaver cxcliotion 4g sultched on at an o
e > 002, thomotoring torque will g on falling 111 at

6 u 3200 , it will bo soro. In this pocitlon a.e, polces
onnoge tho deCe polos, both Lelng of the somo polarlty,
tho f16ld gysten dlipsback through a pole pitch, the

dlip incroases and thoe systca empaericices a rotardation
actlon, Duc to this suddcn petardation, tha indnetion
cirrnts dn tho oior inereage which g to increaso tho
agyiciitonous wrguo viden pull g up the rotor, Mo during
thio rotardatlon, vhen tho decs polea como undor tha naxt
2+ Co polog of oppoctto polarliy,the wior will oxporicnce
gyachronous notor torqua, o incroased asychronous
motor torque ond o gmehiensus o r rauo ﬁuu up

tho naching to syichronign, It is in very critlcal cagses
that 14 noy roquiro the anulative effaect of sevoral
pocitivo hel? eyalos t cmee aynchronous spood to Lo
raonchady

Tho necassary md malficiant wndtion in otl the cages

of pulling into sty is that load torgue gwwuld bo loss
thea tio ovor load cepoclty of o maching ag synchionong
notor, If 64 20%, the machino willh yull in'o otop
ulthln one guing of mofor avivait villo r 65  £09,

3t ooy pull dnts gtep vithin 4 sulags of whor airraad
d 1o vary eritlecl cazsog Wit savoral owings of mbor
vty Iha last dtuation Ly probahlo thc tha locd
ruo 1g very neariy ogual o Wis gyacizonoug ovorload
Copacity. Ipuovar, Wa bost position of cultcung on dec,
azcd tallon 15 that vihich the mior vill ocatpy with ragouced
o grator vhen aynaaroniged,
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Faly S TOR AT ST T NI O0D 8
e U1s roeing dag emo Into glep, AL thoe  locd o a0

nachind Lo lacsu s, gim by stap, the the polaWve mado
botuomy wrmoveo iy mtating o.ce ond dagy polog vAl11
on Jncraactt; unts 809, atter valeh the macilno vwill fall
ou% 0l 3ime IL v1L Rot gy Wt chall contlnue to mm ab
abarcivoots ohoad esgasa Sion tho rotor behaves ag the
Mm@ 0l oa ardiinary threa phogo dllp »ing asymchivnoug

e vl Cic anly ciffaraies thal tov 1ty rolor Dolng
swoted wnpurp o vy lov roaclabenes of the oned Ser, " In
Gl oiato of thoLaching, o mdgle hatuod gye ad Jac
mles vlll Ho caonglng cyal:!.callir fron zoeve o /00

0n the enordnaital motwr, vhan tho nachine vas working
ag syncironotig rotor, ¢ho p:ﬁucm input to tho nachino vag
1020 uattcs Una oll of o gmdadca, thoe moshine was nut on @
astra load of 000 walto, the naching went out of ptoyp,
T10 iino A3 gicug tho load lino, I the losses of o motor
cPd nelaesel, thm AD vlll ghov the povor dovdloped or poucy
input, Tho winlo phcionewn nay b9 onpoged like tiig, Lot
tas azridine be meking es agmcionoudn mowr fivst o that lince
A3 dwua tho load 1ine or tho pouar dovaloped dy (o mior
or a0 pouor Innmut o tho naedne, Topvy tho dee cieltcotion
bo gl tched on, The glne curvs shoug tho pouor ¢azlo
choractarigtieng as syncdarennus rofor corramonding & Mo
ezal tations Load line heing poprasmtsd Dy AD, thero vlll

ba ineroanr An tho ol oo cwm by iz aisyn 200



with the result that stator currant will increase
In the negetive portion of pover~mgle cqurye i.e,
"3 portion in vhich tha nachine acts as a gmerator,
the nat oscillating mrqua will decronge with the
ragilt thut ghator arrent snd rotor currant will
foth dacroass, Tho hatched portion above load

1ine produces acedleration end balow load 1ine
pivaces rotardation, The varlation of power Einput
the siator cusriat, the oior aurrant and dlp ara“
glvn in the ?Mr—r«‘aph. They have all bed derived
fron the clrcle dazran corresponding o  inpud
varlation g,

51



Tho S, AM eon mm ot wmilty or loading pover
footor, S 1t ia practlzadla at placos whors a
laading pover foctor with wastart spocd La required
for exasple alr comproarorsy aronia conprogors, funs
pumps, 5¥E Wovers, ore cashors cnd in large indnatrid
woks gach ng grinding mille in eencut faciory, line
shafting in toxtile millsy flour mills; mbbor works
and pajoer nill g, |

The $.5.M, 18 mmufacturcd for a range of outputd
almo st equal to Asynchionoug maching, Xte rdage varles
from 80 W 6000 hep at 11 XV, Tho ot of emelior,
renders the uge of naching helow 80 h.p less popular,

Tha roal Mard for thls nachino is said to be from WO hep

and upuards,

52
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The mmwra axperatums in oage of & single phase vindings
for g slots por pola por phasa 48
. 2 1 Ne Qu.wt.
Ap = —
whera I = R.M, 8, value of tho current in each conductor
No = Ho, of conductors per slot,

Y )
éf

| FlG .9l ,
Tig phves & altemating field stetionary in space for

®

______

whlch

(D) s £ (=X Itia an oven funoctlon s sine |
toms ore midng

£(x) w of{ »+ & ) Holf wave eyreky girmelry  aven
harmonics ara abgend,

oL

Cos .

Therofore Nx) = E & ) '\Jq.lx
YV

Whore G’ . Pole pitch
VY « ordornf the hamonic . Alvays odd,

-

nnx da.
~

2T
an = _‘_—-J f(.”") Cos l)-l—""‘
T Jo
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. ATy, 27 .
z - PLL fﬁ\ .T_*otx]
% agy :lﬁ [jo ATCec“’f‘T_"aLu J;/;A G VL aLx-\—W v

- 4 gu. v

- A+ i =

= © 491 Ne = SW‘YL Sen ot

2
TK-_\_Cdz:_\_?_"_‘._‘— Cegsi:‘_?f-_-—‘]

ATx :Jc(x)~ OcllNc__Swka + 3 N 5 T

In case of a 3ephage liachine with ene slot per pols per
phase, the Fourisr malysls of the aupere-tumn vave for
each phaso separatdly is siven by tho Hlloving

expressona,
L Ges STX .- -
A'\‘,‘T s 0091 Nc S\M Wk ['Co&“" —L'Ccslurk—-\-s = J
nx _120)
AT - 6.9 1 Nc SW.LwE \20)[&3("%-\2_0)—_.&33(7 \2
o + LGS Q"‘" _2e) e J
s
o - un Luo)
ATXT_‘.L-: O‘qlNc_ Sl;w(bb{,"lqb) [Cgsc_llx_,li'o)-_ Cﬁ's‘s(
+ L CosS <u3( ,).‘40)-—“:]
S

Those ep:ations reprasent the apere tums die to I1,11,I11

phaae mrrents, each lasging by 1X° in tire and having a
space shlft on ths gltater of 1200

ZATX '

0-9 L Nc [SW,(wt + Tl)L)+ Sem (Wt - "*)+$w(wk+"“" |20)
2

Sm(wk _'\nt)+ Sm(wk_g-\(l‘r): -QSo)
+ S (Wt - "X)J

(1]

0-9T Ne é’: S‘:“' th - T%)
Z L]

If there bhe in zanc 'al m phasos

T Av,, = ealNe 2 Siw (wt-1Z)



. =3 * {_V'lT(K
; AT"S . __0_3.__‘.1__‘-— 5[ C _—-) =

. ° . t-’-}_“_“-t-l".‘t;)
4+ Su (Wt 3-—«—-;x~ Lge) & Se (Wt 32

: K L (wk—3TX 4+ 4g0
+ sw(ut-a-&_"ﬂq,_}_qs)-«-swﬁ 3‘,—'* )J

"
o

S the (hird hawmnle {8 ulasing,

PrLolAT0N. G2

Prococding as aovs, o oip weetuma of tho fifth

hamonle ig
- o L N §iix
ZAT>¢5 _oqlNc_iSS (Wt + ’T)

ma gdrilorly the rosltnt of the 7th haormonic is

'\ S.. k- Tux
ZAT,‘.,= —ﬁ'oilNcM-;—_'-:iS (e ————-,r)

& the Pourler Mmelysls of tho thrae phase amature
rasction popove-tum of wave 1s

-~

: y SHx) _ 1 Su =70y Lo

It i3 goen that fifth harwonic fleld is rotating in a
dgro-tion oppogite o that of fundmentsal snd the
7th hammonia,

For a chorded windlng wlth g slots per pole per phasa,
the amature reaction anpere tam P weve rodifles to

- o S
Ary . oalIne 4™ [Kkap, Sem(ot-0HX)+ Kdps S (Wt + %})
by T —_—

2 s



vhore Edp » vindine factor

= Dlagtritutnr foctor  Pltch factole

sxz"q g!ym 6D r.wI "D I
Lat

Ty 2 Madnum sncupnous torque in Koumobars,
T g Load Terquoe in Kpw motar
P e W /T
I WyYY/g in Kj3uators and soends,
pw o, of pairol poles
£ = Timo 1n soconds

W w giip at load T ay an asychronsus notor in
HMachenicdl rediang por saconds,

p¥ = glip at load T ae en asynchronous ntor in Eectricad
radlong /s9c,
oL m iaof l2zof ontre of poloof lor bghind the
synchron wdly 2otating fux in moechenieal dadlang,
Px =0 = mleof 12 of cmtrs of pole nf mipr behind
ths smechcnougly rotating flus in dlectriesl
sadl s,
Load rque z = P T
Sy caroneus torque g Iy Yo pe = I, BN 6

AsmiTunous trgre g £ A% . TR 48

w €

d- Pw Iﬁ .
. - 1 d¥ _ _ 1 &6
Accal ar: tion - T - T

How

. T4 oLe---I- ;
_PTM-’-TMS“”G"-?;&-E- P odt”



or I &% Y A
oy a——— m+
p dce ~ at

or d29

a2

Where X

dat

T, $n © 8/ T

2e

F: B i—:) = I__.;.
bg ™I

P
Cs PTn P
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Pulling iud sty of Indaetlon Type
Sychronous Mooy
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Hecondary Gnroctions
By Ray QUiffe
JIBE » 1240 VWl, 78

The Pulling inte sto of Suchmnous
Induction loto 2,

By Tak nd Edzorton
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