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gaturation e.facts in tho detomina ion of tho staldlity
14nits o as % have 21l utilizaiion of tho gialdllity
factor detomined fron thic avove coadition,:

Varipus nothdds are au josted for the saturation -
conglideration particularly in steady atale stabllity -
linit caleulavions wd ﬁ;a nothods of calcoulation
are 1liustratod in Chopfer «5 from tho aperimial work
carried out on a synchronons naciine in ta laboratory
A conparative study of the varlous motinds Lg ¢l nade,

Chrpter = 3 denls vith tho dmmic gtability of
gmdiipnsug nachines mmd tho guations aroe dediced
taldng saturation into conagldor .ioll,

As far ng tio stanllity quootion of a solient
nola symchivnoug nachinoe comeebed to an infinite busg
duo to tho tronsglont dAeturbonceos 1g  concomed,

Chaptar -4 deals vith the ofget of sataration, altiough
it 1g concludad that tho olfects oro cm‘g%all.

. DMffereantial emations of motion Hr the woP
durinz tronsgiant dlsturbances hoe bem got up md
thdr nothod of smlution 1s ndlented in the Apmdlx
at tho md,

In chort o sbject doals vith the chmges of
8tabllity linlts as affacked by toking saturation int
acoount to sive a bettor 1doa of tho shabilit - linits
t a z@gration M An or oriing over & mnevhat saturae

tod portion of thae 0,C.C, 0f a syrchmn~us machine,
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e waluos ol X, Xq and xg' cen bo put asg

xﬁﬂ xal n g xad ey Lill
qu Xﬂ + Xaq e lﬁl.g
4= Za1 + Xad o Xe1

o XM e .13

Wa diall proeccd t luveellzate tho olffect
of sonbroaton o o oucg mtg indieatod In Flgo,
1.1 &3d sigll ©.nd tho ofroct on xé, xq and XY

vhorover rouiergd In tils study,

L2, Amoluro Loglage rasctzices
' - Titg 15 o repragmitation af gl the leakare
{1axes linidny vl the smatare aad includos the
G.feet of |
(1) Fot loalipze flux
(i1} nd uvinding lealage finx
(311} Tecth top lookaro flux

(iv) Haroonle loakano or dlfforoniial loalkngos.

1l.3. $&lot laoaliage flux:
It is assunod that tho mem.f speant up in forcing
the leakago flux In tho iron poriion of tho glot
is nogligible as mzapaéed to ths n.m, £ roquired to
__i‘@rce it 1n the glod vidth, The azawmption 1sg valld
insplto of tha salrration in tho uain magnetle
cdrenit,
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The dirg:t axis dud quadrature axls ocgulvaw
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Fig. L2 4
Path of lasgkase flux in tho dlot and the n.n.f.
distritution aloug the halnt ol the dot,
Lot ths aurrant carried by tho condactor be
I anps.
The m.m.-f. varioes {ron gero it botton to
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constont, Tho pati: of thae lealkagoe lux 13 shown in
flge 1.2
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1.4, Ihd Winding Leakage fluxs

Saturation in tho naln nanetle circ@it:h canot -
affact this lookane flux as tho path of tils
1loa:age flux lics in oir, Hence the ar:afire
lea:aze reactance due o o:d uvinding locakage
flux roaplns coastant,

1.5« Dhoth top loalipgo fluxs

The path of leakage flux 1o fron o top of one
thooth to the top of another tooth in the plr ga
ad 1t can bo agsuned that the saturation of the
t-oth ®das not affoet thao raluctunes of tio path
ag e path nf the lonkage fiuX s noslly in tho
gz, .lmico these loalinnes are indepandmt of
satitation in tho uain namnctle circalt of the
1aching,
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Taas wo find that thoe hampnie or élliforcatlal

lealtage ronctoneo depends upon tho saturgtion foctor

K3,

g the amoturo koakago roactoice gots partially

affactcd boeanao a part of 1t 1g hmod of A Lfromtinl
loallnne roactonog,

1.7

Heneo vyo nay urito

In e {11—..,%; esce sese 1aGo12
Amatuaroe Reactlon in diroet md cgmdra%am o100
Qoolving ho caces componmt of nuon. £ olong
tho ttn anes of grmotey - tho dlroet arle cad
o ghedroturo atls, uo have the cozponat In
¢iract ols colla Qa %  @d 8o oomnat of

QTIaTArt Oelle ¥ A0 cundraturs oo nnlla oYy .



FiG:1.3.

File a3,
Yoctor dagram cf o ‘Salimt
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E:Q 1g tho ratlo of o opliithade of tho fluxn

amalty dlotri ntion 1o  Amdemaital end the fiuz
dcol

D0y errosponding W Ak  whaero Aq 15 @ho ziplie

ado of nen, £ In quedraturo axlg,

T fmdmaepl conponcit of amatare reaction

flux dengl ¥y 1n the diroet anlg 13&31 cant ba uritiaa

as follous

Bod, = Ba Sil- Ca e 13

lnere B, 2 ooplitudo of tho flux desity duoe
L aniatare roaction nanef In tho mro

of 38 eylindrical T0tOT.

or Eﬁdl s E,8iny Ca e LY
Baq ohd B, rofer o tia errogmondiig
Vol tagos indicad Cio W Bag cnd By
o Coa, . Ca Wy - N B A
Ia Ta
o Yod. = M Cd, “vee \“f‘“a
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ilow vo prwessd  ealcalato the valug of

X, %.09, the amaWre reaction roactsico in the
¢aaza of o cyiindrienl e cad the o dotomine

| zaa od Kﬁﬂ F1011 o tep ahavgféqtm:}_ena 1L,7.135 ond
7.7, @o

0 . £ dloteibution of ci m phago
exnatara (anprossed In A T) Dy fourlor caclycls
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iz omugl o
05 M LNe. G kde, L
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Ba, « B = 04.3 . Tm. Ne.q. kep,

e« L X20
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= 6,u5 Ao Tp. kdp, RS BT
ke ks. §
Qq,‘ = % (\}..‘q_ Gm‘
2 2. T de. ONS . Ao p - kg, .\l
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1.8.& Leaakane reactonce in tho mtor clreait,

e lealtaze in the rotor cdreult takeg place

at the following placos,

Pole shoe lealiazes |

Lat < = Loakazas line of ioree {rom one

pole gwoe W another pole shoe
thol hout tho 1en 'th of the pole

@i = Loallase lings of loree from one
polo giwe to adjecant pole shoe
at thelr flat ouds.

Pole shaft lenlagos
Qv = lagkzars 1ines of forceo fion one
polc choft o gwother pola shaft
along the 1angth of tha pole,

v = Leakaga lines of Sbreo £ oo
pole shaft v ouothe? pole shaft
at o flat ods,

(1) Coalaulatlons of ™%, 1,0 e flux linlazes
e o q; C(vefer +1.1¢)
Lot 15 & oxcliation airrent In the £idd
uinding.

Hp = o, of Wms on one nplo saaft,



MJA.F avallaslie Dr the leakase
fiux Y X
\ E ] ' LQ N Nv‘ “'T«

q" = 9-({ Nv, ‘Q&_«;{t)‘

e s - - - — )

TG LG

Loalkaze £lux al the pole duw
- @ds @d alon tho 1aata of
pola show,
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(31) Cadleculaulons of

thngdering en ddmmi dy as gwwm
in g, 1.0 1a1zth of fiux path
= 1%7 “+ s

Arca of cro-g gociion = bxdy

deiy = Lia Ny . b E X2 s B4
Ky +ogs
. e V88
Ry + aps

.I‘)\Iﬁm\v\v\}’ Aipp Mehwan b Kndy o ord be)’:.
we ot oy Rickogas por amfre =

le

o b, ‘ ﬂr_& U B 2 4
i, § N 2 {L}}e xS %)_}

{1i1) Colenlation of

Pi = 2%, kel o W8
. 2 oq
2
oo . le No LAhpty S K 1
2 “-'ccm.
Yy o NE e de ~ R A
Le Os‘g,”..
{2 Npke—
/, N L ape—5 S
-{“xh < YPern >
v P T
Flg . L.

ML F. algtrimtlon along
the holrn® of W10 pole,



{(1v) Calaxlaion of Y
Laggth of tho loaliage path

QK = X '%‘:*] + o"()c...... - "8'\0‘
Py~ "S 2ianp | hp.dy U
: > 2. %_7 + af“,.., v
‘;m ot
(N !
(\x_\'! s Y Nv . 4\_\?‘ .&ae{\* !S._. E&— T 8. 5 ) X

Total leakage inducimce of tho axel tor
vinding taking iocakare fron ol sldes of the
pole shaft wuld bo

L(,{ = 2, H-NPL- Q:_Q“y -+ NPL- ‘LE.Q? + %—Nf)z—_hal ,QH-!\:.%! )
N “11 P
Q{l; 'Q?(M q‘,.‘

+ 2 52 ‘E}-é..lo?g{\r A, '%v-km) 1{ e
U I8 ) &

Hmece 10 2x 15 gsom the aproszion oy Gig
loakago induetonee of Tio wlor uvindnr gad
as euch i leakags ronctoinco Xep ig fadepane
dent of saturation fnetor Kg, Tore are ,

howevar, cortaln assmmptions inwlved in tho
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ecalcal ations aoove,

(n

i1)

MM F gpnt up 4in tho pole body is
nagiiglvle as oupared th the n.maf
roquired to fHrece tho total value of
fiux,

™o leakaze flut < talkes placo ot the
=iXo of Yo polo helsht and g noen
1atth of negnotle path aye, 1is takm,
althouph the imoth ¢f tho marnotle

path bcg no ¥ roagin consgodmt hrougie

out o hol-11v of tho polo.
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2e 1« Stoady state stabllity eritorlang

Stondy stato stability is tho stabllity of &
systa wnder condl tlongs of gradual or slow changos,
The load 19 assuncd to bo avplicd at & rate vhich
18 slow vhan compared with olther the natural
froquaey of osclllation of the najor parts of the
gystm or vith tho rato of change of fidld flux
in the gmchronous machine in rogonse to the changs
In loading,

8toady state stability moy bo cnsiderod ag the
systan in gtatic cquill 'rium undor .hlch pull out
pover for congtont field carrant 1s to be determined
or under dmeaice equilibrium, The latteroneis
dlacussod in detall in Chapter «1I1

2¢8¢ Pull out pover vith constent fldld currents-
Fron tho vector dlagron of a goliont pole
$mchronous nmaociine, as shown in figure,2, 1,

va pat
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FIGg. 2.1,

Vactor dlasra: of a galient
pola@ smchronous aciing,

Iq a?x-‘;aﬁ“ meer 20240
Ia = E - ulbgt e 2022
Xg
SO W Y

Ko
P o am.Iq Cad +nld 8.0

WSl ped 4 . B Cs®. 3

= *q,- Xé
Eu. gop 1_*_’-_1.\_ -4 S 28
> Xa Xq,
Ew . S o+« W % & - %o S 28 e s L2

Tha gecond tam in the oxprozcion 2,2.4

reprosamts tho rdluctanco pover do o tho saliocey
Thals povor 18 avallable

!

of tho gmchmnoug naching,
evar at oo fldld curront vhan intomally induced

Gt £ i3 alm 2zaro,
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e varliation of pover available with g certain
load guglo is givwr in flg, 2.2, fron thich it em
be svm that the orioct of salieney 1a to bring the
naxinum oi the function at a load aasle less then 90°

TOTAL FPOWER
AVAILABLE

POWER DUE TO THE
INDUCED VOLTAGE

POWER
—_

_ RELUCTANCE
POWER
° 90 180
e — Os —5) \/

Flge 2.2,
Varia%lon of raluctmee gnd wtal
pover avalladlo ibr a sallent pole
naehing,

™o maxioum power availadlo at any load anile
caz he obialned by diferatdiating the exprossion
2e2ed o thats

. = EU o o Ut Rd-Xq L Cos2@xa - 228
9 (E,u, 1t Cowst) Ko >N

Jvor  whiey
Cosabs W Rd-Ky e 126

Cas &g 2 Xq,.
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(’u\\iv—% -G, Al Load c;ntfh for  wofiraura  power i eq.224

Cw. g u Xc’-:.."‘\,(‘. Siad . 224

ey a load cagle lass thep 6 the valuo of

% vould bo positivo and haaeo with a graduol
incroago in load, tho load anglo would
incroaso, Tho nachine vould raagin in glabie
1ity og lon as & roachos the value 84 . P
a wridng load engla @ = 9, ; ony additlon
ioad conipdt bo supplied as thoe carvo (1i1) in
fig. 2,2 &oopes dwn wnd %}5 19 nogati vo
bopond that, Hemee O, roprosmis tho lood
oagle for nmaxinum pouar that con Do dallvared
al congtent ozed tation,

The {iguro reoprogats the povor load charactors
iotien of @ omdironsus naching at ono partleiler
axci tadon or ab ono particaiagr valud of Inducoed
Doile £ WL th dAlfFfopmn® valucs of f10id amdl atlon
cazale, n foaily of such m?vcs;iag‘éa“{}ding w o
varlation of B uith e £2cld carvecat, TS0 loomg of
tho nazinas of tho dliferaat earvog (rofor Flg, 2,3)

wuld Adve tho nazinun pouor avallablo Hr sny fidid
LK SN VR
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0.C.C- Loy, 25 CURVE

Eu
Xd

FIG. 2.3.

Variotion of atabllity 1i:1dt€
with gatmaration of 1o nacilnd,

In tho above congtructlon tho v iallon of
X ond Xy uith Cidld aarrmts g not tokem Into
account,

2.2 ) Pouar oguation of a salimt pola eoactod
to infinite bus through esternsl roactance,

Mo extomal Mesctcano may roprosmt a
trengthimor whé&x ailt systaa has bom used,
Tho pouor cquation caa be urittén as foldlow
for thio cosc.

wh{ xa-Ty \sm
T |(rerkediKg tre)
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x € e t

¢ S e

Ccaorntoy conneetad throuzk o
G:momal poactancey o Infinito bag,

2.3. Saturatlon congldorations on gtoady
atato Stablliceys

Yo havo only dlgcussad thoe offoct of gdlicicy
on tho pull ecut pouor of o ginchioNOGo gmersior
end hove not cnaldored the olfoct of saturation
wiich will Do dourht in, Themo arce voarious notiodg,
by wnhich vo con dotemine thoe pull out pouor lknoving
the initisl loading conditlonsg., Thoso nothodsg aro
diacnosad balou &3y cd talo int tha oifoct of

gataration Lfron dAfforcnt oncidorationg,

2eCe Swrt Clrcait Ratle iloWinds
Swoee clraalt ratio of o pymchmaoug cchine
ez DS obtalned from open clreait charactorigstlies
ond tho chort circult charactoristie, Rofor Fig2,8
3;0.1% g o
E};l —



thoro Ignl @ fleld aarrent roquired ®
proaaca ratod soliazo on no
load goturation carve,

Ipm © f1dld aurrat roqulrod %o prodaco
rated amataro carpadt vita o
Saphago gymotrical ghorl clreulf
at the naorator tominol g,

1
&y =
8. GR
Ha quaatlly L& is roufaly cquivalent.fo tho

S G Ry
genoradr wmsatirated smchronoug roactones & foring

only in tho faoct thav 1¢ taliog intp ascount a cortain

cwount of oatusration.  1ne gaturation includeod ig
that at rataed wltago on tho no load satarat on
earve (flg, 2,8) md 1€ this value of saturation ig
dogifpatod ao &y, 1t cca bo sown that

. |
o zgﬁicfmigl,% caeoce ess 24443

G

In {alsnotiod, thoreiore, a cartein grount of
@enoeilon or gaturatlion at pull out ig obtinod hut
1% i3 o consSont geprozinalion vhore oo OO0 4ruo
cottration s varigule dopcading upon (o opovating
convitdons, b crrectlon for saturalien 1g nalo

re :
e ?‘q

The  war power oulpul cam be obtaind as Yollows

31
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P &-Q\l S8 *\-"é1L SR }S.—a 5
J—ﬁ'\-%e L——-——;—;{"i}(% Xe 20 2045
The caleulatlons ere 1llustratod in Chapter

VY based on tho tast data obtoined from tho tests

onh a mall syichronous aciino in tao laboratory,
1.5, Potior wltaze ilothods

XG = Gemoralor roactance

z X3 in direct als ma X, in
quadraturc aﬁ.s.

Xy = ostomal rocctance

Tho hlloving cqueticng car Do wrliiim fron
tho veetor Aocral In £, 24

- ~» -
Eg ™ E% - Ixa eees W50

s

Yol tano baxind - > 5
Potiaor's peaciuica '53, s & +1% :

Tho sataration § is taien {mn 0.C.C, md
1g the difformnce o twom tho axcl tation weguired
o produce ﬁp oh no load saturation cizrva md tho
oXzlt {lon rojuirod to produce % on aly gap line
refor Flg, 2,5, iho excliatizsn wliage ﬂx wilech is
eql valant % tho wtd f1dd carront wmder initlal

32
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Load conditiong 1s the intomal wltags plus the

sataration S,

Flg. 2.4

Voctor dlagran during initial
oporating condl tions prior ®
null out. '
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(.) ; \OD
Epl--—— - o)
S
o Loje-Lynt \ o e 1S
2 ? : ‘
W
s 4
: ' (o) RATED CURKENT
(e} RATED FP-F.
> SATURATION
3 (b) RATED CURRENT
2 zZERO P.F.
E | SATURATION
W 0
Ixp
=S Il [2) o o
< Ifg B | FIELD CURRENT IN P.U. ——3=
—~ Ifsc -
FIG.2.5.
0.Ca G and 2270 p.fe dinractorlgties
e ntnating Poldonto poactanco,
Poucy troagfoned £ Gracvator o infini s g
1o
[} \ - -
E‘"_E_'?.- . s“-..ae) + E..E. u Snd . 2SN
\Katke . (Xa+Xe) K, + Ke)

Undor tho hypothoals of conptont ageltation in
tho trangition fron o Indidlal load condlion ® pull

out condltiong, o oxeld v Ciun wliozoe By rowning



mnstant, The infinite tus wltage Bp wuld ¥m

gl raain constmt o that these two wltlanes

nd thy reactmces Xg and X, and Xy and the anile
& arg only quantltics mown at tho tine of pull out
;md Hg intomal wliazo at pull out T oot be
detominad,

B, 2.6 zivos tho vaoctor pooltion for naxle
pun pouor troagfer, The macsia 6 wuld under tho-o
wondl vions bo 64 corresponding to the load anle
of nadim pousy temal 1,

e queptiticn By B, gy X, Xg :d 0
amg Imcwn 24 10 88 roguiraed w caladata E; umdar

puil out couzdl tiong,

Voetpr darram of gsallent pole sy chron us
machine wder pail out cond tiong,
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e Qalloumﬂ oRproasione o1 bo writtos
—,

E.'\ = Eﬁ -S ceee 2SS

En,.SquQS = 11” u%"'h—)

! - Ea. S G.s veee 286

~ 34 Ko+ Xe

S, Costsw Ld(xd+Re)

o Td = £ ~€, Cashs, cee 28

Xd»«—xz

v &]‘_ ] v, LS%
U T o asa
Cf = Q,L + I'L‘ﬁu-ﬁ\:) ces 2Stl0

A nothud of gaccossl vo gpproxinagtion puat do
ugadl o dotoming §' vhilch loads & g orroet

mlviwn of $ig wocOr &azron,. o nodnd 19 oo

-~

s 2 »

2 icuos

a4 voive of 8 1g aszoaod, o abovo canationg
Ze0eTu 4D 28,20 00 ugdd o ealatlalo Hpee 10 aetud
JAeo of & ig pouad foo o gowrtatocl aavg uad

Lo rypared vl tho aiamced valno, W10 asowmed valuo

t

g tha adjusted wWmilil (1o aoctnal volae found DY
g@caﬁiﬁvt c&maﬁﬂﬂs ng‘ Z?E}’ i-ﬁ G&fﬁﬂl w ﬁl': G.ﬁmlaa
valug,

Me valuo of 3, Lg o vielr om of temina

it abadit

WLiulo cad pof.:lc:?*g peactice dwp Ty e o &

S M 2yt on peeotonen ad e leel ot 0y, 33:;1(3{3?
AL 0T e Rag B2 Ty e ot i Dana ahind
'-JT"— i‘}f‘ ﬁﬁ”‘ ”3‘3» ’ :. “ ot :?-C 0.

™
TpoWdd Lo waklbc od
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RSN, o
: Ep at Eb\;’,.simula bo takon, Hovover tho value of l‘,

| at tominal wlbago ay be takken without ary
aprofladlo orod,
than tho ecor-oct valuc of 8 ma &' are fund
tho pull out power con be colcalatod by

b R ’
P -. ST LSunBe ¢ E;_; Y- Kq, tS\:w.Q_s
R X +¥e > | arr)(Xq e Xe)
2.5

| ha nethod L9 1llustrated in Cagptor V

ad 1g bagod on tho data oDialnod fron tosts on a
mioll galimt pole gynchron us nachine in tho laborae
dory,

26, Smdimnous Dsastaieo nothods

Toe sndchrorous naciing is roprosaatod by a
rogctgic ogual W o mgpircicd gmchroncus
roacigics and an intomal willago ogual to the wltaze
bohind masatiratod smenipnous Peactneo ao dotormined
by o initlal load condiiiong, <ilg woliane R
is tho gmoe as dater-inad in soction 2,5, The
sattratdon eZfeet 1g toiiam In tho roactaicas of
tho s;chmpnous nachino by sdlacting tha value of
Ly and X;4 at tho wltase corresponding to the
wltage beiing tho Poticr's reactmes, This is
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trmae only under the agsunpiicon that the cagige in 15
from tomingl wltage to the value of the wltasoe
behind % is vary 1ittle, |

AR 0.c:¢
N Ixp
9 ?
N 3 <. _
- 5, a ZERQ LAGGING
3 z & P.F.POINT
" e ’
Te ¢
W
S
<
~ :T Xa
&4 2
Qv
>
S @
Qv C:
3% ‘& 5.C
V]
383
2z b=
= FIELD CURRENT IN P.U. B AMPS ——»
kg ——>
Fl1GQ. 2.7,

Varlatlon of Kg Xg and Xy
th fiadd carvart,

o variatlon of Xgg mid Zge vith wltage can be
doicmined frun Gl Hliping cgalions md finally
plocied as shiowm 1o flure 2,7 aad 5.1

Jion cguationsg l7.20 gad 1.7.30 ve have

X4 = o+ &‘:s + S'\Ts e 1YY
Xg » a+ % .4 cee o W20
v ok
M" k—s: h_rﬁl
Xa, = a+hec e, 261
Kqu = o thea Ces 2063
M ks'. ks'
Qre 2-6-4

Ra, = AT =
\



o)
.-

Rey =Xdy = L‘o-\n:_)-{\\--\\-{SI ‘ R

o~ \9'1'(. - Xcku—Xd.

B B X 3
-
. 267
Mu "‘)“&\
& = Xela N
Rs,
C = kd\.\ - X“\u.
Kdu = K — b6
bra = ¥qu "i—*‘“ - T‘:.L_k '
K;‘
- xdu. - \‘dl& -XA\
x%\ \—
K,

e 2.649

Having dataomined o vglusg of Kg corroge
ponding t the wiltazs bidznd tho Potler's roacte
med, Xpn ;nd Xqq ean bo  calalaled or nigerved
fror flg 2,7 md 5.1s Tha pouer omatlon can
thorelyro bo urldios as

P. Bk sza « E"' *d\ — Xyq,
Xd,

A‘( S 26
+ Xe Q“*t -+ XQ)C“M*-KZB
26000

Mo calealalions Lagod on the Coyd data from
a s2pl) gmcehmonug naching in tha laborary are
1linsteatod In Cupter « ¥ -
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2,7, Saturgtion sffaet takm into conslderation
fron Kappfs dlagram.

Tho vothod & fTors fron thet doseribed in
goctlon 2,5 In detomining tho plueo of B and
taldng saturation inte considaration, As a maiter
of {act we do not havo gy juatlf . cation for the
addltlon of saturation 8 along tho voctor B =4
strictly spealdng we rust oper toon 0.CG.C. for
all such aldditlons in a non«linear fashion, It
ig not tho wltoges bw tho flald curronts vhich
have to be added lincarly ond tho not 9.foct &
Qbsnrva;& on 0,C,C, for tho total wltage thich
wuld romlt Mo o tio gidnd G ad aovaals,
Tho values ot Ui peactaiccs oo hovovar taken

at ths mlta’?,@ ?—%’)0

Ao e aruavivo poaciion mmpotc endaewrs

nar wald porsivhoey at 2l loud,

¥ = Fidld apore muducivra por al.
parishery fop amatire rsaction
compansatlion at {2 1 load.

amatare raactlon gupers conductors
pav unlit periphory abt fu 1 load,
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i i LaXg ————

Lht
. /
™~
! oy £4

Flge 2.8 =
Cal.ealotions #x of fidld carrant md
Iatoma ly intesd o,3.8 D o salimt
polo omchmon ug ocring,

thereoro YA, flald gpore conductorg per om
pordph oy fbr ariatiyrs roaction
mnﬂ“‘f}ﬂ"' Ign ot M1 Joad
roprirod o ggoroano ko
drop IX.q

ma..:z w £lcid aporo a:nducnbrs per
Ca "~ w1 nedpasey reaired in
:mei, mr:ls o q.a.vzia
oncture reoelisin onnacathon,
Flcld ciporo eniuchs noe i paviphery
ovoreoad a drop of I(Zy + Xjg ) wuld bo tho sun

of tho {idld g, ¢e Peguived oy IXy drop ond

T A o
“g



Having detom:inad IX, , tho gquadrature azls
can be found out and tho éxgla v dotemined, The
veetor dlagras cod be comploled as in figure 2.8,

llow By 1o tho romaliont wltazion 0.6.G
e to the s of a.¢ por @, roguired for By
sd Ig¥,q, Mperc conduciors por m poriphory
rouirod for By is Ady, In gddition to tiis cortaln
gwunt of ampara conductors por ¢, poripher; are
requived for Igx.g or IXyq Stny ond there wuld be
ria dne |

Hlencg the otol £1AAQ currant or flald gopore
conducizrg por unit periphory wuld o Adl +yAn Siny
tho Lidl Intomally induced o.m.f bolng By shown
ag L.t in flg. 2.8

T wliags vidh gives e flux condl ticns in
e nuilne 1s B4y, ths rogt of flux duo W PAa snd
gooiiae namtriileod by axigoura peastion, The
raactzied con bao omuAdaemd at tho wlia ¢ Idy

o o5 D1z mitase 1‘19 &3 In grction 2,6



Hece wo can urito down tho pouzr ouation as

§ L NPT - Py X

i 34, ~Xq,

(Xl +Xe ) (Xq,,+Ke)

e - E‘.-.‘_("‘L. Y E‘_’é_
p =
k.h = kg alra VO\HQEd‘

ta,+xe

The nothod 19 11lustratoed by calealations
bagsed on t;eat rogl s of o s10il sallant polo
smchronoug nacing in tho laboratory sad 1s

detclled in Choptor - V



Gp W11 nou o offoet uf gaturation only undce
gtoady ptato otabillty madimoﬁs vag consdldorod having
aooucd that o oporation 19 only vndor a £ined aicle
tnt:lotf:g‘;\gﬁor » load englo charactorisgtico, IV vao.als
stadiod that tha steondy gtato conditlong could not oxtgt
aftor a load aglo © o O, cnd dotominod tho valuo oL 6 f
o galieat polo gynchionous maching vhilo fHy eylindrie
edl rotor nochineg 4V 4o Hund to bo azactly €0°

Taore are wuovor cortoln conditlong undar uhlch
tho oporatlon 12 pogslblo at o load cagla @ > 04
AL twough at thig point tho systam 1g glaticolly ungicoe
bioy high gHeod vromlation of the fladld airrent wvith
vaa halp of high cpood romalators ez malto tho oporos
“lon pooadblo,

o opeoration of tho machine wndor thogo oondl e
Wlono g ogald W bo wrlking wndor dyacaie otabililiye

| Congldoring oneo azaln o oyotca of a solicas
polo oizcimonouns geacrator cipplying load to e
Inginlia bug througd ¢ cxtomal roactcneo, Hio povor
cquaclon eca bo wrlitan ag

P ! E—:_-_E:. So6 + “_»_}_2{ Xa - Xq -?,3»‘- 29
Xa AYe, o\ (Ra+Xe)(Xq+Re)
/

-
aooaolo.!.



Fig. 3.1,

Arran enent showing the Ganorctor

connocted to an infinite bus thmourh
egn axtemal roa tonce T rgganting a
trensforner in o cano of unit gystong

The vaiune of tho torminal wltage ¥ u cam

be urdttm as follovs from figare 3.2

- Xd Xe .
M\_f_
Ll . ud d 52 COS @ DIRECT
* J AXIS
V_'—JU%LTJGD%\_T'_
uq’ EZ SimB QUADRATURE
i 4 AXIS
FiG. 3.2.
Tiee 202
Equivalant drait in direct end
Q. axia fr system dgiown in £1g2.3.1
s = Ea.asei\«- %e. k NE . e B2
_ d +¥e xar ke

€,. }SE_ W . 3D

Ya T %q, +Fe
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Tus lmowing the value of Byy Bgy Xgy X, the
variation of the u wvith @ can be plotted as shown

in figure 3.3,
P 3
2 P, P28 P; REFER TO POWER
X d I - LOADANGLE CURVES AT CONSTANT
3 ————— | ;'IGLFI,) CURRENTS If,, ,rfzazfs
o i J ) h ESPECTIVELY.
I .
4 | P, | Vei>Vea & Ves REFER TO Ve =§(8)
g T | AT CONSTANT FIELD CURRENTS
Z g Ib | Lf),If,&If; RESPECTIVELY ,
: 3 BN
w 9 ! I I
= Q I | |
! P
| I
a/ | |
: [ I
| d Ib/
= r:oo %
VI
t
tz Vt
o 507
LOAD ANGQLE 6 ——
Fig. 3.3.
rd
Flg. 343,

Swouwing tho power+tominal wltage
variations wvith load angle.

It 1s ascuned first of gll that tho working
polnt 15 a on Py uith fladld aurrent of Ig, and



- W5y orrogonding ® polnt a roads 0% ™o aysten
15 vopiing with m catonatlic wlinge roglator cach
10t Ay verdatlon in tho Cominal wliaga oo %'
cfijuot 1o witogo W 004 o moxioua pover wnde
gtapdy gtato condltliong that ecn bo cunpliod 1o tho
pcals 08 Py Igl balng kept congteat,

Mou if tho £fldld carrai Lo dncroascd  Zgg
ag udll ag o locd, tho woriking point 1loo ot point
d, tho cyrrosonding TV, vould bo hichor then 009
ag vood on Vg 1ino ot point 4%y IS oo catomalle
wlilapo reouletor, vovo fltted, the oXcoss wltago
would oporato tho romulator ¢md dacroaso tho fidd
arraat o as o being tho voriing polnt on o aarvo
in botwoca Py cad Py nd ot to scae tlmo to adjust
Ve at 005 As oach thoro 16 a dofinito 1ind ¢ of |
povor that ccn bo Qdlldverod repsogsantod by poiné by
boyond valca ¢he gtacdy gtoto cnaltiong & not oxlgt
crd tho witago 4o Jjuob 005 on tho aupvo Vgy =

%o £lcld aarrant vdng Igg

Azcema tho garoration on tho thiddd povor cardla
at apoint 4, At thig polnt ptondy agbato ptebllity
49 proogcat ad tho tominal wltago is moro then 004

&7
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point h at vhich tho Kinotle cargy have bom glvan
up cad vill tha gulng bock dlong thlg pouor cigha
mrvo 111 o poilnt' 4’ 4is roached, Tho tominal
wlitago hag onco ajeln inerqgasad ¢ at thoe rb(;ulcx -
P vlll opaorato cad roduco ﬁ'm f10ld carrcnt probably
corvogponding W o £ pouer cnglo acarve Juot bdlou
ho Jrd ono, Thg gcnoration polnt hap cheaged o '
tad tho sulng nicht continuo up 11 ‘4’vhore storad )
cad Kinotle caorgy has bacomo cguale

Tho cyclo kogps on ropulating ond lngstond of
porfoeily gtoady stals gltuation thoro g:-mo vhat hao
bocn ealled as quamiestondy stato otability, .

Thore aro throo loportont things roguired for tho
pooalbility of maintalning dsnesle oquildibriun,

(i) tho abllity of tho vomlator %o act quicikiy
{11) tho abllity of tho oxcitation systa
porform ulthout tno much of log,
(413) prasurc of inortlae In tho w tating porin,

20 Dyncic SCaullity Linmd €s-

Gnatlon 3, 1,4 e ho usrlitca onco agaln ag

T 2
= 182 Gsd 1~ fe } v L Xe 6, & . S0
w /\ 2 s Xa+le Xd +¥Xe 1 -)-a,q-)tt

49



flnca tho valuo of u has hoa kpt magicat
ot o valuo concal o 1 p.u thmugh oul tho 5tablliCy
opcratian, wo e urito

KE\ (osai\'\" %«-&\ u«-u .k i %, +Xe swa] =t
e D21
3g,bdng tho inflndto g wltarr, 1o wngimi,
Jdcieo Ui voluc of By can B2 dotominced In toms of

Tn ag $Hilous

2
By | h=de, X .c.;.a} . By Cosh( 24 22
gl ST lS I B

- xd"’“‘[.j E:. Sat -~ &..Casty. 3_‘_’;, ] e 523
e

Q‘ﬂ,*xk); RA +X

o powor aquation cen bo wrlittan ag

P g Qb S50 « 5* Yol ~ Ky, 320
Yd +Xe (X +%e)(Xq,+ &)

abd ting 1o valua of Ty Cron 3,3, 3, vo god

k8
Po El}{\— €. x{:s.;}e — &, Cash. Xa_ ]_Suz.e

U‘\,""M)‘P Xd +Xe
. ‘L_}t R - Xy 1 Swa® = 3244
| (kaene)(¥qt Ke)

In ordor © eclalato 3y from cguation 3,2,3 wo

requisa s voluog of 31519 end x% at the Affarcad
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pusavn 0T 0,C, G for udlch E&. 1t gadl€ 15 roquirad,
Omeoonly a stcp by step nothod cca bo adoptcd,

e valuog of Ig, ad %y aro  bo Houad ab
o Taltane bind tho leoakano roactoncea ond not at
10 wital intomally induced o.n,£ ginco 1t ig tho
fo:nor ono undca dofinos tho gtato of gaturation, Tao
latior alep talkog inte gecount tho flux thich gov
ncatrilizod duo to amaturo rogetlon gnd actunlly is
not ecnolng ony saturation, o wltage bciind fho
loakanga roactmeo eqgn bo obtalned by veetorial sunes
Hon of tomingl wiltago end the ammaturg lookago roaes
toneo dsope (Pofor cgyl6.12)s Tho lattor 1tsald depe
cadg upon the pmouwnt of gaturation or Dy that mattor
tho wl tage behind the loakane roactomes ultinatoly
roquired . find Bgy X3, ond x{h5

o ©lilowing fothod 1g adoptad o =mivo tho
cquations

A eortaln valuo of Kg only soliziilly highor then
thant at tomingl voltago 1s asmunmod, Lookago raactoneo
lg clcalated at that voluo of Ky uith the uso of
oquation L06,12, The wltage bchind tho loakasga raae#
toneo ecn now be datomined cad the nar valug of I{v#
obgorved, S0 soluidon has to bo obtalncd by nothod of
raceo-glvo opproxination,



Mo valugg of Xg, ma %9 ara pbagerved ovar
{ho colealated valuo o2 Ky (rofer Capten=V op
ra flingeration) ead tho valud of 3y ig calaalated
fron Dgtion 3,2, Wails vhaa aabdtaicd In pouor
ccuation vould yldld P o 2 ( 8 ) undor dmcuie
ipading condltlong,

3,9 Emctlon of Hotlon of Sychmnoug machino undor
Dyacalo gtato « Equillibrivm md tho enalydls
0% otabllity fron thoss condl tlono,

In ordor o cmalyse tho dyneade recponso 46 1o
noedggary o lmou {ho gqreltor rooons: vl 1ts Po-ule
ator md o onstonts Invelvad 4o tho cqaatlon of
notion 6f %o rotmr, \

{n) Vario¥ons of £flold acirranit of o &w&h Qesedlin

agel tor with wliagn Romlalnr,

For e opay clzeaiCad smature, Lf a wmltagoe
Vo' 19 cuddcnly cppllicd to tho flald tomine
alg, tho axeltor aarrcat at my instaad

ig givaa by

N L{i}.ﬁg- + ~1‘d;'le P V@’ eeoJe3e L
a 0 |

or Taf gg.g +dy 3 %/r o0 332
6

vaoro Lg » cquivalcat £lold Cpg indaetoneo
Py @ £1cld roclovenco,

02
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ig= Bin p,u systcy, unlt fldad carrnt 1o cach
ag o prodaco unlt wliago as olr Jop ling

A

”3
2

e A4 caront » Uy in pet 42 unit of £lald
carxat 1a cach ag to Hreo undlt aurrat
amurn rogl stomed,

5 Vo) c\gan&m ccn nmow bo rourdttan ag

ac
“3 ﬂi} +0 = Ue SrepvsaROOON 3.:3.3
Undor loaded amawira wmnditions, tho variationg
of fla1d Sominml wltnge with Wno ino glven by
vﬁ(ﬁ) i - gﬂg %%‘f B itlﬁtjﬂitbiﬁaﬁ&é

thdro 79 » load line cnatont,

Tho aovo ouatlons do not tako pgataration int
ccoount 7md pllthogso rclations ave trug sbr ale 3o
iinc, Unadeor dynenic coulliovrlun, as afplelned bBeloro
(socetion 3,1) tho wrlking Cokes place In tho ncﬁ.(ﬁabqu#
raood of a partlieilar povor cnfdlo craractoriotliesn ad
oo cact wloazo bdalnd €10 1lcalingo reactineo 1a onoteat
vl tho pacalé Piat a orroction '8! e bo taken
«ad cpnoced o bo emngicat Livouh out tho gudy of
Agacale gipuilicy at Giat point on povor c1flo C1ara0w
vori stlocs
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Heago thoe oquation 3, 3,4 ccn bo modifiod

talto ontuzation offcet infe omualdoration an

"}Dnﬁ %E% *“E o] UQ('B) w Ueg @.Muoao&ﬁ

vharo Ul t) rafors to tho tal
oxed tation on actudl 0.C. G cnd
bt for A2 gop 1ino only,
w10 Pomlalo? gyoten 1o assunoed ag follovos
A @m0 ¢ = 0, a @sturbonco is thoro on
. 10 operoidongoint oo rog rdgy, say a emoll incroase
- in load ecaiding thao tominagl wliago © o down,
ALSow o i:lmo. h dopeading upon tho vomilator
TAno 1oz, o dlrgct wiltaze 1g caddady luprossod
in tho ancltor flald clroul ¢ ¢ad consoquently o
wltago gewoos tho gl tor cdrauis gtards buil&ingr
UDe
2 ascp o of azpczmtial bulld up of oxel tow
wilCacs basrac Lis indtlal ¢d final wolueg, rlvoo
& PLomnav ¥ oeddPata roprosmintion of actud builid
up wllcgo 1ino cirva (rofe(0) nd (10), This car bo
put ag
Ug (W) 5 (Tg,=Tgy & L — 3s 340

Uge » catling voliago

Up, & imaticl cmelicr <wiiugo

(]

tg = cuclucr wlieso balld up tlno conataat
doyaading vpon el Uor Decoanoty
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If this wltage glven by above equation 1
spplied after a time h, us#ing Heaviside delayed
unit function WY (t« h) the excliter wiltate
becomes

Uglt) = Ugy »Ugy ® (b <h)+ Ug n{teh) «(UgUg}
: T '
= Ue,« (et 1- € “'*} K (t-k) veoBe37

b tting oge 3,3.7 in eqs 3.3.5
~ia

d i,
T (,““"@Q‘ el € ) MG - u"}
Taking LaplaceTransforn end pu%ine (B, .03 81

._\,\.\
QH- )E = -—-K.u% Ueg o« Mo -Lloz‘){ — %“'E‘l
b
i ) 308
e B
E = &~ ‘3 QA'_ We
a & kt‘*, s e~ \)i’ b(\p.‘. u,#-_!-‘_-c)(l"""i:é) .
L E‘L"l | -ame }‘%01
t’*‘ T&r
€ [U‘c "ut;)Tﬁi.p p+l—}
o1 T _(TeTa 1 _
+(Ue "Llc_)é: T_E.. B - — )
{4 \ ) v*,_i-‘:g "& Tﬁ P'l",,ii "f"",':é
£,

*4

POEEE N 3-3-'0
o .



Taling Loploaceinvarso, w0 gou

~kah -kl
Ky Wec T [ete “")
By = (e, ~tes)(1-€ ) + (e -Ue, {t- - '1":-‘\'\{(
| 4
T t
v €8 ) 534
W -t
Y
= e, - W ) +| & - (Uoy-tayy) ¢+ Hoe ue‘f N €
e~1g
~tei

- uQ,'_ "'" Lley.‘ €. TQ. = 3'341—

7 T& —T&, ‘

o ilg cquation glvas ug tho v.rlation of
intomal indeed g.n.f ond LF sabgltutod in the
pover cguatlen @avop vith tho voluoa of Xy ao
Aoy nd Xy ao Xy, since tho paturation affoet 1s
olroady conaldored in B(t) wo havo

Cy. €y Qind + L Yau-¥qu }.Su'.zﬂ ~- - 3343
fe (Xw +Xe) L Qe Xe X B qu tRe)

b 2 Ec______..k“)’&z LSk, + F_"_?.l ¥ - Bqu L
(.\'f-u) hd\& 'I'XQ A 2 | L_“——xd& *'xt)LM“i‘k)

uhoro %) o B (g, 0) 05 $3 0

Povar ow 1ilcl in other wordg 19 nothing cdlso
g rque (yneo $ho grnachronsng oood 1g conctoat)

tcading © oofing tha SR wwuld bo



g - Oeso | 5T

o ta .tﬁ(s)_ $2b - E'(J;-_,_.,.,) S“‘e'_}
Nely +%e

g Ko - ¥qu k (a2t~ Sasf)
X Q&M*‘X@.)Q‘Qu“‘ %)

« w3AS

viora I i9 glven Ly cmation 3,3, 1L

oy tho cquation of notlon of mtor of a
galicat polo nachine cca bo welttcn ap

L%t’-*' Te. d.ft T (ST (e

= £{ O, t)
dll o' nar constnte
balng iumm fron tho
nacaine ¢nd Smon tha
exed COr POCorcneo,

o valuds of Ijy Ty end K con bo dotormined from
caplxlceal polations avallablo ¢ad onperincatel data
md 47 S10 olove dfforcntlial cguatlon conld bo sslved
W ot @ = £(8) £nd the plot obtolnod, the dynamie
of tho dyaciieal otablllty wsuld Le cralysed cnd o
gyatay would bo gtalflo In dyncale equilibriwn 49
¥10 vaiuc of @ dog not oxcood boyond roaconavlo 1imi ta.
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e

{108 e Bo trcacal Chad 1 gttty than o ayatT
S cadjcstsd o poisdle dlulbenest, Wo iroo
wEndEnic Upo ol dlgturdomecs Cinh roedivn mnsldoees
oG A cogilllily gWadlco oo 9

(1) Qdda laad camgno

() Cosliching oporationo

(3) Teultg vith caboomaal ddralt imlationg,

Wo otcllty of tho gystca wader tho a™vo heads o

}

Sloaaosad oo Sllovug ¢

I,

42 (1) Sdam Fand Garncan.s _
Inad inercagon e rocl e in tread ens

Clotazboacog Aaas aro Lawotoat foon otablllily
polnt a8 Woy IR
(1) tho udl load Ccusocdo tho gloady
otato atabllidy Aind s fo gponllfic
wlieze cad clecal s 2onetoice ondl G
:Lonc.
(12) Tho load dacrenzo g2ip W) o condl tlon
Lor ooxdllolion Y1nt 0o moioe gilngo
bosand ¢ho ot icyl Ao frea oo
K10 Fievory wanld Do L oAlls,

cadiat gtablllty rofcen o Q10 comlt of powew



.7 B9

Assuming logs loss condi tions, dirin-: the swing
of the mior @e % ths transimt A atarbances from
ardden load, changos, equal arca criteria can be used
to fMndout if the guing 1s within the linits of
evitlical mgle, Boynd thhs anzle the mior wuld
not come back and tho 1imit of trmalmt stability wuld
ua 4kcaodad,

Flge 4a1e givos the povor load agrile choracters
igtle DH2 a smchmvmus nachine with the operation
point A dalivoring load of Pg at a load sne Oge

. |
Y
<R 1
|
Z b
I
<R P!
2 v
Q | I |
Q I |
by
1! |
|
¢ |
P ¢ !
Lt 180°
o qub GCGS 90
LOAD ANGLE &8 ——>
' FIG. 4.1.

8tundy stato Pover - Vg Load an-le
charactorliatics of o saliant pole
oty s;nchionous saciineg,



Yo asrémc tiat the input fron o pmnCaE;{?oz»

Ao caddealy iacroagod fiom Py Ppe Tao i nal
o2 the nachdno 49 the scao oo P,y cad thoro 1o anot
dLifcransa of pouor thldy pog W aceclorato tao e,
Doyaading wpon o lnordda o_f Ui o toting gyastca

the s takos one Wono to reach tho polnt B, md
boemes of the notle eaaorgy ntorcd Glo o tho guing
foon A © 3y tho P ovordmwots tho pdint B md
poaciog Yo point € guch that aroa 25D 1o cqual ®
evan BaC Cassuning no lo 2300)s Tho Tior tould ppddle
1ato botuen tho 1inits A 0C ond vould ulilmataly
ogtabllilgo at ho point D boeougo of tho logses wnlch
wuld clusyg deeay o ooclllatlions.

I7 tho point ¢ penging {0 tho 1020 0f tho erldle
el polns @y tho eyotca g vndor o 140ltn 0f troage
1end stalility, ™o critleal point 1o fizcd fron ho
ncy lood ond tlono, tho intomel wltano of tha naochlno
cad 1o roaetmecs. |

Hathcaatleadlly tho eondldlong con bo opyreascatod

ag $Hlioup

, s .

Lacro Pg 5 Loed undar cny anglo @ aarlng tho
grng e £¢ 6 )

Py 8 Inod wndow Yronddaat Glotarocico
oondal dlong



ks "-'9‘ ) 6 1
i U g0 = 'y_t_"_m *ds- ¥ (S R e W2
1?9 w Yet¥d (Xas -\"K-Q)L&\’y!'

To cpuatien whcr onlved vowld rocdt in a ploS
0% 0 no o Amction of Wne, I2 tho nozoim valro of
0 1o moro Yacn erlitienl mzlo Oy chvan Dy tho Dllowing
Cle W3,
10 tronstaat otabildity 1in16 would bo cxeoccdod, Tho
nazimm valuc of Pp e thup Do detomined '

P = CLW sub « W ixag,m& 7;3“-_9_9C e W23
i > (tas +xe Y ¥as+re)

taoro valuc 0£047 0 is ® bo adnted
tho values of Xg, md yy (2e0 mrrocﬁrgﬂ)
for saoturation for a valud of Ls omrrig=
ponding o &1 hags  bo takca ag dvan
in cguation 262 © ogation 269

™o olutlon 0 tho @fcratial oquation 4, 2,1
1o clven in Mmpcadiz T ond I1 fop tho casos of '
videped ad dempod otors, o ababllily cca bo
daicmined by a plot of S’ =0 ualch would do
o Aooxd crvo 1§ T < T, dwulag that the gysta
1o otablo d porlocle, I8 en tho nthor hend F > Ty
@10 carve 1o open alcr entallg inotabllity, For a
valuo g ‘z?e.ma earva 1o a poparateds, oulng @i
1ipi s o8 ho 5%ablllity vty



4,3 Suliciing Onaralion

| Equal avoa critoria is used to enalyso the
stablllity 1indit o t tho swltching operations
W povor mgle characta:dotics would bao reuired «
ong fvr tho cndltlons before tho gvi tehing hasg tazen
placa m arothor fhr tho condltions after tho gultche
ing 19 tna, Tase dirves renarked I ad I1 in

¥lg,
XL, ’
Xd — 00— Xy
£s 090 —— 000 ——Er
X L o o—[U0 —
q XL,
>
Q
RS
&
W 1
:
Q Py
R p| RS
| \II
T |7/
P
' ¢ ! l |
T P
P (I
L s 180°
6, 92 6 9(‘,

LOAD ANGQLE & —

Fdge 42
gta Ality ariteria no
addan sl vy oporation,

Aload Py i3 to bo sanpliod o that the opera-
ting polnt bofore gultehing ic ghown at P, on eurves
I giving a wrrogponding load argle of Oy After
tho switching has b done le load is ¢upplied

62
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vlth a oporation polnt Py om carvo IT at o load

aBdoo?l O

Wo dicago procdacos i laercaicnt povar of
Pa=p' ¢tich vlll qccalorato tho rotrr © incraasoe
i1tn load caflo £from 6; ® 0o . AC aloéd caflo of
82, At o load mnglo of 8, o ior vill overshod
cad poach a lood anglo of 83 suach that aroa Pposb
la cual Pf'?z e Tho Unit of tronglaat gtabllity
29 rcached uacn Py wincldog uith P, , i&m eritlenl
point bojond whlch the roepvery 1snot poosible,
Onco o aln 1€ con ba amprossed sathciatleally ao

0 .
288 2. ® e o . |
atﬂ * 5,‘ .E\'B“ + m - (Pa P) mno‘:'astl
tasre Py = Pouse dalivorad undor Ind&ial
conditio o,
IR TP

acZiiceting tho offoet of grlicaey oo o cxtoaanl
raaetones 1g high as onpared o Xa cd i

o e weivo (ot

P o kaosad
Es.ba

Yas + ¥+ Too¥e,
!*x'ﬂ.

tnr g kl »




™o valuo of Ko ulll not bo much affacted by
saturation but oven thaa tho saturation cen bo teica
int account by colailating Xg, fron Xau lmnuin;r tho
velues of K at tho valuo of Bgs

.0 covo ogatlien 4,3, ecn bo urlittar ag

i c%g +T@-%+fé’a +%3 S0 o P,
taich vha solved wuld rocalt in a plot of
9 & 2(%. ™Tonadinun valuoc or 6 uvaca pub aal
@, 1ould recalt in o condlilon of 1Anit of troaglnt

gtadllitye 84 ¢t Bo dot:mincd £roo 10 following

caquciilon,
Poo 30 o&in ¢
I%‘l E:Lg
0, > 80°

4,4, Troacgdiaat digtarboicas vndae I G ondl tions

ad mugcrudat drald Lolatlonsg

Ior sacda & ogtarucnceg, irc or more clrauld
conél tiong are t bo congddored, Lot uo gay ™at tho
povar « load zagla characterlstics undor thoe throo

conditlons ngadly bofvro tho fold, daring tho fomlt
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ad after tho rapval of tho fault are glven by wrves
I, II aud IT respectivoly, {he pover dollvcred under
cndltion I is P such th:t the operation 1s at point
gy tho load an:le helng 84

4
6, 83

FIG.4.3. STABILITY CRETERIAN UNDER
TRANSIENT DISTURBANCE ON FAULTS

Wen he falt occurs, tho load thal con be
sunplied £ on condliions undor I+ 1s only Py, with
the rosult that comerator accdlaratas md (o load
egzlao ineraages, W1l 69 wvhen the foult gots Llnla-
tod and powor surplied mrrrsponds to Pee The rotor
‘gwings to tho point £ (as explained ocarlier) such |
that aroa defg s oqual to tho #raa abed ascuning no
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ipgnce in tho gving, Do 1inle of troxdlaat stanlllty

2 g pePagmtoed by tho condhilong rolnd £ eincldog

it polnt o cad the highkest valuo of © roachos 8,

12 210 poverity of tho f’e:aii; incrongos as 19
indlecsad by tho pametion in cwount of pouor that e
Do tecacd ttod durpin: tho foalt cond tlong, or 1€ tho
Camadicn of tho £zul¢ 19 fncercagdd ag i.s ind@c~tod by
a lopgor 0g g or 4F 1o power caglo dlagrm fHor tho find
cndlton bas a lovor nazlaw , o largest ciglo aariag
tho gysbc osclliatien 1g Incpcagdd Deyond eg cad
widar no sondifions v uld zu.ch tho exltleal cagla
Ba; Tor tis trenciited povor vador tho final clrexil
endllene, iHathoacdeally o 1ini¢ of temalart

atehility eon be dovoiminod oy DHllouct

3;_&129 @ |
’W fo"EE-**:B 4 4 (Pa - P) aaotuoaa'&o‘ﬁql
UVOTO P =2 Po 8in @ for 63(68 ¢ 9a
ngaslﬁa fow 0y 89
Pa @ Pg nofor W o nomiomm pouor that eon bo ddiie
2rad undor conditiong I ead IZX ag cpocdiilod oarlic,

Ld_;i; AT c_;_i- ko o= B —-i?,,swze +. (PySnb -?,,s..:.e),k,&,.-r)}

Uhoro T » wWno zoradired o cloar up thoe fenldl.

W0 cation 442 ecn bo mlved kwergtho nrPoide
an



mmarical values of I; md Ty ag clven in appmdix'
II, Mo plotof ® as a funciion of tinoor
%. as a finctlon of 8 can indlcata tho stablility
of tho systan,

If the maximun value of © 1s legs thm O
- thae lat%er given hy

Pa = P3 sin g9,

and B4 belng ;roator thea %,

the systas shall Do in g position o stand tho
trangiant d sturbazca,

45, Torque Mglo characterlsiics of a salunt pole
gmdaronous nachine daring transiont perlod,

Tho veetor 3o ror D7 the tend ont ptate 1s
woll Inown to be as Hllovs

Fig.4.4. VECTOR DIAGRAM UNDER
TRANSIENT STATE .

Pmocoodin - the some voy as in aguatlon a.a.
o equation 224

P ’:‘ u Iqﬁmﬂ 04U, Id’m O sesesccecne 4.5.1
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Ge

f . .
o WSRO G« aw SUZMHWR g S w2
-] N x‘\’ M
L] E{ :}-‘: * S\-GQ * ’\::':':' { t_G.__r____..— Kﬂ e Y. gu.‘\lﬁ‘ NN L‘-s'l.
i xd X Kq,

8laco tho oood 1s const:mt at va,

f L) Xa-X e sy
Yy 4 L - %_}} 8w+ % v L saa8 -
T3P C in ps o o 5 X,

wih an oxtemal reatnee X, betbre tho infingto mo

10 orcuo cquation wuid dicnzo ©

Trquo in pelt =

' ' ’
Cy v Sip o w2l W -Kq $win® - ASY

¥d +Xe L d +):<:_)Q}{,-k&)
Thrquac in peu |

wdor gatiratod condition o

r .

Bjw | sse 5 WL Xdg -~ B '& Ci20 - WES
(s +%e) "& (s » XX Bas +Xe)

210 volug of Xh caa be uvltien fron the equivew

1ot clrcal€ ag swewn w Liqous.

qu = Kot =« x‘i}_‘*‘k cea- Wseg
Xt + Youd
Xek. )
= o+ 4 —-—-d C/K‘ . meme VST

ks R + %\s

fouing tho voluocs of cmnstentso oy b cnd e
fron tho coguaton  *e32 W aquallon 264 4



the valno o€ X ccn bo £ und Hr Ay partlalor
satazebion factor or 0P ay portlalar Intomally
tnduesd viontle W saturalion offaet in gt
atohilifts e Do accounted by cabolmiiag propaz
valuda of &y, @d X dn 4,55, Ac@anl caleulationg
Dogcd on caut data 0f o mall gnlit polo gyachipe

a0oug t1nciie i labhmatory ig clvea in Revenr * TR,

W00 -0 of tho oguation 4,6.5 wuld 110 abdvo
guco@y ctato lood calo anaveetorligtie ag g < Xg
:3d $1c 1316 o2 troadicaal gtats gtablllity el bo oble

oincd H» oy portlador locd an7la

spoaalends neatl do,
Hlaching poaraton arfoctels ho temalat gonble

1lty by vctising g volno of ouvocdvo voaeloies Xabe

o varicGlons of Zg' wltar o W‘?ﬁ L1 Llgura
S SCalaaloatzd fron fac snctonilgof o o2dll

iagnralory naching mad tho offeer of golzcvlon en

srragiat oUenlldy Lo ogtingield in Cimior -0

69
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S.1s Tho chaptor deals vith the oxporinental deter-
mination of the maching constants for a anall
saliat pole symchronous nachine md the calai-
lationss o.f its stabllity 1inits by the nathods
# scussed In chapter « 11

The tosts wera ca~rled out on a 3-phase &/»
tipo, B0/400 wlitc 7.6/4.356 Mmpsg,3 KVA, 0.8 PE
1500 T.petle 50 cyclas rotad salient polo syachronous
nadaing nmm’“cm"ﬂ& by Raottrnotom YWorko Kalser,
Boriine Tho nochine uged m oxeltation wltago of
23X wlts od vas coupled b a 230 wlts B.3 Lps
5 HPe 1500 roepeile mp DY,

Tha opee clreatt oad goort cdrauit zhacactors
isticg aro swwn Iin Flge Bele 2010 pef 4fUll load
ratod wlliazo point 19 alo ontained @ devermine
the Podorts ronctunco aud 49 found W be 15,625%

Tho valug of g, Hund froa o8r gz line
and G, C.C 48 1084 p.u md tho value of X, fron
flip tost wag detomined o Do 0.415 p.n. ™o value

of Zq 19 quits low bat tho rosult was conficicd by
nonatlvo oxel tation tast od tho reluctanco pover
avallabla,
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™o valuos of Ko at ;ay particalar wltage 1o
1o rallo of {idld car-cnt required o induco thig
wltagc on 0,C, 0 W that roquired in olr gop lino.
{raraw dofination of Ko in goution 1.5)e To vasdintiong
of Ko vl wiltozos indacad are plottod as showm in

i"] n. J. l‘

Jquations 2,6.2 W 2,6.2 give ug tho nathod of
calelatlng Idg nd Xgg at iy valuo of Kg or for that
nattor ab eny value of wWloazda oy {iald wrr::ni:‘ o
verl otions of 8g4 end an are ghowvm in fig.EJ. cnd the
valuon at ’t‘he ratad wliaze aro ibund to bo 0,800 Pelz
md 0,35 p.u regooctivaly, Tho ydluos of constants
in equﬁtians 1.7.2 ond L7.50 vhea mivod 1s found to
bo |

el Ocﬂﬂuﬁ
D+ o Ogg‘ftﬁ
h + d o Q.Gﬂ

8.2 Collaalatlonn of Pull ouvl Pouar:

21w callalations of null out pousr aro based
o ratod indtlal condltlong f,0, 10 nachinag
15 asomed O gasply und ¢ caroaal ot unit
Wltago ab a Pe £ 0f 0.8 la-ging, To pull
Sav povor ig cotealated By al ¢ho motwdg

Gagertbod In goction 2,4 o 2,7, o noxiim



povar i3 alm calailated without talkdng saturation
into acoount in gection 2,7 and romults are compared
in section 2,8 to dhow the &ff2ct of satuaration on
gteady stato stabllity.

5,3, Short croaalt Ratlpo lotipds

As por the equation 2,4,4

%ﬁ 'a t * Iﬁ » s. e;'n } + Iq‘ CXq) » % %$

e s 01
' 3.3»30 i}&{} = 0 gm

Tho vactorlal saumaticn replroed has bom nade
in Qlmare 5.2, md ig Ava oy 04, tic vlue baing
L7628 pate snbatl tating theso values in
ogiation 2,4,5, wa hove

P . L702X 10 ane(L0? (g =03 .,

A A

72

S -
(3"0{)} 2 --Z'um Y 01&; !
1,09
and Gio ugtinun pouvor
L762 % L0 (1.2 1
3‘09 ’ ’ 1 XG.:'B
1.00
thopg o2& . -0 SURE-OXNE
@ma Y {' Tl % ez

fron cquatlion 2,2.7



s = 0,313 Pu. 450 +
Eint=1,825 p.U.
m.,x" Nme kU
LOAD . 0

anole | H4

N@ = 0,629 p.W,
H& < 0,777 p.u.
[Xqu= 0,415 p u
IXy, <108 pu

L]

10 20 .U —>

| i " | A

0 O 02 03 04 05 06 07 08
FIELD CURRENT (amps) —>

FIG.5,3.



or 0g = 53,62

P - Llearle ¢ - sg.g-g + Qﬂli ‘hﬂ —o-3 % S \n-l‘:
m - S ™ - .
83' l‘bﬁ T-QI—1 ~ ) 3G
= 2,383 bw

S,4. Potior loactanco “ethods

Tho desctiption of tha mothod 18 zivan in s ctlon
2.5. Tho $llouving aoro tho constmmts nown to

ug under inibdial oparating condi tions,

By = 1.0 pot & LO+ 0]
Loed auvrant p» 1,0 peu ab pe.fs 0.8 lag.
= «3,6°
X3, = 1.084
X = 0.435
Refarvins o the veror Aanray glvn in f1g,
5.8, vo zot

| By = 1,825
S k4 e. 313

Ioad ;alz g 14,49
I = 0.622
Ig. = 0,777
Uader pull out conllilong, tho load angle would

be By as defingd by cpation 2,2,7 Jmce



S = 0,313 P u.
Eint=1,825 p.U.
Ex = 2,038 p.uU.
LOAD o

ancre 44

N&\ = 0,629 p. WU,
la = 0,777 pP.W«.

e e e A A e — -

VECTOR DIAGRAM UNDER INITIAL OPERATING
CONDITIONS OF FULL LOAD BERATED FP.F.
POTIER TRIANGLE METHOD

IXqu= 0,415 p u«
NX&.\'N\~O® P

!
" P\D

L

PE |

20 P U —>

Fig.5,3.

0.3 04

FIELD CURRENT (amps) —>

0.5

g,6 Q0.7

0.8



os 2 1,084 -0.415 * 1.61
Gs 0, = 0D.dis ‘H 5

For Ist trigl leot us aszume S' » 0.1 o0 that
Eiﬁ &333 - Otl = WM]-B

®s By LG . o7
®s0g 2. 218

This sives 64 = 66,787
Er’ = LO L-%,?BQ

I ¢y Sl056.78. x 0836 5435

T 4 T0.413
Iy = 2218 0,803 . L715 . L584
| 1.084 1.084
- 12 2
I' = {Ig)7 ()%

B = L0 [/ ~C0,T78 +2,55 f=38,15* 0. 125 / o0°
3 0054 |
Tiis vaine of Bp! axacidly vives $' » 0,1, the

value vs atartsd vith, Tho procodire will have & be

"ropoctid 42 iy cauo ol § orliing 1y asuned md

ultivatdly found gro not oqiale

0-66 ‘ 3
P g -1 2..').\8 K\-o . gwk SG."SQ + G) i ? ? wA “3'55
.08y .- BSH v o-us

2 D2 patt
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85,6 Sypachsonous Roactonca llothod
the Intamaily inducold Q. £ 1g dotaraincd by
uging o gaturated valuog of Xa, d 3:53 at to
vwiltago vdiind Wi Patlor'g ranctoice as cwowm in
flmre 5,4

mo valug of intamaﬁ.iy m&uceﬁ Cele L 18
obgorved @ bo L,00 p.u, Udng cpuatlon 2,6,10

1o havo

P o V62X U800 Qe)%$ ogap — 0334 ‘%._w. 2.8
= O'%)—g - 0.‘,&7—8 * 0-53‘1

ozxliv: powor 1g obiciiied at cazlo 04

v by 3
, a1
LoDy 0938 1 soror cmatlon 22,6
%50, 5.3 " 1%e
o 6091{'&

. e Y
_grx o o

N
e p g U2 et + (D osze -0y }so.sm
o §28 0-828%0-33Y

3 1875 + Q,7ES
pad 2,753 E?ou



Keap'a dlooron o gded

210 notlnd of ealanlation has bBom dlscasced
in goction 2,7 ond dotalls ocut the pmeadaro,
who fblloming calaletlons are rogquiroed belforo
Do grephieal mlution for B flvaa in flguro
S5 con bo gtartod,

s B rofor aquation 1.7.18 ¢d L7.17
Ca  ¥aa
o Sq =~ Xy
s W I DA NN 5‘6 l
g =Lg *
/i . . ‘
4 T 2ofor oquationg 1L,7.27 end 1,7.28

n o/d | |
dcaco 1o ratlo CofCq 1s indepandat of sataratior

Loetor Kg ,

Kq at uni v wl tago s 0.,
Ea ot walt wltano 2 9,01
34 ol i, wlingo s O 155

Futdng tho aove valuos of Xq, X and -
&g in couotlon 8,043, wo havg

Cp o 0.8« 0,15
cd Oqgﬂ,ﬂ Q‘ Ww -

Pl 8 (QaT7 =« 0,070) onn s soalo
™5 & : ' '

0e2¢1

3 0.0832
aflc 'y agouvsorved L veelsr dlasrcy of

£1r, 5.6 1g 45,5



FIG.5.5. CALCULATIONS OF INTERNALLY INDUCED E.M. F.
FOR A SALIENT POLE SYN. MACHINE BY KAPPS METHQD

|IV1<1=NM,.A.1 —
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TA, SInt = 0,325 X 0.6884 = 0,223

& as dotomined fron 0.G.C 13 4925 wlisor

1. 228 p.u1 wiltagse henind tha transliat reactaonea ia
438 wilts or 1095 p.u thc -luesof X3, md Xq'
balng 0,765 snd 0,31 p.u rogpeacidvdly as observed
from £ig. 561

Tging Yidls data in oguation 2,7.1 we have

p = V2 Xlo g.g Q:_g_)’j{'onS-—Q-S\ ((.S’.::.Q;

Tnex v 06 7— 0165 x O3
wore s By o - 0§1’ .z 1
ha o, . Lz

o? ©g % 61,88

_ - 2B RO . R ¢ + L. { °‘1_(1£__"°'3' }'.Su;. 123-7(:
Heaeco P, = ks S €156 - 0-165 & 0-31

= %2312 p.u
8.7 Hotlama Poucr uliti-ud talin-g gatavation ind

omagidoration,

It ig intovesting  dota vlnc Oic puil osut
pouar vithcut tadng saturaitlon inty emstderation
in order W zlve an el :uc o:i" g ciZact of sature
ation on thg gtcafly ssate sta 111ty o1 the smchronous

maching,



78
Intemal wltage using Xy, and g, 18 found

from figure 5,3. as 13 estlnutad as 1,825 p.u

: - o4l <
P - E2ERED 0B 4 U_J ‘°"_‘1____°‘m§~ Soaa6s
nax oY logy RO

- thors
B8 205 , L024-0.415. 1
or 05 =68,
Thoreifhre o
Leackis €. ced 4 U \efu - O-NIS }.Sw 136-2
Pmm - . zi:;, S GB-V xS g K04
= 2,000 p,u

Homeo tho pull out pouos tas gachvonors 1achilne
vltsut condldaring o zatarubicn ¢..act tams out
to Do oniy 2,008 2418
Be8. Critienl study of the wvarious notnds us>d to

talo gnturalicn intd cong doration,

mo rogdts ol thy pull oud povor mt.ai.nad is
S In Y1050 Bl cad d.oug ot dncrooss In slablllity

urichi gota alfectod duo o gaturation,



KT =0
JMAens

T, “%L%N%MMM“%“LSQ
1Qiarlgs

.00 iothnd Pull out pouay
{D'ﬂ?vgf
( ] [
(n !Smri: droalt lletind  eee . 2. 338
(D) 'Pcﬁ:!.or's:mﬁmd ees | 22
(3) Smehronoug reactonca ioth 4 26453

(8 Keopts Gdlogres Tothivd .0 ' 2,212

(5) ‘"lacnlts itibut cniddoring
fsa turation | ne v 3»398

{6) *ull out pouors of the taat

g,
naochlno Ly c actual load ¢ -
Haat fron Anitial ratod cone Y
:(ﬁmgnﬁﬁ . ane ; 20%

-

The pull oud pouor fr the masnine undor tast uas
actually detomined by =1 ¢nerinmt by loadng tac
naching as a cotor fron tho initiogl oondltlons of
wil t witaza. wﬁ? crrant at 02 Ps ﬁﬁﬁﬁmm
tho ealadiatlonsg havo Dawm rr;mclo by varloug nethod,
The pull out povor i3 found W be 2,28 pele

Althongh tho rselt in nothod 4 1istod in Toble
He1 coup-.roy wmo that dAIferat fron that glvm in
nathad (1, {2 md{(3), yot tho nathod 1s most
logteal o< glros the rocult néarest to tho actual
stadility 1ind G,

et eircult nothod toltag gnturatlon offoct only
to a linmited oxt@mt as glvey by ogquntion 2,443
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The Potier!s mothod estimates a too high volus of
intymal wltags as tho saturation effeet 3 1z
added lincarly for wvhich uo & not have oy Justie
flection. This odjactlion is also valid for thoe
gonchinholl~ resctarce nothnd,

Karp's diazrm method dotoraines the intemally
indnecel g.n.fe. on tho onon clranlt charactariazties
and trkes satorctien int acoomnt fron noint to Hoint,
As a matbor of fLact ws & not havo w1y Justification
for adding up saturation linge:ly to indnced eo...f. as
is dno in Potlorfe wisthod. Strictly speakiag vo must
oparaty on 0,00 for all such addlflons i @ non-
lingear vay. Tho clozzqt a»roxination weuld bo to add
the f1dd carrmtbtes linerrly & to obzeres tho wlinna
pN 0.0 C, This wuld zitomotd nlly ra:alt in wi tazag
zotting added un in a non-liruay way as rogquired.

Tho offoct of gabiratlon ow stoady state giapllity
413 vary uall rovealed fmon tadle &1 md shvus o

Jofinlte increacoe in,sicaly siato stability,

5240/

© wURR L

CENTR s ¢

Koo, o
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FIELD CURRENT UNDER OPEN CIRCUITED ARMATURE
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FIG 5.7. FIELD CURRENT TRANSIENTS UNDER SHORT
CIRCUITED ARMATURE,
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FIELD CURREINT UNDER SHORT CIRCUITED ARMATURE
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Tho valuo of wd® con be celeulntod Cyom tho
naagircicnts of amaturo opon dreait £fleld tinme
onstant znd amatiira chort cddradt traneleat
t@no constant a3 own in figuros 6,86 o 5,9 as
follous?

. o
Xy, = -%g;:- zd,
- %;%%% x L3804 z g,34

Tiag 1g tho unagaturatod valuse of Xg* az tho
lnos constonts vors measurad at g witeze in e
Che 1ino portion of 0,C. G
Prom cquation l1,.1,3

Xt = Xy » Eg.%g

wg® Xpg
Ruing tho valuos of constoants a, b, ¢ and & fran

auations ez o 2.69 rnd found gud In soction
@Wa yalug of xaa at ony sptratlon factor cm bo
dotgminod, o

The na®, pouor output cen bo dotemined by
mbsl mtdng tho pwjor viluos of XdY, Xg, md
wltago bcaind te transleit reoactomeo in
cuntlon “wss illustratod as undors

Witz 2chind €1 polor? s ronctaice{Fla.5.8)
1.1 peu
Satarntion factor hr LI p.a (Fg.5,1) 3 LD

i
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xd' for Ks 8 L3 (Flg. 5 10) _ » 0. 314
Tltazo behind the transient reactenco »(Fig.5.5)

-2 Pu.

* C=-BG4

X, for wltazo = Ll (Flg 5.1 13 04325 pau.

P. taxie S.p o+ WOV i\oﬁm — O35 % ssap
0.314 + 0-34 x O.328

3.82 Sw @ - a. o lol§ Su0

(7 o 3.%2 V{)-u
et ¢

5¢ 3 Pull cut pever under transiont conditions without
saturation con ddsrations

Using the mngaturatsd valmes of Xg' and Xq in
aqu :tlon

Vottoqe behivd borsted  Aesdaie = L2y px

0347 E 0.3y w04

P 3 b

Sactisns 6.9 and 5,10 show thut tha offoct of
saturaticn 1s qui.o Important and cannot bo neglaected
@ got en acaurato fi-urc for tho stability, limit,
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value - § Xg 1s indwmmdat ol aalz aldon factor.
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Xaa (Invassdly oroporticnal o &) and Xy  are
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- ' :_
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