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-a  

cna the Ep11tldc o f the  
i3 oçftai to 

l*a eindzicai ' r 3p ano iaino 

 0,1.1 . 1 w.-tee•%. 	- 

4S Aa. 'r- k e1 

11,."Q.. 	 6.s 

I 

2 q, k. 	 ,. 	• 1~Epf 	- ... 	k- 7•ZL 



~te4 . H. 	kdP~ x toỳ  (-'t•z .3~ 9 

— 4,y4 • N. iccde, x~o$. 	a. 9i, t1 . o4s  
kdc s 

4,44 . N. 1.c~lr 	. 	to 	- 	r1'h. Qe 	oi9. 3 	1..,... Nc 9,. 	(► 
kc.k~s• 
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M. S~rCA 

?SLLL . 

l(49, . ka Cry 

 , 	z 
1211) ---~.~ 	 . 	t. 	Cel 	_ _. 	1,14.1 

Xq~ = 

	

It fr& Z 	_ 	, ~ 	.  its. N 	 4~,_ 	i 	. _ . .  !• 1.2$ 

ks  k~ 

d gyp¢ ~C~~Q 	V A 	4E. 	l- Q'AS t WlAS Av~~ 

d 1 	,. 	c.a% S iU45 	0 	trtI1^C/C 	v 	• 
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i.So Lame re ,c ancc in the rotor crø4t. 

' .e 1oatvago In tho rotor c :t'a t t& o8 place 

at the ib1loing places. 

Polo s K e lo& trios 

Lot c - Leoias line of forco from one 
l0 ,''oa 	o or p ,a boa 

t 1 ', J out # 4 lith of the poly 

I , - o a-se Un as of Lorco from one 

Polo d o• to actoc r t polo o0 
at h 	flat cid.  

Polo haft leaigos 

to 1 a o lines of CcsM O vum one 

polo shaft. to rotherpolo s aft 

along the lmth or the polo. 

. Le&ragc 1$1103 c f Sbrco fL_ i O10 

polo diaft lb oriothey polo shaft 

at to flat 	 s. 

Coli1atLons of ''~~; i.e. th o flux l lZ,,o s 

c. 

 

to , cps (ee 	rh. ) 

Lot lo a e e .anon t€' : Cn t In the iu1d 
'Jin ding. 

ITP I* :iOw of 	:. 	on on 	i 	is 



1, .X4*F availaile = r the ioaka~o 
Lux 

FIG .I.6. 

►o€ 	o flux at h a polo ro 
mdocn d 3lon =; th a li..;i l ..; 	 of "z c 
polo so 



LFkc & ) 2.- 

( iii) CIcActio21 of 

M• 

111 

(~ 

^ 

RR~~ 

i+ (~ 2 

(ii) C .£ 1c ydon9 0, 

n cle a tn oIcunt 4 r a zi  

1.0 1 cnti of flu path 

Aroao1 czo -3tocon  
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—H Z b c N  

I /j _ __ 

N 	°Pc2 	S 

7 dX 	a p ~ 	 a PC 

F14 1.7. 

	

4.UJ . dst 	nct1on 

	

c icr2 rit0 	 ixlo.  



(iv) ad-11hat ou O  

Length of tho loaf o pati 

i t Y 	a'i~ta i 	R^ dY 	 , . _ 1• 11 

o  2' 

z 	 ., l•~~t2 

Ibtat le ago nduc co of the ct or  

? A .n din g tart . loa1zo f m all . do3 of the 

to thaft wuli bo 

4- 	- 	-+ 	
.) G 

0 

____ 1-x•13 

Hal ce 

 

it 	thc  

aaio Int-ha c cO _ _' t i i !u -u , t21rnUi1 *;gid 

d t o f satu at o factor K More are , 
tl • i , certain. aDsuptLona invlvod ii tho 



cal wa €tions & VO 

LL. .P cc t up In tho pole 14r to 
ZlOigtbiE, an a upnro4 	the m.an.,f 
rmsi—rcd to ibrco than t tal value of 

a 1 C ,1 a o 	; tC'.i+.e'a p1 acs 3 Qt tho 

nli'hcuo of tw 1a 1io1 t ad ; iic 

ten^ or ctpo~ .c path £pa.j Ia to , 

I   	hQ iiariotie 

out ' h z b :. ~ x u O tho polo. 

24 
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2.1. Steady state stability car. tori € .: 

toady state stability I a the s v'a li ty o f a 

systua naer con tion of rac1aal or slow thngos. 

o load is aQscd 	be s-ipli od at a rate u hi c i 

I s slot tthui(o aced: ii i oi thor the natural 

troquncr of oscillation of the t. or parts of the 
syatcri or iith tho rate of change of IL old flux 

In the schronoua riachino in ras,onm r the char e 

In toting. 

toady state stability may be ni4erod as the 
syste In static cqui1iriva unclozr 4tich pu31 out 
power ibr o n tcnt field 	is to be dotonninod 
or wider  dyn. Ic oquilibthmi.' he latter one is 
discussed in detail In Chap ter •.III 

2,2, Pull out povor ¶11th cin s Gnt io1d rr tt-- 
Irort the veeir diagrzu of a salientpole 
S5n 	fl3us is Tina /  an hoi. in ft#tiro.. 2.1., 
we get 



4a 

F1G.2.f. 

Vac 	 cl;r .: of a Gr ..e t 
pole smy c1unou laduinO. 

u r .  
Xq 

- -• . 2.2.3 
P r. 	t- L  

A SOLL 
	. C0e -'-  

o seeDnd tow In do fro-i1on ►2*4 

ropro3c1ts t o i'oIuetinco pauc kto to Uio raiizioy 

of tho s nchi,nUi* ±a: h1wN 1= s pouo." i s a.1a.1 ab1 o 

o ai at zero t1 cK. m Wiha Mn to a1ly intucod  
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Mho vax .atop of pov r available Irl °. a certain 
load angle is 	in 'i e. 2.2. from tkiith it cki 
be Slum 'that o o i oc.t of selic ey I s to bring the 
na2imuxn O ' the ±in ction at a load ct jl a less th 900  

TOTAL, POWER 
AVAILABLE 

a 

O 
k 

on 

THE 
GE 

2.2. 
Vaiation of rliotce and to taL 

rpOOr cW&laJlo Lbr a slim pole 
L4 O. 

210 aNinum. Power available at Y load o j. c 

cm, be o tainad by diTorciitiatin. the epros hn 

2,2.  

k- u —9. ws z 8x1 	2.s 

Ove" usWtL 

c.s  &S 	 ick. 
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, 	to 	c.  

r a ted angle baa r• G 	tL0 valUO of 

ttuld be pOLtiVO 14 hcico tyi th a rra O. 

in eroa.00 in by ad  the toad fl 1 0 tX UId 

croaco, The u t in o vmi1d rrictn in otabi 

11t ao bon flt ao 0 ioactoa the value 00 w 1r 

8 t r in load 2LO 9 m 0 7 any acbci tion 

.load aiiot by supplied as the the (ii) in 

fiat 2.2 th opoo d,rn cnd 	to noati17o 

boynd thaw k co G3 rc roses  tho load 

a.!.o or ziortruin pouax that can ba d liv3rod 

at con etant 	tation, 

The flaI'O roar is the pouor load zaz&actorui 

LoLco of a =znaua ria chino at eno pa c1 

cLtcLtLon or at o o pa;~ .a-t1c 'aLu3 o, i 	ea4 

o, n1 	1ith c1iffoznt vaiui o. :rLoid ocL ,.:at1on 

.._~ ~. armil r of tict 	vcccring to the 

[ 	t : : of 3 tzL:i ;i c c1 d 	 io bo x o o f 

the uazLlaa o ' the di or( t ct. v33 (rofa Pi , 3) 

t utd _ .v the Fjw„ u pryvol available ar any 210.4 
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L _i~$ CURVE 

\ 

I, If-0,45  
/, 	j 

//  

//  

// 	, 	 \ 
// 	 \ 	A 

II 	 tt 

i) 	 rt 

y xd 

0)45 0,45 	1,0 1,25 

—p- 
O  9clS  /,Bo 

FIG. 2.3. 

Va irtio 0 f stabili t7 li` i t 
th catiratiofl or to Hach 0o 

in tho & o Vo cars st CttOf the ' `` 'L attOn Of 

act3Q t. 

.2( 	':re'' ojtiatiofl og a Ga11 a jO1O aluioctod 

tØ in 'ni to bu thinicb ogto nol roacta cO, 

2.o tiZtOflU a1Ct C .ay 	'3Et t 4 

2 	=) Oi V1 ;t-, t s7 t has bocn used* 

x[10 puoZ r u a ion ca b 7ritt1 as fo&ioV, 

P c  
C& 
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XG 

 

Et- 

OQar t r conn-acted 1U3m 
atom onotme4tnfinito b'i a. 

to tion nxtUrations on steady 

stato 
 

Stability 

Uo hiva only din ued tio O.Met of sctLiccy 

on tho pull out poor •o f a n m ,rssn i o 3s erai r 

.. avo not r . .o. ad to o~.'roct of saturation 

uhis . uilI be bits t in. 1aDo a:o variouo notcis 

by 'uhith uo can dotothzo tho p f out pouo 1noring  

the initis. lLng ndMons. Theo othoda me 

acued b loxi 	taio int 	e o foot of 

na rat 2n r 	. fcit •cn. do ,it on 

2.', ext Circuit  

Qzrt circuitt ratio o a o . icamniuo thino 

c2 ' C obtcijflod 	Op "ri 	rct31 u charasvo nt.1tis 

cfltt the sort circuit 	icte Rofor P g2,8 

o 
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•OI'o IL a 	. .drpt vequ1 ro+tb 
p diCo ratod ; .:.ajo on no 
load as -anon curve„ 

Ig a .ajd - tmuiradtopa►ieO 
ratod aia z'o c.r1 t ul ti a 

phao aymotrictil io r ri anal 
at & tho c 1 ara r tO: 2XL . O, 

ihw quCA y 	.s 	c7 CULVa1ETht, £o tho  
gcxn wa, r sa . r rod ich3n,uci ro3ctmeo d2.oring 

oñly in tho fact 	: it iron into  a•int a ootatn 

fl t O ' ani et` .Oi. Tho saturation th4Dzdod La 

that at i c tod iltaijo on tho no load aatiirat on 

crvo' (f. , 2.6) cid If tia vaiuc of mtuatIon La 

doøIatod c 	it ccii bo ioni that 

wr« 	 ~rwMn 	tQw' .e*.. 	•..*  

In 	c u o k+ ' o 1 th o b zo, a c i do cunt of 

c 	aoLo fw ' i titan at pt U out I a obtctnod 'rat 

a e ncitcp :r.'ia n thoc mm s 

car ::. a Gl on 2. 9 vc tt.iI o dcp CAtf L,a upon ii o opo :! t nG 
r C 	on c 	b car `o c ton for  +L s a 	1 i•i S i! '   -+o 

P- VO.M t 	? "-' 0,44 CAK bt O'7vO. nQk d 	l ata$ 



2  g 	s 5 R 	SG 2. 4.5 ~. E~, 	~.8 + ~ R xe 	2-  

e eel. i1 atlons e.ro il3.0stratad in trap tar 

V basod of the test data otQinod from tho tests 

sin a small s n thianau s 1 a lir v in tho laboratory. 

1.5. Potier ltao io 

M G € ram►r roaet ase 

in direct att o cn d 	in 
quadratzii'o moo. 

live ib!lowing iuctons can bo 	i'mr3 

32 

.... 9.-S-1 

Vol tc e &tnd 	 _.. ~.s•i 
PCS . or I $ 1z1ø o::.a;14 	# -E  

210 sa12 !at.r f 	i s t 	£ u O. C1 C„ r,fld 

i tho diffornee tai tho oxcitutton veth'od  

to proch ce 	on no load atuation parvo irnk the 

oxc1t ttofl roup. roe: tz p ro c cO 	on air ga line 
rc'or 'i . 2. 5, Me exci' &'~ . i lo .4itiiith is 

to .ac, Ota. 3.i cl. d cirrctit to dor initial 



toad niitLons Is the intimal vat•.a plus the 

sad 'atiof . 

G x 	~t AC Er 
E~ 

x 	= CGENERATOR 
REACTANCE 

G 
=EXTE RNAL 

 REACTANCE 
x e 
Ei =INTERNAL 

GE VOLTA 	
OE 

MACH~/YE 
THE SPIV• 

~6 

~ 1qj 

~ Ep 

E,. 
\• 

Frc. 2.4• 

o 4 

Vou r c acr c ar ; ini ti al.. 
o orattng n3itiovs prior t,
a.l out.. 

33 



(0.) RATED CUP-(ENI 
RATED P-F 
SATURATION 

(b) RATED C VRRENT 
zERO PP .  
SATURATION 

IXp 

i f 
	 F16LD GURREN7 IN P-U• ---3-- 

r  Ifs  - ~. 

11.2.5. 

o. asp Land Z3 	P* '0 din'' Ic t:t %* . Jti CZ 
7.'o a'itLIrActiry o "a v7, o coact cap 

'o'toa tr 	'.' 	 CL'I".:'"!` . 	r-"It 1"tl' 	°' 	J . "-. , r~i t 	is' 3 

çE 	.S)+ 
~Cd Xe 	 y 

' 

QxdA-xeKx. ,+xe) 

Unr or 	o 	 O 1 cor1 ctL %. auo. t 3 .on in 

.o tTc1n.Itton fm tho nzLc1 1od conch. tion it pull 

out cdition, t 1Q CZO 	iuu i1tu3o L T u~lr~ 419 
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const t. The i iith1to btu oitaco 	t ,:uid 

els raiain cont tit a3 that `3o:3o t' iii ta!'O$ 

circ th) road 	aeo Xg id Xp end and the 	n1e 

0 are oily uitLtIos at tho the of pull out 

and tho intorn&. a t . o at ;flu1 ,tit U !oast be 

aeta3itr1od. 
,a. ZG 3. via the voc x r po st Lon for rias 

uuu pQUO. 	1' a 3fQ '. 1. o an10 0 i9t txl,,,i :31 do' i ^.-a 

wtxaiione bo 0e coa ropondin to the ioa anlo 

Ofi 1"~.: '.. i 	;pou ' " z 	t ai' ►sk 

The qiuittte 	i, g, Xp X0 E1dG 
ala 	reid I Is roqtiiroi "z cal wl to Pj under 

8=95 
O~I,Q 

Ey 

d (Xd4)(e) 
F'/G .2.6. 

VQetOr diara of  saliiit pole sy , thorn us 
machine undoz pull out coni- runs. 
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Tho 11otx n; 0Zp?Q2Xi0flC 	1 too 	.tt s 

ç. 

I E4.. sue;,.ks 	 --- 	~•s'6 °r r"1r 	•` 	X-" 

- L 	Ld CxC t Ke) 

cY L d = 	--- 

A toted of Uaces vo 	ZQttofl neat bo 
us .I'b deo:).no ' t lith 1o& b io oz roek: 
cDLLvn 0 t1O VOG 	f c y"ll'], ¶L10 t0 a t o ex 

0-,Jos 
i vc!no o ' n asp x2, 	io .&-- a c tt r z,tvn o 

~►0.t, 25.!D 	o 	t) is l a,40 s . .̀ o .actual 

r .,)nrc:1 t tI rho a.-3 zcd r .tom 	ho .-rxiod value 
lc 	j s;c utU Lao ac al%v- i— ae 2ounl :ay 

cL z` oa i.f'la - 4ii }#r 4n 	Lew. L-.1i D o•' ' 

V «u o,, 	
~f 

c vciuo o:' '-) i.,; i io v:cam_  

3"~ r y 	o-' * s 	• ..k 	E..,...1 	• t ..~~ T y . t x . - 	y,...~ r. t+~e 	~`,r,J'",. +..~~'~ r x"11 	1",~"' "~ '. } 	 ~y 	. r•Y 	
y 	t/ 

	

~. .. wi 	 	~.. 	.a ~ .~a 	truer • ~., ~ ~ b,~ 4.! ~1 	 .~.+a.;. 	v<ti. . v 	iL . 	vt:a . l,n 	• 

3 	a 1 r1 to ~s LU 	j, . 
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at  ! 6. oulrl bo t;3k * Ibover do 31110 or 

at to{ i al '1 tago - lay bo taitøi vi t ut ciiy 

O PX'Q LO.blO OZ'. 

t'its cor.-oet v31uo of V aid  

the pufl out pouer on be c ciiato by 

t E 	1~d~ - x9r 	S.~► 8s 

10 r ie od Is tilestra d in M 1do.L. V 

id is b od on i c data oo2.nod fm toots on a 

U seat polo ob n uo rt3ththc in tho 1ox'o.  

* tildixjn,us utto riothod" 

Tho 	xotis o.eiino is 	rosntoa by a 

roL tc c ocju 	•moo 	31C11JUOU8 

r ct .ea ons,i inton31 ,ltao oTudl to Ili,.) It o 

f.►ca:aL. d un aiuratod oyn cin ,us . w.iV•u i.# 	ij  

by the ice.. . . .oaa  
is the enc a tetoiitod ir sell 2.L. The 

tU ration o Tcct i t : tc1:c12 in tho 	ut coE of 

the svnch n io nam ino by so,cc h tho v lee of 

X& 	r s 	at thO vo3. tZCa O0 aofld2.fl 	tD the 
i* ltago behind thi Po . Dr" a roai:t 	ce 	Z. is La 



ZERO LAGGING 
P. F. 

FaCLD CURE/J7'NP.U. b AMP —•~~ 
k$ --3- 

FIG• 2.7; 

ø'-t Q1:C 

true only under the asutptLon that t2iochange in 

Binz t . ftl Vo ,. face 	tia value øf the l tar,O 

boiiin , 	is V017 lit .e, 

V t cellon of K, Z mti Xq 
Vit fjOC1 Com. u rm tom. 

1910 vtn of X 	M Xq u  

do c mad 'i 	na £Qfl 	Y U ; 	C 	:U 	Ions C1d 
ploLtod as  t''3 tii 1 ;uro 2.? c(i So 

TZDz 	aticii 1.?. id 

ks kS 

Is 

'. 	 ;o hare  

38 
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2.6<3 



I)E 

Xd~~-Xaa 	 1.b'L 

Z 	kd~►. -l_L~ 	 .... 	67 

L 

ks~ 

flcving dotoiinot1 tho va1uoi or  K 	rro* 
ponding t tho 	1 to ;c be ilmd tho Potter' retic 

Meas, . X, c2d X a bø ci1aa or O )Lorvcd 
~--1 " 2.7 fad 5.2. 10 p;tov cuattr Cn 

.... `k.6.la 

The cLc11atton8 bas1on the taut data fxar 

3 . tl-I enCirx; n :aino in 'l .fito 1&otczy uio 

i11U ratO#a in Chap ted` -* V .. 



►1.. Saturation . 'oct t&z into consideration 

m opts diajrcn. 

c tho1 f' ors 	m that doGcribed in 

5octl.on 3.5 ii d o;.i►1 the -: uc of „ 	d 

tk1ng 8a ration into mderatton* 	a ma l:,tor 

of fact .o do riot have aiy ju ti f'. ca- ton Ibr the 
cW tion of saturation a1on," +o Tactor 31 d 

strictly ems. v o rzst op or . to on D. C C. for 

all ou a : di. tion s in a non-linear fashion. it  

is not the ' l s o `. u the field ourrts iAiith 

have tobe added .noa7 Cd the not L "Oct k 

o sQrVOd on O,. C, f ? thO total )lWJO , it 

uuld reilt &to to io a a field zcnt. 

The values o i' 	:eac.tiec, a:o hoovar 
at th3 vol t om. 

1...W+ 	 ~•i ie' . o .r 	» . 6+t 	m 4ic 	,+4 a 

c is   	►' \L_1 toad* 

Q1(1z p O i1C LCW .'J pUe G. 
o il) o &#'r fbi aiatire i oac Asan 
►mp as ion at Ca -1 load, 

--- 

arnattiro roaethn aipo,t . is r 
per un2t pctpy at l I load. 

40 



CaieLljatioflG :ft of ftd3d cwrtt cd 
lnttl' irnxe 	. 	1'r a sali ont 
p,10 oc 

abro Y4 . f.r11d rpero co-n&.ct-na per ca 
i' riaio a!oct.on 

.1i11 lo ad 
rc"Tall'od to warwno to 
dnp 1td 

: 	apo 'O cdutvs pox' 
CA O1 L! 	CT,it rd in 

Al-o: q.ai 
m'o rcctL o,rmcton1  

ILcid cpoe 	p0: xi pø.phcy i 

oViciO a bp 0g 	 Xuq  WU1&1 bo tho ri 

of tho rLQt(1 ao  ca roquirod for ZZj dilop cnd 

Cd 

'ft 



Hing dam:ins x , o qudrtura azia 

CE1 be found out ick the cie '' 4otominod. The 

r cto aigra czi bo a, miGted as in figure 2.9. 

1I0wi 	1. tho ro itct Ito .i on 0. i t.. 

the to the z of a. c* par M. roqui d fbr Idj 
d I j kiporo ondLie1Ort3 per cxi periphery 

ro _ut rad ibr '`j is Adj., in a C' tarn. t tii s certain  

ccio mt of =pore couJuctorG par maw. po pher. ro 
r ~.ti porio.r lid o:r I 	`~` i r d there i7auld be 
'AA 1n.' 

ilanco the ta tai lithi Curr t or aid mpore 
+ tcti p mi t p eriphOrT IDU1d be M. +'iaan 

' ho t t. intOXfl....Y intOCd o.r:._f b-aing 	-Ao n 

as L_'I in fig. 2.,. 

Zie 1tLZ Y11 i VC 'iC iluz conCctttcr4a in 

tho !iiiflO is , j$ tic coat of flux co 1a VM 	It  

nt'iliod by :' W'ur t'eation. Lae 

?3 Ct lC3 cc't 	at the Lta C rA 

' r 	3 vit In oction 2.6 



H n o too c uri to b u tho po u:r çation sae 

L. Lcdii-Xe,)Q(, t)CP 

"it kg o l• a vu11 ~ Edi 
Tho met.-hod 'l o Mustrato1 by eal +ii atiou 

baa . on test rolts of a siaflsUcnt pole 

I flius riac' .no In. io iat7 cd is 
det1Litied in 	 ter -a V 
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A 

t p .0 not do OrZoat o.' a ration only undo 
QtO7 atato otbL1ity condttLono iao cin ,dar od hn t 

aorinid that i o op or tion La only r do a f ned cmc.' 
tation„pauor v► 1O ad eXttLo 	otoioticc I t vac . al w 
o i ad ±ictt tho steady stato conditions c ou3.d not o off. 
a;'tor a load 810  0 o + 0 czd do tom od tho va.0 o off' es c 
a DOIIQt polo a 	ono* n nacho c: l2,o ib' oy2.inie  
cal rotor machines it lo bund to bo o raotty a' . 

L ¶oro aio hovor oartctn c onri. tion o u.ncloz tial c 
Q opcircldofl to po tb10 at a load cg10 0 > 

ltioith at this point tho ayta to ata. . aall' un otc 
loo  high cpooa roulatioñ of tha tIOld irr t tth  

th hL o ti good ro:  iatoro c ci ar ko t a oporo. 
tton pooc.blo, 

►a opo,otton of tho machine, undor thzoo c ndt 
ono to cis.d to be t Lting uncior di  2C btality, 

anciaor21nc on co a3ain a oyotc of a call ca t 
polo ot .a►noun a o,' a ► j cppL3ing load to ci 

.ni too bu o' throuc ci c torz►rl rouct coo  do otro 
c 	a ci too uiiitcn as 



G 
Xd X~ 

Fi u E 2 

FICti. 3.1. 

Arran :et &o4flC the aariOia 
( i .eCte . 1 1 an tA±IUItQ bibthrough 

trfnOOmer in a c O of unit eyg '( 

bo V .ua Qf tLO toric ae . 1tage tI U Cal 

be wrtttc1i as 	.lot' fxia rig.iro 3,2 

xd 	x e 

Ud Td E2 Co5 6 aic cr 

4 	
AXIS 

Xc~ 	 X E 

uqj 	E2 S,-n8 	op, - u 
Axis 

FI66 . 3.2. 

3,2. 
1uivat c t txtrit in dteCt and 

at 	
9 r system 

Ukd = E1. Cosh 	Xa+Xe 	xdrxe 

4 
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z 	2 ~lz 

J Ecøst_ + fit• 	 r+r t ~ x.9~. • ~;» 9 kd~-Xt 	 ~
. 

 1, $#t 

Thus Iciowing the Value of 	fir*Xd the 
variationof the u with 0 can be plotted at shoo► 
In tiro 3.3. 

W  '3 
t~I 	 P„P2,KP3 REFER TO POWER 

Gl f 	T _ _ ! • LOADANGLE CURVES Al CONSTANT 
I 	FIELD CURRENTS I f, 	J fz h; f3 

RESPECTIVELY. 

J 	 ! 	P 	! 	Vh I ✓t2 	. Vt3 REFER TO 	✓t = f (9) 
!, 	1~2 	AT CONSTANT FIELD CURRENTS 

W ! 	I •l,flrf2&I13 RESPEC1,VLLY 
I 	! 	I 

w o 

t 	1' 
a 	I 	! 	! 

! 	! d' !6 	! 

V{= iOO % 
• va 

, 	Vt? 	V 

O 	 90 	 1800  LOAD ANC~L,E 6 	--- 

F"IG. 3.3 

. 	, 3.3. 
iowing tho power4-ton in . v!ntitago 

vat atLons wi th toad ri o* 

It In ss e4 i%rat of all that tion r1dng 
point is a on PI vita .o.d cisr:~aat of If, and 

s.., 3.1.4 
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. oz r rcio? n 	point a !oado 	1O a3votcm 
a u1 ci c a natt a v'oi tarj o rota az r ca ch 

ac.0 ci r i.:zutton in do to 	a1 l tago GD au 'D 

t~ t aS io 1ta o z 30!, 	o rttnU pyucz unio 

fJ3T atato caflctttiOI1 O that CCn bo CLp1iOa 2o to 

p ca! o " ► 	Z , bin ttc t cin o r t, 

o U tho Lajd cirzczitlaincoawcEtoIle 

nu u11 no `Zho 1oct2o o tr1Ini point lion at point 

dD u o c);%vo ►ondin T0 V3 tu1c be h1 ci oz than 1000 

as road on 1T; line at point cV* I ci ctriatio 
1 ta o Lo 1atu r uo~.,a9`j ttcd the oz000s vol tago 

uou d OpOiLtO the ro ul z d dooi'oaoo the LCL1d 
rrQt c ao 1z b inn the torzLng point on the cu'vo 

In l o ioc. Pl c c '2crtd at tonø too to wljunt 

t o OO 	An .t e t io o in a doh, to. iltilt of 
po uor that ccn be + .i^--oc. rc,zoncntod by point b 
bond i phi i o at c i stato c n 1L tion s not vd nt 

d tio 1 tacjo t o , u of DO3 on tb 0 cuivo 

the cld cizrcnt banG 

A-M o the 13 o►ation on f io t t Vouor cu . o 
at a otntc 	At thin 1o.nt c Toady o ya o atabiltr 
In pZQU t but the to final voltage In Taro thcri 30 
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)O t 	 O 	)'CCC3 

• 2 	) ) aoc1 	c3 	Mv27 caou Co 

L1CO O 	CY2 

 law tIi c-o1 O ion" 

	

cLO 	UOO 

bo 	Co GOt c2P' C\1 c 

o JO tO 	1 	?X? 	Cio 

u?c 	 ? 

CIO tc:1  c)c3a 20 

tf 	ci -2 7  3Oc1(3c 	 u7CZ3 cz.: 

U 1) 	33cCC 1C) £r ZQJ&io 	a 

c - j 

-----. I -- 	1c-'•• 	 Ii --i 	 - 

•'j -: 	 c -L.; t 	 Y 

L) ( 	•C1 ( t3 	$c- cC2 t 
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►int lL at 	txa 1tnoti c moray liana bo , vci  

un raid ulli t1Q 4n back cLonalong tis ouor ci .o 

c.1?va ttli to point' t' i s ro cho 	¶Lho tarz3iar.1 

T.,1ta(CO has aI X 3 a;S.fl 2norQctcd c "hat "!iv ra .i ~. 

cz' t , , . oporato ctLd rocIieo tho 11o3.d c i'vc t probably 

r r ,oc on 3inc to c 	Ouc 	Cl a terra , i of be Lolu 

bio Ord onO• Uxo 	OX'atIon Vain' haQ Ci ad b 3 ' 

d io ErIJIZlg r tht wutlnuo up =1 `$'xhhoro shod 

Id of . c czioriy has bac mo cquci. 
a T o eye-10 1:arpo on ram. a` n cX4 I sto :d o' 

pO3t7 Otaa(1Y 	tttat±n thorn a 'co lbat baa 

boci coned cis quart- o oaay atc o otab li ty, , 

o a'a tzrca i4apotcnt thin.ts ra a rad for tio 

p,odb11 .ty of tnttntnr dncic eqi41ib1ut. 

	

C') the ab liter of the 	lator to act qui cls. 

(ii) the abijttr of the =citation oyotc 

perform s;L thoiit tDo much of 3, o 

(HI) pro ra of in or tL a In the rotating panto 

3.t DTci a 3t&4U ter LIr ' s - 

qaa ~.on # 1,4 cci be uii tt , once ago  as 

z 	 ~ 

1 4~s~► t.. -t•~~!L~. EIA. 	• s,e  3I(a+. 	?dtXe 	Xq,+xt 
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2co €' o vi.uo c a Stan bon Zc 	zuaczt 

a~ a vc].uO r U 	I. .tifi1u1 out t io ntcbi1iy 

OpCJ3cfl so Cd u'to 

ç 	
\ kE!i 	 .e] 	t 

Xdrh~ +k( J  

o 11nito ma i J 'r,, In +Dn p 
'ti oo 1:) Va1C QT 	can iso 1oto r ncd In toms o 

Da au 

----.~ 	1--~ ~„ 	. ~,;., 8 Z _ 	.  Coos g t  
kd+k 

kACC  1 __  y g Zb. _  

is Uo aquatOf ecu bo L ttd aa 

Xa ~wXe 	
'' 	

Lkct~ ~-ate}(+?c¢ ) .1 

eab31Ln" :ioVUUOD` 	ori 323 "0o"O 

~:2 •' 	?(q:5 	,., L. COst . ka! _ 
Q 4 4'  

Ltc4 r-)(Y%t tit) 

in arcO cz Cato Z31 'ro czjutLon3 2.3 to 
Z1cqu1Za •', V&3LOD a ' ." -~ o cud . at tza f$o c i~ 



51 

"D ox: u9 G„ C. £b VIA t SI It sa1.f I s rcqui ods 

Tinco only r std ► a' w, tiaihod oc bo ahaptc2, 
►io v .uoa off' 0cAI Xa aro to bo furl at 

 1. a bCIInd to lo3kcvo roQctc co cnd no. at 
,, In -:j tat 2ntomatlr Ln&ood o,ta. Loco It Is t~ o 

wua ono a hi ca dotnoa tho c t3to o f oa L aldoup TAO 
la ' o a s t&o into a coon t tho M= t.th cot 
nc r1lt od fto to ct at ro xoao .+ n and act ally itn 

t; owning cny &t na .on.,, 	Zo ltaro bd-xind ho 

3.oaiajo roactr co cca bo obtcdnod by vootrlal =mow 

t.on of tam ri. Osteo £2d tho ai'i a ro lokao ro 

t nco dz p0 (r'u`st e,. LGA 2 . Lio latter i toolf dcp.. 
c .do upon the rmount of iteration or ibr that matter 
the vol dao behind the io a a roaetrno u1tLwtoly 
rr " red . find  So$ 	rid X43 

o 2b1iotsinciothod is at p t d r 	l vo the 

cquattoru 

	

A ot1n valuo ot IC only 	 i,yh.tior thc 

dint at tut:inai vzlta,0 is astiiiod Lc 	o r actcaco 

is cc .czilatod at that value of K 3 luith the aco of 

ocuat1on 	.:2 The voltago bund tho locdago zoc * 

t ao eci ios be dotoinod d the nor value of K3 

oboorvcd. 	 ►o w1u on has 	be obtained by meted o;' 
Ecco -o1ro cppzimition, 



Sic 7a1.Uo3 o ' Z,a and ZqO a'o obao. vC ovo. 

t cci1acx1 vnluo o ' Ito (so 	►' G"~1 	~'~ 

.a 2 IIU O G a ',oU) cnd tip O vc Luo o. 3j 2.o off. 1 atca 

.:.l ` rat t tLon 3.2.3 	i o ifac ct c1 ti t In pouor 

ccic .oi t u1d ic1 P m ( 9 ) 'undo, &cic 

2.oaci1nc xnitLona,  

3.1, Ecuct.on o Notion o i` 45nd"i nos rnar tno undor 

Dido a to a* Ec uU bz1tc1 mcg tho endlyd o 

o ` aabi1L t7 	thaoo Ofld. tton a, 

Iz o dox' t c .Z JUQ tI O a 	C r0 0fl 9O it La 

nocosary tD knou tho cicLto 	3 ul h 1t zouL. 

a" 	cud tho c n ct4.vi t i z)i V 3ci 14 tho cqtattot of 

i 'ion 02 Uia rotnr,  
Vo. . ation. o o:"flold tutrcnt of a $ably O JrOA 

zeitov '4th v3.tay 1toca1 a r, 

For iop Ci Vn►riYi4M:S.s 3d 	 a  

VQ l i n 	ddc:fl I cpp l od o tho o l c. d \!o i._1 ow 

Q,) tho O' ' .tor car c t at c y notczit 

tv by 

;  L ~ + 3?dL0 a Vol 

or & 	► V '/r 	,.-6 Z.3.2  

orc L0 a cquivaiQt 2101c1 c 	nictnoo 

ro 02t +i d ro i. otc co. 

52 
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0 a a in ,u oyotc , unit 11c1 rrmt I a 
ac 	p 	co unit tai twwo res au' 	itno 

d L' 1 cxrz3nt, + UO in p.0 if unit of iQld 
' 10 rach co to b 'c unit currcat 

Uro c:ja;m:'Z2Of C, VatI baririttcn no 

Undo iocdoEI t 1 o cot cttttofls# 	o 'ictriatLonct 

of tic d tcziIno1 v 1tago uiTh t mo ID .v by 

ec 	 -t 	#4*0*1*0#0*03030.4 

'!,M o `..`1' 	iowi itno cors Sts 

i s d#" ver ouatLno tb not t10 a, .ration i:i 

ccccuntd cfltio3o 	A "ion, c,.:•0 tXUO 	ir 

Linc„ t,Ticior c is c ui1i` tt 	cp1& nod boo 

(a of on 3 1) tio t, ,xI inG tc koc p1ico in tho nob,u-" 

zhood o 	pLcr UO.. cnLo ± icraotor1otca tad 

cc 2C t1 W:&jo bciind Bio 1c nao o ctL co Ic  

tAti tiro ~ 1. ' I , : a ovroc on • I c 4 bo take 

cad cxp cc 1 t bo cn s'U : i t C.: %' t;~, -1 o t tip+ ody o' 

riy ?.e c 411ty at tiiat p ►1nt* on pouo cio d7tir o 

tori QC* 
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}Icaco °tho o uatLo 3.3S Ct2 bo rod1 iod 

tcto oza2atton o::o t into con doration as 

	

tat t1(t)  +0 U00 	a a o a o +► "e o 	f 

tuho. o U0(t) re "cera 	tAo t to» 

OZt tcction on cotth1 cot 	 0, C, c, Qct 
itairg un a oflir. 

	

o, .a Z QyOtI lo umcmod as 	l.t tja~ 
At o t to 00 a L x'bcuco  i s 12i oo.on 

to opc tonp4nb cui io4 raaD Day a moo. tncroasa 
In lord o aIna to tominal ltaco to Cir cbt , 

A to ; a tLmo 1s2 c og upon io ocul ator 
!o la x i'oot it taco is 	dc.n2$r I p occod 
in tho o tto U a.d LrcnLtt cnd nsoiucztLy a 

itago czoaa do ocLto ircuI t atri tc building  

0 

1i c -; 	Tq u0n o " a cctiai .aiAc up of o of for 
1taco bow4-tz ci i iIt1al c d Vial vcluoa, 	 ivoU 

a 	a Za) 7 3 um? o , 	occi,.catLcn o.5 ao is . t4 1I2 

I ► l tjo lino 3V3 (?o , (0) 	d (iO) 	`Zhi c cam► bo 
put ao 

U0 (t) 	( 	c'  

U00 0 o U,in ; V,) to ;o 

=c1 •t,ci. t u~.0 b--..1d up tun a n atc1 t 
("Zi aC n U) 	Q omazacc* 
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it this vol tags g. Arai by abo ► eqzatiofl ! e 

applied after a time h, ung Heaviside delayed 

unit  i ction " (t' b) the ' 	.ter vol tare"' 

becomes 

o 	tet '*U 1 K (t"h)* Ug  tt(t.h) i(Ug U4 

t&b 1u ttn 	• . .7 in 	3.3.5 
elf, 	 .. 	 ~ - 	 ,

- ucsl 
Taking Laplaw.TriE , and putting()V 4 0 I 

4. L , ).E 	cs + (ll1 , Lko. 	-.., 	—  

rp rw 

M 

.tttk '(y+) 	 I 

1", 
 

_ 	 M1 

_~~- - TtTT 	.~ ii~. 
try 	Tt i'.*$ sj 
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TclLrtg L 	c v3zcoo uo 3ot 

- c) - 	
T~ a 

_I::/1c I  

cijiition civaD UQ Vio v-  vzict1ort o,' 

intoe tuicc Done` cid U bzLt4itoa in tho 

proud * e uatt.an 	voc 	the v3.Uc3 of Zd 

end Xq 

 

ao 	Wince tho ya wn o :Cott Is 

oa y conaidnoa in t) Ila hEw 

E2. 	r WA 	+. 
	[~ u 	 ,.7W a+i! -- 3.143 

v1iovo t) a 5C ; 	) ct t 0 

and 0 iQ3. at 	O 

pavan o x t c'i in oth T4 tt 1 nogg also bit  

tho t,jtio 	tho yn , m! a coda it c.st at) 
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:oro ZCt) I 	t vcr► b r cuu c tLou 3,3. 3.1. 

bu o czatton of notion o:" tto of a, 
ai.1cak' polo rice" 1no ccz bo x .Att 	ao 

	

.. d?~ 	t. 4 	.r. ke 	Pit ~-• 

	

at 	dLt 
0 

~~. { 	"3 ." a n ttn to y,~~ 

do 

lk 
' ItotA..' 	 m tho 

r ac' o cnd z'on tilo 
ci tor 'oorcrtco. 

7hvz1uoo o f Xi, '2 &d It ccn bo dotatdnod from 

t~ ."LlcoL LtLous 3Vtt11cb14 c;t2 o oh a ta1 c ita 

t7a nat $ m f , t) gad t'o plot o It .nod, tho dniic 
o ` !io aic-iiocti otic ..11 ty uauld be czlalyGod ed "ao 

systct 	 u3d ho cttfl..o In d, cL o cuiiib'itzci 	 . 2 

o V tW o 0 c of ot OzcQoc )0 fld rc c c,n & o IIri2ItO; 
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,i* 	ictc4 c c1 . 't1 LQ C.'Q 'z tIQ c2OUflt p 31I 

:.I ` 	c C'c, 	c l a C. u , •brjtc Q 	210 t ,?oo 

tii~f J V 	tii,.:r YWS .J 	S.+i.r 	it.i n 	div. p 

(2) 	 ciaca load Cl-oo 

(2} Cy'itci C opc'aw?Mio 

(') Fad.to 	i c bcc 1c1t +€.rcult im t onao 
.lo otc!zt ty o tho ay,t 	,.c 10 n?"ov, iicaio la 
d ac as i ca "bi10 ua s 

7x1 ..r cz?c3EJoci CQ ©CI L t :U trQcLQ 
W r a.S V z.,ria o mow..* 	 r 	o tck 	tsr 

((2) to 	 co tha OtOaa(,t 

otal:ci i 'i;;? .. 	? `;»t 	£b' 	cc2.Lt3 

'S 	1 'o Co t i 

Ion c 
alt? to ad ecc 00 0 L) t co 	L 

:b: oc'.' .UQ't i%.'1t 	zI 	tct 	? ;u 
'ho c. trio OO cc C` CIU 	wa 

C✓  cw 	t «~ kf f . +ti,; •vi k i/~ 
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Asmiflg loss loss fitone, c ri,n the suing 

of the x, ` r duo 'o the traflsimt disti1rbces from 

ddm loads a iaigost, squ a . area criteria cpm be used 

tx find out if the 3wing it within a limits of 

e .ttcal ig.e. Doybnd this cnls the rotr,rwould 
not come back and the unit of tr s t stability tibuid 
be 	cee oc3. 

» 3 gtvoathe power loadr . e ch racte ► 

5tio :a' a s chimanjus ::iachino with the operation 

point A dcO,1varin load of Pa at a load . .e 0r 

Pb 
2 

cPA 

0 

o 	9a 6b 9c 0S 	90-  
LOAD ANGLE d ----~- 

FrG. 4.1. 

$tmad„ state Poior -• Vs Load 	.. e 
charaetc o tt os of a sLiait pole 



Uo cgro fict to Input O .i tho p, c r or 60 

So ca&ic1y 2.noro3cod From P. 	Pte, 	r; 

o tho uaCflo 1O o cio no PC, cd tioo io a not 

0 C cr° ' thici poc to acoc.oto to t ro  

D caCl.n ; 

 

on to LnorUo of to rototini ,  sYotC 

i, 	a!to u r ttuo to roari  tho point B. nd 

booico oZthO nOZtO CQjy o ►c4 coo to Sao cMng 

era A 	o  o £) 	ODOtO tho jx4nt B tncl 

oQ 1ao tiQ point 0 ash that owoa 	D Is oquo . t 
are;, 0 (auuzi n no ioshoo). Tho rotor t .d oo i 

i s oo bre i 4j n tho into A OC c1 t uld urnztXLy 
otctbl'. i oo at "tio point 3 bvc oo. o f t ,c to osoo VAI I 

could 	clocziy "2o o ccilitLofl. 

.e 1io paint Cvcaino to to 1of?t of to o .tL. 
oaL loin Q 	o e rot l aundor tri 1. to o2 trcc  
i. 't sta 	ter,, ¶Lho +z °F .off. pa2n t ,i o 1zcd from 	o 
flo**j loc 	ntLoflat tio n1arc1 lup .tjo o tho razesh.1no 

cad tw . aaot coo, 
£1atcnattcoUy tho conA Oti O cc-i bo 	OOC tO 

aa .b11otic 

	

TZI O P 	Load UTI d2 aj cn . o 0 (tvinj3 o 
A= 	t 9 ) 

	

Pb 	L Ltd un d 	cic 	;)t1ria 
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E.•4 11 S 	.y. 'LL's, 	YddS.. 1te~S 	 $w~ y~ 	-•- 	tt.1k2 

iso CZIUtLttOfl vfa c!1 vct 3t 1d roc. U a y 1O 
u g+ no a ictton of mac. X 	 to o' 

0 4 o rnoo f Ic ezLttc1 mLo Oo civ  b7 io bflona 

o trcfl 3' cit otztb ..t  	.d bo c rcco od. iio 

= u ► vat .o o' P czz timo bo do to inad 

t u 	X des .. xy, 	g:. 2 Ac, 	... tt. z•3 

lids t 

.' oro value O f 0 o ++E ►► 	1 be 	p. totl 
Lilo vain 0 w3 o 	irk 	 \.7   

e 

Zr oa raSASon for a value of lJ cDr do 

pots n 	4, has to be 4aC1 U3 çt v 
in Ci, a .` ► ou 	 a t .on 1-• -9 

o colutlon o 'hho ai c tici ogtat on A..* 2,1 
e a civct inAn c:'tctt : 	11 H tio casoc oi Q 
t adcip od a. d dcir o . , a ► s c. 'h o of bU i t i 0t1 be 
dotci1nod by a rpiot c 	L 0 IfX6 t .a be 

U 
0200-Id ,l'vo , U 1' < L'o ' cr n that to eyotci 

Lc otablo r, d po ioCa$ X ' are to odor hid I` > 1 
a;o 	1Z1C 2.tJ open iii ci cnta2.la Xntcb11Xtr, 	ar a 

vOluo ' ri Vo the cwvo Xe a c 	asp' it'i; Ctr1n 	tio 
1:101t o t'io itctb1ii Zy 5. 	. 
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tea  aoa a :v. tOLI a i s used f m1a1geo the 

stall tY 	. t c O to ' ho ei tdiif op ©rations 

'L'tJ pow 	1 o charaotolcttOo i uld be required 

Ono ±b? °diu conal. tion$ be 'ore the aci. t hJ.ng has t :m 

placu 	cito i . or tsa o,n ttofl aftor the ay. tc b• 

iflg I sThose car-ma .re art.od I .n1 11 In 

X LI 
xd 	 X-y 

ES 
	 Er 

x 	L- Q a---' U V V 
X L2 

W 
0 

pa 

00  

6, 62  63  0C 
LOAD ANGLE B --)--  

F Ig. 4, 2. 
$ta ..1 . ty criteria  c1..10 tx 

'n t 	u airo 'a .or. 

load P1 I 	be i'illIod m that the opera. 

tLut point boibro rtciing I c Ii ►t P1  on curve* 

 LV1flg a c rro oIt1Lfl( load t lLlo of 91. Aster 

the Lc1flng ha3 b.1c cone +iio load Is £xppliOd 
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tstti Via► opo 'at1on po2xit P. on xvo II at a load  

t .o of 82„ 

¶o c&rigo p Cuc()o t2 cz'c c t po10r og 

lus 3Za Pa Ps 113r 

 

Pa -. p' ii ci 'Jil , accol ora to 2a iJ 'moi 	n orc so 

'l tG Iod 11O fti 61 tO 02 . At a load cxg. o of 

0S At a load 	.o of 027 iiia •rotCrr tiU o rarw oG 
cd 'oach a load aaglo of 03 Vast that €baa 

. c, ,t 	'p2 'Iho Ittit t of tr t c3 t stablU ty 

a rccod t; hcn P.3 c s ctdo rith  
:~.nt bond uhi ch tho rocvow' is not pa isib1o. 

Onao a airi it cm ba eras d iathia .caUy as 

.' 	 +T„ 	 a 	. dt2 
daiitotd under initLal 

conc . .o 	,, 

8 

%ta + 
.ate tio o fact or crLicrcy ciii Cia C t ncl 

ratnca 	tb Z„2 aid '4 
:un ci w'teaC "rn  

P 



. rw3 valao of K2 uli not bo nuth of.Vaated by 

3a UO .O.fl tot O ci thci '. 0 øabiratiari Cts ba to t1 

in "a ao un t by calculit1ngZj,, Prot X L' ou1n-r d o 
vain co of K0 at tho ralU o o 2 go, 

..a ja cbvo ccjuctLo 	.303. cc bo err. t t as 

I+ ~r 	~y` + M + ,i n 0 Eft P }{ 

t.,9 	 (iv 	 a 

ticifici ,liod raid roctilt in a plot off' 

6 ft (c). Tho maLrzi vcltw o', 0 ul ca pu + qq c L 

to 00 t ul d roc 3 t in ax,ndit.on o Uma. t o 	tzw 
ax li y. e 0 cm ba lot r it th c1 'tii 	O fall+ n .nC3 

Ot UuttQ ^1. 

tea : s ja r t 

 

at rcu2. t 2. cl a lon c 

. 	riici Qa 	cicoo 	oo or more cir'cuit  

c n L bona are to be c n L dorod Lot ua spay at tho 
pater - load fig. o eh actoiL ot1 cs undo r o tboo 
can .on n idly bow► r o tho c.  thring tho £Ci 1 t 

6 



and aftor the ramrnt of the f .lt are iVi by curves 

I t  II and I1 rospec voly. Bio pone? do1iv rad ader 

O)flc L tiori I is P 	da t •-.It tho operation i s at point 

of t1o load aU- ;10 1)e1.n Oi 
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Pe 
Pa 

Pb 

t1, &3a2 	d3 dL 

PI4.4.3. STAS)LSTY CRETERIAN UNDER 
TRANSIENT D15T(JRBANCE QN FAULTS 

tiia1 the faz1t oc rs$  tho load that am be 

su)p1ied f oti an c31 tions undor L. 1s only Pb with 
-ie ros It that ry no ator aecc e- ato 	cit tho load 

. o in 'is , till 02 whoa' the fault Cats i 1. -- 

ted ad 	or 91rplies 	onds 1r P ee  She rotDr 

c1ngs ` o the point f (as opt atnod oa1i or) Sieh 

that area deft i s equal to the nroa abed ascu ling no 



noc in tho , r. nr , 	10 1.t. t of + r .- c1  

 oc1t4d by tho t 	nr, 'd is Wit; . 	f ( 1,cid 1 i 

!7Z 4'.'i. 	.~i~. 	13 c3d '-ha 	l:,"ha+;}41 V uc' of 0 	itch c 0,0 

jL l' •z i o aovo . ty of t~ia f . t I ci oaoO3 as 1.9 

by tho .'oc act1on In curt of pouo that ecu 
bet 	ilttoa dirin: tho fcult conte. .one, or If trio 

c  C th3 fault . s2noioaoa ast t ndi c.-tcd by 
a irx* e 	9o pout c10 dl cc ' for tho r tLL 

cnIttoi I31 a lovers : ioz1iu: 	1o' o 	glO c MM 

i s c; : 1 u sci U& l.. I s enc w r33t be n 2 01 cd 

wider co a ,r .'as na a. id a .:ci tlio evIt1ca1 rg1a 

0, Z tier trQ c 1 tad po io2 .. t tic fnL LciIt  
a nctttLtc, tier' =1' sally' do lLt 1t of tcLci  

stc.bIi1ty an be c oinoa aubflcuct 

3 

uiozoP P2 1n0 
P P3 0 

ib? 01(0 < 08 

for 	0) 92 
P sirs P zafo 	rda*lc nath. po ucr teat czn bo &1I— 

z od undw o,ndi t on s I i1 XXI az cp oc . qL ccs as i cx. 

• d 2~' + f. 	+ k.9= fL - PZ Sw: $  

tJ1O'O T o ho rO.: LtIrcd tD cttai' up tic fc 1t. 

Z o cwt stn4 2 an bo w1. ion: K 1tao 
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Mexico1 values of It cwi Tt as givn In apcndiz 
II, 	o plotof 8 as a ftin c.  on of tin e o 

as a Az ctL©n of 0 c . inc . cato. tho stabU .l ty 

or e s!'PWO 
If the rads value of 0 is loss them D 

the tat or given by 

O4 bpi y roator th"It, 
the systai ii all be in a po si tion 'fir std the 

titttcnt cU sttrbr oo. 

5, 	 iuV Anglo i.ha aV e. is es or a 	 tnt le 

8, •i cb.l.VfOUS machine daring [tI1 	'2 LM perio6.  

Tho vests dla.na-i , tho trzm.mt st to is 

uc? 1 i.inosn tb be as bflos 	- 

a 	 ' 

$ 2 / 
 

Id ~ 
Qf 

9'/4.4,4. VECTOR D/AGRAM UNDER' 
TRANSIENT STATE , 

P coodin ' the Same rap as In equa .an .. 
tD oquatton •a•4 

'n Iq•CbS 0tu.. I6.$j.n 8 ..,+....... 4.5.1 



-ti u. f'9i  

6C 

_ ~_ . 4•s~ 

Vii. c o tho, oQd I s cow. i t t at V 

i 	r3G l3 p. ' 	f--u - Sw:~ -r  

c x to rto.: 	n tco Z boZbo to tnfinto bw 

,bqiO 2n p.0 

 `"  

:zc Li p,u 

undor a 	tod erulition 
•E.~,• u 	5.,:, a ~. ut 	

~,~ kgs 	 • ~.... ~G---  (4.s s 
L?41~ +) 	1_ 

i cat c: „' 'L t 	 4. y.~. 

ks Xt&t k. 
s 

' 	o v tuna o c iseta a b czxd a 
. l t.J.1Q C r~i ration -. 6. z. o 3qtlatlofl t. 	i 
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Lou c7 	ca1a 2to 	l' 

Vfr i 11t wy r: 	)O YL) accoU tctl .7 cxb . tU 4tiit pYLlf i L./.i- 

aluoc L3 .:. ~4a+ d ~,3 In 53, AaWal a 	la " o 

accA o; o s crate o u ccU OO11 	p 1c QaCIaro- 
OU L3 	In .a r'a'm r i s ai ' f I $ cWm 

` O w :". 0g tlio ocIcttLoa X6.5 tz,u1.i h1 a Shaw 

3 L C (1 u to 10 cdii.o 	cCt3r 1 2 C znn 	< 

atnczl 	a parts Utz 1oc1 

£2 uc d o 	acct 	v Z'n"n m. c u a,-c bi 
iity by 	e. 	' a www o a'  	vo  

tith Ilia  
o 	OX"' t cic,U 

i3ra='& : y ?iaciino ra ho t f ice+ o o t La cu 
Z-74 

 

cctcLtL+'.~ ' 	.S. is 	Qa l ' 	a 	r:  
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5.1, Tho captor dfl s vtth . the 6xpo ent . deter-- 
min ation at the ma iin a con atcn is for a nal. 

lationes of its stability 1iiits by the uetho do 

acu od in chap t 	11 

'fie tests were a :ried out on a 3-phase a/ 
, 2 4)0 vol to i.6/4.3& k2 9, 	A, 0.8 Pt 

1LIOO z. ,.. 50 cy I s r tod s ,.i i n t nob o a ahronus 

floain, 12 th .. °# uaOd a ozoittion i1tago of 

23 it =a upasctp1c1 a 2 -Mlis 9.3 ka 
6 fl. P1 iL303 r.p.u. r 	r. 

i s oia gLe.tt:i . ot cLrciit 	acter 

ites are oun Ln mac. 6,3. Z ro p. , ilI baa 
rato'd It o a.nt 2.i  o.i o) :. .noi1 m• detasi;no 

the ?zt.o 'a; 	flC3 zU ici ibwid to be 15.025% 

Zoo vQ1io off` Z tbund f -a car zap line 

r ds.C. C. is 1#084 p.t cw1 tho vuo of  

aUp toot van data-; iinod b 	0.4113 p.u. ¶ho value 

int s iiL±t loll but tho ,. O 1. Ja 	by 
noativo azL. 	toot a the rauc ca power 
avctilabbo.  
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210 vale ca ©` Ifo at c1y parti1ur t 1 ta.3o lo 
Cic ratio of SIOId car !tet r~ iii od to inc co this 

.a►;c On 0. C. C. x that ralai rod in oi rgcp lino. 
v ► dof atio € ' N ! 	tLon 3,G), 	o era :1 a't1on 

of R 'rit ''CloI to o j in Cad tP O plottod ac siotm in 
t. 

quatto 2,6.2 , 20.9 gLvo u3 tics nethod of 

calm a ng Zd0 d Zqa .t may volua of Io o' for that 

na :t3? at ciy ur'io o v1 taco or 11d 	rnt, iio 
vz s'i a 10 s ° 	fl 	4 X, 0s~"`t 	' .° 	i 	. C. 5.1 c t 	+ F 
vale oo at tho rat I v l a; o aro .i° un ci to bo 0* 039 p t ii 
cd 0.33 p.0 re octt'rQly. `4o oluos of +D stet j 
in Givaiono i7. 	cath L7, 	'jivG 	lvod is found to 
bo 

r 
	o,ozx  

0.327 

6. 3- Cz  	,. at ons of Pull oiz 9cti u s 

. Io 	l►t_ n a- of pull s tut p*UO azo baste 

on rzitod mom. t3.cl 	. .f o j 2.,c, to riaiino 

riGc2 `Z 	uiplyu2 cu'it at unit 

t2tito a a Pa of 0.8 iczgLn, "iv pull 

Case .bo 	soz t2.o 22,4 ' 2,7. .4io a~j 



,povcz' is elm cold atop. Without t&dn saturation. 
into account in section2.? wid ro i1ts are compared 

in section. 2,8  to show the & f ct of saturation on 
steady state stability. 

5,3. 	rt trc 	patio 11odvds 

As pox the equation 2. 4.4 

LC 

Tho vectttcl 	iattn ro d rcd hwr b cr m ado 
in .~2 to 5.2. crtti.. 4 V . j 0', 'Ic .due cttig 

1.1G2 p.U. 	S`1b5ttt1t1nZ thCO VZLUOG in 
oqirton 2.4.5, ue have 

p .. 1.762 x UO 	e, (1.0)2 

d tie uar1muin poor  

1.7 8 z L0 	(1.0)' 1 

X49  

4s Qs 	 b•36 

f. u c quat on 2.? 
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f3 

or On = 58.6P 

t ~62xt•o SA sg-6~ + (!-2 	t: 	4 	•S~,. uc.14 
Pm 	Z 	a x 6.36 

t•o4 

2„382 ~.U. 

5.4, Pa  Pat±a 	a t co }~ atho(Is 

2 .o deoctLps tofl of tha riot hod I tvi is s tion 
2.30 2a.) 1bUotting U t1C co tit thoun to 

us Mud' izii La1 op - :°..h j c uci tiorzo.  

St a O . a U0 + )i 

Lo d cu arc t z 1.0 p.i at p.. f. 0.8 lag. 

= 1.084 

0*435 

aori'in to t o vc. r iaYi1 1vu in ti g.  

5. 	tia3t I 

x., 313 
1.825 

a 9 0.313 
aLo i a 	z 14,4  

I 	 Q.G r 
d 	0.717 

',  Jar ;?ual r) , t 	-U Ionst t3 load aiio would 

be O as darn oci by cit  ton .2.? 1aico 
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Ui 

b X084 -0* ~~ 1 1*..+ 1 
s o8 	0.415 

For I : t trial let a as i ie $? • 0.1 so that 
•Li 2.31a-0.1 w 2.233 

se 	2.233 

Thi a gives 0s z 66v, 

10L-56O7 ' 

a 	a 2.015  
0.413 

	

2,219 0.503 	1.584 
LOU 	34084 

) 

a 0.054 

s vaLue o E' oz : 	f - vca 1 a O1, the 
valuo -via stand '4 th, o pieodtro trill have iz 	bo 
r oct: ~.2 1.4' 'i : ;.u-- o o : Z' o 7 na ly aizmi cd 
n1t.t.atom`..y found ro not c u.t. 

1.2t& 	5.,,; S~-1&o ,} 	
z 	o-6Gg ), 	 gam,:. ~t3•S6 

t.oJt 	 •. 	I•o&y xo-'ttS 

2 t.0 



~i 

~O 



Roc et nco ;iothod 

'fie 3ntzici1y ncccl O.L1. Is oønxLcd by 
uciLu3 t'.o.' t .Z"et 

cd 
v .13O o 42, c: d Zq0 a  tio 

Aciro 6.j 

v ..uo o intotcai7 induced o..n, " Is 
o i 3r is b ho LOQ D..u. TJ n cpz&Lon 2c. 10 

uo hctvo 

6~" . Sw.O -t- L~•o)Z 	O•&.2& - o•34 	• 	zA 
o•&z~ x o•9~y 

d; : Vow-- I Dbt1'iac4 at c`a: o +O 
vm by 

0.14  

t•1 . BSiz + ~~°~Z o- ice 0-334 	C).Sf7 
o-&zg 	'' L o-BaSxc-3`t 

X375 4 0 

.+~' 	• 

 

3 p.0 
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Izczi o2i 

Zio mot,'-,-,>d 0g cmlcnlaUon brm kcal  bcal 1'icd 

in QOOt!Ofl 2.7 c1 <!atciio out the ptedn'c, 

bi1ot'1n3 ]1ttioii aro rouixod bioz'o 

no gricoi t,1ut1n 9br R,t toLvm In i1uo 

.5 con bo ottrto. 
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rofcr Q4ucittofl. 247. 10 cnd 247.37 

z0for oquatIon a 247.27 end 

:mco tic rao Cr/Cd Is inde?cdcAt of orttrattor 

& u-ni voltcgo 

t tDI tLO 

I at ur,it'ro 	0.13 
tho azvo 7±1UQt3 oe Xelf Z;2 cnci 

In ci&zIon G.G. 1 uo bavo 

271 IzI •_ 	 LflJ 	 . 

0(3 	0, 	
0 

 

00
o:3) at ccipa sccao 

.00  O.0) .0,271 

:' 
t 

11O 'f' ac oDOvC2  la 	Jiatci oq 

L •  3.5 I c 43O 
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VAa tn 'P g 4. 395 X 0.6884 : 0. 223 

PI as detoi nod. fi,u O.CC Is i2.6 volts or 
1,22B p,"4 '' !1 tago '3Qf) nc1 tto trzns1it r'aact^rnco i k 
428 volts or 1,095 p.0 Vic ~1uoS Of ZdS £d X 
big 0.765 id 0.31 p.0 roap oc vo1 y as observod 
from rt. 5.1 

tith ".',is data In cqiation 2,7.1 we have 

\• 1.2.5r x %-O ~..: 9S + l- °12 o • 1- 
Pm 	

„r, 
t 	o''1bS 	 Z' 	a•"16S x 0.11 

Zai oro4 ►~ 	
2. 	• 1 z_3_ 0.31 

or •9S I' 61..E 

#•+ 	« 1.228 )(c) 5.:. (,~ ~- .1... 	d-16S -O 3I ~.  P1_ • 
o•~6s 	 1 	a-l6Sxa•4i 

5.7 Hztuzi PoTc' Vi 	t to Ii r aaton i tD  
c i ci doi'- tIor.a  

it isintcot1ng tb aotzi :!. >' i,ics pau out 

po zor VIO t Z' . g satuva-dan into 	IdotLn 
in OC 1O ' 	.VO Q 0 s ..:: • of U13 cioet u1 3 a' ltak* 

atbn on io tcdy a wato c a :t ,i ty o',` o syn ro u x 
in adttne. 



Intal voltaso using X& wid Yqu  is ibiu 

from figure 5.3. as to estimated as i.823 p.0 

qP 

ox 
a 

th ne 

irn0fl  00 5 
 

0.415 	U825  

or 0a 
zox'etb ro 

Pm=___ S' 	* 	
36.2 

t.otll 	 t 	.oSi.tsO.tfl5t 

= 2.QOG p.0 

Hc tho pull ot pcvo. tic nth'iious :iadiino 

iut 	3r1flc t 	a&iLfl 	zct Wras Out 

to bo ofli7  

s.... c!l 	 13d3 USD1 to 

tt:o trciLcn into 

r-ar"Its Oz tho jul1 out puor O"Itclaod is 

ca 	in stabrillty 

Wida cots aZroatod ba to satnrationo 



/~ 

MAITON, 	Lio'hd 	 Pull out Dollop 

ort c1 r " it ii.othod ..r  

(2 

 

P0" Oro 9 t1a1"F' d  

 irithxnouo roetc31e t t 1 d 	' 

(0 	' ^ p' o ac2gi'c ti o ' d ... 	1 26 = 
(5) 	' ao , s +; .th ut o nAdorir ; 

Saturation 	 fit.. 	p. COS 

'Pull out pnzera of the tact  
act .no by ca arc of load 

't ort f 	- jn 'C . r t • d con. ' 
'di tion ; 	 ' 2,Z 

The pull out pz ar ibr the a• 'a1n uido: tor- eras 

act2U1l17 det "incry *Oy zii 	or cit by to acU'1 th~ 

ria chino as a 	.o initLcL rn .ttons o:e 
• ON2r C7 ~ed 

',• . t von. maw o nit crtrit at 008 P.ibi i hi cb 

a 	Lationr hac'o bo si macho by variou iced. 
Thepull out pouozY 15 O nd tO be 2.28 p,n. 

1thcvh the ra .t in no hod 4 1i stark in Table 

5,1 ! P( Wiflo LLat f f or:-t f u: i that i. c. in 

uatbzid (1) 2) 	c 	3), yet the need Is 	st 

to 	. aa1 cfl c.. gios the ra 	f t nearest t the actual 

atn7.4li ty 1ixit.  

rt circuitnoetod t . ae t i 'ton ofract oily 
to a 12 dtad xrt t an givci by oqu.t1.ofl 2,4,3. 



The Pot±ear' a rated estimates a too high value of 

if t ? 1. Vita3 as h o sat ration aMc t 3 j 

added lira 3r3. r foi, u ch a o cb not hrve. y j stt-

. mtton. This objection is also t-. ili d. fo*A o 

s:m h an7ou ` 	to c e nat ad . 
up's dla, a'c method ci tot nas tho intoznUy 

iX cb c o.ti 1. on th,3 o cox c it utt eharacta2. i es 
cd t e saturcir'n 	a tfa.3int to icint. 

As a tactor o " fact w danot btnvo Rny jut1fic .iizLQn 
r adc n up satin t on line ~. y to incbicix2 e.... f. as 

. Win, in Pot ' 	rUzo(1. 3trtc.t.y svoaLag uo ziat 
O Oat 3 on O.C.C. forr all. such addttitins'ti a non., 

iinoax way. TQ c1oait a r rortn ation iild b to add 
.̀ ho VIald 	r to lain t'rly :, O,to cbar,►w is ,; tc ,rD 

r>n 0. C* C. Th  iv v uoul ii 	c . 'fly r j ~ ? : in  

o,'ZoUn n& id utJ in a urn— it --ar •:iay a i 4.ii  .atie1F 

ho o foot a L, wntn aeon on it ady stat & V+i .Lit y 

1 . i ary u 1i ro veaL o1 + ri 10"a*i, l a 5, l 	 a 

Io,rLnit c lncroac irtuctiy stet3 s tai~ili t T., 

1 	,. 
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FIFLU CUP#?ENT UNDER OPEN CIRCUIrFD ARMATtURF 

7 3 a 	5 b 	8 	9 10 2 

f t F 

e  

Y 

O I 
T 

11, ~ 

i t { 

J 
r , 

1 	{ 

a 
EE 

..' 
,.J 

I 

.. 

z N 

{~5 E 

i 
t ' 

i1T 

7 	3 

~~g~~ Nr. 3/3 A4 P 



vv vv W W W W 

• Fly,.5.7, FIELD CURRENT TRANSIENTS UNDER SHORT 
CIRCUITED ARMATURE 



f /ELD CURRENT UNDER OPEN CIHC(nTFD ARMATURE 
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The value of vd' +fes► be c&.culrtcdd £ror1 the 

noz 1rc3 is of a a" ro open ireit . eld tea 
con VEwn t cAd 	rt al i V ii. t tS wr 1J 

limo con atn t a ''Otfl in ± .CUr0 	to 	' as  

d 	rdm  

Th1 s i, the njathratod vv .0 e of Zj  no tho 

moa constants uoro oa .r3d at a v1 to a in the 

C. line port.o of O.CsCs  
►ti. c ua .on 11.3 

:ca4 Xad 
Iz,ut tho rciuoti of const nt ao  ho  a r d d 

tb z, b• g and found O . t in so ct on 

o v .uQ 0 ' Xd at any o.C,ttiratiof factor ccfl €30 

do tiiino 

O a .. peuor O Lttut ecn be dotarninod by 

b1 . .rnc iia 	valu oc o Xds,,, L o  d 
It .. o 'bc 1nd 2e tr 	.it rcactm•oo in 

-tion tt-ss i 1 lu atra tod an undo. i 

.'jitzi3 ctnd 2iø pia r". ar,  s ? oac .:c( , 	5) 

Cu p.*::t! on fctotO r tS r 1.1!'. (W ,51  
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' rr K 4 i0 (Fig. 3.)) 	a 0.314 

'W 1ta3O behind the Irons . t react cl *(I1g.5 6) 

X for °volt& 	11 	J 5. i3 0435 p U« 

f; 1.2xt.nr»~ +  

3•$z. S.;6 	— 	o. oLalFs S--:0 

k 	f' 

S. 10 Pull out peuci' urger r si n t o,nditLons i1th,ut 

arathn ndartion 

U1n she unsaturated values o," Xej and 	in 

O(1U .tLOU  

~y~ 	 z 	o•2't1 i CO(I 

C-sct1 n s ,9 id -5 	u that tho etfo t of 

s€ttzrattcr is c ut .;o .nyrtzt td cnntt be neg10 ted 
-toget m acctiratofiuiro fb r the stability, limit, 
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Xg,  104  laldivomut 0446 	tu aoi fw'r. 
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b a 1ot i1?' (i.1 	th3 

cA (i&r ppcttcii b3 ) au'.l Xccj 
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