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ZAVIOUR OP bYN4 C O1J MACUflE3 ON  
LOEG RAN 	'XO1 LIQ ' . 

IWtF:ODUCTIObi. 

ifydro electric generators are uøuclly locc!ted 

at P distance from the load- centres and are frequently 

required to excite }t. V. Lines on no load. A long trans-

mission  line couetitutee v wily P. pure c,peoitive 

lord so the generc'tor has to supply m l;rge KVAR output 

at a most zero P.P. Lording. 

It is true that her load due to energizing 

the line is only a matter of few mutes but it is rn 

unavoidable transition-period end as such is extrenely 

important from operating point of view* 

the fundi ental dr wbio is that since on 

zero ?.P. ledtng the aramr tune ampere turns m gnotise 

in the annie sense e s the abet WU01 npereturrn, 

tie voltrge has n tend rucy to rise. the ezoitr t on of  
the machine undtr such a condition Is to be reduced to 

s very low value* Lturally the problem comes so to 

whet is the lowest limit of excitation so that the 

machine runs stable. 

On commercial power systems, the l .r er 

ma,ohines are synchronous type, these include gener',~ 



tore td condenero tnd ft coneiderrhle peau of Moro. 

The sriintan n of ena}u'oni during steady sti>te 

comUtiou€ rind regnining of e.ynohroniem 	`tear a 

d.eturbr nce m of prime 	Par *inas to Electrical 

Utilitieo; electrical manufacturers ore also likewiee  

concerned because these considerations determine m ny 

epecinl fogs of pp- rstua k nd their coat. 

By use the Wil.bkflOWfl 2 zie theory of 

Bloedel, the sta&y state characteristics of tohro-

nous z Bent pole rtachinen Is developed. From thee* 

It in shown 'fit spproci ble economics c n be realised 

by rein ting the short circuit ratio end time the en 

ohrouous re atmoo of of riternitor to the etibtlity. 

ch 1rooter stir 3 required by the to d. It to riBo 

ebown that in we* of leadtzg KVM to be ou pited by  
the rnnchine, further economics corn be obtuined by 
designingthe excitnt&on eritern to eupply podt ve cind 
negrtive fie1 currents. 

'."rreient atrbi .i ty rstudiea for a power 

system were crrrictl out with the help of network 
A n ~ lyeer mnd the results deterred. The tae ere type 
of disturbances on the power eyetem like 3 phage 

ulte, double --fie to groom, etngle.line to ground 



have been eked. bath the system is stable during 
faults will d~ pend not onlyr on the system itself but 
also on the type of fault„ repidityrapidity of closes and the 
method of clow ( whether or not the line is reclosed). 
For rrW constmt set of gree cation, the question 
of whether the system is amble or not depends upon how 

such power it was curs 'before the occurance of the 
fault. Mother the eystea stays in schroai is deter 

mined from the swintj cam, i.e. the curve of ngular 

positions of the yr ioua makes plotted against times 

def discussion of the theory and the pr ctic l work 

done in thin fiction have been includcd together 

with the derivations of the v•1oue equations 

irrvolveU which it is hoped will asatet in the 

clt:rtfication of the procedure. 
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, - tq 	 TWO AXIS VOLTAGE VECTOR 
DIAGRAM FOR SALIENT POLE 
ALTS: RNATGR (LAG(ING P. F.) 

btsbare. I in the amaze gent lagging bebim3 the 
ter1nal t'ge by nae #$ The line AP is dry t 
0 rnge s the ee TT or perpoi ic1rr to current 
vector Z and AP * A # Then 0? repreoent the t uadra. 
tore ezie. 

The CoDpQflent of the armature gent 
during tn vzt acting in line with the nzi a of the 
polee 10 called the direct nd.e cponent of the  
nXature gent and i +mated re Ids► The coraponent 
of I produce nn mat toting In line with the ode 
bitwee the polio Incod the quadrature c.xie 

coapouewt of the arinture current rnd to deel.gnated  
as x. X ii the rerctance Offered to the flow of 

direct Daae rrcture gent and Is called' the direct 
a-c19 e'nchronous reactance. Likewiee 1 q  is knovfli rO 
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TWO AXIS VO.TAGF VECTOR 
I)IAGRAttif FOR SALIENT POLOS 
A;.TE.kNATC) 	•i ; G 	r 
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quadrature axis echronoue react nca. OP represents 
is quadri ture > e# it +ern be easilyern as followsi 

Draw ,X pe,pendiculr to OF 
Triangle OIN is aii1r to triaxrg.: A7iP .. all 

aides being mutually pear dinar. 
Rence 	 or 

0 i• 	so rieq  

wbich is neCee I7 requirement ,tor proper loprtion 
of the quadrates axis. 

Adding roaotcnce +die 1d1d  and 
shy, we got the inUriri voltege 3 	of the machine« 
Deelopiug the dirn furthers 

Extend EG to B so that Ufl a Z I 
A 	IXC  ( 1 ios 2). Prorn B drew a line parallel  to 
AR cnd produce  Ao to moot at C. Draw eemi.cixcle 



00 0 OD/ sin. 

 

In ozdor to got current veer hie rte, It  

Is merely neceery divide the four sides of a 

polygcn ODBA by 1. thus obtnining the cturent polygnn. 

O * ~ ~ ~~t current of t ► 
! armature with rio load mitatU a. 

114 a to the eatr, current 

a i.e., internrl voltage /I4 
e short crct current 

with fuU bx tation. 
.iince with the eoeurnption of no evtura ion, 

the vector E also repreeente the tuU load field current 
;, cm niso be written as If/ X • 



OD Iq ( 	x 'Zq  ( 	x 
d 	 d 

00*Y(,' ) 

slftliPjing the vector dill we get 

the following di re (ngs 3) which gives us re1ttion 

between abort ci * t r 	t, land gent, + zttue 

current, We con easily got the reboticn between P.P. , 

Field Current cfld e tore current. 

J .  

i 	•, 	47, 1' 

3 	r 

FIG-3. TWO AXIS CURRENT VECTOR O AGRAM FOR 
SALIENT POLE ALTERNATOR (LAGGING P C 1 

f Zd  =Xq  the ueii..circle is reduced to saro and 
we ;et a etple diagram of a round rotor mrchine. 

Since l .P, angles tre seao cared from the 
ordinate Ot as zero, the 1 o3ectiona of the current 
vectors on the vertical axis represent active pow 
m d similar projections on the boric v1 an 
reactive power,*  The reneon for thioteft n of 
the vector diagram through 90 i.e that the 	• 



origin1 vector diagram we div dei by remotpnce . 

Counter' 	direction of rotation 

baa been aeeuiaed in r,.11 disgrrme to be poattive. 
Negative values of 0 correøpond to lrgging I', P.. and 

positive vrlue z for 1eding power factor. 

1.9  

The vector di ram cvn be Wither extended 

to Include the aniatura current bait at various f 

thous of full 1c; d field current* It will give the 

perfar rnce of the cnchronoue machine es generator 

operating from zero lagging to zero leading p. f. and 

es a synchronous motor operating from sore leading to 
zero 1gging p.f. This has been shown in Pigs 4* 

GENE ATOR 

THEORETICAL 	 Imo- K W OUT PUT 
STABILITY LIMIT 	 1.77 

	

1 0.57 	, 
i 	i  

	

b . , 	 K V A LAGGING 

'. 	4- 	 K V A LEADING 

_ 	4 
THEORETICAL ~•  
STABILITY LIMIT 	~ 	"`~ 

t4-- K W INPUT 

MOTOR 

FI , 4'- ARMATURE CURRENT LOCI FOR FIXED FIELD CURRFNTS 
(SALIENT POLE 	MACHINE 	Xd = i.1 RU 	X "{ _ !' T F•) 

-,ATED P F = C 9 ( LAGGING ! 	. 
W.H.Walker, Operating characteristics of salient 
pole machines. Proc.IEE 100(11)1953 page 13. 

K V A LEADING 

K /A LAGGING 

tjr 



P*rpsndieusr t o'r 0 at 4 repr#a nta tk. 
A4 

stsbility Unit of roUM rotor zsqhins. The stability 
lit of sstt*nt Polo a.ahiu. d *sass aaysptotisahly  
a +ardor tip► , rs .n4i l at 	Th. psrp.Miculer at 

La th. thi r 	.t*bihit7 hiatt ofr syhindori.. 
in 

Ori r +#.x *achtn./bich the locus of ths ra*t s curront  

is ei 1. with o 	. 
1. 	 w., 	'1{ o 	*n 

it eon be sees that o r t. a sshi.nt polo 

sachini is opernting et about ratod output snd P.?, 
the * *u* output given by a salientpolo *achlns 
to slightly greater than the round rotor *ane. 

B we ir, It the *aces is operating at a how leading 
P.?. i.e., cbaging a long tranarniesion line n during 
light loads, then the aaebins has a such higher aad 
•sxtp t then is dire: by o hin4.ricil rotor auichine. 

This in r*s eel outputen be obtained only by operat.. 
Lag the awn► with rsv•rsed field surr t 	tor 
wi.*diag, the nozisu vale being ob u•d Lu t. 
stable region corr.s ntg to " at zero leading P.?.. 

" . sr*stus gent j5 4
.,

"A ~r~ a tIvo 



e am also Interpret the ehpe of these 
curves math ticall, ri * 	 0 

where r Is the length of =7 M from C  (Pigs 3),0  It 
is interesting to note the shape of the loot of arxatre 

4 current Obtained from various values of excitation, 
i.e. *f%. (Figi 4) 

Liegreater 
tb?( 	

-) 	en 

the tootb outer curie is obtained. 
then uatton(i) 
becomes, 

r 	(i..L)(l+Cos*  ) which ie 

euation of a qardio4o 

If 	= 0 i.e* zero field exctttion 

then equation (I) is 
r= V(,,_ 4) Coa.$ Vb1chia the 

equation of e cirle. 

from the diagram (pigs ) 

S  I 



Power = V.r V3ing 

+ V'( 	— 	) Coss $in 

ar i  S 	; ... 	— 	Sit.2 £ ... ( 2 

The power output for a round rotor machine  mtichine is 	i~aig 

The additioncI power developed by . a 1ient pole zachin 

is i24'4) c. 2 wbich ie due to the di fe-. 
2 

rence in the magnetic reluotrnce of the direct azis 

, nd  ' 	the ciu dr t uke r.- e. 

Xa * Xq the reluotinoe power is zero. 

It is interacting to to t t salient pole nuchine 
will deviop power even it no excitation i n rpplted ( a) . 

1.4  

he per diagrnr: in Pi...4 does not indic to 
my eta for ,rmture mind field currents by perm—. 
moble temperature rise of windings. Coming Fiat 
3& 4 cnd introducing iitttmttione on turbine input, 

et tor current, field current and etEbility, the opera 

ting chart shy in Fig.5 can be constructed. 

1xie repreaen a 1iW BUd 	s represents 

MY. output. 	l vr:luea on the power chart are on per 

.t basis. The p.ua. eagle is the t o for active tnd 

reactive power is well s for at tor current. 

0 * 	; 	tib' 4- 

• 



.w l o w, 

OS silo represents the no load excitation 
of the mac* whi Ic fixes the excite tion scale • 

13? represents the WI loe4 øxcttation of 

the round rotor machine. Circe.ar arc qv dram with 
centre 8 Sixes the field current limit. 

The ootb cures, q,R fi*ee the field current 
limit for the salient pole mans and Is determined by 
drawing a giber of rears through C and then m. kizg of 
along eioh r ► from the periphery of the semi -circle 
a length representing X 

Vertical line S repree .to the theoriticel 
st bility limit for round rotor macbine. 

)e7mptote etc repreen to the theoriticel 
stability limit for slant pole mates. 

The difference in the oharte of the two 
types of uchtnos are I In the region of low UW loads 
at low lead Pt. The stability limit of cylindrical 

rotor mates on leading p.5. side is conetderrbly loom 
as oompred with sell e t pole .mens. It would not be 
advisable to operate on alternator does to the theort." 
tical stability limit as slight change. in load is 
likely to pull out the macbirn from synchronism. The 
latter is replaced here In the art by the practical 

W.H.Walker, Operating characteristics of salient pole 
machines. Proc. IEE 100 (II) 1953. page 13. 



stability limit t whi to crbitrarily reduced by 1 

rating of the machine. Figs. , 5(n) shown a grtphtcl 

method of 4:tejfljflg the practical stability limit 

for as root rotor macbinc and it to self exienntory. 

The assumed oonetent active power increment  i ox-► 

pressed re a percentage of ' e mane ZVA rfting  

represents the aSety factor of the praotioe.1 s *bo. 

lity limit cidit is taken tts 10$. 
-•THE.ORETIGAL STABILITY LIMIT 

n n n n r n n 
A 	' 50 	100 150 ~~GOq 250 c 	P 
Q b 	 EXG T 

P~ 

// 

M 

EnG•5a. METHOD OF DETERMINING THE 
"PRACTICAL STABILITY LIMIT' 

3"beoritioel stabilitylimit for silient pole 

machine actually runt in the region of negative field 

current. LarCe niternatore ba r generally no irovisiou 

for negative excitrtion. Ein exciter is alpo not 

fitted with bias field to overcome the residual effect. 

Under these conditions, the excitation eetem is not 

sepeble of reducing the alternator field voltage to spa►. 
Zt;aandere Fundamental electric characteristic of synch: 
turbo—generator, Vol.91,Part II IEE 1944 page 185. 



T3 er foe, the r1tern for field Voltage is fixed at 

5y of the normal field. voltage* The limit In mown 

as segment on the left bend side of the diagram. 

Ti o working point placed within this a e 

at one* thfinee the MVA, PW, VA1, went, P.f. and 

excitation. The load angle can be found by mel u.r+ ntrt 

1.4 »1 	Tb. n ooe art can be of coneidorible 

assistance for determining the oapebilitiec of machines  

under venous conditions of lord. The readily inter 

pretable farm has been shown in Pig.6 which can 	 used 
no i dial of r. combined wFtt and VAr motor* As elretdy 

stated e mchine in reed to be connected to c large  

cep of r system end its output in relativelya c1.l 

fraction of the syatem capacity. 

FIELD CURRENT AMPS- P U 
I.OF - 
r 

O.81- 

O.6r 

~c 0'4t 

X 0 

Q 

Q1 
i-0 0-8 0.6 0-4 0-2 0 0.2 0.4 0.6 

LEAD 4------ K• V•A • R --- b- LAG 

FIG.6*.- SIMPLIFIED POWER CHART 

(SALIENT POLE ALTERNATOR) 

• 



s r during night the mesas is o rt 

at 0.1 kw erg. 0.6 WAR lead ivith field current of 
0,2 raps. III the morning there may be a request to 
incrense the active power quickly to 0.6 kw. If the 
turbine governor is not for 0.8 kw without djueting  
the field then the apparent power will increase along  
the curve for 0.2 raps* of field current end the 
tircitt a may fall out of step* However#  If the ope 

tor has vector aster rad chi -.apt in front of him, he 
ORfl 4nce see at a glance that before such en active 
Wier increase takes place, how web field gent 
must be Increased. 
1.5 

From ell this discussion, we have seen that 
the behnviouac of a particulareyncbxonoue m .chic under 
venous oiler" 	conditions md its mzirnun power 
output under stable region cnn be d to mid. If we 
know the operating condition of n aic ins ,end the exciter 
system citvaileble, suitable selection of the direct 
exis synchronous reactance of a nachine can be m d . 
It a turation is neglected#  the short circuit rctio 
of the machine i.e equivalent to Z  %Higher short 

circuit ratio machines mean more cost an ter d ez .ons 



.m 	as 

of the machine increases.. The curve In Pig.7 gives us 
the increased generator cost for the increase in the 
short circuit ratio. 

r 

N 

1.2 I.4 1.6 1.8 2.0 2.2 2.4 2.6 z•8 

TIMES NORMAL SHORT CIRCUIT RATIV 

F1G•7 

ort circuit x tio I *. d _ fined are s 
=: citation for nor4 pltaeas open 	 u 

I xcitation for rated sty for current on a**. 
The And to ntr=l equwtion tot induced atrtor 

. E w WM 0 abown art same oitvgo crtn be obtrined 
with verioua covbin tuna of working flux eM a-t for 
turns . , Urge flux dtrnuade larger di.rtensione in the 
magnetic circuit to cerry it vt vn economic flux den.  
city: thus the core length . of the machine must be 

greater ( the diameter being limited by speed ) but 
with fewer stator turns the stator copper t►xea is 
d cre sed. On the other hRwl, "Ue number or eta tor 
turn* to mater, r smaller flux is needid nnd core 



length sin be aborter but the stttor copper ssotien 
is teressi*• 

* air wt, say t  1s Used to segnetice 
the a s ein., the roxvJM r opposes the s rs.tuz'e 
resoti on •. Th. not szoitation then produces the 
working flux, Which in tuin gm*rat*s the Intern 1 

If to inoreass 	$.C. R. fewer stator t*rns 

ire uss . the arasture resp on * ?a  ( proportional to 
T) wt1 , be decreased lssa n sore of the syst1eb1s 

rotor **F P,t  for sagnoti 	: the sir gap must oon 

sequently 	 lengthened • '',mus With a lamer gap and 

fewer stator turns the nuserator of the L.C.R.  will be 
increased and its dsno nator d.*oress d 

At increase in the short circ.t ratio 
increases the coat of the mchim butths charting 

Capacity is also directly PrOpOzliOnsI to the short 

circuit ratio, as the line ch*rgthg capacity with pest. 

tier. sxeitsflon is equal to  

Long high tension lines can represent t consi-
derable capsoitivr load, A 220 kv over'bud line 

tong takes about 13500 ZAR cspscitiwi radicss 1csM. 
C airging ITA. tar 100 miles long of a line is about 2O.5 
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of the urge ispedenca loading. 
If the excitation agates is capablø of supply- 

lag the paitiie .z tatum only$, reactance 	au.ot 
no$ b. grater than the reactance .of the capacitt e 
lest. This often provides a halt for the sncbr*,  

.non. a 	'* of * sachins. 
. it if the excitation ion stes in capable of 

supplying poIitivs or n.get v* excitation, t safe 
operating 2iatt at mo p.t. 'lea+ to to deterained 
X q  #h. line .hergtng capacity beIng 	,t a nnstive 

excitation of V ( ç 	In this *air X is 

lose than . 0  which is Lose than X4. 

Thr aechinee of standard construction homer, 
the M.#i.•* 	less than. represents in ell Cassa 
a pr**Ueai Ott which aust not be paste.. 

XtXq *lP*rUflii#  than 1 a 1#6 pert. 
ith low J.C. ratio, the alternator can be provided at 

$ lower cost *won after accounting for the increase In 
cost of the *Marion syatsa capable of providing nego. 
%IVs .its ,vn ( by- about 1$). 

Bitt in actual practics, the value of 	for 
alternators on long tre adexion Ilex* to not mea soave 
tb s 1, as ' .: x the steady mate unit is P •* 
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and  the mez1aua charging current is ~- at zero p. t. 
leading. 

The following table lies the value of direct 
axie synchronous r*aotance gen rsUy adopted for turbo  
r.lternatore and water wheel alternators. 

Alternators. 

Ili 

 

2.4.- 2.0 1*5 . 20 11. 	Miami 5 	I-6.f. 	f9 

0 «18-4.28 0.25 -"0.35 0.25-0 , 	► 0,25•-0.4 

Quadrcture ode ani ua ,reactance 
i.e. 	a 0.5 to 0.7 

We find tb t v lue of d for wr-tcr wheal 
eiternetore is 0.9 to 1.5 p.u. and thevalue of trcrnaisnt 
resctence i.e. X$ a 0.25 to 0.4 p.u. for salient pole 
uichinee. 

in turbo alteznr toz , due to their high speed, 
the abort circuit ratio hr, to be kept low due to a ec hc. 
nical reason& as high .+ . ratio necna larger size. 
Efficiency is also high for low V.C. ratio tlternetora 
as bass s pre tuns for the field are required. 
1.6 	poorer 8avt~ :_ E ate_ __a ,t 

Urdro electric generators supplying long 
trunesiecion lines operpte at approxite1yt1nity PJ. 



end in general the generator '-. 'f should be select  
to correspond e s nearly as pose1 b s to the sytetn require 
went. k generator with a low power factor rating used 
Pit higher power factor is wore unstable then a genera r 
of the ,was else and € o st rated more near 1y to the 
ecturl P.?. This is evident sass oparr.ting at power 
factor higher than rated requires field current loss 
then the rated.( If generator is to be operated at high 
power factor th the rated on*#  shunt rseotors can be 
used at the generator terminals to increase the field 
io ding. This is only a wekeahift arrangement.) 

On the other hand a generator operated et a 
lower power factor than the rated on. .s more stable 
but the twouble here is that this way cause heating of 
the field* To achieve this#  the field winding should 
be of liberal t hei n. .klco there is rnnrgin in the field 
beating,. voltrge of n be inoreeeed so increneing the 

stability limit. 
In the oper :tion of long high voltage trans 

miselon linen, it bra been found d sirr ble to se the 
voltage at the receiving and ',ower tb8n the gener^tor 
voltage to permit the generator to operate at unity 
power factor or slightly leggy  even on light loads* 
This wean that leading SJR for light bed'conditions 

• 



should be furniehcd frog is receiver and. This orm be 
done by connecter a , .moue condenser' at the receiver 
end which can operate to aup ' this Charging current. 
then the Power system is fully loaded,, the etem volt--
ege in likely to jo down due to eo a loads being of 
inductive nt,ture like induction motor io ;c a etc. Cyn. 
chronous condi user ileo pad. the legging 1h in 
such crena. :, ncbronous condensers improve the voltage 
condition of thesystem thereby increase the stability  
of the Wirer system. The eie of the s'nchronoue *ate 
denser used at intermediate at tion for improving the 
stability may be quite 1re as compared to the sic* 
reautr for improving the p. S. 
1*7  

}4nchronoua condenser 1,a n idle running "ur 
motor acrOss the line at tis receiving end with euto..► 
mctic e. ctt tion control. The  The. miin purpoae of the 
qnchronous condenser on lirge power systems is to 
maintain constvnt voi vgs by suprlyingvcrioues Bunte 
of lagging or leading power ex required by ^ e system. 
The only active power locUing on the machine to rr rr'► 
sented by its losses whiff Pxe supplied from the line. 
Losses are about 2'. 	which re pry* otic.smlly conetzmt. 
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The we c o)mxt man in Pigs 4 (below the 
horizontal line) LU be of .merest to investigate the 
pez'fornOe of the synchronous condenser. Mon the sue► 
ominous c+ :nee operates at zero p. t. leading#  the 
inter :lam and thus the field gent in given by 
they arithmetic sum of the short circuit rrent t p.u. 

d 
and the e ature current p.u, The importnt oberacteriett+ 
is when the synchronous condenser operates at zero le 
jug p. t. ca this relates to theunder +swatted region. 

Ver be seen that in order to opera. with small 
positive field current, it to neoeeear.y to reetriot the 
legtng power to about 50. of the rates at zero leading 
plfrf. Kowever, it the exaltation eystez is de signed to 
reduce the excitation to zero and then inorer ce in 

gative direction p it may be 5 bl. for the + . 
to supply 90% of the output at zero laggingpit.. without 
CDV' cue in the Site of the Neons# 

The usual value of dfor ynchronote oondneer  
.+ 1.? p.u. nd 

+ , a 1.0 p.u. 
it m be better to ieve the choice of 

to the r acbine dcatgrxud to specify' the transient 
resoteno. of the synchronous condenser (as obtained 

. . 



from network cnalayaie from etbi1tty point of view) 
fad the raffia of the leggy power to that o ' the. 
rting at zero lec4ing '.f. to get the molt econoz%i4Pl 
Hrrl ngemeflt + 

It my also be possible to operatesome of 
the idle generators at the goner :ting station to 
operate s e synchronous 4onden re. some rraageents 
are ,eze tit l so tbt the prime mover could be rm 
idle e.e load. 
108 	____  

The inherent regulation of long tz'cnemiesion 
lines cnn be arn . eU bent by cutomrtio exaltation 
system. P?e 3eoti+n of to .d 8nd overepeed due to re11. 

tive slow action of the governor on the wicket gates 
of the a er wheel cueee rise in cnerr-to•r voltcge. 
Also there Is rise in iexWrator voltage due to in. 
duotive to d being town off* :Ybe cutomatic exait -
tion yeaern should be of quick response. The reps► 
eenta.tive values for exciter response are 1.5 to 2.0 p.u. 
for high speed of response, 1.0 to 1.5 p.u. for sn 
average speed of responee ,6 It Is in enera1 useless 
to go to higher values as the ranges indionted confer 
the e®aential benefits of high speed exoittion. 
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REGULATOR WITH ROTATING AMPIIFIFR 
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Pigs 8 showsa * recently 	ioped•ezcittion.  
t375 tern for byaro electric gene ritor, supplying  long 
trap scion lines which appears to Tare deeirsble 
+ . etearietice.. It con iets of " self recited zcin 

exciter 8nd P. static volt► regulator pith a rotting 

JC igi 9 shorn a separately excited ronin exciter, 

	

F  (MAiN \ 	GENERATOR 

	

'EXCITER 	FIFE  Cl 

FIG. 9. SEPARATELY EXCITED 	MAIN  EXCITER 

If there is great rise in the 3efliflg end 
Voltage du to rejection of load etc.,, in order to 
prevent the gens rrstor beooaiing self excite+ -, it is 
co on practice to providt,  an over voltage ' rel 	bich 

C.L. Kibigore, Excitation problems in :lr4ro Ele trio 
Generators supplying long trsnemicE3ion les, AIEB 
Transaction Vol.66, 1947. 

Pigs ;9. .14. Kisibark, Power yet em fltability Vol.111 
(John Chapter fl , Pages141, 143. 	• 



cuts off the line If there is en excessive rive in 
sanding end voltage. 

xcita=tion system effects stability undcr 
both trvnsient and steady condition es the power t, a• 
ferrel in two machine system is proprtional to the 
product of the internal volt6ges of the two wwohines 
divided by the reactance. The eerie is true for the 

l.ti machine system. ' his statement holds regard. 
ing the power at any pBrticul r value of ; ,ngu.lisr 
separation and hence a3eo for mcxiinirn power. 
Therefore, it Is epparent that raising the internal 
voltages increase the stability liiit* 

Sing up a system is said to be in steady  
state stabilityr limit if en inorocee of the angle 
between the sending nd receiving end voltages 
results in increased power transfer towards receiving 
end. In as ideal syster with no resistance, the power 
transferred between two generators will vary sinusot. 
thily from zero to malum is the angle between the 
voltages et the sending and receiving ends is incr esed 

` ►= •Øt to '90' deers. An the angle is , further 
increased from 0  to 180°, the power will decrease 

.nusoidafly until at 180° it is again zero. here-
foru, themnxiinum Theoritiani stability I±Eiit i a 90°. 



This limit cannot be approached in prs.+ ice becnueø 
if ayet were operated upon at * or very near to 
the steady state stability limit, the etefleat power 
surge such as might be caused by sudden switching on 
e suer. to ?would ceuee the sate to lose etnbility. 
r: to system must be operated st con side bly less tai 
the steady otate ettbiUty limit* '" ere to €. single 
steady atate stability liini.t limit for epco tied circuit 
impec hnce and tuternal voltage conditione. It 
follows of course t) t If tte excitation of any 
machine i ® chimed so se not to correspond to 
internal volt es sued,, the otability  limit will 
be corresponding.ly emn ed, 

Usually the imprtcnt practical 1it is 
the transient stability limit diecueeed in the 
next chapter', 'tee8y state :'unit)  of 	course, pro.. 
v .0 s a quick estimate 	of the tronatent 	limit. 
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Be far es we have considered the sexi*ua power 

that can to trsnsaittsd in a. steady stats without less 

of s1yncbroni, 

If *on* sudden loci *es on the generator 

or there, is short circuit, the ability of a generator 

to renain In eynahronaa is known to transient stability. 

2.1 
When eudden disturbances oocur the flux in 

the field circuit is maintained by , current induced 

in the field winding (conn . flux ink ,e s thso ) : 

therefor* the induced P 19 :r .ins constant. 

P flout 

where X1 in the 	-transient nchronoU. reactance 

of the asehine, reactance of the trsnatormor and the 

line. Note the lost portion is usually greater than 

Is the ease of etas stability because the disturbance 

say be du* to short circuiting or earthing of a line. 

it is desirable to keep X wet .. 

if the rnachinø does not have a voltage 

regulator, the field current .ti t.ly decay. back 



to its original value and no it d..cnys the flux 

linkages also decay.  the time constant of the decay 
in of the order of 2-5 seconds* During the fia 
owing the flux linkages do not decrease much in a 
n 	., ear it ney not fall out of stop on first 
ung. If the fault is custa*ned for in long time, 
the lux linkages mey be so much reduced, that the 
system will ultimately become unstable. 

If the machine have vol%age regulatora, 
the regulators will tend to maintain constant termi-
nal vol° r ge which would mean increase in field flux 
linkages. Eeguletor'e are gener lly not so quick to 
act in the first ung so the r raphe must to able 
to shad first swing. 

he transimt eta il% limit in a single 
machine problem can be :ebtimtted by The maxtnum  

angle of fm iit , Loan ,t amply balz ting positive 
e ad negative ares on the power engLe dingrE2in. This 
In posdble because the movement of only one mammae 
rotor i€ to be followed. In the ctee of to or more 
machines the equol arc method oennot be applied; 
stabiai.ty or instability is determinedby the relative 

x 1 .' 0 	! 	 !tTLi 	2 	i i i 	i1kfl 

S 



lisp ss*s*t agli bsfcre fault isolation is not deter 

wined fro. *a power angle diagreas but vii1 be found 
by the gl..4iws or swing curves whish are most: 
conionintly d teed by the step by step integra..
tiow aethod e 

2.2 
U 

ez'ivstien of the equat one involved in the 
step-by .step ewe curve oaloultione will assist in 
the clorificetien of the procedure. 

In a.cbsn±cal unite, 

where, 
Te - accelerating torque in lb.4t. 

t • aaent of inertia in lbw-ft 
g a aoe oration of gravity in fto per see, per see* 
0 = angle in w.cbaraica3. radians, 

angle in mechanic al radians with aeap.ot to 
a synaI pnouely► rotating reference, 

# _ tins in seconds. 

(360)(60) f at 	,, 	(2) 
2'-(rpin) 

where, 
le in electrical degrees with respect to 

.ynhronouely rotating rference 
*ACetwork analyser manus n an ns .. c Science ub: 
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7.Add 6 to 2, obtaining velocity at 13/2 

B.*.su*e Velocity at t,/2 is average for full 
interval *1-2 	and *nlculcte 

'""' 	(k T% ..mow, 	.., ' 	k, ,Tai 	At) At 

9. Dote. 	in* w sI + as 	and plot on awing curve, 

10. Determine a2 at t2 and b2 from analyser 
read ice.  

U. Calculate k1 Ta2 At 'velocity *hang* in 

interval t312 5/2 

12. Add (U) to (7) obtaining velocity at 't5/2 

13. assume velocity at t52 1a average of full 
interval t 	and calculate 

A 2 3 - C k Ta„ . + a1 t + K1Ts2 At) At 

14. Dctermine 6 - ~2 + 	and plot on the 
ewtrg curve. 

1 	t 	- bo + *sol +a&1_4 + 	2 3  
(3c1 +(k Ta 	+ k Tal At2 ) 

f 	r  

i 2 
+ (kits 6tf . k1Ts At2 + k1' a 	+ 
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since the muOhine speed doe s not Crary opprei. 

ciabl7 from synchronous speed during the owing curve, 
peer--unit torque and per unit power are aaumed to be 
equal end are Used intercbrngeab1y. 

T .- s inL -oma is calculated ed an outlined 

in the following steps$ 
Ida - Jngie in electrical 4e8r0e5  at time 

' 	a V.x.uuit ac.celer,ting torque et time 

: t ( ►l) • Chi in nmie betWeen tin: 
and time 

'n+1 
U 

L. DeteruinO 	at to  end 	from analyzer 

2. Cnlculate L Tao  it/2 ' Velocity :fie (elects 
degrees per At ) in interval t 	velocity c t t , 

3. Assume velocity at t, , is avers a for full  
interval to., Pmd calculate 

(K a0  jt) ate 

4. ete .ne 	- s*  + as l  and plot on 
swing curve. 

5 • Determine '2 at 	and 61  from rnalyzer 
readings.  

6. C ° laulate k1Ta e t a velocity chance in 
interval 1; 

l f ̀2►3/2 



16 * In ox'der to sizp . Zy the cp1cu1stions required 
thereby eving time and reducing chances of aeking e,' 

tbaeticai errors, the acc•1erction constant K an the 
st•p-byyst•p ewing—curve cnlciiiation shoot ( as show, 

.tether) is equal to X, o,t2. That Is,, 

K "` ICs, A. t2  " 	,. 	ow a 
17. ;n-  go + Tao  + ( 	o0  + K ?e1  ) 

+(1 0+ KTa1 +XT 	+ 

+(X T% +KTa1 +KTh2 +KTa(nu'l)  

The operation indicated above has been 

cdopted for actiwl c,ilau.etiona. 

. 
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3.1 	tt 	blem on i.  
For transient . 	.lity solutions on A.C.. 

• network analyzer the stwKow of The Abre ode; 

power **4 	rte carlhied out. The A. C. na two it 

analyser to •esenti ally a sea" of representing an 
electric power network to se t. The power syste to 
be analysed in set up on the analyser In aintaturs aM 

to areal* by interconnecting various oRlibrated sdusta.  
b]. circuit siea.nts to fora 8 network representing the 

actual syatan network. 
in solving probleas with the, network analyser, 

the e#a* approach is ordinarily followed as in solving 

than by loft hand calculations in which per unit 

stns i s 	]oy.  d,► Problemse involving balanced 

met phas currents +idvoltages are solved as 

single phase problems on a line to neutral basis. 
Problems involving cabal aced conditions are solved 
in a similar ager using the method of a .trical 
canponents with the various sequeincs networks. 

The network analys.r operates at frequenoy 



of 480 cycles per second end baa e nortiinal or brim 
toles of 50 V and s nowinal or base current of 50 gj 
ConeequentX1y, the base power is 2.5 watts and base 
impedance is. 1,000 *ban. All adjusting diets and 
instrument scales are eked in per unit of the base 
*iusntltiee. The 480 cycle power for the analyser is  
Obtained from a sepirate motor.-gyrator set. 

Each generator unit consists of two machines -- 
a phase shifter end ri voltage regulator. The Phase 
shifter has a three-•phase et to: and a single phase 
rotor for ase cls control.' ¶hs volts regulm.-
tor has a taro-;mss stator end a single p as rotor 
for voltirs control. The three phase stator of the 
phase thif ter normclly receives  220 V., 480 epe power 
from the M-O set throes tm ut-trnaforer. The 
rotor output voltage Is ppUed to one cru trtsr-ase 
stotor winding of the voltage regulttor. By turning 
the single phase rotor of this me china the voltnge racy 
be varied oothly from zeiro to i axis uc of 2.5 per 
unit volts (125 V) at a sssn . lly constant phase Ple a 

The ase angle odjuetment pro dee stepless control 
over P. total mange of 360 electrical degrees. In 
studies of normal power system oeration,theoperation 	voltage 
zr 	d ; ad juatnent setas adjustment dt the 
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a j'►.si nt corresponds to the adjustment of the 

governor of the prim mover. 

Tabu No.1 gives &..rtails of the ibex rnd 

rpnce of circuit units available at the ' .C* network  

snlyeer installed at the Indian Institute of 3oience, 

i3en ore t 

`rn&ient stability studies are made for to 

Cosa of determining the ability of a system to rain» 

trio synchronism  eynchroniam following c disturbance such as short 

circuit.. The problems are lved on the r.naiysor by 

the stop by step method involving representation of 

succeecivo conditions* Por each generator the tnular  

changes from the normal synchronous positions are 

calculated by-  using the generator acceleration con. 

at ant and the ons1yeer readings giving the power 

before and after the diaturb oe. ':;;`ether the system 

tern in synchronism is determined from the swing 

curve i.e., the curve of angular position of the 

various machines plotted against time. 

In using the ns1yser for swing curve cal. 

culations the same general principles are fold an 

in corking them with entirely by long hand methods. 

To simplify the work without much eacrificiig the 
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accuracy )   tie followingassumptions are made: 

Synchzonoue.obine trenatent reactance  
in the direct end quadrature exis are 
cued to be , silike. 

(2) Voltages behind transient reactance of 
the eyncbrauoue machines t re assumed 
to resin const durir. the first o ;r • 

(3) Dcm ing. torques are neglected. 

(I) Influence of saturation is neglected. 

Couotzmt shaft torques E5 sawed for 
all øf the mechine pups,, the governor 
cation and load speed ciorecterietiee 
ore neglected. 

(6) a lte are breed on the fist swing 
of the mom.ne with the ingeet period. 

(7) The chem 4  *n sicbtue moods are assumed 
to be negii '.ble to the extent that per 
unit power,  and per unit torque are used 
inter engetb1y. 

3101.1 The grid tap of  ot he Avera Pradesh fez 

system on which transient stability studies were cFrried 

out is given here. The detaileddata also for the 

Andhra Pradesh Power system g di transform re, 

deet network of transmission lines i tt . Po . roe end 

zero sequence impedances is given in the Appendix. 

The line constants hate been calculated froa the data 

e eilable in The tvoatingbouae Electrical Vransmfesion 

and Distribution reference bock. The direct and qua. 

dr,ati a amts reactance bsve been assumed equal for 
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these studi•$ Ora the anfAyeer. 
2. 	There are three ms3or yd eleotrio gonerm.  
ting ations and three thermal power strtione final . 
dad in the transient stability studies, The details 

of the machine constants sM the tom installed cam► 
city at eicb power station for 1964 load conditions 

is given herewith. ¶ nneient reootoncea and inertia 

oonpt is have been caloulo ted at 50 1 VA base, the 

figure adopted throughout these edea, The equ 

lent circuit for each aequenoe are set up n.n -k . rand 

from the fault byimeginng currents of the parts» 

ou3,nr sequence to be oirdul.ii ed throw the network 

from the fault. 
391*2 	' nba1 + d faults. 

By using saetricl component methods to 

determine the proper fault impedance, e; ,ing curves 

may be obtained for unbalanced as well. as for balanced 

fault conditions. 'fie procedure is the came as In 

both cases#  except that for ,unbalanced ftilte, instead 

of grounding the point of molt directly sa for a 

throe phase short circuit, a Line :fit representing 

the required fault impedance is connected between  

the 'point of fault eM mound # The proper setting 



for fault ispedance uvuelly cirn be dteined by  

ineeeur ent. since po dtive and negative impedances 

are nearly the same, it is auf ,icie t1' e + uz'ct to  

ager that they are identtci L, in whici *ace negative 

segue impoden a arm be determined by the eguivalen 

positive eequencs Impedance of the network viewed from 

the point of fault 

Type of fault. 	 Chun* irpedanoe 
at fault. 

I • single line to ground. 	2  + *90  

2." ne to line 	 22 
3. wo line to ground. 	22$ 

4. 3 Pb. fault 	 0 

It the network in quection is n positive 

sequence network, tall- iizicbine reactancee  re teupo-
rarily grounded by connecting ng that to the ground 

terminLe of their respective generator, ;it. cray 

convenient generator unit used ems a power source, 
v voltage to applied at the point of fault.  for 
safety of the instrwent it is t1vieable to start 

with a low voltage which may be incrertaed until au 
fticient deflections are obtained on both the 
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voltmeter end the 	et r to give accurate renulte. 

The luotor component of this voitage end of tbt r°anul 

ins dent we recorded from which the equivalent 

pec k+ of the network viewed from the fault c' an be 

d.ter fined by maple eotor division. 

The equivalent o  of the network can be 

,viewed froz the. point of fault in a similar menner 

by setting the zero sequence network on the nrwlyer. 

The urea► sequence network diagx'ui for -pager Grate is 

attached berevdtb, ClcuiatLona have been made on 

0 MVA base. 
in cove where single pole breakers are 

used only the faulty pbat eo are cleared and re closed. 

The offset of wtycetricl open circuit (in single 

phase to line fault  only faulty ase is isolated and 

the other two healthy phases supply power and in 

double line to ground fault one healthy phe r auup"! . e 
power to the oats) in such ceee o n be represented 

by a series iiipednnce Z *  where 	to equal tot.. 

in case of one conductor open 

(Ii) so  + z2  in ease of two conductors open 

(111) .6 In *ase of three conductors open. 



In the *sura stu ie± # for double line 
to g 	fault 

(e)(o ie.1) sue iipedence  

J 0,O 9 

where g - .001 + J,029 

r 0.008 + 3.056 
Se es i*st ce .f 	t*u1t i s cleared is 

S2  + z +, 	a .06 + .0.)92  

where Z . - 0,021 + 3447 

o  0 .008 + 3.062 

line s  .01 •. J0..062 

(b) for 5b81. liie to row fault (Case No.2)  
shunt 1* 'd 	2 + zo  - 0009 + 3e,085 0085 

t#  0 .001 + 30#. 029 

$1 ,   2 0 .008# jØ.:  0%% 

end series **pedis after fault its 

ulna 	- .01 + 3 o,• i8 

) 

Ace, 62503 
°'l At C/B,RARY l/N/VE g/TY OF kOo ik 

Room 



Z Un. = 0#01 + 3.061 
2aZ1*0.021+30.14? 

ZO  + 

 

.008 + Jo.0623 

Z2 +ZLine- ..0,1+J. 8 
B0  + 7; Line = .018 + Jo. i23 

3.2 	Z 1otti 2 w 	cur + 

3.2.1 ____ _ 

'ith the voltages behind transient reactance 

• held constant, the fault is applied to the eyetem 

r-nd tea&ureraent.s of power bei trEraient reoctnnoee 

for cl1 the mare group are mrde, In per unit, 

those values represent the load torque on the .fie, 

rotors. 7ith the tor%e rout ,, and the load 

torque , known,, the acolerating torque on each 

rotor 	Ti -- To, can be determined. The access,. 

rr tin g torque will dose r cbinge in the rotor posi.. 

tion angle which io measured with real est to ozie 

that rotate at conatont speed in synchronin with 

the frequency of the orate fore fault. 

I fter the ohnge in position angle Q 

caused by the accierati,c torque a; has been ctl 

culated, the not value. of S is determined for each 

arobine group. The phase rngle d3uetiv dinls of 



the .nslyee' generator unite are then changed to the 

new values of rotor position Wiles just dt tersiined; 

values of torque outputLo 0 are again mead, and 

the process described above is repeated until a 

complete ewingcurve ire* been obtained. 

At each step of the swing.curv., the 

quantic , 	is recorded in the coli of the 

caioul, tion shoot headod U. The product W;  is 
recorded in the next coluin to the right, but one 

opa.ae lower on to sheet. he one exception to this 

in in the cnicultion of the first stop at which time 

en th1itione1 multiplier er of 4  is used and the product 
a is recorded. During any Intervals  the change 

in ala, oS is found by eddi, the new value of a 

to the last proceding value of AS I aM each new value 
of to found by eddin, ; the now value of A to the 
lost preceding value of - S • In the oalonittion for 

the first interval, AS and 4  KTa are equal beonu r 

there is no initial Telooity. 
3.2.2  

Th'zn the fault I a *leered completely by 

opening ail circuit breakers feeding In fault, the 

procedure is the same P followed above except at the 



time interval imodist.ly foilorrt ng the change in 

circuit conditions. The power outputs of aU the 

machines are road before and alter tripping. The 

output torque is eel + tat for both conditions and 

then averaged, the average value being used in deter.  . 

mining the aceslsrating torque. The calculation 

continued in the normal avnnex until another' *hang* 
' 	until 

ocoure such as r,slosi or/ ,  : ; swing yrs baa been 

carried for enough to determine whether the group of  

machine. will remain in synchronism or go out of stop., 

The saps of the curve for the fastest 

moving machine cafl u ►11j be determined with suftii. 

cunt accuracy by using tine interval of 0.05 sea. 

This time interval has been followed in the 0elcui 

tions all Hugh. 

The first *ass studied is double line to 

ground.d fault on 220 YlmAothagundsm line at 

Sileru end « (calculations for f*uit impedance have 

aIredy been shown) . The fault to cleared after the 

0.1 seconds, clearing only the faulty .mss, and the 

breaker rrolosed 0#4 seconds after the occurances of 

gage 	the fault. It would be seen from the swing curves (*) 
I5(i) 

plotted that Upper Sileru Is affected the alma, 
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fl* *aching s0 UJi1.ru is sorslersa i s7Sn after 

the fault is cleared. The other *echis s are attested 

she lsssi. No rending were nken &fter 0.20 oonda 

of *ths fault, an the ras U taker upto 0.2 e o ods 

were autticlent tQ show that th estsa is uatible. 

The power gle between per iir and T'nsbad}u,s 

being 93x' at tiit tlstB!t« 

Next sass studied is the sia^ l.• line to 

a d £auIt on 220 K Lile;uXthtiudst Une at 

We= 	(0 c ilatio z Of f u1v Impedance 

on page 40) . he Z l% is ol• ed a per 0.10 aec a 

and the line reclo84 d st 	0.4 seconds. The r4 t 

*4 5 t iii) Is stable a shown#  tib* the etzzve e O The maximum . 

power angle bs wwssz he 1eairig acbine st U. Silo t 

sad the lagging za#hins at Tun& 4re is about 76*. 

Studios were ds fOr the moist save t fault 

on the power sqs ea i.e. 3 phrase fault with fault am 
one 132 KY line berme ,B, kra tid Msahkuc d. ( In 

ease of three phase fault, the shunt impedance of 
fault is sera.. i*pedsncs of other psrsllel circuit 

is c Znged from 0.019 + 3.o. 056 to 0.038 • 3 *312) 

Vault clearing tins is 03 **a#  with no rsolos . 



*pa a 	It- can be eta from the awing curvesf or different 
45(iv) 

mrchinee that all the r achines ere effected eppre 
clrbly and the system tries'to t- lie up the fault as 

e whole. flowerer. machIne No #4 (i.e. 1Tachkund) the 

nearest to to fault starts leading,  'The system is 

stable as shown by the urea. 

A very interesting case with the some 3 i' tee 

{ 	fault on one 132 KY line between * I.Ye=a and ] ,ichkurzd  

was studied but with the feult clearance time of 4.2 

seconds insteid of 0.1 seconds as in case No.3. it 

(0) curves 	will be seen that machine No.4( ~e. machine at Maces 

on pa e kund starts •i cceleratin r'apidly'. The other 45(vW, 
machines do not see to the fault much. The ma r 

difference between the mace at 0.35 seconds after 

the feult is about 11 . The machine is still swing-

ing out of step tether. The system to unstable. 

This eniphaei.cea the importance of putting very fact 

circuit breakers. 

Transient stability limit of a system can be 

greatly increased by decrenaint the tiie of fault 

clecrinij as boa been shown in cases 3 4 above. The 

time of fault ale aring is the sum of the time that 

the protective rely takes to Close the circuit breaker 
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0 82.3 10207 126.2 
0.05 82.2 102,8 129.6 
040 824 103.5 139.9 
045 81.9 1044 155.1. 

x.20 #4 112 1  

103.3 x"84 
103.5 78.3  
104.2 78.5 

103.0 78.8 
io .8 794 

108.5 
108.9 
110,2  

1114 

111.2 

&a .*&0 

: 46 0 line to 	 d fault c 2 I' 114r 
Kothagund 	 s at SU and (int eZored 
in 04 eoi 14n* rsQlo3sd in 0.40 moot) 

?L*e in. t Mgu1r di*p1acet là degrees,, 
e *Ld2 	..t `h 	i~ a~a~ l 	 w r► 	!' rerr 	r..o. eL~ 	~li rr~ 

t a 0.05 SCh . 

P*ter 
Inut to 
Rotor. 
Inert 
* amt if 3.00  

0.76 2.44 

8.00 

2.28 1.60 3..26 

. 4.88 6055 

Aok i eon t nt k 7. 
Iflitifil 
exg1e in  
80gre . 82.3  

fault) 

7.50 22 2.26 4.60 3.44 

102.10 1..2D 90 0 . 	78*30 i08.0 
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( iii) 

imnt ICVA 3ve. 50,000 

Loaf-cion. fleaired V4 1 	'A 	P. P series 3etting 3a in p.' 	,. or per- in P.J. 
r i11e1, 

rpur 10 + 3 6.25 0.65  P 5.0 + 3 8.00 
i1t 	ra11L 4.0 + 3 2.50 0,85 a 9.05+ 3 5.65 

y'aneberi1 6.0 + 3 3.72 0.85 P 6' ~3 +3 3..+ 
P 	a.id 10,0 + 36.5 NO0.85 P 5.0 + 3 8.00  

6:x.4 + 4 31.2 0.85 P 0.79 +3 1.27 
"a.+ 	1ud 12.0 + 3 0 1.00 8 4.17 +3 0 

40.1 + 3 19.4 IT 
 

.i3.Vara 0.90 P 1.25 + 3 2.52 
f4im ' 	. 16.0 4 3 10.0 0.85 P 3.13 + 3 5.0 
Bor 30.0 + 3 3.07 P 1.67 + 3 13.4 
Tungcbha d 14.0 + 3.10,,5 0.80 P 3.57 + 3.4.77 
ellv.ry 5.5 + 3.3.43 0.85 P 9.10  + 3 14.6 

fi.doni 4.0 + 3 2.5 0.05 9.05 + 3 5.7 
Yurnool 3.0 + 3.. 1.87 0.05 8 12.10+ 3 7.55 
Dhone 5,55+ 3 3.43 0.85 P 9.10 + 3 14.6 
Anantapur 2.3 + 3 1456 0.85 8 14.5 + 3 9.10 
Dhar'v•• 5.5 + 3 3.43 0.83 P 9.10 + 3 14.6 
Coot 4.0+12.5 0.85 8 9.5 +35.65 
Ounathila 45 + 3 1310 P 1.11 + 3 3.85 

+~llo~re 14 + 3 8.75 0.85 P 3.57 + 3 5.72 
fleijnta 5.0 + 3 3.12 0.65 8 7..25 + 3 4.53 
Pee 1a . 6.0 + 3 3.72 0.85 P 8.33 + 3 13.4 
Cbittor 7.5.3 0  . 1.00 8 6.69+30 
+ udda 	p 6.0 • 3 3.72 0.85 P 8.33 +313.4 
Kelikiri 7.5 + 3 4.70 0.85 P 6.7 + 3 11.0 
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Inertia  
cetan t H 

Acoolersoo tic*k too"  stmt k 

3 Pk"' f*nit  an 440 X39 17 Mc..Vaz'n 
tine at Uabkmd 6 (Pault o]e11ed in 0.2 'eo) 

-. - -. 	I--  _I1I-  ir up.rw i• 	. -- 	- 

j LLi Laff.W. LL*1$P. 

irL..inui_ 1TUL 

O4 
MOWNIN1LL 

G&i.2 _-  rJ11u1JIir - jO3 
iuiuitur_ JJLJu ,  

0i.4 
_1pflIILI1IWUt _ jGen.5J0n.6 

-J11IW1tIUJI1JJ 

0 824 . 	203.4 12705 102,00 80.2 108.9 
0.05 820 103.5 19840 10406 80.2 10902 
040 82.2 103.0 129.5 112.3 80.2 3.10.3 
045 132.6 107.5 13.9 124 80.4 1124 
0020 83.4 111.0 133.2 3430 00.8 114.9 
0025 65.5 115.0 139.2 162,9 61.6 118.8 
0.30 Mal 1,0 143.7 1.5 83.4 124.0 
0.35 93.5 12660 149.1 3.98.7 86.2 130.7 

nat bIG 

O..% o.% 2.48 2.25 

3.0 2.97 0 

7.5 148 21005 2.26 

824 3.034 3.27.5 3.02.0 

1475 1.26 

4.8 6.55 

4.60 3.44 
804 39 
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3. )haw fault on one 132 KV 
Una at Maebkud and (?tuto1e.ed In 04 et,o.) 

PPISMTS Ckw TM 	 !4.5V EWING am" 
$ a 0.05 see. 	 TWA B5 500000 

o 82.1 10343. in., 3.0.0 00.2 3.08.9 
0005 8200 103.5 128.0 104#6 00.2 3.09.2 
040 82,3 105#0 1.2945 112.3 80.4 110.4 
045 83.0 3.07.2 131.6 122.6 80.ø .1124 
0.20 84,8 109.7 134.0 132.0 81.6 114.2 

0.25 87.9 U2#7 3.36.7 149#5 62#9 116.9 
0.30 92.4 3.16.2 139,8 1514 C4.9 22C.4 
0.35 98.2 120.3 3.43.4 4. 67.9 124.8 
0940 105.0 1254 147,8 3.65.8 924. 1304 
0.45 11205 130.8 153.2 171.4 . 97#7 3.36.2 
0.50 3.20.4 137#3 3.59.6 3.15.9 104,8 143.0 
0,55 128.4 344.7 1674 179.3 113,5 150.4 
0.60 136.4 3.52. 3.75.6 181.8 123.7 3.58.3 
0.65 144.3 161.7 164.9 183.6 3.35.1 166.7 

to Rotor 0.56 0.16 2.46 2.25 1.3.75 1026 
3.0 2.97 6.00 9.96 4.6 6,55 

k 	7.5 7.58 2.85 2.26 4.60 3,4 ta:Ltiml 824 
aegrcea, 1033 3.21.5 102.0 Wag 

S  

108.9 
. 
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trip circuit tend the time required by 	 r t 

breaker to interrupt the fault current. 	e system 
which is Mable for a particular, type  of fm alt c -n 
be xad stable by c tem the existing relay rig 
system or by rnodrnising the circuit breakers so 

€ e to t :ox ease the clearer time. 

The lower the impedance of the fault 

shunt, the lees is the power €xchenged between  
anchrcnoua zztobineo for a tiven entjuiar displrce.  
rent and therefore, the lar is the stability 
limit for a given fault duration. Compering the 

fault sit irj d.nce fb 4 several type of faults 
shows that the mopedt-mce is lowest, i.e. zero fox:. 
three phase abort circuit,, higher for double line 

to ground abort circ .t s, still higher for line to 
line art circuit and highest  for the itne to 
ground short circuit. It follows thct cost severe 
'fie of fault ria r gods power sycten stability its 
concerned is the three phase. abort circuit followed 
In ord:. r of decreasing severity by the other types 

of fruits mentioned above. 

in meking stability studies e e judg Bent 
is necessary in choosing the tea of fault 1rhich in 
assumed to occur1 the assumption of 3 phase fault 
gives conse rye tive results. However, 3 phase fault 



,r 4 7 Mir 

do not occur frequently especially on R.V. over- 

hoed linea on steel torere. Double line to ground 
are also not yen frequent. ale line to ,ram 
faults. are the mostcoirnon one on the power system. 

In de .gDing a system or a odi1iction 

to Improve atability it a y be essential to know 

the dcgree of reliebility of sake required and 

the cost of rchieving the am** 
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4.1  

As soon in Chapter 1, the power transfer 

between two generators in n ideal system with no 

rest at, a will vary ainusoidally fran sero to aeisus  
and sill be$i *n by the following relation n.gl.ctinl  

Saliency. 

*exia pore. • 	. 2 etan 	= 

The aysten will be within steady stats stability limit 
if en increase In phase eagle of the lead: leadinj aechina by 

say 50  and decrease in angl. of the lagging sack by 

re angle say 50  results in ine a ** of pewer cute t 
frau lending asobins d teresee in per Dint fry 
legging a .na (U aul -saw systas than i.r.aadir*s 

ams are 943U0 t to give the caul output) . in an 

integrated network, iha :sus phase di. locam nt bet- 
seen 	 landing end lagging asebinsa is 40 - 60* eM 
cwt eppreach fur theoretical Itsit of 90'* . About 40' 

*so di. hsca mt will be reasonable to *e•t any tri 
sign* d 	Bance in the eyot . 
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In the qete studied the phase displaces 

~msnt between upper ailaru, the leading machine and 

Tungethadra the lc Bing machine is about 46 - 480 to 
effect the required transfer of power as per planned  
gsn.rrti n Wit. load schedules. it Is found from practice 
that dial phase angle should not be more than -55 

otherwise the systemwill be unstable during transient 
conditions. 'o bring down tLis ale, the trantiseion 

system can be tre 	od (n .ng low actan by 

parallel circuit., compenating the reactance by series 

capacitor o etc.) and generators could be of Hi 

Circuit ratio. 

4.2 	 r #a 
ti er transient co .Itio g the power to 

onicule.ted with the use of transient reactance of 
synchronous mates and the voltage behind the transient 
react~e. The major factors affects the transient 
stability my be listed ne tollawez 

i) Generator 2x rat - Greater this gtjty, 
the lower the accelerates constant to 

ii) System imp edence which est include the 
twient reaotanoes of ell gsnernti.ng  
ate. Thin affects phase angles and  
the flow of synchrozd.eizg mer. 

iii) motion of fault chosen Duration -will 
depend on the circuit breakers speed end 
the relaya. 
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i,) O.n,r.ttor loadtmi prtcr to the fits *ic 
wU 4etextins the inter%*1. Volt► e, 

v) system loading — vihio). will dwteaaine the ** res ane y 
ioisee of the enez'atOre. 

Trent stability studios c.e may be seen 

from Chapter III mainly involve the investigation of 

these factors so as to give the minimum overall cost* 

Item (11) end (iii) ere ve17 important and 

compromise 10 soffit been the system qui nt and 

the cost,, Bid► short circuit ratio generator's,  stranger 

tie lines between the various Generating Stations (number 

of parallel circuits cpm be inc ewwed so as to decrease 

the electrical diatance between far off stations) and 

high speed circuit breakers iith fast roleye will no 

doubt 	an ideal mer eyotem but the cost Will be 

very much. Minianwi requirement of the system can be 

loured out from such Edi:: s 

4.3 	Voltage of trcmemission determines to a 

con. ,ixablo extent its ICYY loading * The rated loadings  

of most of the high voltage tru4eaion Vie. be 'ow 

300 miles# in the surge impedence loadings. By surge 

impst noe loading or natural loding to meant a load 

of approximately 400 ohms equivalent iz7lpedence to neutral 
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est is equal to 2.5(kV)2 in I*s  

1 , length of 300 miles. icr Iki c .loading i2X of 
the Zino equals the line charging molts- s po, the 
11 bei s*ity at the sending as w11 as at the 

receiving end. i~cr lis even upto 100 Miles the 
LW loading could not be exceeded gr#stl1 over the 
4.:I. L. become* of incised ', 	 p*tt7 o sd for 

tr nnetiesio* of the increased lung, 

On se studies the loadings on 220 kY 
line 50- 100 miles in length wars slot 125 - 150 
per await at an average P.!. of about 0.85 with. a 
dine c)s uotor of quivelent comer aros-sestion of 
0.4 sq.. inch. Tor 12 kY line the load trsssferred 
per circuit was about 	 - 50 W with copper 

lent 0.15 to 0.2 sq. arch* 
System loading together with 	 r*tor 

leading fix is phos. solos over the sy.t and 4ster. 
ams the 	s in angles available for Vis. 

4.4 	At iner rsss in it.rtis of the generator 

would also sake possible either slower clearing or 

trines scion of sore power without loss of sym+hr*nios. 

The 'time roquirad for the gene tors to swing through  
any given eagle varies as ,, 	Vhm o fault oafs, 

the rotor of t generator nest to the fault start. 
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accelerating faster as coapared to the other generators 
In the system.. Its output delivered to the system 
decreased sad the seas is used up in accelerating the 
lotor (mer fed to the fault Is negligible, PP being 
alost sero) . The other gyrators on the other band 
got over-loaded, with the result, th. phase angle duff... 
mace ►cr.a.ss. The rate of this increase d•pends on 
the strength of the txanawl" on syat+m, Inertia of 
the rotors,, severity and location of Fault etc. 
the f alt is cleared, the accelerating rotor gets loaded  
and is others got relieved with the result that the 
rate of increase in the phi angle starts decreasing. 
The systemwill ttl* back to its steady state moi-. 
tions if the rotors of the lending and lagging nacres 
have not drifted too such sp art at the time of clefiring 
of the fault* This depends on the total tins taken bet-
seen the initiation of the fault end its clearance and 
also as the initial engular difference between the awe 

fare, occuranos of the fault. All this interpretation 
will be quite clear on esaaination of the swing curves 
plotted in cases 1 to 4. 
4.5 	Circuit brews and rears have been the 
Principal factors to date in bringing system stability 
to its present stere. High Voltage A.C. Circuit breakers 



.ter e*ai1b1e with interrupting peede of '3, 5 sz 8 

cycles. 	r some pp1ic1. tone •,►3 cycles ope tion I.* 

ccton ( 3 cycles bier time plus I cycle relay tine). 

Feet clearing of Xuults is considered to be most impor. 

ttnt factor' in m4ntining transient  etibility. 3 phase 

int on the system (case 4) was steed with tult 

clearing in 0.2 secs ( 8 cycles macer' time plus 
2 cycles reley time) . The yatem was found unstable. 

By reducing the fit clezrnce time to 0.1 -second 

( 3 cycles maker time plus 1..2 cycle rely time), the 

eee eyctem for 3 phuze fit was found stable. A, less 

severe type or l00% .on of abort circuit would Dezlnit 

.ei ther slower clearing or t n esion of more power 

without loss of syncbroni t.. 
t 	s 	¢ s ~r' ~+ 	M♦ 	r 

in v stop in edvncs of High speed cle ring of faul#s. 

Its effect an rcising stability limits is especially 

mket when applied to stele circuit ties between 

systems; for without reclosure the power 1 Lt for a 

single  c .xcui tie is gear► whereas with reclosure the 

power limit ms1y be considerable. `7bi1e the line in open 

to Permit dconization of the rrrc, the generators 

at the too ends of the line drift ep 	t in pimse. 	The 

makers must be reclosed before the generators drift 

0' . 
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too fsr ert If ajuhroniaa is not to be lost. 

4.6 	The eyeteaust be able to rnain in 

ad in the filBt swing as the volts r More with 
inodrete xciter response (abrnt 2 per fit) are not so 

quick act in the first sue. A machine which does 
not fall out of step In the first swing will not go out 
of step on subsequent. swings as a remit of voltage  

regulator cotton. 
Voitnge regulator action cwt be repre.  

seated on the .. C. network nlyaer (conatnt voltvg, 
behind transient reach ba been assumed the first  

ad ng) . The ering curve  dr om are for first awing only. 

47 	ynohronoue condenser capacities are in 
general selected for the purpose of sinintaining volt *, o 

couaeuently their stored energy is very lowso 

Copars3 with that of system generation (unless the eyn-~ 

chroxous condenser ci p of ► i s quite large) . aey, 'bei 

fore#, canes.bute little atabilising effect upon the plants 
of the nyst . Their action during fault is to follow  

the eyat voltage at the points on the system whore they 

are installed on a system equipped with sera High speed 
relays end circuit breakers. Their main contribution  in 
in their attempt to maintain voltztge which Improves the 

flow of synchronieing power. 
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About 	of on the fsults on overhead 

t 	a .on lines are one line to ground tjtf, hence 

it o syst n is stable for single ln, to grouad 
t 1t, it xo .d be accept sbls unless 200% oon .. 
f it of ser .+ 	r r •o wl. WitA proper 
structural designs (such as clearances ruggadness  
of air ture*, titcing pro ction$  guards against 
birds and. aninals oto.) and feet clearing of grid 
sad phoco to phase  faults 'tpossibility of 3 
phase faults on higher voltage lines can be 
practic l2y e *i e ed. 

V.  
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?rani •sion men. 	KVA Sao* 50,000  

Sir p 	 e1X 	r 27 0.063 0.100 

Kincberie1 	66 DC 12.5 0.029 0.046 
1 eguM4trnch1s66 DC 20.0 0.023 0.037 
Ry # 	» 	g*rn4 	DO 1.0 0.295 0.4 
Xothgud.BQmrtUX' 132 85.0 0.054 0.170 ► 
Byd'1eagunaa 	132 DC 120.0 0.020 09104 0.19 

&*eg'nth>1 arn'g11 	DC 70.0 0.012 0.060 0.11 
Wargg1s.Oth' 70.0 0.12 0.060 0.11 
uxnoo1-dont 	66 SC 56.0 0.500 0.442 no 
pcbIn4J.i1eru 132 SC 50:0 0.027 0.Q3 
. Yiw3s 1 	3 30.0 0.009 0.02 
oni- 	oo1 	6650 30.0 0.214 0.242 - 

T. B.- Be1Uery 	6 	O 32.0 0.076 0*083 .. 
flei.exyMoni 	66 SC 56.0 0.500 0.442 -~ 
Cooty.u)hone 	66 50 26*0 0.185 0*2 
Gootynintapux 	66 SC 32.0 0.590 0* 
ix'ws-An'tpur 	66 SC 20.0 0.367 0.162 

e ' Doty 	66 50 2.0 0.11 0.417 
0ooty i allery 	6 DC 48.0 0.111 0.190 go 

ar,-othgd* 132 SC 112.0 0.037 0»196 0.09 
88.0 0,056 0.176 O07 

.Siler.) S &r 220 C 246•0 0.026 0.166 0.53 
t1.Sile2'u..Boaur 	132 50 90.0 0.029 0.157 0.07 
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Trani.t its '" .ines (contd..) 

Cir•c t 	x..v. 	I'.U.R. IP.t.X P.U,,TO 
s Rm1 a _ I * 

)nobkund.T.B.Tara IN DC 60 0.019 0.056 0*20 
Vt hncha1oaBoiu'152 DC 11 0.041 0.106 0118 
?i8ai1rIZt-1UrflOO1 	66 CC 75 0.456 0.6 ,. 

Brie :1m..Ongo1e 	66 SC 150 0.93.2 1.260 
1#11oreuuOngo1. 	66 90 75 0.676 0.615 ~. 
Ne11or e. swig 	to 66 CC 81 0.729 0.664 
cbi.ttor-e1ikert 	66 SC 56 0.142 0.448 
11iguntPaka1a 	66 DC 31 0.340 0.126 
Peka1..Cbittoor 	66 DO 16 0.072 0.066 
Peka10-r ..1ikiri 	66 30 45 6.414 0.369 - 
Cudcippch.'Xa1ikirt 66 SC 5 0.142 0.448 
Cuddappeh-l~eniguats 0.363 0.333 -. 
Cuddaaprb 	gtr 	+fes DC 98 0.455 0.38 
N.Seggr.-d'bcd 	132 SC 88 0.056 0.176 0.06 

.agci'..Sriecilum► 220 nO 40 0.004 0.026 0.09 
Thur-C *mrda1c. 	132 DC 82 0*.030 0.077 0v1 

.Rdt1 -0ngo .e 	132 SC 78 0.086 0.140 0.06 
Nellore-Ongo to 	132 SC 78 0.086 0.1 0.06 
riaafltø.CuddnpRb220 0 150 0.016 0.098 0.33 

Ns11ore-Cuddapp h 132 tC 96 0.095 0.180 0407 
Cdd 	pEh-0aoty 	132 SC 98 0.097 0..184 0.07 
Gooty- T.ithadra , 	152 0.060 0.-152 0.06 

(0) Tb.. rest st 	c t of the raactom in not neg: 
gible xd everee about 5. e p wu va1ue 
of B 	,awn here his been reduced by 5% of p.u.X 
aetting. 
The velue of T 	(line au 	tie) lice been 
shown only to ' PI lines. The value Is for 
one aids of the line auece yance.. 

• 

V .  0 
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Trsyistormez, linpedancee. 	 ' A Bass 50,000 

ItcbkuM 11/13 3 
3 

x25.0) 
~.O ) A 0 .031 

W Hors 132/66 2 x 20,0 EVA 0.075 
Neil.© IIA32 1 x 40.0 EVA 0,113 
C dd pp 137/66 2 x 20.0 N A 0.075 
&l4oty 132/66 2 x 20.0  A 0.075 

uns abbnz'r 66J32 2 x 20.0 Jfk 0*075 
! ungbhadrn 12/66 7 z 10.6 EVA 0.065 
to ,rrj unancgar 220/132 z 60.0 JWA 0.028 

dti rRbad #/66 2 x 50.0 V'. 0.060 
m~m4 	1 11/66 3 2 15.0 EA 0.06? 

IIISMa~d 66/132 2 z 500 16TH. 0*030 
Kotud U/20 2 x 7 .0I A 0.030  
G rp 1,'66 2 x 20.0 EVA 0.075 
P 	nun 11/132 x 40.0 WJA 0.060 
"Upper 	.Meru 11}132 2 x 75.0 iA 0.030 

• 



(iv) 

1.VA Betio « 50,000 

C 
P.V.Xo 

'a 	r 	. B, ears  132 LC 60 
Girividi..B.Yara 132 DC 34 
T..Ye:hro)u1am 132 DC 

12 DC 113 
Boaxnu.GundB1t 132 DC 81 

dIbed.-R.mv 
 

66 DC 225 
Gunpd . 	ellore 132 UC 10  
WeUore.Renigunta 66 Be 83. 

tdappah- eni, 	►ta (tqui'v lent 
necioe) 

Cuddnpph400ty 132 80 98 
Cudd. 	pih-Oooty 66 DC 98 
(octyi.T1mgabhodra 132 50  80 
Oooty-Beflar 66 DO 48 
Be1lereungibhedra 66 32 

t 	ry--Adoni 66 Be 56 
Adoui.4urnool 66 a 56 
Kurnool...Dhone 66 80 30 
wool- one 66 DC 30 
ane-Oooty 66 30 2' 
DhomeGooty 66 DC 26 

0.063 
0.035 
0.32 
0.115 
0.061 
0.165 
0.290  
0.949  
0.21 

0.205 
0.845 
0.167 
0.261 
0.202 
0.892  
0.892 
0.307 
0.141 
0.264 
0.123 

0.286 
0.086 
0. 3.43 
0.532 
0.380 
0.566 
0.865 
2.320 
0.767 

0.510 
9.649 
0.415 
0.007 
0.605 
2*240 
2.240 
0.745 
0.339 
0.690 
0.294 

b z et oo Of th; eactors ar not n 1 
gi c 4 avero e s about 5, . 	the he value 
show for zero sequence restot as, 5 of the 
zero ser uencs reactance value has boon ►b-
tracted. 
Per ' 	nor , the zero seqi ct psoitiva entice.• 
pt coo overlied lie in grounded ,1 Ot a 
can generally be neglected .s in the ` 1t 
studios involving zero seginstwork, it wiZ 
have no appreciable effect mess inueufly  
long des are involved. 
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(V) 	* is 	. 509000 

$tatton. 	Yoltgs. o.6 t paei r Conn.ott.ne* . .Io ) 
t -V  x, X.ZoT 

cbk 	3)/132 3 z .O its/8t 	0.031 . d. 

3x20.0 u- 

Garl . 	13/33"U  3 x 15. 8t /stu 	o .og4 0 000'5 o39 
th z*e 	rai* 

grounded 
t,rti 	dolts 

$jt3. 132/'33U 3 X 4,00) ,moo 	0118 0« 	r 0.044  2 z 7.50 
mal, 1/33..11  3 z 7.50  

U, ilei 1i/220 I z 250 

ag rs' gr. 	.AAUU 2 z 100  

i 	0.145 0.005 0.074 

with 
4t U.UtZ!flI 

Star/au 	- 0..031  .'0.C70.O65 
with an au rt 
4cI a wtnding 
neuta1s 
groundd. 

Long' cis 11/220 2 x 75.0 atm/.t. 	0.25 0 
with both 
nautril 
terti* 
delta, 

Hyd'bM 132/66..33 2 x 50.0 0. 	0.049 00(2 0.025 
Rail 	ndaw 11/66 3 z 15.0 stz'/int.r 0.09 .. 	.. 

star both, 
neutrals 

.lia 11/132 1 z 40.0 Ds1t.tar 0.096 - neutral V 

grounded.. 
e110 	t 332/66 9 x 20.0 $t 	/auto 	0.113 -0.05 	0.105 with en eurt 

d3** winding, - 
ded. 
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(VI) 
U$1' 	 .. eon td. 

Sta on i`oit 	Wo. 8pe ty 10 ► anions. P.tL ) 
! 	T  

ddsppah 132/66 2 z 20.0 5tr/eut* 0.113 -0.0$ 0.185 
.  

suxi tc1ts 
winding, 
nut 
gz'oundsd. 

000ty 132/66 2.x  20.100 d O.11 	.05 0.185 

wgeb 	- 132/66 2 x 20.0 « 	t 0,113 -0„05 0.185  
dr e. 

mgebha. 1V66  7 x 10.6 Deft 	ster 0.055 	-. 	.. 
dre. n•utr 



wwrw _ ' r ' do s 

30 3.8.7 'Edz,abad 24 
37.5 28.2 ' 'eni. unta 5 
58.0 36.2 12 

120.0 53.0 ' Gooty 5 
110.0 68.6 s iour 15 
66.0 49.5 'Ufl&da1a 15 

7 t 

Neilore 
Rmn9tmd, 
.'ungabhra 
IT. ilea 
?cam 
KO Thcgundim 

(t ii) 
'A Base. 50,000  

teneaator Md u8 ent for Transient studio s. 

Loc rtion. 	"erini1 .oE§ njL. _ 
Voltage. M. . 	WAR (voltage b .nd 

Neflore 	0.254 100.9 28.3 4.0 105 
Rgunda 	0.224 102.2 38.0 22.5 114.5 
Cileru 	0.086 101.0 123.0 14.5 107.0 
acbkund 	0.075 102.2 113.0 17.0 106.5 

Tungbndbra0.U9 103.0 57.5 25.5 110.4 
T.othag 	d 	0.136 101.2 62.5 34*5 110.5 

k erption(anted output 'øeneerCioitie. 
i 
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'ems & 1wene , ' etrtc. i Co onent s, 
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trmDmiat3ion nea, AIEE Traneaction 
Volume 66, 1947, 
A.C. Network Analyzer r. al (Indien 
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