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The following nom nclature defines the 8yahole used generally 

throughout this di$sartation. In rev instances the syabols used 

locally for a different quantity and is defined,, where it has been 

used. 
~►ut a1, 21etc. 	Constant coefficients of characteristic equation. 

At  Transposed A 

d 	Coefficient matrix# 

dl(p) , A2(p) 	Fit*etions of P. 
Initial ettation voltage at no load in P.11. 
unitpt. 

cru 	Initial excitation voltage in p.u« rsferad to 
stator, 

'id = e-'d 	Fie' 	xcitation voltage* 
ea +~d ~ Q = eR 	Direct and quadrature  axd s voltage of the 

aaehino 

s►t = e~ 	Terminal malt 
Function of P. 

U h i t ma+Vi X 
Current 

fd Ld 	direct-axis cosponeat of current 
tq _ L9, 	Quadrature ads current* 

d 
ido 0t 	Initial values of current in/and q axis. 

K1,1 	3rte..Gain constants of angle regulator.. 
Gala constant of voltage regulator. r.. 

? 	amine *Ming constant. 

K 	Inertia constant of the *actin*. 
a  spa d* 

P. 	Laplace Operator 
2 

rfd 	P1.ld real stance 
r 	Line resistance 



ra 	.. Areature resistance of the generator 
rkd 	.. Domer winding resistance, in d axis. 
R 	s. Total resist,=* of the syntax (r+r5) 
T10 9 	.. Transient open circuit ties constant 
TIO 	. • Eub-transient open circuit tie. constant In 

' 4 	.. Direct cads transient short circuit time 
const*nt*  is d uis, 

T 	.. Direct axis sub'transient short circuit ties 
constant. 

Ti, T2  .0 Time constants of regulator. 
T 	.. quadrature axis s b-transient open circuit 

- time constant. 
.. Quadrature axis sub-transient short circuit 

time constant, 
T .. Direct oils dsap.r leakage ties constant. 
T, 	. • Input torque to the turbine. 
T. 	,«. S'tectrieal torque 

To 	• . Mechanical input torque to the generator • 
U 	.. 'Mrtrix shown in 1hapter 3. 
V 0. lIls 	*r voltage 

W M • 5p*Sd of themachine. 

... $Pao* Yector 
i .. /RLt.X. 

Direct-axis synchronous reactance. 
Xe, 0 Quadrature aids synchronous reactsncs. 

. Total of zd  andxI. 
f. Direct axis cagcedeing reactance. 

arm  .. Direct axis drap*r leaf 	a reactance. 
field react. 

.. Q axis damper winding leakage, reactance. 
T ...  is used as u actor 



z 	.. line reactance (transmission) 

Xd(p) +. Xd(p) + x 

X4(P) * X4(p) + x 

Phase difference between bus bar voltage and 
internal 'voltage of rotor (load angle) .  
LoM angle at initial operating point. 

.. small deviation. 
9, 8~ 	0 ate. are angles.  

0 	.. Power factor angle or impedance angle.  
Direct axis flux 

#q - ~~ . • Quadrature axis flux 

• . First Derivative. 

AR 
.. 

Qt 
Escond derivative. 

A ei"9r 	value s , 
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object of thorough investigation, 

1.1.4. W.th. f 

The use of Static coupensators has for a long ties, been, 
and still is,, an iaportant method of increasing the stability 

]Limit of pover systems; ssrl•s capacitors and shunt reactors 
are used to alter tb characteristics of the time as required. 
Hovaver, it has been round that it is not soono*iesa to eomponsste 
for nor* than 4060 percent of th. line reactance by series 
capacitor. Reduction of transmission line by the use of bundle 
conductors and by the use of parallel lines is also an Important 
frothod of increasing the stability limit of the system. 

?he considerable amount of reactance In a tr ► nsni s s-ion 
systems is eontributad by the generators The percentage of 
generator reactance decreases vith iner+esse in voltage, even at 
400 XT generator reactance is in general. about 20 percent of the, 
total reactance. In Indian 11 the transmission liters are of 22C*T 
or belov and hens generator reactance will perhaps be more than 
50 percent of the total r ractasioe. By eapl.oying fast and conti= 
Mously acting voltage regulators It is possible to cancel the 
Wont of generator reactance on the system stability. 

C .A. iMiok1e MA ?A* r# # '} most probably first of all 
tried an experimental artificial stabilisation of synchronous 
asebin+s, using recitation regulation. In Lit. ratur~e ' 3#'x''51 the 
various types of continuously acting excitation voltage regulators 
as described . in section 1.2,,E Considered and found inoreass the 
stability ,unit of the system. Lateren Conaordla' considered th 
effect of an angle regulator on the steady stats limit of the 
system in Bch the signal proportional toad angle is used to 
regnis:ts the excitation. Apart from this Vsnfroir l have taken 
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of either tends to open then,, 

When the alternating voltage is corrects  the upward force 

of the a. c. magnet is in equilibrium with the unbalanced weight 

of the magnet core and counter weight. Furthermore„ the force of 

this magnet is ind.penlent of the position within a certain range 
and therefore the magnetic core is to equilibrium during.sny 
position within this range provided the alternating voltage is 
rersai'*tr,g at Its normal. value. This magnet is provided with a 
heavily damming device of a dash pot. 	&o that * if the alternating 
voltage of the main generator Is not normal the magnet slowly 
moves the min contact controlled by it,. On the otherhand the d.c. 
magnet force is opposed by the tension of a spring. This magnet 
and contact actuated by it are in continual vibration,, caused by 
the following chain of events. '4'hen the exciter voltage is increas' 

ed the upward pall on d.c. magnet system overcomes the force of the 

spring and opens the main contacts. Opening of the main contacts 

causes a differentially wound relay to open Its contacts and thereby 

insert resistance in the exciter field circuit causing decrease in 

the exciter armature voltage and weakening d.c. magnet sufficiently 

so that under the force of spring main contacts closes again. 
Closing of main contacts closes the relay cont*ets, there by short 
circuiting the exciter field rheostat and causing the exciter 
voltage to build up. The process is repeated over and over again;  
with the result that exciter armature voltages constantly increases 
and decreases through a small range as shown In Fig.( 2 ) . 

:I f , the alternating voltage i s too lows, the a.e. magnet 
slowly raises the main contacts which it controls. Th. higher this 

contact is rai sed i  the greater is the exciter voltage, and when the 

exciter has been increased enough to ralse the alternating voltage 



to the correct value, the a.e. Cflet comes to rest. 1 ilarly, 
if the alternating vatt ge is too hig;z, tiv e.c. z rrgnet lo' ers Its 

in contact and cnnsean rr&tly to cors the exciter voltage and lovers 
the alternator voltage to its correct value. 4lthough the 1irrill 
refulator gives good voltage regulation, it requires more Bain
tenanee than the modern tytes, It is noisy and there is posEibility 
that a sticking contact may cause the voltage to go to high. 

1. .^. 	astZtic 3e latoro11 
The ?irrili regulator was ].ateron sipereóded by regulators 

of the rheostatic type in which the regulating resistance is varied 
continuously or in steps instead of being first completely out in, 
than completely cut out. under steady conditions,$  all parts of the 
regulator are at rest, therefore wear is small. flheostatio 
regulators are classified as direct acting and indirect acting 
type as mentioned in pare one. In the direct acting type the 
voltage so iii tine element of the regulator controls the rheostat 
through a direct mechanical conneeticnt, tihere as in ttLeMdirect 
acting rheostatic regulators, the voltage sensitive element operates 
contacts which in turn, control the motor to drive the rheostat. 

1.2.3. The 1moedance ' D +au3 to z 
The Impedance ty e voltage regulator excitation system 

shown in Pig.( 3 ) employs a nin exalter rtotrol to early 
excitation to the alternators 19 )%rith the high degree of a lifient,-
ion obtainable with a rototro], the energy requirements of control 
field are softicleatly eaU that they can be suu?rlied by inctrument 
transformer. The signal transmitted to the control field of the 
rototrol as a function of the generator ter-dnal voltage it deter-
mined by the voltage regulator potential units, voltage gad lusting 
unit and automatic control unit. These voltage retulKatar devices 
consist entirely of impedance cleiant and from this consideration 
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1.0 

o co ibInnticac of io2.cor is ccid to bo as as a sctcco tro 
or ctr tic voltaCo 'oou1atora ho voltat o ro 31ator otonUal 

unit Ia oror;2.cc l by do co a orator lio to Ria. rolta3o a fl tho 
currcnzi of t?o pba0000 Ito output is a o2n 10 ► co aoco 

volt ros aq,)l1oi to do cor2Qo cot action of tho volts o adSuct 
i ;salt o auto otic control unit. `ilio outoatio control in1t ;s 
a voitc7o oonc$t$vo 20 i2eo tthicb lees out a doe* ' oltceo out,ute 
Tho olr'r2tp aria oagiituao of thio d.c, ioltzo aro doter rood 

oaloly by tho ongnit10 of tho Iroctol aeca voltciijo fi tbo 

voltoGe 3u cting unit. "icon tho ;orrotor o'. tput Is o totly at 
tho rata? ValtioD tho output 7olteirjo of tho antrrDctio control unit 
is oro. On tho othor hand if tho go rator 7otta3o incraacoo 
above bio ratod v luo Its In tho diroction to dooroaEo the oircitat 
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¶ bo cocatro .lc Opal for c gild levo a ma cioatly 
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Bhangs in exciting current. Therefore* one of the most important 
retuiresent for a excitation regulator which attempts to enable a 
synchronous saehias to operate In dyaasia stability region. is 
that it should have a faster response compared to the rate at 
whiny the machine tends to go out of step at the desired operating 
angle in the dynamic stability region. Eleetroeechanical voltage 
regulators have dead bands i.e. excitation does not change for a 
small change in terminal voltage duo to friction in ung parts 
and conhankBl clearance between thea. 

The second important requirement for the excitation 
regulator is that it should have a very narrow dead band as is 
practically impossible to aske a regulator having no dead bard. 
l lec tronio voltage regulators have very narrow dead band equal to 
the noise voltage in the circuit. 

2.2.4 .lee oniç eruletorss 

Electronic type voltage regulators are available in many 
different forms, a typical one being shown in Fig.( 4 )( 	This 
particular regulator is used with the electronic maim exciter but 
it can be modified for use with rototrol excitation systems which 
will be described later. A d.o. voltage proz~ortional to average 
three phase alternator voltage is obtained from a three phase bridge 
type rectifier, the output of which is applied to a voltage 

adjusting rheostat and a vein bridge type fitter. Thus the tutput 
of the bridge eirdui t, ihich. is the inmut to the regulator, is a 
smooth d.o. voltage. This type of filtering is of high degree 

U"du 
without adding 	

el 
long time constants to th4 regulator input 

circuit* The generator excitation regulator consists of two d.o. 
amplifiers and a reference voltage for comparing the regulation of 
the rectified generator terminal voltage. The first doe* amplifier 
is high gain voltage amplifier ,wring a 5693 tubs having the 



characteristic same as * type 66 tube. The output of the 

voltage amplifier is fed Into a power amplifier using * 6VGGT tubeA 

TM high gain voltage stage gives the regulator Its high degree of 
sensitivity and the power aaplifier supplies the variable negative 

bias voltage for controlling the thyratron firing tubes, of electrox 

mainiexci ter. 

A full wave rectifier (5Y3GT tube) is used to suppler the 

plate voltage of the 5603 tube through a filter giving a smooth 

(d..ed, voltage with polarities as, indicated and the d.c! reference 

voltage is obtained from the voltage drop across a type VR-105 
voltage regulator tube connected in series with resistor R6 in 

series with resistor stor R6 nooses the doe. pr, or. enppi y* The 
reference voltage is also a d..e. voltage that remains constant for 
vlde,vari ation of supply voltage* The rectified generator voltage 
in connected differentia toly with the reference voltage and applied 
to the grid circuit of the 5693 tube. The amplified voltage from 
the 5693 tube appears seoross the land resistor RI with polarities 

as, shown and this voltage drop is applied to the grid of the 

6V00? tube. The variable negative does voltage output it obtaird  

across the load resistor 1 of GYGGT ire and applied to the grid 

circuit of the thyratron  firing tubes of exciter.. 

lInder normal conditions when alternator voltage is equal 

to regulated voltage,*  the grid of 5603 tube is established at 

particular bias voltage depending upon the magnitudes of rectified 
a.c.. voltage and reference voltage„ This grid bias establishes 

the current in the 5693 tube and drop across RI,,. whereby esteblish-
ing the grid bias of the 6U60T tube. Current in 6V6GT tube Is 

thus fixed, causing corresponding drop across load resistance PS• 
The voltage remains constant as, long the a.** generated value is 
equal to the regulated value. An the a.c• generator voltage 
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une'.r the heading of excitation systems. 

. 	., 
The circuits and arrangements of magnetic amplifiers are 

numerous, among then one type of magnetic amplifier is sbovn in Fig. 

(lat here two iron cores are used, each having two windings, one 
carrying an alternating current and the other direct current. ft. 
d.e. windings must always be connected in series p but the alternat-
ing current may be connected in series or parallel* The character-
istic of magnetic slitter (Transduator) depend on whether_ the s.c. 
windings are in series or in parallel and also on whether an s.c. 
current is allowed to flow in the d..e. control circuit# If an a.c. 
current is allowed to flow to flow the effect is similar to 000nect-
ing the s.c. current winding in parallel* 

The series arrangement of th®a.c grindings, together with thee 

prevention of a.c. current flowing in the doe* winding (by the use 
of inductor L) appears *ost coon, shown in Pig. $,b) . 'Tip.- method 
of operation will now be described briefly. in order to sisplgty 
the expalanation, following assumptions will be made. 

(a) The asgnetisation curve is an ideal curves  as shown in 
Pig. tea), being composed of a portion OA (and Oil') of infinite 
permeability and a portion AD (and A'S') of zero permeability. 

(b) Resistance or the circuit is negligible. 
(a) There are e(paal no. of turns on A.C. and die* windings. 

Since the voltage induced in any wind  winding is proportional to 
the rate of change of flux there can be no induced e.n.f. in the 
windings, when the core 1s in saturated condition, over the portion 
AB and A'B', Considering the half cycle where the direction of 
current flow is as shown in Fig.(-b) (1... from P to Q In Fib); 
since *.e. and die. In core 2 are in the same direction the care 

V 
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to neec ,oricting uI tg; on polos, othirci2.00 large en 	'~.oct2oa 
Pro j,occIt lo. 	►o tzo ,t rjo roto k. gives cuffleicnt rz lido tc 
tori but ii' or ^*p i M— r t1on l o ro,cl►i . rcd three or # Toro ata 
votoUml ai?-4nconc c aro poccibto. 

io c2nrjlo otgo r!39MV* v orn2.tor to cI L r in  
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- 

to the cin to DtQCO rotot'ol cw1 y bo ►wovi oa 'ii h t not or 

co!iOD solf anelUcj irgnd n 3. !uo to th o ' o t of c tun+l 

1:0uietaneo bot'ioci cont of .£god a roi ' o iti j ffolt2 tho coct 

res c,onco Asp 1ia1 tc2 am avoid It a to ctajo 	volt ort ter I a 

roquf c20 ?ho rechItte conalato of a .fir phyoic~?i polo Mold 

cytoo ,ln ro toe an air-antero h . 	rO ti1intjo Qn2 tYO + C .Ltutc► 

ovo, r:3 of thoco uirtngc i s a too nol.o 4nding crn. t other 

Iota Solo a aturo 7IrcinJ. The cone. nUn Is *oma on tbo 

tonal poloa o as to orodueo the oolnrtty as ahe'in In I" i , (1.o ) 

o control indInC 1Rtucou an O.t3.f0 In the to raOAQ a'anturo 

r .rttt 	mt riot In four polo vindi.na The voltaje ftLduec3 in 

tho to !aolo t + .et31 ri foot a to its f1e1t eoi l c g of the caInFour 

polo flol 1 (the coils boron on the cc aol it pro3ootiont as 

co,1tp0I u4nt?2 o) øt1accor€1iE 1y Üfl OoQo o im iri ueod In the fa- r 

polo amctLwo r Ai q u deb I sa the oatpit of the oreltor ire 

fa polo '1 x1In J coo not i nuee on o.e, f 0 In the tjo i,olo 

r .rO?in boc&uco each coil not cprinc tre polos pitchoc0 too 

thorn Io no r u al imluetton botioon tuo iota of field t,1ni ;oa 
as tho' a'e occo vay ro'.mtl on one polo and op tocito taay d n the 

other, the cpoc( of roponr2 9.o ineroaco(b ecisaPoI *'it the of jlo-S 

t7noa 	o o• tput oltao tdil ehano pith cp ( 	alto Ito 

t1 rg t7 but it i s of U the concoquanco, Tho c i. ao of conal field 

em be rcttucotl by a ovdInj pocIt1vo foc bae!r bit aoanc of adllit 

2owil flolf1 coil rboun dotted but It rcducoc Ito ctabi ity 

L3.4. 	Ijs 

The rineic to of tm a ty3o of r chino lo c: : t in Pit, ( 9- ) 
The ch r o co +i-icoa a t.co polo n—et crront 	att t'o ti2S a 
co 	c Potu 1n in a fair polo field crotc . a co ttIt rz 
cnrreiit iso !accr:t2 t 'o ' Mn cotrol field q thea a a l..^ o1 '1 ..11. 
bo o used. As a recap, an o.re f. i'SLU be opo y~cc conooa Z:.20 



b t ctiao A a i tib oir'1eo ttoo t3 'o ztkort olmult'  

f"lU r1cE vloii ' lU o& to o a fern Ao fluo to a tum roott► 

Ion o?t'x3t rs io ?1tn v411 pradueo Ca oan.f 4 ncroco tho b achoo 

r, ci D a corocottn ; currc t t in tho 10 . ] eta}oult0 C .noo a 

c all o,ti fv 10 cin1 d oePor c ! 'ud 'Ioc A 13rt sa to elr uloto tho 

oar1^1t t oui h tho short ctrcu2tc azaturoD tho fluz l .o on17 
all a hov oo to ^ i oroc no 	iue bV ter coa of.tO11  

aoc2 only bo c U. tno to lad, O mit L, ' .err r,3 ' bro b t io 
o!2Otfroq ro 00D,F0 la pr 3UCO12 bar o aaIIttUO roaetion,, op C.~ 
lrtj tho f1 nO$V To tutus 3 thio orfeet a co onuat1nC %.Itn, to 

ti o.117 plcec on tho CD ortta co'oetcd to to ].od ].o 	 elvault 

cte1 hrt all tha arrtuio root Lon curet to n3 troll coh an 
a&!i on . 4'tit ;log also placod on AD onto to upp1ont tho 

o turo-roictIorz o oro turnn duoto1l9 Trno no tto crnliator, 

Bothof tho: o r-OdIt1ona1 ui Ins ra [u `o tho cporo tirnc roquiroti 

for the) control til t . In prsnkte tho, po100 aro of array c 

ne tho*rt In 'i.c. ( 9 ) (a) but aro eon.onl 	rn od no cb,-rn In 
P1.( 9 ) q (b) a m boy phycico : orro 	onto bole ; poc tblo0 
Ir ctoa of fcr polo riold eit tm Palo 	aturo Gurria ac oro 

e71a nOt Q 7! o) are oIubt !)O1O Moll rnl fo~ir poli 	two 	bo 
n o 2 (! no rr a c to cyc3o ma to vno) , I oultbbo Construction tho 

rocponco tiro of a oto-?moo may bo no very chor' lrrui loco 
that of eonvoWnonal aonorntor ibii c plid 	is a tro c o 
anOlIVlor o gI!oo ao aor cn from lOOflO to 2COCOo, It he a 
short ttn-1 constant of tho odor of G OS to O*0`9 coo4 Duo to 

th000 roccon It to oro cc on11 nose o,or o for t yj o of rot! ting  

c!1UIoc no tiagn oncltor4 

a034Q O. 

? or rcc tf1o4"o of I r Iron .. o hovo boon t' c o3 ?cr 

nvz- 7 i ors aai h=[?i vv n robicbbo C'.2 o ac .Cnt porfoceo0 
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.E 4c - r+lAt.L SHIFTk:f A_.c GRID tiMA5 VOLTAGE 
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APPLIED TO THYRATRON Frrlfv(. 
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.6b, SiMPUFICU CIRCUIT OF EIECTRDNJC MAIN 

EXCITER SUPPLIEQFROM T IE A G, C,E K,ERAQR 
TERMINALS THRQUG?i A RECTIFIER T ANS FORMER? 



d._ 

'hoi uco too Xi.n c roitor hoc boon fir tc 	itctLIyo clop coct 

uoro0 1I Cb tho7 havo r*, 7a k fOO Ov ?otJ to t .n 

ozc2 ')r 	c'onco of tho ala t 'anio ozcitotio 570tc O Q1-'oct 

jnc nta'oons. ¶iø Coati o to doc rablo bocauco It im ocoo Qlo 
j3rr.7t% 

 
O' ©tOit 	a 'rent afro' a Cuuo'oa ctzt baro c% .c 5 	v- 

a t'ancicnt ataiiiity. Pact i'oconc of onaitatlon Ic alco 
bony M of a1 v vhon operation In dgnooIa ctabtUtr Lo ,ton icy do r # ® 

'aha o it nt of roetIfior l a orilr co roliablo oc the coo 

of ARC. hint, Thnc t Ic It.C, co1ieo rinot bo eo-n Id-osot3 ate a 

part of tho rocttfior and co far oc on ooeltation courco to coaoor 

no g 

 

it viuct bo rolioblo0 ih cvo. courcoc huvo bo ca u'ccO in o?oru c 

I @ ; iictillotioic. 

1) A ,, *d in, it for the roetiftor I c t&Ston cUroetly from t io 

tom nnIc of to A.0 0 3aaoras r baI 	ettcc, 

2) A.C.  II `'yut' 6r i e 1r Rscm fro a caporato A.. + ;ply that b0 

iWkipoEt3nt of tho £.C,  Qonorntor bol rte, c zcitca, 

3) ply- to ta'ron Lr a £ y oraVo a rno a oo i hleh Voc 

pa'or to $x i rcetlf$or only atz1 ':t .ch to driC}n bj. the 

0330 t rIVO ac the r2atli ((Q`10'atw. 

In the f" .rot eco tho oneitor to ca2t1 to bo oalf oroitc  
"bo: o as In She later caooa they caflcd ceporotaly o . e 

A cdm!)lifioa elpoult (3Iagrc3 of an olcctrorIo ooe .tor t Ith 

r'oe ti f loo t noforier to Chou 7t in t'It G (I I a) ( 19 ~` ' t!o dolto r. ►e ► 

oil w2 x'7 of to tra>"aaforor eca bo o decd ft'c tbOtog- ma o 

of thc =In O.C. Gonorafi ► , f 	io gloat ct3B1A.Io po-,o ' ca,pl 

Or frc ccoo otter II o n ont c wcoo Tho paeufior c3c,ricoc of 

Tree r,7rot" „)o of to totItron tuboc 0000,, tbo t3 t oO Of CC rc 

bola`' eonnootc2 to 	c tP2e*3llty7 On_-mC . 	 hoc of t O ©11'. ^rr?.^Czo 

► ^:3r.'poce ' 0030c3t'S7 tci afro 7OlO bI CpCcn o .x aalt 



bpo1'O2a, 	cuo If a. broc1toL' In c►or c both 	-c of a Ovo 
c+'o do-orarcI2oa, flag polo of tho ato2o t oa or in oquIp?u, 
r7 .Uzi a rav-- 7CO euro tt t?ip a trort o t1 tho broaltoz' to tcnni .- 

enA 	ool000, 	a i a+ " 1€ occwc tho b oatov, 
2.r a 	r^ Ieallg oot 	at high c oc c 	eloc ,rton c b 
has i :-oa clon d, If as tt'o boo; oectwo cocon1 U=3c2th3A a short 
tiDQv too na5lo bran for In aCO2 opons gar& lOO'CC in coon nocitic 
to por-at !nootion of tho tit, 

fI'Izrj Ignit2oa taboo rack cmc, volttCo a thyTat' on tubo 
to co ccc3 in ,orol1ol n t Tetra: ttrou Ito I ntto?,. 
?t n i ot'on Ic nnCo eondotivo cion Its r noQo vm1 jo Ic positivo 
cr0ret0 to oa oslo d Ito grid volto in roloasod, ctrront tton 
pbocoo throi h tho lenitran InItor whiche initiatos a orthodo and 
2Iroa th, Irnl tons Ii' tho ignitron ohoulti fail to conttict for 
roncr n,D tho t ► atrau atta v tc to car 7 lc l oirt but to ro *ovcd 

an tho oI nIt b7 the 'h7ratroa b?o tor0 

2ao cwjnIt2o of tho output voltago of tho olietoaio of eito 
to variod bit coito1itrtZ tho point on Its anoto voltnro rmavo at 
42e tho 1{anit cn 1 ba Is Gado to eoeuetivo0 Thin point is dotor' 
rAnc b7 roloacln tho control acid of tho fI2In*; t ayeatrono t'Mioh 
eontt'ollcG by a tomo uavo giO tranoforaorD a raotO t ply+inj a 
ttxot1 porMvo Mao and a rootoosi lrina a variable nopattvo bias 
for naaial oontrol and or an oloctro is Po;'ulator su;)plyi ; v: .eblo 
na3at2vo bia3 fO &UtOtLtIC cont ol9 iho n .na avo fol o ra 
ici rocs: ? ono tz gv ld of the th a n In 1olcd a1ioct CO0 fEc 

tars tU2C2O 7Oit3CO OS2 In eo coctot2 An eo?IQO crith tho pocItiao a 
nrtIvo bi'coa. Thoo va:rlono voltorjoo faro chs *in in Mg. 0b } ~ 
TbooctW£ID c33act-ont in lana to 'i o aoni'c: -IOCIUvo c iativo 
gid.'bian io3t ;o. :µarml control of tho oaciton voitc o 2u obta2n 

!3d b7 L~i010 of S' looct^tio C6St1Ct". ata .̀x:10 	iCTh3 blt 'Volt-?,oc 



r 12 aM %AC  add to give a total grid bias voltage, represented 

by EC  and varying the negative bias eteratnes the point at which 
the total grid voltage becomes more positive than the critical 
grid voltage 	of the firing tube releasing the tube for 
conduction* The ignitron is then lade conduct ve by the current 
in the igniter sM r wine conductive for the remainder of the 
half cycle of anode voltage the angle a< in Pig.(1/b)is defined as 

the angle of grid delay. 

The use of positive and negative grid bias in this manner 

p ovides a wide rang,* of control of the angle of the grid delay 

and consequently a wide range of exciter output voltage; when 

the exciter voltage is under the control of automatic electronic 
regulator,, the ca ll, controlled electronic bias 	is replaced 
by a variable negative bias voltage from the regulator. 

The ignitron and thyratron tubes in electronic exciter are 
subject to deterioration and eventual failure and replacement and 
It is essential that consequent replacement be sustained without 
interfering with the excitation of a.,n, generator. And hence 
electronic exciters are designed to supply full excitation 
requirements continuously with tvo of the sic ignitron tubes out 
of service* 

1.4.  Al 	 A QBL, 
An angle regulator is an excitation regulator of A.C. 

generator in which the excitation regulating signal is proport-
tonal to rotor angle of the A.C. generator with respect to the 
bus-bar voltage. Earlier Co Concordia }  have defined the angle . 
regulator as a regulator that varies the machine excitation 

voltage In response to the changes in the angle between the rotor 

interpolar axis and the, effective system voltage so as to tend to 



roQtoro tho IEtitially cot a mIo4 Thia 'owulatoi can alto bo uccI 

gyro 7oltcio Fnrrilatov for crt16o.o3.. ataM12opt.1.oa of 	o aur 

i is raov.ob1aoo0 Mixon tI, anc a a-s-Rator Q3cno bV Vo lVzov azd 

LItITInal tIto' oo,00Q roSuLrtinrj ayes proiort.oaal to volto o, 

onrront cal oo rap an3lo axtl thou' d oriva tivoa or eoao1u3c4 that by 

acing * o :To' a. t10 tho current aitd dG .vattaoa of thocQ ¢ iant.tioc 

noao of G ab1I ty oupand c and pelta ojovat on at 1cw;Co ' than 

tihD OO cO cadge t to Urea U to ThuE3 to !oCO o din atabiUtg 

I c o.ari In thoCo oaoea above tho .12.E c pae .ty by eroaoto, 
vo .tcgo (about 1O) dunln ab.-imma8 ooratiElrJ condition€, `'b .o 
jncroee In ioltcjo for ciaU . t1to has boon foue to be of no Bari. 

La ron iso 't on cngAo rogulatora havo dorso by rzny ci .ora 
and fmmd o o cg1ng roculto, 

As ciritioncti in tbo cooticn 1.4 that in anglo ro!ulator to 

require a ai nal ?ro option l$` to the rotor ale cm2 t?Q require .re 
tho dovicoc for r Eur ng the rotor a. Io CO that 0 C3213fl01 proport" 

ioial to rotor angio ecn be givon to actuate the field of the aa n 
.Q.xc4 tet. 

?O 	o for otabilicin' the a.c. C3anorctor. 

aF a rtaebiao having conotont otcitution anti conaeto1 
directly to an infinito buc bar na zn potior output 1a obtalnod 

for a va3 o of paior onto ollabtly loan than CO°. %actability or 

loco o cnohronicm to mndicatod by the value of b iaareaO 
con numelvo The pouor anlo I s obthtrtctl by ioaaurin tho - Cagam 
tiant of the rotor ahead of or fa .i . bobtnd Its tuttI l no load 
oaition *'itb ro oet to a a 	onow1y rotatia c r. In order 

to do fiblc a ai)aal frczi the chaft has to be ob nii c uhoco phaco 

ohtf ?an obv a rof'oron noltajo can be cocvwad. The r1 fla1 f c 

0ft can be obtaia b7 uc nay oro of the rZ ' oavc. 

1) d ' 3!?noto pici it,. 



11) An optical picli u 

A a!Lvnotle rdelc rr t37 bo In tho fora of a coils thoPoi'iacne., 
of t77O CO tQCCO$Se ala t $ o ch . r,3cJ by tho 	of o c aOrt Iron 
rooco g ©!Ca (in tho cisco of ttio polo Zv i. ) In ovory rov uUon 
of t1 3 oto. Tho aft Ion pioco Io noiintod 0.iroctly on tho 

shaft a coil to lotod co that coft Iron. 4oco crn Coto in ond  

OT t ' Itonmmgnot a Cire'31t0 

an op .c l ptctz up moybe in the Corn of an car=out iti 
,iic i th ► light falln on to p toouonoittvo olc ont Ic intoe tcd 
poi's. ~.coll 7 by a (lice #untoa on the r iz ft of t13 nn-e lino, having 
opue uo cn t ncparat cootorc. The meront in trio pho 	naiti 

alzmat tYtlX contain on oltornnU.n cotzont ttoro phco tollovo 
the 'o tor position ';r.r.t. to synronivalr rotitin reforonco oit2.r. 

A tot eiotor Ic moot cc r on ,g uct3 to gono~ ato a cir le phaco 
t~1tormU ; volt.. ,e zhoco phace Folio€ the rotor poaltiou =7.rot. 
cync1Of $1Clq rOzntin Tia. 

ny i winj tt o # ovicoc to ror!c has boom done by car7 mtna o'o 
0or rlomeCQ"iOnt Of roto' tfl3lOo But the ma ge--►oit in moot a coo is 
not cui tr bio QOO proiLtn n titer ear raG%Aatin the ooeltaUon 
Of co ago* conorat=o 

A conventional rothoi of Qoncurin p o ror cr lo c n To u t oa 
f o. c' c e The Toeh ortoF acti buabw Vo to i t iavou O o first 
convortoti Into c caro ±av c by a lips i ci ui to, 'moo t: c . r 
2mvoc arc then cf cii in a ct3.t;.Jodo fo lw7or oteoe The a ►~orao voltngi 
out ut Off the cin odo iolll or 1.0 pr '!o t2.ot'n-1 to o the „3c'o t anXo0 
hia cif-r l can he ut lI . to aetuato ti M. oW o4 t o c ooe 

A uotd l uoccribci i. rof4 (I i) Con be ucc f"c c tt2.  



to ao tnto fi- o .o19 or o ca.o 	o'cico 	Lo rth2 ricao ti 

Abaco ecc otrot21t t,,tob G n t o T)!iota of tho ba o b&& 

,t^CO ts`l$h that O t coO+mr nO:t" (;C:€'i.11'L'+ 	'1t o 	iIth 0 

Q .CO at is bar, bCJ + Q7 T41oa a 	 no a oyala'am ~ 3 

o ooO , a a avo ago vol 23Q + Z Ut of tho pba OC n± c  

io jpoocly I po'ttonal to thcip a,ca lt?oLaO bot'x3ozi tto co 

n,aa volts oc. 

~'erl to MG-0 ( 1 2 ) l ci Z223 dual o,orrtio oa 

of aha *recto ro a IO 2 ,. s In o tet fw o s Cso a m'1t 

t1%a colloet,or to cittor circuit 	a nO ti2&oa boco ; Is tp 

*ar.t. o ,cto' and *opordna *rL baco to 90 	.7o ti2.'!3 OCIOOt to 

ot?1tttos.o 	nao 2'1 ong T". bocoa era irivon Sn cni l ico, or o. 

halm c-7 o of to 'amu o2gauZ. thczt thci 2l ~' tc So OOcf g tho 2 

ulc tch Is clout and vicovor i0 	tho half cp to Of thci to o. 

Coca' ? cir,t 1 that e '3 cdtch is otoco2, 1io curd ticio 

foo io t f tto 7 ( through ?3 no ourro pa ► boi cclotc 

th o' jt't c es , tdch oor ciitoic. oax, ' he bcttor ` cuont 

z'c^ oa a ritcit !/Rt1n r t o tu1I 'clo Co thcit for th ti 

- t tho + ilu2tic io throitjh sA oa ''O point I3 s P; Toltc pco.tivo 

u*rot* ?point C, c$. 3.l! ly dun 	tho $ko à .D co luctigg po$nt A 

l a 9 volt0 pooltivo irQrQtO Co `a'h3 an of the cors o+Hcri poria&& of 
T1 3 Ts .c conctont, (a3f parts of Tn court    o anol) * Tho 

lcitivo @i cic of th2.a t2co batvooa i'2. d i~ vo 1n 1maanl7 
vtth c2ic o In rco nn10 boi roan tho ttio ciciliz uto ft'e bo bcr 

cirl 

If tho 7Olt3CQ 4*O) aoroca MO cor uo t 	*^mCOO? 30 

'q13"Pco ttio tVo.' aCa 'rolto Oflto o .bo goo poi A c2 0 t 
VQP7 frc1 1 to B, Loco  lir1t pro 00p oai23 to ti c 2. oas 

U?O o orocicor oltcio Ao Sn hic r3ti  Co nor. oo vc~17 
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bno 	'+1'3(30. 	rolat1va ahoca O tt O t2 000 ..0 8.o 
n snot fl t)v cio no ne co crzt tho avo rjo ctamt colt 3o 10 
co ¶*ho: 	b O 	it 	6 =&00w co th3t I t oar' bo 
uc^I F©m 	.o p O?tiO 	In ca310 gulnte?, 

Practical oga cmo t of to ofreu2.t oz ►bc &or no fo .k rra, 
Pop goof a eu2t c ovation , tho P 0D. bOtt 4 D2 t L rml 0 
1 a PQ a, /2. )vl . 2..n Co v ai bo ca uc c oteci1 octcajn1c? fi io 

' h ► vol' £331O Is ?& O ,UO=1 to t3 oci ''o 	~.io o' tho 
v1c 	c-na co0 To? i " n 	nt ict v 1ttci In a Loi p000 
fi..tww'' 2.c  aowtoetF 	po to 1 o:tii Do 

Xt +ion bo coon frotr t basic circlt Mat baa oa:wat to ou Tat 
vol tc,ao 2.c so *;fintho te'o tout roc aIc ovo 	to L,bcico  

b7 CDP,* 20 porztt tc cotUUn or the co1-o poD1tioi, ccio :iocicic 00 
n?b14 rF verging o phacodlcglnox nt botuoon tho , to it 
of rn10 mutt bo uvcillcbio1, Tho rolutivo piuco or  
o2ggri . oan bo voz1oI, TZ7 rat tt2on of, oeh z2ozc c1  no oto , 
'h1 In un2.ens 'un c&.c Ii ect cocoa tho cntor ' U not bo 
t 	on rr ntn43 ! i cG10 oitto?rctI phcvo c1 ti Jodi r t 11 bo 
r o els ¶tii c ec1d to any off' co z c . iig?croat tpoo c . tho2.co  

pYb.7 bo 11O tO 2 4 b7 u cit I n amI1ciWlo o 

2io o and Y'o? cinj10 f2rotly qt?1 O ti 	co f'C? J►PO .C' 
tr3 n ott ri Droo't1orzj to oto aoc ,o. moo e . att €fit 	10 
cho In "'. , *(13) .ate ?OC2.f1Ot OC U31 P 2Q1iC11to CZIO of to 

Lo tL aooc) thoib 41ffo?on ,gym; el ti2.to cc c-.. In £ o 
fl ccCvcm 	to 	.rct cizti cc3:on,i o1vtvoc. c.nciic0 	OCO  

clr,aa2.c 7 rao? 2onctl to co .o S c tto AcG i z cocxC0_3v-: 170o 
tti c Ufttü b7 ^oanc of z 1t: a 1.0o c. Lt '10 ca tD cr tvc a' 

OC3 a 	r c to 	a `tic In a - .: C c - oto .t r --3 
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1 .s op, 'bio can bc a a olo0tioiie c 1 .s ww or r 2 c oo2 In 
0 eoco OF 0100,w :-.c Ato roa}3io it tho Mc'Z2.o,1 1.2 o 

It enn +o 	-.-) cto t oz'o aU th hoo o gC310 c o c3'1c3 o r1. 
an av tut vprowvUO3i 	thOco D10E1c1 cad In t10 	1ic flora. 

This € 1i 3 . c. c1c bo uc co c3iG Ot0lto? 'c 	:o o.c. 
cnov t a?.. In to corn o  olet►!do po ? ei 1iffor tho 	nt 

of thic c:. ltfo oon to to r 2n o 	r of to c. a or ^taar► 

o L3,e.o solrjo ai10 ucoc1 In Wo coca ago alto cic1 
to that UOC in t a Cato of oltjo niatorc, tuna a cloak. 
po9o2,cct1 to ''moo cr&1a in otciac2 cc 1ocoibc2 ur, k- %ho ocOzyj  
of 0n310 rocnccxt, ho c i . .oa a ,vet .t can bo ticcr12lo r 
to eh alto eo oo th parvo: a of uain o citor. 2ho c. lit o to 
a1?or317 IOOO bO1 la tho voltsao Ot1iGto. Ro a In tt1O eaco 	?a 
'7il1 bo thoo control t,i!t11 Pay tho c1 . 	oo oacI for too 
c a io pv*jpo 2.orai to ar 1o, r • Ito fiect crt1 coed o tra uouq 
Tho c tptIt 0? no r _iU<1yn in CtVOEZ tO tho Mold of tO G.e0 gc ,at 
Ac tho a_it?tat of the ciiyno in 	; 1ato b T to aignoia 	ti 
abovoa i3no out put of` tho a,e, ionoret 9.0 aico ocu1at L 

1.G. 	 r'ais  

It to troU, !tzoun Mot stability in acin1y eonoit3oro fop a 
1onr t nt'i1 scion lino c 'ctor i.o ctab11it, concldoi'atiomc a o roto 
i o?thnt 'O' ca 10x3 t?a 	oc101 tip 07ct01 thn a oyctcn 'rtch in 

accooiat Z tth ^ ovlt t n icoioa lo. 	o i thoth cti  

Q0HdOtrcam to a T yd eno?agar t : oet-  4 to cn iuf2.s tc • cbog by 
rionaa of a loj t ric-iiocion U oe "iso W 3or r t' 1c ftttcd 

ITI on on-'10 sa''u1"tor Ti%000 MMIMUZj cirsaa3 in 	r :o 1 to 

rotor w&&10 of the 	rc; novato 'itth ro ost to bio bn-P Joltao 

C & ) oral. Ito (2O?.vativccm `_ 3 ©TDItaHOn c £ca of tho hy:1 @ 



generator is seperetely exalted and automatically regiit.4 by 
means of the angle regulator. 

The data for the iy*te a slder*d are as given below. 

tiebiiie Coitstints 

*a * 0.01 

ra =000011 

Zffd Xkkd " 1411 

.02  

K 	8see. 

'' do 0 .00304 see. 

TA a .7720 see+ 

Td" 	a *00258 ssc. 

Tkd a i00i5G 

2 

a .005 (gain constants an to be c koose.n for a*icisiai  
stability ]3alt) 

?rene*ieelon 1±no constulte$ 
r x0005 

x=0.3 

v ~ 



~l 	iIY.}.iul#ii1 

Tho nrob1c3 to lx, Cannidorod in th.c alac.r tation S.c to 

m o'3t thp) af 'oetc of ttr coin enctntc t 9 tC2 azi 	of th.o 
era*10 rocu1 r on the +aytLc P,fi :b2 U t7 Unit of th3 tyato3 

coacidorcI above. :fir tMc to find. out t otToot ofhoco 

ao"Ict3ntc on no ccof'fie2onts of thr? e 	terr£~"2c oqT n $on i.00 
ho-' thorn coofuioionto affaotcia by v3yig thorn calm eo otanto. 
ho 'Poot cln cnictant ' on tha t'inr1 vo1.taio candor stat-4y. 

ct^to ar,orr~tioa Is nt o to bo ohtciineGe 

;ho naeMao ocitttiona aro trritton in c1 n.d q o do ac ' .von 

by tho P-_r"rc$ tach;; 0a) C2CZ1aar In d oho. 3qu3tlonc fo2 tho 

e&i1oto co o Oro t'rittan In taros of 8 cnl q ntio. `?bo 

oqur tion for tlio Qnalo roanlator ( aludi onelt-s .2oi cyctcm) 
Ic Co Idei 	QC' 

i.o. t"o t . cOWtofltD of tin regulati 070tc3 tiro co sirdorcd,o 
0o'otci o. uiviono caro l acx r .cod for ciUg diotorbanno by 

E*oc ;3s21n"i ot{ua"Z,.i.r n Qi" 'oront4cina 1toi thoca I ortriocd a uat$ .n 
thr c 	ot'iotoc aqla tion of tho c~rnten I a forte*a I £oiInZ 

a b1oc 	of tho omtoa In on tray of apt'oab, € om gray of 
np roach $c to for? a cot of lot ort or 6itforontial onationo fro 
the co .1 rxo3r2.cc cqu..t2.ono to foams a lot order voctor dI .M.Pantia1 
oq#u:-tion (etoto cxaeo v3t'1cc10 a! praaoh)a 

r $t0.~ wrl tla * irn tho c7a cz oqt 'tIonc in 	t 	: 	4 c 	ca 

a '1 t`io$i' 	o-'Ivvt .voc `"or r x U r-Icth 'tb eo 	th3 r-nthoro C 3'froctc i 

I c to for lt a bloe."t ' Inlr rn..m no ch rin in trLo P.Q. ( I6 Z)  

t1c t- r? rc-i nr` o e izrititino era al7ondy c1,zryn. '34ic 	cit. 



aro to bo .f+ .art +cmc. f Iri t, ?"rc thio btoek drür 	eharacto 
l atSC aItI tion of thoeo 1oto t7o r1 I n c o torct t bp th 

14'f(p)  t p) a d 

Th charactnriatie on  tion cDtt,td Y111 be of tho form 
Dontionod boloii. 

Per analyz10 of tho ayato3; tho xoLtojo variation or to 
- rrl.n .1 voItarro with citferont v1noo of III 2s obtained for 
vtriouL va1UQD of load c 1 .loo and also the pocior asi, 7 cn?rGQ oro 
~3rmin for wart zB v31uoo of I1® 

o coefficients of the charactortctic egaationo  
1n are obta ncd for load nrTgloa r'an" irtr frc60 20° '4th i ar$ouc 

value of M10 2 ond t (cairn constants of the ro lator) and the 

vnrl - tIoO of thorn eonatontD 4th 1 92 a► t aro 	tted on the 

g►r pha 

The stability of tb 	otci le mooted for or2aus valuoc of 
Iona a loe for di uforct valuo s of iT19, T anfl I v Iso, tho 
eoof?i.civents of the c aetorictie ognotian, ni,, al .0e,000 	era f r 3 
for di foram QnrJloo end iitb dlftoront va lUOC of IC3,#tt01 113 cad  

thon o hbi3.Utt 2 tested tai louth 	.te CrIteriao 22 ran modifgcd 
!3outh Nniits Cr .terio,~ "$ ) 

For calculationor toririci1 vol tago and poor at v, .riono 
VnInoo Of load sen"410 a digital eoriontor proara e IC nade to 
cabs}elate th000 vn1u313 at crorloua values of catn coag' t Tela 

? oaleula a coaffIciont of thy+ cba ►aeterIt .o oqn t .on 
aleo n c1I 2.tal eco'nter prorrzo l w on-do by tihieh Chez vc1uz c 01 

circ o1cu1citod at variauc voluoa of load nan10 



ran_rlm 	a SOP- O t th va ► .man yr noa or St, I ava I eta 
a cUb?OUt1fl'? ie do~to1opc1 to.' '̀l uth i°art4tc critorion to tot 

t! -, Gtthil t! 7i tIE 37CJat various valuoc of Uf laC filth 
a2?foront valuoa of IT$q N.9 and iC,3 ar,. to find out the otability 

Trio d$fforential oquntio3o Q "Q nonriOcd arwtd tho 
chocon ooarctin point cao In the t nefe funeU.oti ainroach. 
horn ocluattono a 'e are e in Porn of a Got of rtrDt o o " 
lf?o. ontia$ oquction 3e- 

BE 3 ex 

X is tho state vector of the quantXtioo tach gar J141 ,~ 

Tot 0,/I , `CPQ ote o 9 nad C € ro mitrl0o0 off' oce1tiOile%t3 
which do and tion  the initial oparatintj condition and the valwo 
of th^ cg itou 	 4 she abov6 equetion in Witton in the 

form- 

a IG tho alzwactorictc eatriz or the Lt 'ote3, 	CI this 
s at?iz the ctabilit? Of the ayztot can be to to , hvoi'y of thin 
t't11 ho c2ooeift: od In the Cbapto' 3, 

The folie-ring arett tions Trill nado vhilo tiritin the cyutc 
equetiOIW 

1) The currant in any t7itUn nra-lucoc o.n.t aaco rrhie Sa 
ainuceidal dicti'ibutoI in nir gat c cco Sao. o offoat of 
agotc camp noC1oato20 



-r-J 

2) rfoct of c^wdr ctwront and byt tor1cin i nor1oet a 
0} ', 'Fact of cntuuntion is also noSloc d. 

4) Ta voltn o lc1uecz in tho 'rntg by to s?n of en co 

of c'curo flwz lir"r.ga,,  ~n17 pr r2IJ pJwo=33133313 

+ cs 	 'fl #rith tho oi'tI v31tat3o bj rotation of 6 	f 

€ at tic antral cpnc.. i.o OIJPe an A. P are 1Q1O 

ae 	€ d 'ith pJ an POO baonuna go i 1curjo cit1 

A vo.k y clot 71y. 

3) Cal.tet polo typo rotor is coneldoroao art2 ono daa o? 

2.o  eo c2. arm gin d atic an2 no do por i in ling in -i gre-T 4 

ratia ursa ic consida►~o 

(1) Volt,3o ricer froo from ntral to phaco tam a1 at posh .vo0 

(ii) Gar. a►it in tho diroetion of po itivo volt8o it 

o ci ti c,o (Tbt k eorroconda to nn'tor notion). 

(iii)Pl pr ncinj pocitivo voltn o in poaitivo (i..o. tho 

f'9. i ' 1flt Is po$ . ivv t rlca f1o1 ti.W iia'z go). 

(iv) L'iold enrvont t nein pocitivo flux it poaitivo. 
C) Mold voltCo procheiELg pociti to field enrrob it 

pocitiva. 
( t ; t gn co ,ontioao ara tho an a as that ut ,d by tha 

?. Par unit y, ratan is ucods It boccaas c cion to lar° tUUa9 

hO"OVO? If pau. rvi-tnt& et 1?O UCO d tJ0 it In t aitlon9 

i wr 

 

it t L I r t 'a' L - t thoo p.. l• t utual `I s Alma r anco o on tho 

d nr.i n oro call of ua .. Thic ac &'. tiom it rc~- ry noor .g 
t?ul ?or' a nor 21 C7 QnQU r ^m-'hi v b?cr.=3 iazaa o 
'3r ac of too ('ioi2 cr~ilc cv1 too on=- 	b^t'r to a 
0-1 stlim . cc tha?o it ni.n to -znnln ?lc Ui1 .r'; t a i 



Lard *l►4kd = 	111 

led a 
 d 
 I. 

p9 * 1 at normal speed. 

p .TJ . current required to generate pau. voltage on 

The base field current 1 rb  * X. Ifo  ass. 

3 fo  a field currant In anp s. to generate rated voltage 
on 0.e. 

The bass field voltage a a 	a fO  

* .n  a field voltage in volts required to genarat. the 

rated voltage on open circuit. 

arrd  a 	rtd  (r fd  the actual field resistance). 

(8) The machine is connected to an infinite bus bar through 

a transmission line having a resistance and inductance 
only, the effect of capacitance is naglacted. 

(9) Machine Is equip ,ed vitL an angle regulator which can be 

represented by two the constants same for all the 

signals i.e. for signals proportional to rotor angle 
and their derivatives but the gain constants are 
different for each to give maxims dynamic stability* 

(10) The regulator is fast acting so the time constants 
considered in the above ass- option are very small. The 

to dI 
regulator is asst*ed to have 	bard.. 

12 Parameters of the control system rosin unaltered 
throughout any transient change. 

(12) The machine is subjected to wall disturbances or in 
other words to mall change of Ti  (the mech. input 

torque). 



O.3) Prise-*over speed governor d s not reed to small 
change in spam, i.e.. it has sut`rle1arnly vUa dead 
band and once it Is not considered, 



T'Y 

jisi 	 isiiro wit e 	i 
:l 

Tiss gen ral equations for syaehroncvs seehins sM transidss 
ioa line System are writfi ntn d aM q aids, And cons idsrin only 
**all deviations of the variahlss from, their i tystst. values 
the syat.a System equations are Unesrised, sine. 0417 infinitssiaally  
small ehanss ar. of Interest for firding out tb* dynamic stabiUty  
of the syitsa. Before writing the syatsa equations the sssusptiens 
made are also considered. 

Ka hires equations- 

Ma 
 

G( p) *4 'M (p) 34 	 (1) 
where ,0 3 ■ 

...~. #.. ~.. ,.~..r....,.,..w. 	... 	(1.01) 
r (1+ ?&.p) (1.T ) 

aM 
' 

	... 
(I+Tap (1# 'do  

11Xgi4 (neglecting d*sr in 'q• axis) 	(2) 

*fdo - t Ito ` *o ► Mrd 140 	(1.1' 

*Q * • 0 w r
* 
14 	... 	(3) s l aUn effeet 
 1of 	*rd 00 s.4 . 04V • r 1. 	.~. ~. 	(4) Jim 	psrison tb 

er d to V%q 
♦ a • J0q xvis 14 	«.. 	(3.1)1 

~~ ~do r ~s ~ o 	
SII t i1 	 (4i1)1~~ 

 

equation #of transmission lines 
s4 Y Gin & • rid - ziq 	... 	(5) I ?ra. Vector 
• CCI b 	~ ~' 	•~. 	I di#g~.'~ rlh~rt 

q ~ T'r ' g ' iq 	(*) I in fig. 14 



I/s 



•qo *TCox6 0 +Ildo+rigo S.. 	(6.1) 

Pros aquations 3.1, 4.1, 6+.1 ani 8.1• 

{Zq + Z)iqo - (ra . r) i~0 * Y $in S 

(ld •P ~c)i 	, + (rye , r) 3 	* +~ 	.0 T eas b o 

V sin 0 	(Zq + Z) 

*.1+,T+°~.,..° .{rte*s 

tri 	Cr..,). 

(s+ 	V An 6 0 

1410  L 	q;! oa) 

eta (Ile + r) # 	( 	; 	t 
equations 1.1 and 2.1 are *odifiwd ac Toll e; 

-ORT ria + {e ~►` s►e 

TLrh 	s 	 : E ;. 	!. 	 t i 	re 

alb+■ 	( 	' " $ + K3 P 

.. equation of the a late field system including s.perate3y 
excitedd winding. 	C • J+:3 p2 S 	(9) 

N fd 



• (p) XQ 
ta 

(14 

tt %*X3.(S t (ii) 

vbtr0, 
is induetd s.s. t`, at no load 	# 1 in p.ti. (9W. 

t 

Squ!tieas (1) to (9) art ,irtarlsed for stall leoad dittu anct at 
b & t as follows's 

Tro* tquation I and P.- 

Abd a 	f4 -1 (+)aid 	.0. 	( ) 

Q►$q * ,.Zq t iq 	*s. 	 000 	(13) 

+e •quttiona 3, 4, 5 en G ig foil s ng eq tions art obta n.d 
as -mtntiontd in app ndixgl (egn.J41.7 and *4). 

-ICY Cos b _+ __n)+ _( sig. 9 _+ ái) 

4y 

R(V sins_+ 

+  t At  
(15) 

?roei equation (9).. 

era 
	(16) ~.s 

r 

Xow torj t tqi.►tion for alternator Is eon'sidertd, 
T• 41 q i4 

!s. TO 	dtqo # 0de~' 1q  aq tela  Oqo° iQ 	(7) 



BY putting the values of A 4 , / !qt A iq end A Id the 
following equations ore obtained as or .ete expression is 
done is appsnliZ• 

(18) 

F}X l+Cl 	1, ) t_ 	Cp) 
Al 

S.. 

Cs 

(1811) 
)X 

t (F)t * 	IR+ T Cray 	F - 1r tan * ~► F 
0*  (18.2) 

res nontioned in . tioatp410$A-11) or 4pp*ndix5-2. 

for small disturbance e 
free equation (9)- 

A 

equation of actions for Mall 6isturbanee- 

ATM -Aze a & T# 

Woir for malt disturbance the action of governor is not considered 
and so the equation for Turbine, Is taken as follows, since 
turbine input A T1 - 0 

oTS=- -pNs *... 	 006 	 (21) 

2.2. VOLT1L& 1'tPTfl 0 	 P . 
From ateady►wstate •± tions ('7), (s), (sb), 1.1., 2.1. 3.1 

and 4.1 of section 2.1f for steady *tat. variation of voltage for 
various values of K, is found out at various values of steady 
state angle s ,~. Also the paver at various values of K'1 is also 



A )A'SION d 	 ~!1 1Wtt1 	VARIous VALUES OF Kt 

Kt.~634~8 

'949'87 

kt.'44586 	
N 

	k?°'5_— 9 5'  

\ c 382 6 

#* '4.4 
	

~ 	\i 	'~kla 31514 

k 1 1'50955 

Ki_-573Z5 

• 6305 

Kj_' 9456'1 

2a  4o  63  so  100  12n 

AwGL 

 
too 	160 	

f ,y 

IN DLL%W-LLS --" 



POWER At4GLE CURVES 

5 

- 	- - - 	 t - - - 	I 

OO5 B 

445 

71~lcl -2W 

ANGLE 6, 	DLbRL  

tC No {G 

LC- 	 t40 	60 

5Z 



do ro 2 for vcxr1ons volmo of Io anla0 2o goat ogo 
Vnr .uc ccri c POUC? aZZ310 oro oro Curr oz G 0(ic, / ), OP 

e8 ; n 	oltnco acz rioter at s eortn r_. ,5,lo 60 th  
2.c3col 3a 	pouor tit a ooitciS.n ci 10 6 0 o foUciij c tr a 
p 'ccuro ic cia c►tc ar4 a pro ;r Z o l a gado f'oo c l cola ti 
p .*or vricitioa ai volto ariatioa for + ifta c mt vciiuo of 
112. at va io13 valQ.oa of cn o cSo a p1ott as thon in co 

t'ro 	u3tion 00 70 0,9 3, . c 41 at coottci 2.1c 

- R v as S 	(0 	cogs 	) 

elm S ' f3 (a ' V Cook ) 
ri 

flor. o, 
øao too 

0 

0420O QOçpc'reiL0 

4050 ci  

*0* o 	doh 	tr 	 00 	t 

otio C) a-41 ( ) dares volto 3o for 
Vnrlcmtw VnlmoO Of R~ WA !,c Jor at varlctzc ado of Ii 2.c Cot 
oitiOd '~L v '1c"3o 57c1 o of f3 	f3 c o cinz o 8 0 cii1 glott l 
00 c:z in 



floe Olrc^ , Ic foiz 	o ogqr:ot one oot io na.loz 
2 0 coot2t 	co 'o11 co 

manot t.ca0,i)1,0. o0o  

a pz`ic 	.fro ')(P) ° ~- 0 t 	(2' ) 

c ann t o ra ►raC-nom a sa► la-un In b1 OO! alr_c?c0 

(2'1) 

As 
c nc?o? q :tI ?,(p) 8 	' 

¶Tln cast 	pr o to l In b1oot dic rc. ao not on boles 

Evoo octio ( ) ?ofloi2irj tcn1o'ata tion 1a obt 

-doh 3c vo Cocom In bloc ; d carc-i roc ?*Ila^j* 

mb I ao p4t ,U 	1 A0 
(2 3) 

W ic' 

 

ca tic (1) 9 (ea) az1 (3Z 

~'i Q 

 

cc1 L(p) cwo 	n c unucn(iZ ^=5 



•quotions are obtained as s.entiosied in appsndix52. 
Al(P) u 	(p) ..o (A) 

veh.r. * 	
b P +P..... Aj(p) a —•. 	-.~. 
bR,P +bSP+ ► 

ira 
bl, b2, b3, b4, b5 ani be are constant quantities dependi 

O ► a particular angle So of the sachins and *acbine and line 
eoSatsThts etc. as defined by the aquation Q7. 

b2 =1 i3O (fi2+ZXq) 4 (O 4Zq 40) * 0qo ZglTJ0 Tt a 

b n 1 iq0OI PXXq) +c-al. +Xgi40)lt 	g0Xq) CTJ0 	' I.) 

b3 all (R~ +XXq) +c,Oda + xq bdo R * 1qo 	I 

b4 

bf a ( + WY t ( + Tho) + XXL (TA + 

b 	(ifs + '' + N d ) 

G (p) is alr rad defined In earlier part of the Bection (P.1) 
And ,l2(p) - 1A(P) + A(p) 
ych.re 	C !'3 +c+cap ►C 

r ,P +b +bs 

Ire C1,, C2, C3 are again constants, vhich are defined in equation 
A- 

(15) of Appindiz, and b, b5 and b6 arO 	5 as aantToned earlier. 

(p) as obtained in equation (A.16) of ,pp.rilixg2. 

A(p) p 
b4 ! +b5P +b6 

Thea C59 C6, C7 and 9 are defined in iq*ationsi (?♦ 	h.s. 

are constant qua sittiaa for the particular angle $ o . 



.56 

+ 	 C 
e # ~►SP +' ate 	b4P # b5r .. b6 

10~# bi. I •LY + 

vh r., b7, b8, b, 'ice blo Sara dathisd as follows 

= C1+C {̀"dO 	TjOT*do • X4 qpT 	+(P* 	+o ) • 

(%lgoTAlr + 0q0 T' T o ) 

bg - 	e* I (i ~, x ){lJc T 0)'(iw am 3O4zYoov So) OTIO "+ 

qo(T ?ä)+zdYcoa 0 't, !*1( ,~~„• i!!4a}.► 

cos 	aii 

( lgoT&TT +Oqo" le ?go) I 

* c34c1 *($l .z1 +1440 	1n6 0+XY +o 6 0) 

cT 0+ 0) v Cos 0(T +T )+( l #*4o) (' ,o*1q J0do' 

c CO$&Ø ZqY tin )Ixdlq ,(TA* )+A►,o(T io jo) j 

b Lo * C,d+C8 a Al Sin Q+ t" Coo 0+ a4Y Cox 6 0+(R Coa ~' O- YEin. b 0) . 

• 0 	(28) 

It Aj(p)v 0(p) +rte t IA (p) +A(p) I 



b P9 + b P► 	 'ba 	 o e s 
b4P +b5P * bs 	! 	b4 +b5P + b6 

000 	(29) 

oro% AT •&T.2  

where# 
b `' 	.» .. 
,! to P*be 	'Swd 

.. Transtsr functions for A r*]L is- 
i 

	

g 	Q 	im 	,..~~.... .....u...G(g) !L4_ (3'0) 
b4P ' j +b6 

on block diagram it represented as follo rs- 

b,.P +b,-P+ ba 

(2M 

T 	b7 P3 + P2 + * b o La S 
- ., 	 4? + "5  t be 

	

f5(p) is 	: -, 	~• 	--"" 	. # « 	til) 

It is represented in block disgran sown below- 

A 2 	P * b8P~ # b9 + b Q► 	D cS 

b + beP + b6 

(2.5) 
Combining the two block disgraw (2.,4) and (p'.5), The block 
diagram for obtaining & To is obtained as follows. 



+(TA .TT0)P+lj C- 

(b4P v U +T80) P+U 

1+ (T,+Tt) P+ YT T?IIT Jc~ +b5P+%) 

(33) 

7)a 

p 
 

O(p) 

foar comparing the all the block disgrans i.a (2*1),, (P.) (2.3) 
sM (p.6) eon plate block diagram is obtained *3 shew in Pig. /6 • r 

2.4. Q '>' A 	,"V 

Characteristic equation is obtsin. -b ► reducing the block 
diagram and obtaining a single transfer function. This is new 
a form of control syst . 

Piretly reducing the three blocks in a rev to a single one 

multiplying them. 

b4P +B5P +b6 	(TJ r+ ,) (TIA+1)  

(32) 

TtF . Qom' cf l .f {p 	
t ~ F_C♦ 
2+ ) (i+_ 

Nov total transfer function for 



r 

~u 

r 

V 



'.4 (34) 

4r+b5v. b0) u.1.0 p 34r + C25 Y 

 Mp3 14p2+c +1, 

AC 

esters, 
a 

C10.' (b1 4• b2 kd)1 

C110 (bei b3 Tkd~` 

Cif b3, 
(3s) 

•13" (? +?2 +T~o oto) : 

C14 'Oi ' o ado) (~'_ + P2) +?? * TIO Tdo 

C15 " 1]52 NO } ~a) 1&0 Tao (T1 + TO 

C16' T1 = o fico 

pa ins equation (PS) agave by ti1t1p1ying as obtalned. In 
appe: ix64 (eq aation £-22). 

4r 	a 	r. 	A 	ry 

d9? 	t} 	11' 	*dP + 4P+ 433 

s r r (36) 

whore$ d31 d2, d34.....d35 etc. are constants defined as below. 

d1*b Com; 	 - 

a2 " (b8C16*b7C15) , , 	 (-57) 

a3 .' (b.C14 +b8 C15.K3O9) 

6C 



G1 

d4" N 13 + 	.14~` 109C18" 	10 +~1► 

46 * (b7 * b8CI3 • s4 + b10C * CIt~ ~I4 4 K1) 

d6 * ( `8 .b9C +b10C14 '"' V12 4X C12 +X2C + K1C10) 

d7 * (09 +b30C1 2012 +1LCu) ; d8 a (K1C + b) 

44 a C15b4 

4x0'8 (C ,b5 * 

' 13" (C16b6 ♦C15ba +C14b4) 
d 12 " (Clbb6 + C14b5 + 

dye a (C14b6 +.COS • b4)1 

d 14 a (C1 3b6 + b5) C 

d15 ;bd 

Hence the block diagram is reduced to as zbowa in g.( ) 

1w 

!fov froe block disgra* (Pig. 1C'2) it is clear that the 

two food back paths are there # one through t9(p) a another 

through turbine transfer function f1(p) - " X, P. Coubioing 
these two transfer functions$ the total feedback transfer funot-► 

ion ii H(P) is obtained- 

-11(10 a f8(p) - f1Cp) 

a f8(p) + K? . 



9 

+ d13P +d14P + d1S 

p4. 

s • 	(38) 

Therefore, now block diagram is reduced to the form of s 
feedback system as sho►u- 

f2(p) a 

The characteristic equation is obtained as follows from the 
block diagram.  

1+ f (p) 11(P) * 0 

I(d 	)P7+( # 	)P6+td ♦ 	P ~(d 	}P4+ t . . f. 
i P 	d9P +d10P` :L 	+̀d 	9d 	1 . #F + *215 

)P'+(d+ 	)P2 +( + 	)P+ 
I 

... 	(39) 
.panding above equation following equation is obtained as is 

app•ndiz 4. 
or aaP$ P7 .a p6 +a3#5 +s~P4 +a5P3 + e6P24 ~P #a * 0 

.0. 	(40) 

where, constants a, 920 r....sg are constant quantities as defined 
under. 

a* d9 1K 

aI '~ (d1 1 + dx * 	) i 

42 0 (d.11K 	.E d10) 

(4 ) 



s  (dl's +43 ' 	); 

a4  : Ole +ZT412  .44) 

a5 * (d3 •d  +ET4&; 

•6  * (d1( + 1.14 + 45); 

a7 ' (dm7 *X 415)  

(AL) 

00. 

whsra*  dl.', d2....E*+fly are definod in equation (37). 

2.4, *?1I W& 0 AA JU1C E1QIa 
Coefficients of the characteristic equation are as given in 

equation (41) of section R.3.- From the equations (41) ,it Is clear 
that ad, is independent of turbine constant and inertia constant 

and ao  is independent of turbine constant. Whereas, $7  :.s 
independent of inertia constant. As the prebl+rm is to see the 
effect of gain constants of the regulator the equations (38) are 
di ad, as follows, so that frte the equations itself the effect 
of angle regulator gain constants can be visualized. By putting 
the values of di*  d2, 63, 44, d5  and 47 , d  in the equation (41) 

the fo ming equations are Obtained. 

t ' I8' 
wi ad17 

t2  = dje; 

*3 *  

*4 a d2o tK3C jLt 	9; 
a's a421 C1l. X̀2c10 1f 9; 
aha 	CJ2 4X ,CUA 10lO 
$7 ' d  23+ C  .x1c, 
a;S  'Ci  C ► b 	 • .. s 	 (42) 
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~G.5.loAttqn of 	ie&JtoutmiriqitzitItod i8) 
For finding the value of IC2 and K3 at 1150 load angle 

with K.1 a 1.51. 
From equations (4P.) of section (2.4) it is saga that ao! 

alp, a~ and s$ are trlope da et of K2 and K3. Other coefficients 
are depending upon the 	and l.. By the help of digital computer 
the quantities associated with K2 and 	such as Cgs 0101 cut 

C12 are calculated sopora.tely and other constant quantities of 
the coefficients are calculated saperately, and the equcttori for 
the ooatficisnts is given below in equation (44) for equrition (39) 

a0 a O*U4190 Z 

a,, = 0.120472 z "*3 

a2 = .4.3M6?8 s 20"1 

a3 a .0.357016 t104L3(.2M&U,0-4) 

*4 a .0.441 ]x102+13(.20101Ox10 ì)+ c.20995z10 

at, a 0954 15 s 10.L( .43 53 x20) +K2t «2C1OWe ) 

r6 a .I5495 1024 (.,1 759'7xlO)+K,(Q.434453x10) 

s~► a .760758 + K2 (.137 *10) 

as a .P-501?0 x to s2 

Analysis is done as follows. 
)MI(t) +1 	%*N(t)2+a2t3 + %t' a 0 

, (t) a a.-aSt + *t2 +alta * 43 	.. 4% 	(45) 

The equations (45) must have all positive real distinct 
roots for stability of the system. 
Thersforo t 

1(t) as.7 s*5t+a3t2 +a1t3  

	

p1(. t) 0 %+%t +a4t2 + .2t3 +s0t4 	... 	(45.1) 
must have no positive real roots. 



)11(t) *07 -03t*0 

1(t) s a 	alt _ 0 	... 	(48.3) 
must have all positive real roots and the roots of 1\1(4t) and 

A1ct3mot be iabsrlao1YIg so roots of A i]. jk),j~12t} 	.(t) 
~Ot i)auat also be intterlacir.  . 

From gqur tion 45.2 for condition of positive real root 
and other condition; following conditions are seen by lns ►eeti . 

and a3 both should be greater than sero. 

a$ and al both should be greater than caro, 

as a]. is constant quantity* 

.. a; a3; a7 (~great►ar 	)Q 	... 	( ) 

Pros equation (44) puttiar the values a.; 53; a7 in ( ) we no*- 

O.367010x10 + ( ..2O9V53x1(ø110 	«.. 	(46.1) 
4.5 9 35zi + (.434453xl0)+K2(.20102XIO' i 1 (46.2) 

O.?60?58 . IC, (,1:789?)z1O (treater th*r )O 	(46.3) 

From equ tion 45.3 for positive real roots 
•$4 • 4. % (p at.r than))O 	4.0. 	(47) 

	

of 1 a2 (greather titan) o ... 	... 	(48) 
or by putting the values of co-~eftioisnts following equations 
are obtained, 

.15495 z102 + L( 	4 10)greater than 0 
...(48.1) 

and as s and a are constant quantities and am positive and 
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the •ffeet of 	salR3  is not found there also. 

4. Stability limit increases as the gain constant K, of the  
regulator increases graph plotted in section 2.5 Pig. (2O) shovs 
for variation of the stability Matt idth tr 



` o tc a i1civaa ucc 1 Corgi aU fo too aatcc of ctewo-
Trac nce . co 000rat2on in Mo t ynariie otabi1".t7 *ati.ofl .£ a:o 
fog 	? t- T +1itto U ° tho anal ttto of r,ioao t .00 1ttoar -.32o1, 
` 	tic2o etc tv vo bocce €oco hoot in cog 	cwn2.c ouch a.Q 

o ' cz a * 	of o of ram rte. 	ovo, 
a o3 1O Q1tor1ativo lot itL rear ayøt ona1'ddo, to fot1ato  
tho 1 i rico pueblo-,, fit In to of a o1ni10 tie h o boir 
r?i "1o'cntt 1 oqtt.tion, bat in tomo 01 .COtD ofMet O Qa' 
dorci' i oq r tb ►na, Xt nns tat i aatoad of uUng blah 

tlor°(UMpantia1 oqu t2ons fox' to r iactci, aiitioim1 varlobloo 
oro e 'i a rn1 thci cyctoo I o ioaotbc1 b7 a ooh of fiDt orior4► 
c i ` oreatic otuationz, In r ctit iaaa thono cat of Elf 'onttol 
oqutian a put crn tho i c 	tt+ o aro too br uc2.nj tha 
ma%t'iiz n.cobra. In natrirz ?ori,f a l ar,o 	ar.ciit 
a 0'1019 

oleo 	 (0) 

r %2opo 0 
9810 a vootor of otato rr riablo o 

i o a c%o of c tc t tito 

U's2. a a ioeto of c7ctoD outputa0 
oro Dat CO3, 

3*99 In th caoo of tho d 	10 otabftlty r kTcic of tho 
pC 	C7.ac^] oonct"or , o 	b1mog 	z a to ator a fl I to  

Q3 COnCldorad 	1BtttIto 3 ,n~i'o'l~pal 

o,rctco, 	o of blUt7 of thS.c cyotc3 ** 	ictarbc2 is a otMo  

o c c t1r:n qoi.a% to to bo arag7c. 6 to no to cta uo Cott c3 Of 

6L 



thc o .. ,ri c7cco ecn bo Witton ac- 
e 

R a a lt 000 	 040 	 (01) 

I t wlt3 

 

Ti ovc 	*ut1c a? (01) 2c oxibb? 
a l tt n n1ron un1moo Qi' A lbQ on tIO 1t he .(la o? 
1n*3 3 r 0400 tC33 It 1v no ceZy, 27 to - tO OOa . 
yr o ' .ti to clotoro tho o W1 ge 	► mocta of aidar, 

ao obcoa acl Oo o A, owo G1von bt coo .on otlsgo 20 taco of 
U- ra vea t 000riQ ' oo c is olt1 in coot2on 3e1e1e 

c l 

 

• 3• 

o ffrot odor 'fog ont2n1 ocr taco ago 10 x i 9 tho 
cyoto o 	ioii ac obtatQod in tho n io x . ,t211e i1 nra cor2.cod 
iio' o to T)Ut t!10Z3 into mrt bn fOi or 'attor in vOCtow ciif?orcn is 1 

	

,Om, t!Ql'o to cyotcm oncido?0l 	no cr3O c ctca as conail CI 
oz.' .o. oOe-opt foj eha oO that a Qa n1io1 cyotoi l.a c ► r o c`~ 
' dah hue Got a t^Q no tdth ono to or t4 it in saeh d cd q c± .c 

l to oeft.otboa c3tc co aldol ooncioti of both volto 

n a~tIocnl a 	oi ', ortionol cignul. to cnlod t 	o 
dorlvat voc,o C that UOZ O117 VOItaIJO . oGulato? Its COca$dO 	9`Or 

c rzal7cl 
 

tho nia cos is of ala proportional cir_zia1 crit ho 
!tot eoaatcnt cafe to unjga 	too be co w2uio 	€ .g tha Coln 

oonat to at voltcgo ro 1atoo of na1 caro ►$ to ho oro¢ Lr. in  
thoco arrito tfa acoa otbar tbinjo asp rabni 	ce'ia and 

ono otho? acaungtiona raaclo oc la.or are valid in thi: Caco Q1CO, 
?b' o j atioao (e'3 to ft c) oto.td in t aaa iz as follo ioa 

i1 O
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pA 045'  

when,, 

'Joe aQ-841 A',d 	13 - A 4 7d'45 

and 	~..._, ,,..... _ ... 	j++ 
do 

and T2 a a !UTw  

. (56.1) 
4q*1 	

_*tiq (5'?) 

p A 1d ..r .. ..d1 &4 +: 	~..... 

vo A0q -0'. +2 &lq -V Cos f 0 + 
0 

ao do 

rbers , 	T 	, 
* tm 	+ 	rj B1 ai 132 are dayfiusd earlier,. 

Phi 	1 •A- - s (.-- +R)4f + V din60 *reoAd + 
q 	 4 

Odv - s Qi41 	S.. 	 1 0. 	 (59) 

when, 	T„O 
4f' Zq 

*quations for regulating systems are as follows: 
Pt a ft 	..,. 	... 	(60) 

P ,d a~►d aza fd 	0.. 	... 	 (6l) 

o-) 



o.) 

D 	 * ' L6+1  + 	$in 	°' 1Lt33Erin + 
12 

l ,tris si.n & 2.0 4 Ig4p 0 '" s 61.0 6 04 

1C:sr* sin 6 ai4 + ,, TO css 610 Atq • 

to x o h 	 (62) 

vbsre, 
s 	 ~ 

	

sin 610 * Ste CO$ d 10 * * 	(69.1) 

t•~: 	- 4t Q 	!tef 	 ,O + 	(63) 

%Iwn t ess twelve equations are put in satrix form we get a 

vector differential equatl on as shown below 

a 	... 	000 
	

(64) 

where, 
a 	are 12 x 3^ matrices a X and X +era coi n 

♦eetors. 
8 has the diagonal eteNents b `

a b'2 t33i,,~,# mb. 
0 0 0 

b ,*Iatmb •• 	; b~$ 	, ba+2.uNS; 
a 	do 	;a 

b1012 ~` ` " ~ 	arid otter elaaents are having surra value, atm 
Z is column vector which can be represented as foliotssaa3-4n-fi * 

(A J6d1' A JOd2'1 A l63, o, d4$ A 04 5, A.$4, b td, A iq; 

Qice,# &+fdAb 	1'~ 

The +lash's of '9 satrix are shown as in !'ie• (2~ ). 
low from prewaltipl7ing by ~ equation (13) we obtain- 

(65) 

where, 
3-1 is the invsris of at This can be achieved by eking. 

transforxs tisn on both sides of equation (13) so that on left 

side 9 *atrix comas to unit xatrix aM by malting eorr.spoiidinj 



(rig 2 t) 

1. 
ado "'T'' 

T w + 
wX4/?Q w • ~ 

S 2/T 1/13? LQ!. 	1/13 Tj 	iIo 	- -Vos /13 ø (/13 

8. v0/)4 v0/$4 
3 

•( 	/14 vola o/34 #040/34 
~!Q 

1A. vova n -ITT2 T ~+T 	9 11.01 
11. 2 1 ~ fiI  2 

12. 1qo"' -igo/M ,M 	.4d~ .. 	w w 

h.r. 5... 

*jo,i + 
o,u 	"30,112 

1 



*harms In 2 on right std• I` ' I Is obt irid. 

In "motion (14) $ 1 is the chsracteristie .stria A -and 
equation (14) can be written es- 

X *Ax 

to that A a iris 

so that A aatrir is as is Pig. 2 ) 

(66) 

 

T 
42 s :•• 

C7) 

vT 

a 

T ~47 - t 	*ftp► ~ 

0 

=(a  o '10 
T Cos60 ?ZA  

* ie l 	s 

T 
s4 I2*dO 0qo 	Tho 



x 

asl11 *B 	
# 

*53 = øs r 

a53* *5411 

*11 ci 

~3~do 

a 	• ( X4 +11) 

T 
rte* i  1;L 

 

*59* 441L 1s .(; 

0 

T"~t 

• f. sl,.xq, 

a (4. +R) 	dMl - 

6b 



of 

TR 	 Y * t
o asou *  .xq* 

p6,12  - "~`' 	x4 w  4  qo 

_ v crusb1 * 
n it*,• 	T1 2 	1 , 	)* $10,  	O3 	**lO 

*10,99* - 

lG +~(1~ a~in 6 -Ado ccs o) r' —~ 
tx0l * 	 Y2 

blank spaces in the aatrix shows that element is wo. 

3.4.  M Qt OFel►IAL ; i s 
The arlalysiB for the dynamical stability for w aU pertt - 

bation about an oquilibiiuw operating point is described in 
equation 669 

i.*. 	a A (z) 
can be done as follows; 

1) Using the isthol of Liapunov. 
it) Finding the sign Values of the coefficient *atria A. 



The basis of 14apnov method for transient response of a 
d aic a1 systea represented by equation (66), is the solution 
of the equation* 

(At) (G) + (0) (A) * • (C) 	..0 	 (68) 

uh*re, 
(C) is .a positive definite or positive seaidef ,nite sytetr1c 

matrix ant 0 3s a syam.trie mafyjz(17  . it Is known ttist- 

1) when (0) is positive definite e i 	11 yield a positive 
definite matrix 0,, if enol only if, the system described by ( ) 
Is as rtot3eoUy stablt. 

2) of the system Is as pt+otiaa .y stable and the matrix 
(0) is positive definite or positive ssald.ttoit*$  then folio ng 
relationship is satisfied, 

1. t 
I(z)(0)(2)X riO a 	J(x l(C)(x)dtii 

two 

Thus (63 can be used with positive definite (C) matrix 
at a test for amitotic: stability; and (with any positive 
definite or sedd.finite (C) uatriz)yrs a means of evaluating the 
integral (EG) liven only the initial condition vector 

A set of ?OPAN sbrottivtes has been developed to produc. 
the coefficients g13 of the matrix (0) for any given matrix (A) 
and any now of matrices (C). One of then* subrotines test the 
matrix (0) to verify that It is positive definite and hence 
(provides a check on system stability at the expense of using 
atleast one positive definite matrix (C)) a 

The decal stability can also be tested by finding the 
•i94 values of the coefficient matrix As As mentioned in the 

eWC 
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c3t2Oa Sat thO charaot 2ot2o oquat2o a I XaAj Co 1c cano2do'c I 

ftp otc b2.1it r its of tho chrQctor1o2.o c qra ,tion bLo 

12.o In tt o loft half of th a 70 	pLaivl oa Vi o or i;ordo t io  
of n vol oo or a thou1 oU bawo nogaUvo ror l pQrtt for r iatc is 
to c t blo c c2 a ri bo 	coQtca b7 oci ^t2ei (G3) * tom$ 

Uor f iri1ig tho oitjn valeoc tho Ectal 	nothod oro 

1) 	n6fotac21 not , 

11) .;oc 1 of a0 s for c u1 o ec ) tion of 
eooff cio1ato of tho a Panto otic po12.c1 	of to 
Ca201nt cntlz. 

o A ctrz 2.3 trans fob 2.n to lot coaortj foray bolox o 
apnlyl j 2.fita 	o1orz3-ti©n0 In tb2. c fora all tho olc onto 31cu 

tho f1rr t a 2.gonzl a o xoro. 'koro Oro ovop i1 vol1 ttm 
Dothez2o for Io2.njj tho Thin can be Joao faith 017 by a 
cor2oc of olanintr7 taforrtcrns of tuo 2if 'c rout dao. 

¶ypo 1. Iatos!.aZn of iia 3' + 	Q or eoiui P c ii no 
0 
0 
0 
0 
I 

I 

,GU 	'a• 0 
0 
0 
0  

0 0 0 
0 1 0 
1 0 0 
0 0 1 
0 0 0 
4' 

Colt a . 
o ' . 	o fl9000 o? tdø trt nofo ur4U bo 	'ann In do 

otcq1o. 



0 0 0 0 
0 1 0 0 0 

roy? 	a1"% 1 0 0 
4 a 01 0 
o 0 0 0 1 

The caaputatianel. procedure Is explained below by means at 
an ,z le to change it into hasssnb.rg f'4rii. 

Consider the matrix. 

all *12 	&14 
4W'23 *24 

A. u31 '32 	► 

h !__'3 '! 
Jr 

Select largest Ilue and change col ens to put it in 3rd 

coluan. 

Assume largest value it 	, Post ,tiply A ntrix 
by i(32) 

1 	4 	0 	t n1I a s  e1+' 

a21 â 3 e24 0 0 1 O'21 e'23 '24 

3l'32 a *34 0 1 0 0 '31 '33 2 '34  

'41 '42 *43 *44 0 0 0 1 La4jL ~1t43 42 '44  

To preserve the stability t 'ansformation preaultIpIled by 
(1t32))-7L* It turns out.*, tia.t (1(32))-1 * 1( 32) 

Hence'
•(I(3 1 A(I32) g 1 0 0 	.1 e23 ul2 '14 

0 0 1 0 	'21 *"3 ' 	'' 4 
0 1 0 0 s31 633 *32 634 
0 0 0 1 '41 434244  



all ai3 2 n'14 

*31 3 432 %4 

all 3 "22 %4 

a41 ''43 °14- a4" 

Post ,w tltiply by '43) aj * • 4  ; 
X4 

y3 

1 0 0 0 z 2 	a12 

' 	1 a32 a34 0 1 0 0 x a 	a32 

1 ~i''23 n24 --- +1r 	i 0 x 	z 	a ~, 

4143 4 *44 0 	0 0 1  

To preservo siallarlty transformation prultipUed by 
Main the inverse of T(30 is determined by Inspection. 

1 	0 	0 	0 t 	X 	a12 	a1+ 'i1 	'12 	a12 	'''14 
+ 	1 	t 	0 X 	c 	t 'h'2'32 '34J  

1 	0 ! X 	It 	'22 'x̀ m = 2 	3 

8 	0 	0 	]. LO 	0 	4 a4+! 00 	0(4 	*44 

ctt3),"1 (x(32),"1 A  

The process can be repeated raw. Cospare 'S and a!2 to 
detersinaa the 1srrost absolute valua, Interchange columns if 
necessary. 	Past and Pr.ai1tip1y by 2(2)  

ail '12. alt *.4 1 	0 	00 	z x1.2 '~2 & 4 

adl 4 a 2 a , 	JI 1 	0 	Ox 2 n34 a3 - 
all 0<3 a33 a44 0 	0 	1 	0 0 oC 3 *3 4 

0 4 a,4 0 	0 	0 	1 0 0 0<4 ''44 



to oc*Io wo i nDfo t2oa tslleh I,-. 

g ( ))-1 (I(32)) 1 A 8(32) 2(3), 2(2) 

CO VD C t tO Q1COL3t tnog . ? fes. 

a h3 c i'©eodtwo c a bo u lick trotlemn.q to nirlcinnulc, 

not?l000 O? 'c ' cAzo$ 

1ot3uet ora o 	trot t?tanCUGr m d2 to ala that la 
t ►ja Ulkr ; ac bad cn tho 'T, . t a?o ati ?i. 

I any, ^I t?2 	th03 onloto Q unit air atr2z CC, cteb thZt 
Qf vToOo it I a aa U)  Q' t ianVlw UC t Z '7b Ch has 'ooh, non 

natv 	cjortnA o1c nta. wage +vcr a unlquo tf A In con- 
oi til.c?. 

A unitary oati2r is rag t4toao Anvo'c3 to o 1 to ltD 

cognato tranc?oca 5 i * 00 

A u!4tar7 : atom req bo eoaotretc d its .j pr3dec of a 

CO O€ of al QRt9 u t :17t lint O3 

!n UI ,' _'0'i' P Eil1 taP't7 fl ip:?lam C2 . f foot frci Q u! 2 t ratiit In 

OO prI. 1pol 2 U 2, L at lU. bic z & lr b0z OZO Gcflo0al fO o 

$ . t24IOIP(  000 0 	sin 0 

sal t 	GIV DID a 	0 `S We e j 
tthoroq 

x 0 DO w, 6 act D U'3 ?oag tI o& -D-r b= 0 o? a 
r11 SAO or 0 

.t, t 	or Zion0 l.e a 2t0?at2.00 p ec -~o ofr 	no 
IoiIoTso a P( 10 t ttaacf r 	tt rmt?lz at tc Gad of t13 (9-2.) 
to tloa 
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"moo r otrlu 1~(z) 1 o deCCDOcc1 into dao product OF a, 
• u t rp na z O 	,cu 3 t r*v tree ;uI hi' tnt 'ia R(R) ~ mo r .tiu 

A{I01) ao 'o?cd byi pro- 1tip1 n3 Q(to ami U(10 in tho rova?c0 
ordox 2.@oo A~ 	, ~ n ? O 	OX) , nCr) IW 

Zt o' n bo thoosn thnt 	o to avfor t2c Jr, oquivalont to a 
oh 

cocoa of cl21rritq trauofort& on AA* Thio cunt bo tru3 In o or 
to oncu t rit of n ao,luoo of A. r inc a xchanc1 a 

e (Ow) @g A(1) 0 R(i) 
a~ 

AC2) 1ci I blirc o o go tot to A d by coaw of a unitary 

clollari y Rrm for ttei0 

If as non c2nrulor - atriz A hasp oigt values of dtctirrt 

tiodulucq thou aril r tho l of o t ncfornction the oloiouto bo 	.o 

pri ao2paI 61CCO a .ltoc3 to r3crov t odulli of thoco OlGnonto abaft tho 

dlc,o 1 to to f2IQt1 Valuos LU tho . OICCaflty on tho principal -

-- iJa -poi . tot1 to oiaa Ta1txooa 
o fo o2 roculto dotrcLt that tt 	.fl. a 'o 	tr 

I. S 1 ayo poco2 blo a=63 that r000tod app caiiczi utU8. rofluco A to an 
%pt)OE tricanulai' 1X t'in., To tovolcp a. aopatatlonai proeciuro 
roqutroa a cDn7orLiont Method for doe oaf , Into Ito rotoctiao 
ne8 na4rioc, Tho fo11o4nr Duwctnr'o is ctrcdCht ?oiard awmi 

that A hac aC.ro `y boon rcducot3 to on a1rocti tn 	ulan .Ro 

►o (n'1) c 	aao 1 o1omitca 	9 t iic i aro acctrt2 to 
bo 'ion sop* r£d rool aro oi1natcI in tnm by a conioc of tuft ''y 
trfoioao CtQn 2f3 uttth 4~go Zilea proo oduro i 7$ UU bo acmomc trC 
c3 by 	or as otciolo, 
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p 	v 	00 aI a]2 	I ni,4 '1 a j2 	n 	S.4 
O,• 	lit 	0 	0 $21 	s23 s24 0 

0 	0 	10 0 	s3► 0 	" 	3 $ 

0 	0 	01 0 	0 	:,3 	*, 4 0 	0 	a43 "44 

where, 

M ~III IIMWM an 	 dB' tri IW ~prir~~+r:r+rwWr 
~wY1IF 

The first matrix in the above equation is elementary unitary 
matrix according to earlier definition. ça. and V are les than is 
o(a l 0 .b 1, r =BOO. 

Repeat the process. 

1 0 0 0 all aI2 S,I3 aI4 	11 'i3i4 

0 	+ v' 0 	0 	a 2 * 3 '4 	0 	s23 ' 4 

0 'V# fit' 0 	0 	* 	&33 	0 	0 	*53 a54 

0 0 0 1 0 0 a ~►, 	0 0 	a,, a, 

aminate *43 by similar operation. Coabining the three 

steps here gives. 

	

(Q( ) 	£(K) , Rc 

where, {Q 
X )-1 is the produe* of elementary unitary natrices used 

in the reduction. Also (Q)- " = (Q(X))t so that inverting  
is a simple operation. To eoaputs (qi ) post multiply 

R(K3 by the costate transposed of tQ 	* This complete 
one iteration. 

As with one iterative procedure the subdiagonal elewents do 
not become identically sero. In order to reduce eosputing time 
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3.4.3._,W2D O?A. 
D.Z. 'adse~►(23) has suggested a method for the staultansous 

determination of scalar coefficients Ply 1 2..4..Pa of the character- 
istir polynosial- 

4 (n j a n OP P1 n-61 . P2 n-2 ......PP - I A -1 I 

and of the astrix coefficients C C2 C3....+C0„, of the ad3oint 

astria CCA) . ITs proposed to compute successively, instead of the 
trace* the powers A, A2.... .Aa, the traces of certain other matrices 
All J12.. s «.. 	and so to determine P, P2.....Pn and D, %*r.'an by 

the fol.loving rortrilas, 

A,*A, Pl atrace Al 	B* AZ -Pl I 
Ag * AB1 P2 * trace A2 	$2 * A2- P 

A B 	P 1. n1 trace An„,  e_,1*ah_2 P 2 I 
4 * A B01 Pa = a trace An 	! = • Pa 1 * ~! 

The last equation S. * An -r Pn 1 00 may be used to check the 

cosputatton. 
After obtaining the coefficients P1, P2.....P"n of the equat*" 

ion of o t . This equation is used to find out the characteristic 
moues. A digital. computer programme can be made to sola, this 
equation# to get the sign values, 

3..5. C I D I9281 

1. The methods of matrix analysis can be used to advantage for 
the analysis of dynasic stability. 

2. The Q-R transformation xethod Is a very useful and widely 
used in finding the signs values of the matrix A. 

3. The method of Fsdsev is another useful Pothod which gives the 
characteristic equation of the matrix. This characteristic equation 

can be analysed by the Routh Murtvits criterion for stability. 



, 
The dyna*ic stability limit of the system equipped with 

angle operated excitation regulator described In section 1*4is 

analysed in this thesis* 

Two basic approaches to the analysis are used naasly. 

(1) The transfer function approach and 

(ii) me State space approach. 

Tr4fls1r 	Qn nroaa  

The characteristic equation is obtained by lineartsing the 

differential equations of the system around the chosen operating 
point.. The operating point is the initial power output or the 

load angle of the maehi e. The maxtaum initial power output for 

which the system retains stability after being disturbed irncrement-

ally is the dyrnaaic stability Unit of the systos. 

The characteristic equation obtained Is analysed by the 

Routh HurwitzCritorian. The coefficient of the characteristic 

equation which are the function of the system parameters and the 

initial operating conditions tions are detarsined for various values of 

the regulator gains and the load angle. These coefficients are 

plotted to ahoy their variation with the load angle bo 

It is found that 

(i) The characteristic equation is of the eighth order. 
(ii) The gain constant 1LI associated with the signal proport- 

tonal to the load angle 6 has p o4oatnent effect on the d 	ie 

stability digit. Increase of this constant K results In the 

increase of the stability licit. The choice of HCl  Is then the 
dsterainid by the station on the variation of the terminal 

voltage with load. Unlike the voltage regulators, the angle 

J' 
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5 „1. A .' 	n ~~ 1.d LXQ 
Prom equations 39,, 4,0 5 and 6 generator and transmission 

tin* of Chapter 2 for smell di.turbanc r the following linearized 
equations are obtained. 

Q d' 0Qo gab * zq A1q ra A i4 	 (L'3) 

A1q $do PA(S +dfd Zdtp3 Atd 1 ra oiq (k"2) 

? . cion t9r T nail lon Iifl.1 

L~ A6 * Y +COs 6 O + r /~i4 " x r 1q . •. 	(it-3) 

sq * -V sin 6 o + X A id +roiq ... 	(*44) 
A-  A 

Pros equation (1 wndA3) and (2 andn4) the foaloving equations are 
A 	 A 

obt3inod. 

Oq* pA6+gAiq-ra did V cos So 4t/ii # ZQiq 

or 
t~tq + z)& iq- (re .?) A id w (V co s S + 4j qoP) AS (,R•5) 

"ro. conatiqa ("-P) and(* u4) 

040p' b +0(P) 0 Ird 	(P) & id-rs 41q —V sin 6  

car 
lid (P)+xl Aid+(rj+r) l 1q*CV sin 80+$40p) Ab .0(p) A +pfd .... 

t oiving the equation (A--$) and (Ate) sentloued above for L id and 
Q iq 	bj 	detersinar*t. 

(V cos 6 o + $ 0P)  
(V $in n + $w.,p) AA+0(p) A a,A 	r~ +r 

.fro +r) 	 tX 
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• Putting the Yalu of 	 d end& jOQ fromm + quation (12) and (13) 
øf Chapter 2. 

.d To * 10(p) L~*fd " Xd(P) L11dl iqo + -ddo L1 iQ 
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