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SOMANCLATURE

The following nomenclature defines the sysmbols used generally
throughout this dissertation, In fev instances the symbols usod
locally for a different quantity and iz defined, where 1t has been
used,

851 8yy80,0tc. Constant coeffioients of characteristic squation,
At Transposed A
| Coafficient matrix,
Ay (p)y Ay(p) Punetions of P.
Bo Initial eteitation voltage at no load &n P.U,
mt't
% Initial oxeitation voltags in p.u. refered to
_ stator,

®pq - 25d Fleld Wxcitation woltage.
ed : 8y 4@ =% DPirect and quadrature axis voltage of the

machine,
o - e Terminal wvoltage
o TR
 § Current
1g:=u dirsct-axis component of current
19t Quadrature axis current. a
1“.1@, Initial values of current in/and q axis,
xl,xzt Esete.Cain constants of angle regulator,
X Gain constant of woltage regulator.
Ky Turbine #smping constant.
| Insrtia constant of the machine.
n Epeed,
P= -k Laplace Operater
pea {;
Tos Field resistance

r Line resistance



Ta ee Armature resistance of the generator

Py ee Demper winding resistance in 4 axis.

R es Total resistance of the system (rﬁr‘3

T&o’ s Transient open circult time constant

T;G ve Eub=transient open circult time constant in

- deaxis.

T& se Direct axis transient lhort circuit time
coanstant, in ¢ axis,

Tg se Direet axis sud-transisnt short circuit time
constant.

rl, !é «s Tine constants of regillator,

1%; se Quadrature axis sub~transient open cireuit
© time constant,

f; e ﬁg:ir:ggizagztt sub-transient short cifeuit
r,ﬂ so Direct axis dsaper leaksge iime constant.
Ty «+ Input torque to the turbine,

Te »s KElectrical torque

s s« Nechanieal inmput torque to the gonerator.
U +s Xatrixeshown in Chapter 3.

| e« Bus-bar voltage

Wap@ «s Spsed of the machine.

X o 8pace Veotor

x ee  8/dt.X.

Xy = xd e« Direct-axis synchronous reactance.
Xg=%1  ee Quadrature axiz synchronous reactance.
Xa «+« Total of x, and Xq°

Xl se Direct axis magnetising reactance.

a ss PDirect axis damper leakags rsactance,

xf"m es Meld reactance.
Xq ee Q axis damper winding leakage reactance.

Y ese 13 used ag am wector



b 4 es line resctance {(transmission).

&%ﬂ.'l
R
Xq(p) = x4(p) + x
X, () = X, (p) + x

«s Phass difference between bus bar veltagze and
internal wvoltage of rotor (load angle),.

es Load angle at in2tial opersting point.
es Emall deviation,
8, 01, ® sate. are angles.
B es Powar factor angle or impedance angle,
$4=9d «» Direet axip flux
#,-4, »« Quadrature sxis flux \

&g .. First Derivative,

2
ﬁ.. S Fecond derivative.

A €gn values
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pyotan eoncdoting of a oynchronous gomorator, vhich is eonxsetcd o

on dafinito buao bap throunh o long Sroncnicnion lad. o ponorpater
is oguiprod vith an anzlo ropulator to rogulato Cho oneilation
oystcn. SR offoeto of cagle razulator on tho ryotcn otability ecnd
voltonn 4o eoncldorcde.

1nlele s
serop cyoten 6300ility ny ba dpoodly Qofiacqd ao tho proporty
of a nowoy oyalca thich dncepoo ¢that 18 vill ronnin in onorating

oquilideiyy Cirronzh o poronl oed chnornl gonditions, I8 1o usually
naeacenry for Ctho parpoco of canlycis to elascify tho ¢yne of
otabilieya Alﬁmmh otnbility eonld bo dafinod oo tho ochility ¢o
roin in cynshroalir of th2 cystea without veéno cuotalncd
oc2iliationg, tho esmleto nhonoronon is o 4ifCienle for pigorsun -
onaliyeio tht 46 hao Boero aoszncozey o Aivido ¢ho »ral™) up into
threo nojer elacoifdentions, nnoly (o) stacdye=octato (b) teonclion
ard (e) hunling (cuotoinad or ec—alativo oceilintieac.

{80y otaso ctabdblligy 1o tho otabiligy of tho cyoton undor
eondielons of pgrodonl or rolotivoly olevr chnngo in load. Tronsiont
ptnbdility oa tho othorhond conns o otnbility of tho eysicn durdnn
suddon chonlog, cuel no choet eirenit or cuddon ehomsoo 4 locd, A
ptudy of nhootnonon of cantaincd of ena-nlative ocelllaticn hago
toon Alvcoted 4n peaorald ¢o-amds tho dotorninntica of v drming
ghaepatorictios or dyrnlds obtohiligy of tho cyeten foiledies o
cu?len 4273nigocinnl lond ehicnno. 3t chondd be Mopt 4a 0dad th-¢
otability 3¢ ~otnaily oma chrenetoriotie ool cabdivdicd &nto

4 oront tyr00 fop 2 nupnoco of conlycic only.



ho otondy o8a%o obobdility lindt of a gomorator or o pystsn
0 dofinad oo o oariomn povor that eon bBo troacnitied for o clov
c¢hanno 4n locd, tho lo~d chonpo cecuring clevly onoush to aller fo:
a odnil e ehondo &n creltation 0 dripy tho torcnnl valtoge bael
tn 2¢co cornnl valuo oftor aagh £oall lond ehnage. X6 dc
drnpoptant o noto’'that it 1s accuwief that €ho esatrol eof oxeitate
ion 15 cuch 0o 2o eorvcet tho voltazo choanno aftor oneh £331l lood
chango haso securrcds Thoroforoy thie o tho otedbility lindt for
on infinitosinal ehnngo in lond vith eenctont flold curroat. I
tho ehanpoe in omeidatisn 48 ccormef o talto ploes with op
1oacddatoly follering tho lond ehonpos tho ofadilidy 110i¢ unler
ouch condiclon 45 tornod as dynoie ﬁﬁ@.&:ﬁlﬁtg linit, <<ho dyaxaie
0eabiligy limd ¢ 4n gonopel Bo hiphor than the otocdy améa
otability 1imite |

1010300,

| SAQK HAGROITS

Infitially in nintconth eontury tho prodlca of inercocing
tho otabilicy 1inie of Inforgonnoetod povop cyclen uvac ot goetunlls
£0l¢ dn oycton of old dcosinng for tha ?anwi_as voaconss  old
pIor oysteno voro dacdnesd o hovo geosd inhoront voltogo rpeaiat.
isa. Thic progquironomt eallcd for lov pocetoness 4n all oyotca
0lomonto, An o goaooguonee of 1oy poactaness,; thr stabllicy

180dt of o ryoton, oy atate ac woll oo tvomcicat was wold
abovo 0o marnnl teancmdtted pouop.

readility Liene Doecma on ithortant prodlcocd, da eoxmoetion
vadta long ¢ranciicclion 1imo vhieh 40 cccozdatzd vith peaolo
hydpocloadrie stationo Poo8ing woioy to ©oCeroroligan lecd coatort.
Arn 4avastoont 4o ceeh lear dlctones 1dnos naflo ¢ docirchlo €
SreacAd e ro rmuol neor ac poccdhblo ever o givon ldzo. Pren obod
1C7D %ho orcdloa of dnopocoips Sho pEadiidcy Wnde bao Booa G



‘object of thorough investigntion,

l.1.4. Yigth
The use of £tatic compensators has for a long time deen,
and still 1s, an important method of increasing the stability
1linit of power systemsj series capacitors and shuant reactors
are used to alter th» sharacteristics of the £ime as riqu&rc&.
However, it has been found that it is not economical to componsate
for more than 40-60 percent of the line reactance by series
lcnplciwr. Reduction of transmission line dy the use of dundlae
conductors and by the uit of parallel lines is slso an important
‘method of increasing the stadility limit of the system.

The contidersble amount of reactance in a trensaission
systess 13 contributed by the gemmrator. The percentage of
generator reactance deorsases with increszse in voltage, even at
400 X¥ generator reactance is in general about 20 pereent of the
totel reactance. In India’ll the transmission lines are of 220KY
or belov and hence gahnntor reactance will perhaps be more than
50 percent of the total reactance, By employing fast and conti- |
maously acting voltags regulators it is possible to cancel the
sffect of generator reactance on the systsm stability,

C.Ae Wokle and P.L. Lawton{d) most probably first of all
tried an experimental artificlal stabilisation of synchronous
nachine, using edcitation regulation., In thu-amrocg's"'ﬂ the
variocns types of continuously acting excitation voltage regulators
as Jdescridbed in section 1,2, Considered and rowﬁiaernu the
stability 1linit of the cystem. Lateren concordﬁm considered the
effect of an angle regulator on the steady state limit of the
systen in which the signel proportional losd angle i3 used to

regulate the excitation. Apart from thésVenikov' DAV® taken



ap tho torl ucdng signal donondinn upon locd anrlo ord 4¢o firct
crdl cacond dordvetivac. 2 eoneluicd thot by aucdng peror anrlo,
tho eurpont anf dopdvativos of Shoro quentitiaso, cono of stability
oxpands and norndt oporntion at laprop amjlos thom €ho 622 COPROCe
ponding to lino 1indt. Shus o poporwo in otodiliey 4¢ ohéainﬁa

[loneo Dy uciag Cact ond geatinvously ceting oweitation
romintors, tho moehind enn staply coro (BU0r ovon at ooro thoea
00%, o tho moehino ic padd ta bo artifielally otebiliscld. Tho
favoctipatica of Stoblo oporation of thr nachino s¢ valvos of
newag onalo groatop thon £0° 415 poforpcd B0 tho dyaasde olabiligy,
ond nachino 1o cnid to bo eoporating ia dymaaie otnbiligy vozion.

Tho varlour typos of oxeltatica rogulntors are dooeribod in
coetion 1.2



turing tho Son yoop porled Ceo 1035 o 1040 waimly Lvo
tymoo of voltana pomilators ullfilled ol tho nocdp of tho
cloetricnl 1379u08rye - TRoge wora tho indiroet acting ricootatice
pomulator and tho dirocet aeting rhoootatic populztor. Latop €22
ancl ¢~ tlon eycton undarront a poriel of chango by‘roacaa of tho
prorenco in tho davolépment of rozulniing and oxneitction oguinncal.
neforts hove boeon Q@irocted towardso the dowvslonaont of poro palicblo,
noro cecurato, coro concitive and quiolkor coting oyostcos. Coacaoe
guontly, thora arg, nov, —any difforont oneitation cyetcns in uco,
aaech £111ing o opoeifie need of ¢ho industev.

Jnmulators

Ia Gho peot tho coaonost type of gonaralor vollnze
rorulotor was tho vidbeoting typo or tirril regulatowghuo Thino
romlator hno eontaeto hich open ond cloco contimoncly sovornl
ticao (or coecond, Uador clocad conditiong thoy chort eidpeuit tho
rczulnting rheostaty and tho apn-ture £10ld eurront nnd ceturo
volenro Dudld up and vhon the gontnoeto ars opcn tho chopt cireultod
phoootat 45 polncorted in tho ficld cirvenlt eausing tho £iold
curpent and araturo voltogo of th? A0. ronorator 80 deerond.
Baennco of ¢ho tins nericd of vibrotion 1o oumoh copfor thon tho
gino conotat of oneltor fiold elrenit, tho norecntoge Tinctuntion

ia ornture velltago 1o not gprent.

fno typo of vibenelinmgy rosmlator chova ia PPig.(4 ) hes o
fleGo vibrating Napnot, “wo eontactc are fittod oa o nivated
0™icy oach of +hich ig aetviatod by n~anc of o oloetran~Cnotos
020 of th2 cloeteoonymot 4o suymlicd fron tho direet volicro oD
¢hn onmeldtor arontupro anl tho othor fpon tha nain gonorntor Dy noanc
of o notanticl tronofornar. 4 Goepanro of oft¢hne Cho Citozantin: op

¢ho dircet vokiono Condp Co eloco tho ndn eontoeto ozl calrers o
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7

of oither tends to open them.

‘,whan the alternating voltage 1s correct, the upward force

| of the a.c. nagnntvis in equilibrium with the undbslanced weight
of the magnet core and counter weight. Furthermore, the force of
this magnet is indepeniant of the position within a certain éangt
and therefore the magnetic core is in equilibrium during any
position within this rﬁnga provided the alteornating woltage is |
remaining st its normal value. This magnet is provided with a
heavily damping device of a dash pot, £o that, 1f the alternating
voltage of the maln generator ia not normal the magnet slowly

" moves the main contact controlled dy it. On the otherhand the d4.c.
magnnt»rbrce 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 evente, ‘“hen the exciter voltage is increas-
ed the upward Puall 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 flald circuit causing decrease in
the exciter armature voltsge and weakening 4.C. magnet sufficliently
s0 that under the force of spring main contacts closes again.
Closing of main contacts closes thn ralay contacts, there by chort
circuiting the exciter field rheostat and caiusing the oxc!ter'
voltage to build up. The process ig repeated over and over again,
with the result that exciter armaturs voltages constantly increases
and dgcrenses through a small range as shown in Mg.( 2 ).

Jf the alternating voltage is too lov, the a.c. magnet
slowly raises the main contacts vhieh 1t controls, The higher this
contact 1s raised, the greater 1s the exciter voltage, and vhen the

exciter has been 1ncraaa0& oenocugh to ralse the alternating voltage



to the corrnet value, tho a.,c. magnet comes to rest. [4dmilerly,

41f tho alternating voltnage i €oo higi:, tho n.c. magnet lovers its
main contact and enngasunntly lovers tho oxeltsr wvoltage and lowvaers
the alternator voltage to ite corrcet value. Although the Tirrill
rogtilator gives good voltage regulntion, 1t requires more naine
tenance than the modern tynpes, 1t 1s noisy and there it poseibility
that a sticking contact nay causge the voltage to pgo to high.

1.2.7 Rhaost a 8

The Tirrill regulator was latoron suporseded dy regulators
of tho rheostatic typs in vhiech the regulating resistance 1g variag
continuonsely or in steps instead or'baing first commletely ocut in,
then completely cut out. Under stesdy conditiong, all parts of thoe
regnlator are at rest, therefore wvear is small, Rheostatic
regnlators are clacsified as direct scting and indireset acting
typs as mentioned in para one. In the direct seting type the
voltage seasitive clement of the regulator controls the rheostat
through a direct machanical connections, where ag in theiddirecct
acting rheostatic reguluators, the voltage censitive slement oparatet

contacts vhich in turn, control the notor to drive the rheostat,

The Impedance tydre voltage regulator exclitation system
shown in Fig.( 3 ) employs a nin aexciter rototrol to supnly |
sxcitation to the alternator!'g )wlth the high degree of zmplifient.
fon obtainnble with a rototrol, the energy requirements of control
field ars rufficiently small that they can be sunpliecd by inctrument
transformer. The signal transmitted to tho control Cield of the
rototrol as a function of tho generator terainal voltage it detere
mined by the voltage regulator poteatial unit, voltage adjucting
unit and automatic control unit. Thote voltage regnulator devicos
consist entirely of impedance clament and from thic consideration
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gho eonbinaticas of dovieoo 1o cadd Yo bo as an impedones $ypo

or ctadiec voltoge rorulator. Tho voltnpo rogulator notontinl

anit 1o onoppdced dy tho gemorator 1dno Uy 1lian voltogo ced ¢ho
carronto of ¢ phaoat. Ito oulput g a olnglo phato QeGe
volta0, opnlied to tho coriacsn comoction of tha voltago adjucte
ipg nad¢ oot cutonatic control umit. Thao scutonatice conterol unlt s
a voltaro concitivo dovieo vhich pives out o d.c. vollcgo output,
o nolnpity and nognitudo of thio d.e, voltaso aro dotermingd
cololy by tho oognitvdo of tho inmproreed ae.c¢s voltago £ron tho
voltoge adjurcting uni¢. "hon tho gomdrator output ig oxnaetly ot
tho ratoed valuo, tha oulpul voltapo of tho sutonntie control unld
40 zoro. Oa tho othor hand 4¢ tha gonorator voltaze ineroncas
rbove tho ratad volus 4o in the diroction to doeroase the oxeliate
fon volénro vharane vhon tho gonoraltor fallc dbaley ¢the celoeted
valaz tho output of autonatic coatrol unit is in tho diroction %o
dnerocco tho Q.¢e godorator onecitation. "hon ¢tho volldago rorulabo!
ic éut: of sorvico, noaunl eontrol of omeltation cystcn 4c by noong
of ncanel confrol unldt. To m cyrehropour nacaldno s5¢sady
otato ctobility, thoat isy facuro cdqquate oneliation for oll hillo
vatt locds o nindcry oxedtation unit 4o wnood,

Uhon naehingg aroe working undor eonliflons of dyacaie
otabilicy thoy oro eontimmounply ¢rying to fall cut of olep. Bud
any ckonso in polor pociticn 45 cececaponicd by o chango in towvndno
voktnros Aay dclay of tho ropulntor to thoco chnorgos of vellogoc
ot thic tirs hac ca cdvopco offcet upoa the porpforince of Sho
cyotcn, Boeauco nochino atinine cafflielone - voleeldly of caparatio
vory caon o noho 4 wvory GRL0ienlt o rootoro Sho melldnd 60
ocuilibriv, Tho esateollcd ozedtor chonldd howo o cni’fzc&oa%:_i,y
gaot rochoneo £2 Chat o év.ll for inercnczd op doeranced omeldtcr

voltzpo by €ho sooulofor g nrently folloed roiidng o crAlchio
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change in exciting current. Therefore, one of the most important

.. requirement for a excitation regulator which attempts to enable a

- synehronous machine to opsrats in dymamic stability region s
that 1t should have a faster rasponse compered to the rate at
vhich the machine tends to go out of step at the desired operating
sngle in the dynamic stability region. FElectromechanical voltage
regulators have dead bands £.e, excitation does not change for i
smell change in terminal voltage due to friction in moving parts

and mechanical clearance between them,

The second fmportant reguirenent for tha axcitation
regulator is that it chould have a very narrov dead band as is
practically impossible to make a2 regulator having no dead band.
Electronic voltage regulators have very aarrow dead band equal to
the noise voltage in the circult,

l.2.4. Rlectronic Regulators:
. Rleetronie type voltage regulstors are svailable in many

different forms, a typical one being shown in Pig.( & )(19) This
particular regulator is used with the eleotronic main exciter but
it can bhe wodified for use with rototrol sxcitation systems which
will do described later. A d.c. voltage proportional to average
three‘yhasc glternator voltage 1s obtained from a three phase bridg
type rectifier, thes output ér wvhich 15 applied to a voltage -

sd justing rheostat and a wein dridge type filter, Thns the tutput
of the bridge cirduit, vhich is the innut to the regulator, is a
smooth d.c. voltage. This type of filtering is of high degres
without adding'ugzﬁgi; long time constants to tha regulator input
circuit. The gensrator excitation regulator consists of two d.c.
amplifiers and a refarence voltage for comparing the énxnlation of
the rectified gensrator terminal voltage. The firnt d.c. amplifier
is hiﬁh gain voltage smplifier using a 5603 tube having the



| charactar@stig game as & type 6537 tude., The output of the

yoltage smplifier is fed into a powsr smplifier using a 6VGGT tube.
The high gain voltage stage gives the regulator its high degree of
sensitivity and the power amplifier supplies the variable negative
bias voltage for controlling the thyratron firing tubes of electror

main-exciter,

A full vave rectifier (5!36? tudbe) 1is used to =upply the
plate voltage of the 5603 tude through a filter giving a smooth |
{d.c. YOltage with polarities as indicated and the d.c. reference
vbltage 15 obtained from the voltage drop across a type VR-108
voltage regulator tube connected in series with resistor R6 in
series wvith resistor RE aceross the 4.e. pover supplj. The
raference voltage is also a d.c. voltage that remalns constant for
widevvariation of supply voltage. The rectified generator voléago
is connected differentistely with the roference voltage and spplied
to the grid circult of the 5693 tudbe., The amplified voltage from
the 5693 tube appears sccross the locd resistor R7 with polarities
as shoyn and this voltage drop 1s applied to the grid of the‘
6VCCT tubs, The variable nsxétiva d.¢s voltage output is obtained
~ across the load resicstor R9 of GVGGT tude end applied to the grid
circuit of the thyratron firing tubes of exciter.

Undor normal conditions when alt@rnétcr voltage 1is squal
to regulated voltage, the grid of 5803 tube is estadblished at
particular bias voltage depending upon the magnitudos of rectified
8.C, vOltage and reference voltaga, This grid bias establishes
the current in the 5693 tudo and drop across R?,,whoreby'nstﬁbliahw
ing the grid bias of the 6UGCT tudbe, Current in EVEIT tube is
thus fixed, causing corresponding drop across load resistance R9.
The voltage remains constant as long the a,ce. ganeratsd valus is
equal to the regnlated value. As the a.c. gonerator voltage



inepoacos obOvo nOFLDnl valno, tho difforontial connoetion of tho
reetificd ponorator voltage ard roforomen vollaso nattorc tho grid
blias of BGO3 roro nagntive thon proviecucly valeh reducos ¢ho

curront in " thoroby roduelinr vollago deop ceross [ end eoncoquont-
1y rcdunos tho oorotive bina voleazo of tho OVEGY and enncimy o
ineroaco in curccat through tubo armd rocistnnes Rge Thls doeroccos
Sho voltaoro drop aeroct MYe Thie ineroaco on tho thyeatron firdng
¢ubo ecucos aa inercace in the anglo of 7pié dolay vhich rodueos

eho nndn ozeltop voltago. Ia th? eace of lovoP n.c. vollage thon
noranl nll thn operantion mentionzd aro roverced ond nala oxeitor

valﬁago is inereacod.

In tho year 1045«443 tharo hés boon oo diceucscion on tha
bonofi¢o (with rogpoet %o olactrie potror syston stability) ¢o bo
obCoined by the uco of proverly dooignod anglc'rogulator. Talc vas
tho noot nrobahly the first stop tolten tourrdo tho anzlo rogulator
and cinco thha the clascification of the oxclitatlon regul-tor s
donn %o bo on tho bacic of reculating cignal .06 “Rothor tho
roaﬁlatimn cipnal &g nronortionnl to tho chonre in éaéuiaﬁl voliago
or it 4¢ proportional ¢o tho ehnage n1alo of rotor of tho gomorulsy
tePolo 1nfindta bus, {fecording to thoso ropulating scipnale tho
anzedtnticn voltano rozul-Copn voro elassified as (1) voltono
rosalators ond (24) Anzlo papulator. Lator on dovoloerrionts woro

4019 by various anthorg.

A T TLATON 3

Voltago roguletorc aro those oxeitation reruletor im viled
tho ropiation of altarnator ozeitation dono by moans of o poslate
inz il nroortlonnl Co tho Soriianl woltoego vaorlatica fron Cho
marael rated voltaro., Thoy can bo of sloetpoonacihenienl tyno op
otatie voltano rorulntort. L8 nor o days, ctabilicy of Can nom?

cyoton s Gho nala eonclilopation for ucinn volia-o rorulnteer nnd



for thig roarsn wo roquire fast aoting voltogo reguldntors ac
nontionzd enrlior in intreducticn cnd preecding coeticans fop thio
Ponrcon noven=days otatie volfogo ronudntors aro proforod. Ia tho
yyoecridng csetien for Sypos of olcetronaoghonical cnd otrtie

populators are alrocdy dlcencsole 7uoy ovo all voliano rogulatorp.

£entle voltago ronulators can be noda by uclan (L) angeotie
amplifiors (14) Tronsictors (134) vacuu tubog.

ticgnotde ooplifioro eza bo 80dd o howo indofindtely long
1i¢o althouzh the accoelnted coloniun roetifiors may requiroe
ronlnocnonte  Thioy arc robuot in const?uaéiaa ond poquiro oalooot o
" pajintonnones. Tios lag is half? eyelo fop M) voave connection,
which 4o tolorable im nost of tho eacos ond eanr be furthr roduwecd
by using high froquoney nowop cudinly. Contianously cetinz comioge
cionl wolengo rogulators oro costly nado using nngnotie oomlifiers
Hovavors a pogulator using ragnatic omplifiors doos not lond itoolf
caolily to ehange in Aoslign conciants (Uhich is roguirod for on

invostigation vorl.)

Teanoigtors have tho cdvaniopo of cinllor edgo ond obooneo of
hoatore over vacun tubcs. A0 rogords cporction hovevor thoy aro nde
cuporior €0 vaoeuwrn tudo, Alse tranoistors valeh aom onaredd at

porap 1nval aro not avallablo,
Cigeules ucing vacwm tubors agro ocasior to dogiga couporcd o

eirouito using nagnotic amnlifiorc an? ¢rancictors. Porforione?

of nagestie rromlifiors and tranciotors 46 no vay cuporior o thag

OF vaeurn tudng,

“no fipct otop whieh 1o esznon o all typoo of Adgforont
dosipne roguiators for altorantor io to obtoin a dece TOlR O

pronertiennld -to tho cvopaso of Sha Pealele valuoo of thpreo phacd
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goltenote It 4o odlalnzd by[uoang a notratioldl Srencforaor ara

a ?néﬁafying i, Thig d.¢o voltagn £9 obdninad 45 esporad
vith thn rafaron22 dece vOlR0n0 ard orvor o oomlifind, by noanc
of 0 (deCo 0D1iflnr, Tho amlifled orror (difforoneo Dotroon
Fofarcae) d.8, voltaro ond da.es vollopo nroportional o nltopn~tor
voltona) 4o uecd o actuato fhn emeldtir. Tha dloch dianren ic
cavm 10 7g.( 6 de

$ho roetifying i con Bo moelaetronde thbo roetifior op
bridro typo roafifying nilit, aos doceribod ia proeasding coetlon
1,20 40 caco of elogtroale voltage rerulator op iomcdonee ¢yno

oo 1intora

In tho oppor dotoetor circult baltorioo con bo uged for
providing ¢tha roforones vb}tago; sinca no cuppont ies dravm fron
¢thn batterios cpd haneb thode 1ifo 'rill bo lonz., Alce oo eurront
io d4rrva Croa tho soureo vhiogo orror in to'ba dotocted, [Hovravar,
i€ ¢he roadyad reforongs voltaszo io lappgo, tho battory £irzo bYoeonn
bullry, Cold eathsdo gas discehargoe fubos aro oleco nced for »rovide
i~ tho poforonco voltoro. 4O curpont ic to bo nnscod Supounch tho
tudoo for C¢oir oazoeatlcn +vhideh 1o olco droa fred thy cono coureo

uvhoco orrop 1o to bo doltostads

o armlifior unde chova in the Dloek dingranm ena bHo of

tho (1) olnetronic typa as alrocdy doseridod in tho eaco of
olsetrende voltazo rogulator dm ezetion 1.2 or (11) It eom bo o
nogaotle apnlifier vhich enan anplify o orror oudhud of tho

oepor doboetoprs. In sclo ences tho Seracistoricsd omliflop enn
nlco B2 nezd but oo nontionsd aarlior in tho cootlcon l.3. taad
¢ennclctoro vhich eon onerato ot powar 10vol ago 226 avclicblo
ecroreinlliy, Wwtating arplifises ean alco bo veood £or oHlidiecte

ion of orPor outmat, Madutinn cHldfloro rill Do doceridesd Lntopon



under the heading of excitation systems,
Magastlo Amplifiers

The circﬁitu and arrangements of nagnetie aapllticri are
numerous, among them one type of magnetic amplifier is shown in PFig.
(a3 vhere two iron cores are used, each having two vindings, one
carrying an alternating current and the other direct current. The
de.c, vindings must alvays bo connected in seriss, but the alternate
ing current may be connesetad in series or parallel, The character-
i1stic of magnetic amplifier (Transductor) depend on whether the a.c.
windings are in series or in pt:nllil and alsoc on vhether an a.cC.
current iz a2llowed to flow in the d.c, control cireuits If an a.o.
current 1s allowed to flow to flow tha effect iz similer to connect-
ing the a,c. current yinding in parallsl.

The serloes arrangement of thea.c, vindings, together with the
prevention of a.c. current flowing in the d.c. winding (by the use
of inductor L) appears most common, shown in Fig.(Ab). The method
of operation will now de describsd briefly. In order to simplyfy
the'expulanation, following assumptions will be aade,.

(a) The magnetisation curvs is an ideal curve, as shown in
Pig.(Z2%a), Deing composed of a portion OA (and OA') of infinite
permeablility and a portion AB (and A'B') of zero permeability.

(b) Resistance of the circult is negligidle,
(e} There are equal no., of turns on A.C. and d.c. windings.

Since thn'voltage‘ihdncad in any winding is proportional to
the rate of change of flux there can be no induced e.m.f. in the
wvindings, vhen the core is in saturated condition, over the portion
AB and A*B', Considering the half cyele vhere the direction of -
current flow is as shown in PFig.(2«d) (1.e, from P to Q 13,!1£gb);

since s,c., and d.c, in core 2 are in the same dirsection ths core
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11411 bo eqtarated and 79 0.0.fe con Do induecd da 4tc riadiago.
fince tho appliod voltapo omot bo Dnlcaced by an ogqual ond oppooito
0.0Ws induezd in coro 1 2 channo of fluX rrast oceur nad honegtds
cor0 uet onorats aloap thn nortion MY, Thio mooms Chot ¢ho
altornating cupront flevding oot equal tho direet eurrongy co thnt
armoro turad concol, otheruvica the core vould Yo caturated omd
oanld ot ba onarating along portion ﬁ':‘s.‘ Thugy froa P o 0 a
eoqcteat eurront floun in tha n.ce vinding, co that an c.0.fs Ogunl
to th» supnly voltare is inducod in tho vinding. "nnetly the sean
thing hapqons to coro 2 duping tho othor half eyelo fren 0 %o N.
Roneo tho a.ce curreont throush the teoncsluetor is of squaro wvave
chono cnfd aqual in naognitudae to the diroction curront in tho
control vindinno. It nay bo considorcd that the apparatus bzhavos
80 d.Ce tPANCTLOPIOP 08 0.Ce and 4.0, curront muot alvays be emale
The ronctor T in Flp.(1«b) 1o uccd ¢o provon tho flov of corpoce
nontlng curront riden vould upsot thr oporation. Tao offoet of
carias lond in the ceee. vinding 15 to oolify thy current olightly

but nrinednlo ic acac.
1.302000 -

{laco ¢ho output of £4iral gicpo of moplifior in Cthe blosk
diaorea Tig.( 6 ) 1o givon to rogulats the flold oxeltatien syoton.

And honeo 4¢ 15 aloo occontianl to considop tho proper soloction of
tho eneltation syston for o portienlar typo of rogulator. The
commloto unie insluding ezeitotion oyston 4o torned ac oxedtation
repnlators Tha oxeltation of the aliernntor is cupnlied by noang of
o ganorntor hnova ac th? ozeitor. It vas roalized by Cho porrop
onrindorgs that tho oxeitation systons apo an ionort-1t Coctor in
tho problen of dotardning tho ¢ino varla%ion of carlay voliago oot
othor quantitios during tha troaciont dleturbanedt.. T iomortanso
of cuelitation systco= with high dogroo of roononco for nocciblo



onaration in Gym—de otobllity roplea war alro realocd.

o onin ozeltors for cynchrondus fanarators are dn rorarol Goo
ganbraea?ne Tut during 1ldtoraturs curvoy 46 har alco Doca fonnl that
v L’anﬁogozmﬂ 48} €ha2§u) havo piven cebones £07 ns@e onedCoro with
statie roetifiors. Palrly peeont devalondont in docigalicry of
oilieon rectificrs vAth eurrant cnd peak dnvorco voltogo, in ezeoos
of 1004 and 2 IV nrda reetifioed a.é. povor o proetienl coureo of
ozeltntica cuynly for lorgo turdogonaralors vaoro d.6. ozeltors
aro Pound to Do unceoncaiecnl. THUe Q.00 oneiltor with clatie roetifior
havo found ontonolvo envliicntion and 3¢ 1o alrcedy o ctandard
pwcn%ieak-ialﬁ.xe to uco rotrting n.C. onecdtation syeston vith cotntle
roegtifiors in oll turbogonorntor vhich aro bainz rocontly namifocture
cd. Yonz town durchility ond rolichililty is yot o bo hmovm end

i1l ﬁcvevarg bo 2revcd by yoarao of corvico only.

Tha noldn de.ce onteitorc for cyncheonous ooehinaos aro in
romaral of thrzo typos,.

1) Convostionnl d.e, gonorators

2} wtating oplifiors

3) Zlcetronie oncitors.

1:3.2:.1. "ho mogt ceazon fora of rotatinz naln oneltor 48 ooro or
100c ecomvantional d.c. gonorator. %Tho torn *Conventlonal? 4o aced
~ith t™ho rocorv $ica oineo a does gonorator Duilt for thy cupplylng
oneitaticn fopr o oynchronous n:ehine hnc incopporated in 4¢ cony
foaturar 9 icHrovo rolindillity cad to rcefuco naintormnes pot fouad
on fd.e. grAOraCors uccd fop 2thop NUFPNCAS. Apddo frsa e
cpeedal forturos ¢hoory of oporntion 4o cnra op daCe OROTOU0P.
Tharo convaniionnl malin onedtors enn bo elaccicisd zc2apding o
thaié nothod of oxeifntion, boln~ olthor roldf oneldtsd o copornColy
ozedtods. Ia tho forcor £ho £10id rindinz or indingo aro cornoetsd



nerorc 20 teradnnls of tho nnchins through variablo rosistors
el 1n the lator ¢the flold vindingo with tholr rocistors aro
coanacted o a‘caureo of oseonticlly constant voltage such ag a
'cncll euxilinpy (lat coanound genorator, callod o fllot oxeltozr.

Another forn of rotating oxedtor, thoeo'havo got ioportanco
opd ocro nor i eoson UCco are roﬁoting cmplifiorsy thoy avo of
covoral Sypa deoco.genmirators. Thopo nro vory differont fa thoip
onoration from the conventional dise. ponorator. Thago hevo ot
iopoptones boenucy thoy have moro powver goain as eoanared to
conventional 4.C. goBOPAROP. .nue to proporly of hipgh pover gain
thoy arc tnoun ac rotatinn caplifaérso Rotating aplifiors havo
tho cano congtruction oo a convontional de.co genoratop, oncopt
that tho oagnotie cireult of the fornor 15 co dosignad thot 4¢

dcos not soturato in vorkinan ransc.

lladnly throo esomoreial ¢ypo rodating ocoplifiors arc
avallablo.

1) lototrol 2) llognovolt oncitsr 3J) Auplidymo.

(P
1.3.%.R, Tho Nototral gonaralor or oxeitor,consiocto of a Girocet

eurpoat cranturo vith a corlos fiold. Thoe nechino ig contoetad

to tho locd (eeenly ¢ho fiold of ansthap genorator) through tho
tunning recicltopeo. Inotend of ucing o cogdop fi0ld o chunt £flold
nay o uccd with a cudtablo Cuaning rPonlctor ploecd in copdes with
4% In pornal onopatien of d.c, nzehins tho £io0ld rocictaneo line
ia cuch as cuttian Stho monrotication cupva wall uwn tho curvo. Sho
£icld rocictoneo 45 co adjuoted that ¢he Pecistanco dimo enn 1io 4n
pociticn alonz tho ciul: 08 Iortlen of Gho nognoticatiesn eurvoe
Tho polnat of dntarcoeticn vith oagnoticatica eapvo, thozoforog
ehrnros Panddly vith ciight ehonzo of £io0i4d éccis&caeo or 3020,
“hic providos ¢ho high oligyiny Iroyortios of tho Mototrol. 07
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rnil coatrol fi0ld vipding provulddd vithiam ho rototeoly tho fi0ld
rocictoneo 1ino nay be moved 9 ond £ro by o c23il eurzont in tho
control fioll vinding. A oliphQ Doveont of thic lims eeutoo o
»a7id ehanto of voltogo and Chuo tho outasuld voltano 4o controllcd
by on oxtrooly coall povor in thae control elpecult, £inso tho
ontrut voltoro is erdtically adponaeat ca tho rosictoreo of Bho {lolk
eipenit ond orccd, tho dovieo 45 anroally ean ba uscd im elorccd

loon cyctol, tho ngtual control anporoe ¢turns boing tho difforonce
bouroon armoro turns of o raforcace ficld and a fiold vinding
corryint o enrront sroportionnl to tho voltarco to Bo conltrolled,

T Adgvien will alvays oporatd co ac o noake thaco oCporo turac

roh thht ¢tho controlled woltago rennine tho oonoe. "hon $hs pouvop
ronules 0nt of o singlo otage rototrol 4o ¢oo gront a o stogo
rototrol nay bo uccl. Tho toecond stage oporntss oceontially as

tho sintlo ¢8~70 tut rocclvoo 466 control anporo turnc fron tho
outhnut of tho firs¢ stage. Tho nzchino conciats of four polo lay
vzuzd armatwro withoat cquiligorn, rofoling im a four pole cystal.
Tho conteol vindinz of thn firpt otrgo is wound on two holos co

as o nraduca o e polo £iold f.0. forning orth cnd (cugh solos,
i finz produced by thic will Endued an 0.0.f. ard thir vilengo

io urod ¢o oxneila cll four nolosd to produea a four pol2r £lold
tyotc 1y tadch formo tho coceand olage of tho rototrol. Tho noin
fiold of ho roecond stege is produced by o cordes +ivding on all
four polot. To esoponcato armnture roaetion offeets, 4% is maeoccapy
to uce ecsononooting Uinﬁing on nolesg othrrulso largo eﬁplif&cagﬁon
npo ionoceddlo, Sho Swo ptnago soéotrol given sn?faezént ~mlific e
jon tut 1¢ cora ~mnlifi~nglion i roguircd threo orF rioro oban

rototrol arrzarcaonts aro poceiblo.

198‘9.3@

%0 cdnzlo stoge [anavolt onedtor 49 cinmdlinp 4n HPingldHis
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to the cinnlo otago rototeol nnd niay bo »rovidod with chamt or
corloo eolf omediny vindingo. Duo to ¢y effost of rmtunl
azinetanco batvoon eontrol fiold and colf ozeldtipg £30id tho ocd
pocoonee 1o Mnddcd and avoid 4% o two otago nagnravoll ormeldtor 1o
poquirel, The nachino conoisto of a four physlenl pslo £lold
cycton dp rotates an avnaluro having two visdingo and tvo comtage
0rSe fno of thoco vindings 1s o ¢ro nolo vinding and tho othop
fonr nolo armbturo winding. %ho econtrol winding ic woucd on Cho
feupr polas go as %o nroduco tho polarity as choun in Fige. (10 ).
Thic econtrol winding inducos an g.0.f. in tho two nole avnature
vinding but not in four polo vinding, The voltage induecd in

tha ¢tvo nolo vinding fozdo Lo Tha fi0ld eoils, of tho naln four
pole f£icld (tho eoils bailng on ¢ho sano s0lap projoetions ne the
control windings) and nccordingly an 0.0.f. 10 infuced in tho four
polc arnturo vvipding, vhich 3is tho output of tho oxeitor. Tho
foar poln vialing doos not induce any 0.0.8. 2a tho ¢wo polo
dnding Doeocuco cach coll nov cpans ¢wo poloc pitehos., Eimeo
thore 4o no outnol induction Dotwoon ¢ o9to of fleld tvindings,

ao thoy ara oor0 uay round orm ono pola o oproclito wvay da tho
othary the cpoed of rosponcs 1o inepcacced cooparsd d€) o cinglo-S
tyno. S0 outpuld voltapo vwill ehamio vith cpood apd alro 4Co conci-
tdvity but 12 ic of little consoquonco. ¥Yno clzo of control £ield
ccn ba vcduced by providing noecitivo focd baek by neans of cddige
jonnl £101€ eol) rchovm dottod but 4¢ ecdueoss 1¢o etability.

1.3.7e80 L 8

Tha nrineinlc of ¢thio typo of nnehino 4o chorm in Pig.( 9 )
T naching cospricos o tue polo dipcet eorront amaturo rith a
eoubator rototing in o fouap polo flold opotca. fupzoco that o
eurpcnt io pacsed ghroran tho eorol flold, thon o finx {:33_ w7ail

bo arodusad. A o Pycull AN 0.0eF. i1l Do pororated cepaco 0



*/

brushos A ord B and oineco Shovo aro chort qireudtsd, a cusgoat
Xz.will 2io7y vhieh 111 nrodueo o flﬁn:ﬁ@ duo to aroatape ponale
ion offoct ond thic Tiuz vill nreduco 08 CoDsLe acrors tha bhruchoo
¢ ant D ol corrocroniing curpont in Cho lo2d eireul¢. Lineo o
nll 0.n.fe 10 roguived ceroso brpuchos L ard B to eirculoo tho
eurrnat gurough tho ciord elpoudtcd arcatupoy o flux A, 1o oaly
conll and hcneo.ﬁho SAPOFO-UFAo praduecd by tha coatrol £io0ld
nocd oaly bo £20ll, Cuo to load currcat I, floing throush ¢ho
arnnturd, 0N 0olefo 10 nreduecd by (o armture poaeticng oppoo-
fn7 tho fiun 61' Yo rcdues this offael a cooponsating vwinding 4o
ncually pleoecd on the CeD andg connzetod o ¢ho load elrgud¢

pueh that oll ¢h» ormature Foaction offoet 4s mruteoliceds 060
ofditional windiny 45, alro plaeod on AD axin to suppledont tho
armatupro=paaction amporo=-turne duc o Ilg nowm as o oopliator,
Both of there cdditionnl vindinps rcdufo thoe cnporo turnc roquired
for tho control vindingz, In pracfico tho, polop aro not crranacd
nc chovn in Yig.{ 9 )= (a) but aro eeoronly arronsod ag shoun in
7ig.{ 9 ), (b) o mmbor phycienl orranzeananto bolnz pocsibloe
Ingtoed of four nola ficld cnd two polo armature (knovn ac emo
ey2lo natedynn) an oipht nole €iold apd four pola apnnturo may bho
uezd (mora Ao two eyelo motodyna)e. By ouidcoblo eonstruetion tha
rocponco Uina of a natedyns nay bo nedo very chopg, mucih lops then
that of eoavontional geonorator. Thn asplidymo 4o o two 38ago
ammlifior ard pglvoes povor paln fron 10000 to 280000, IC hac o
chort tinn constont of tho ordor of 0.06 to 0,25 coe, Duo to
thooo roncon 4% 1o Coro ecionly uscd ovor othop typo of rotating

relifiore ag naln oreigor.

103& ¢ OGQ

Poerror peetificrs of Agmatron tydo havo boon vesd fep

neny yaors ord havo pieon policdhlo ol officicnt porforiICReO.
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Thoir uro as noin oxeitor hao boon licited prineinally, thoy coct
aore. Ni%uciuch thaoy havo cdvaatanos ovar rotating Syao raln
orelitirs Tononco of thy oleetronie oxeltotion syotes 4o nlont
ingtontanouns., This featuro 1o dosirablo Boeonco At irnrovos o
groudth of oneiting eurront after 8 wndiom dlsturbanes Wme AoHrave
ing Granodcnt otability., Past rosponc2 of omeitation dc oloo
bonafdeliol, vhon operation in dynonie otobilicy rogion io docdrecd,

The out 1t of roetifieor is only ao roliadlo as ¢the coureo
of A.Cs imnmt. Thure thic A.L. coures nuot bo eosncidored ac o
part of tho ractifior, and ro far ac onr oneigation courec 1o congore
nod, 4% nust bo rolicblo. Threo coureos havo booa uecd in ororate

in7 1actollaticno.

1) A.0 imnt for the reetifior ic takon dircetly fron the
torninole of tho A.C. gonorats>re boing oxelled,

2) AL, inmput 1p tahon fyen a coporalo A0, cunply fthat dc
indopondont of tho A.Co. gonoratop boinz oxelfced.

3) A.C. rupply 4c ftatom feea & soporala gonsrater vhieh pgivos
povor to thy reetifier only anlt which 40 drivon by the

cano drivo as tho noin gonoratore

In ¢the Mdrct ence tho oxeltor 10 cald to bo 20l oxeldtcd
»horo oo in ¢ho later cagos thoy callcd sopeorataly oxcited.

A oﬁnalifﬁsﬁ‘ciPeuiB Adnpren of an olcetronic oxeltor with
rectifior ¢rongforcsy ic chown im Fiﬂa(l“l)(la ) ™o €oita connoele
od nrpinary of Ctho ¢trancforcar con bo onmgizod fron € Sorrdnalo
of tho ©1in ReCs QOROPOtor, fron tho plant curilliapry porer curply
or frcl C6a0 ofthor imdenandont coureo. Tno roetifice copvicos of
theoo prouds of Tro ignisron Guboo ocaly tho v Bihas oF noely grem
hoin~ eonacsetad to dicnoteieally on3ocdo phacoc of tho i ohrras

tpoacforor cocondnpy Shrcush o ¢ 20l0, DAt cpocd eirguil



broallors Thus 1€ o broctar i eponcd, both tubas of o group

opo dosamppized. Daeh pole of tho anedo broakor is oquipnced

1deh a PovoRso eurromt trip altaehsont aud the broc'or is cutenatle
enlly rozlocad,. IF on igoiteon are baelr 4o occurcd, tha broakor

1o ougsngdcally apomed a® high enocd and poelocad uion arc-back
has bocn cloarad. IF cn aPe bagk oeeure cocond s vithia a chore
tino, the ansde bronhor ic agoln epons and loeke in opon pocltien
to pord ¢ inonoetion of tho unig.

For ¢iriny 4gnitroa tubos anf d.e. voltago o thyrotron Sudo
ic eonrsctsd im parallol wigh She ipgadtron throush ito igni%or;
The ¢thyecotron 4o modo cdnﬂue%iva vhen 1%s onofo volfeogo 48 pocitivo
YoPele O cathedo end ito gpld voltago 45 rolonscd, Curpont thon
phocas theoush ¢ho ipnitron ignitor vhieh dmitintas a enthodo and
firos the {ralctron. If tho ignitroa chould fnil to conduet for amy
pongon, tho thyratroa atteapto to earry load current bDut is romoved
£ron the cipcult by the thyratron brofitor.

o nagaicudo of tho output voliage of tho olzelrenic oneltop
10 varicd by coatrolling tho point on 1%s nacdo volingo wave ot
vhich Rho ignit¢ren Dubdo 48 nodo to econductivo. This poiat is dovore
mined by roloaclinz tho gontrol prid of tho £iring thyealren, wvhich
controllcd by a oimo vavo grid Seaasformor, a pactoz cupnlying o
'faﬁmﬂ poslidivo blao and a roctox supplying a varlable nogativo bBlas
for namal control ond or an electronic romulator suyplying variedlo
nagntive Dies for asutonatie control, Tho cino vavo voléogo Rare
ipracces? on tha geldd of the thyratezon 1o dolayod alnioct £0° gpon
tho cnsdo voltono ard 10 conmoetod 4n corden with tho pocitivo ond
nop~tivo Li1cose ThOoo various voltonos oro chova in Rn.( b )e
Thoocotntie cdjuctont ic dono to dvo decirecd nocitdvo cold acratdwo

grid=hian voletnszo. lamnl coatrol of tho ozmeltor volto3o 10 obtoine

ad by Caane of Facoolatie cfjuctank. o vapleus bing voltsneo



By B and Foac 84d to glve a total grid blas voltage, representad
by By and varying the negative bias “etersmines the point at vhieh
the total grid voltage becomes more positive than the eritieal
grid voltage R.o of the firing tude releasing the tudbe for
conduction. The ignitron is then made conductive dby the current
in the igniter and remsins conductive for the remainder of the
half cycle of anode voltage the angle X 1in Mig,(/b)is defined s
the angle of grid delay,.

The use of positive and nggativt‘grid bias 1n~thia BannarY
provides a vide range of control of the angle of ths grid delay
and consequently a wide range of exciter output voltage; vhen
the exciter voltage is under the control of sutomatic electronic
regulator, the manmielly controlled electronic bias 32 is replaced
by & variable negative bias voltage from the regulator.

The iganitron and thyratron tubes in electronic exciter are
subject to deterioration and eventual failure and replacenent and
it i35 essential that consequent replacement be sustained without
interfering with the excitation of a.c. generator, And hence
electronic exciters are designed to supply full excitation
requiremants continuously with two of tho six igaitron tudbes out

of service.

1.4 ANGLE ARGULATOR:
_ An angle regulator is an axcitation regulator of A.C.
generator in which the excitation regulating signal is proport-
jonal to rotor angls fof the A.C. generator with respect to the
bus-bar voltage, Earlier C, cqnﬁordié)havc defined thé angle #
regulator as & regulator that varies the machine sxcitation
voltage in response to the changes in the angle detween the rotor
interpolar axis and the effective system voltage so as to tend %o



postoro tho initlally cot nnrlo. This gosulator con alco bo used
1i%o voltapo roanlator for arfifisinl etabilisation of cyachro-
nouo n:ehines. Latsron tho annlo pesulator dono by Vaaaﬁav ard
Lithincs thoy eomared rpoaulnating oyctens prosortional o valtoro,
curpont cnd sowor angdo and tholdr dorivaticos ond eoaciuded Chat by
neing norop angzlo, the enrront and derivativos of Shoco quontitloc
zono of otability omacado ond povnltc oporation a¢ lorpger than

el o eozpacnoufiing ¢o 1ino 1indt,. Thus a rocopvo in ctabiligy
1o obtain~d in thoco eases ebovo tho 1lino eopacity by izcrocoing
volteoo (obout 10/1) during abmdrmol ororating eonditions, Thio

inero-en in voltoo for caall €imo has boon found RO bo of no harne

Latoron vort on cnnlo pogulators have dony by ooy culhoro
ard fourd ongonrcsing resmlts,. |

1.4010 tons

As oontioncd in tho coetion 1.4 that in oaglse ropulator wo
require o cignal pronortional ¢a tha rolor grzle cnd wo roquirs
tho doviecc for noceuring the rotor anzlo co that o gignal proport-
ional ¢o potor nnglo eom bo plvoa to actunto tho fiold of tha naln

_xciter
Pozalalo for stadbilicing ¢ho 8.0, goAOPYClore

?bé a nachin? having conotont oxelitatien and conncetod
diroctly ¢o on infinito bus bap noxicnn poeoor outhut 4o oblained
for o valno of povor onglo olightly loss thom ©0°, Zaotobility or
loce of cymehrenica is indieatod dy thae valuve of ¢ incpensing
econtimuonely, Tho povor anglo s obtainsd by neocpuring 0o <« clvang
nont of ¢ho rotor ahon8 of or folling bohind 1%o inltlol mo lood
nooitica vith pocnoet to o oynehronoucly rotating axlc. Ia ovrdor
to do thic o siganl foen ¢tho chaft hao to be obtaincd vhoco phaoco
chifl TePete 0 roforeonso volitago eom bO mogrupcde Tho cignol £ren
tho choft con Lo obtalacd by ucipy any ono of tho dnctsw:onlso.

1) A oonnotdo pier e



1) An opticnl piek up
124) Fochogonorotors

A papnotle plelt wy ooy Do dn tho fora of a eoll, tho roluctane:
of vhoco nogootie eircuit 40 ehanncd by tho movelont of o chopt iren
foreo, onca (in the enco of two polo nrchinz) in ovory rovolution
of th> rotor. %Tho chaft iron plceo io mounted diroetly om thoe
chade oad eodl 4o locd%oa ro thnt cofe ironm piceo ecan novo in and

ong of i¢s ~opnotie eiéeul?..

Aa opetleal pick up ooy be in tho forn of on orrengent in
+adeh tho 13ght fallin:; on a photossonoitlive nicnoat 1o iantorruntcd
porisdienlly by a dice nounted on tho chaft of tho nzehinoy hoving
opoquio cad Srancpareat sectoro. The curront in tho photoegsensitivo
elxzont vill coatoln on alternatdns coponant vhoso phard E‘ollowtx |
thﬁ rolor pogition w.r.te to synchronously mtai:ing roforonco axdce

A techeonator iz oot coonly uezd o geno~ate a cinegle phaso
nltornatdnz voltoso vhoco phace followg tho rotor nosition traFete

gynehronouoly rolating amlge

By nring haco Jovieos o wort has beea donc by nany outhoro
for noacurzoat of rolor anglios But the aprangsnoal in —opt eaces 4o
not cuignblo Cor providing o cldpgnal for rogiloating ¢ha omedtation

of Tho ge.Ce JOROPILOPs

A ecaventional mothod of noasuring vover onglo ean Tie uced oo -
follouBe %ThO ?céhe@ommwr aed bucbap voleogn waven aro firct
éaravomcﬁ in¢o cauaro wavas by elipnping eireultso. R0 TWO CQuUAPo
1r10vos are thon edded &n a eatiodo folloor otogte Tho avorano voltag
outhuld of tho cathodo folloop do p?@@éﬁ*tﬂ@ﬁ&l o tha noror ni2glce
his cigml eon bo utiliscd &0 cctuato €2 £1014 of £ho QeCe

oonanntoe

A mothsd docerdbed 4a rofs () con do uccd fer rotting o cigiod



$o cetunto oho Bold of tha a.e. ACaArAlOP. TR0 nMothed ucac o
phaco compoplioen elrgull wvalded ¢otporos o nhaco of the bug bor
voltopo vith ChaG of tha n.c. Yochogenorclor Yoltngo valeh s.c

olco ot tho buaes ber froguonsy roa tho maehiaco rano of cyagheonsus
opocd. Tho avorano vollogo cathut of ¢tho phaco m:ao?icaa eldoculds |
{0 ddroztly nroporticnal ¢o Who phoea 4ifforameo Dotwaoa Ghio O

QeCe VOALLOZO0O6

1oGelele R2nGR . _ s

Nofering %o AHp.(/2 ) cad aoormdas doal onorntiong onch
of tho tronclotors Ty, Ty and Ty I offcet fumeldons ac o owithbh,
tho colloetor ©9 anitior cirvenit 20losian™ vhon baco 18 aogotivo
"sPole c:aﬁtdr and “opeoalng® vhon bato o poildtivo vith pocpest o
oxﬁ.ﬁtcm £ineo 531 ard fi‘z bases oro drpivon in cnliphoco, for o
half eyalo of tho tus sigaal that tho ‘;?3_ ‘cudteh? Lo opany tha ¥y
cuviteh ic cloced ond vieo=vorca. Duriny tho half eyedo of tho tacho-
gomor toz ciganl that the ¥, oviteh 1o cloccl, tho curront ficuo
£roa $ho Dattory (B) theough Ty, tho curront path boing colploted
Shroush %’1 P ¥y Taich amor sulkchcd oz, The battory cwrront
rcndns gonctead at /R daring thio holf eyelog co Shat for tho %ino
¢t tho eonducticn 1o through T, 8oy, point B is T volts pooitivo
7.PaBo NOIAL €y Ccindlarly, duries tho ¢ico 3% 40 econducting point N
10 B volto noultive verele Co Th2 oud of the conduction poriods of
Ty ond Ty 4o conctant, (holf porfled of Tochegomorator oigmal)e o
rolativo divicica of this ¢ips hatuvosn ?P, ond ?9 varying idnoorly
vith ehcazo ia phaco onglo botwoon tho Cwo cigeal ioputo LOeen bun ber
and Yoeononorats.

Ig ¢ho welldape Gron corocs o eorfuetinag ¢rcnolotor 40

igearo Ch2 avorage valno of voltago Datuoon point A ¢l D Cay
vary £ec1 %7 to =33, thaco 1lindes aro eoPpocpordicy €0 €10 cox’ition:

urora Sochiononorator voltape 4o Sm phaco and Gnlinhaco rocicetlivoly
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=4¢h Do Dor voltagde 0 volative phaco of fheo o oipgonis do
ad§aceed Dy ©o0 0ocAan, co ¢hnt v avorngo culpuld voitrzo 4o
core thon ¢ho & =0 cnd onmdrun vhon € o300 co that 3¢ can bo

ucsd feop onnlo proportionnl cipnal dn onnlo poguilator,

Praetical arpaancasnt of o oireunit eon b0 dann oo follotvro.
Pop 1000} elireult onorationg tho P.D. botwoon point A red D
{in Mg. /2 )Yrill i gomorol DO oo vnoyoterdenl roetonqulop 1AV .
Tho gotor onglo io proportioxn} ¢o O ovorago valuo of thio
vsltino cad cop, for Calting Cronsicnt varliatica $m o 1ov pooo
£iltor 4c connoetcd Ro poialo A and O,

Z¢ ecn Do £oon froo tho basie eirenit that tho avorego outhut
voltopa 4p gopo vhoa Cho 2vo iaut ciganls aro Aoplaecd 4 phaco
by £6°. %o porndt thic cotting of tho coro position, 5670 noons of
orblieeary verydng tho phaco dicplaecasnt botroon tho two inmpug
olranlo ouet bo availedlo. Tho rokativo pharod of %ehagas;mm%&*
pdrnad can bo varicds Dy rotation of synshaveacsuc noechling ofator,
vhich io Crunlen counted. In ©oct eacap tha otnbor 4ll not bo
teunion cosunt2d ond cozo onternal zhogo chirfstinn dovdeo will bo
asoded. Thic estld Ba anmy of covopnd digffo-ond Sypos ond eholed
12413 predobly Do dotorndnsd by whnat 1o availablo,.

10%0Me £inapvif _of Ammia Tomindoes

o oircuit for auglog,f’fﬁhﬁg%w roquiroo a dovded £c provide
ing o oigmld propoprtional 4o rolo? amgloe. o odrendt diogron 4o
chom dm TAge(r3) Tha roetifiod oicmol projporticanl €0 caglo of tho
4o ¢hop poosezd theoagh Alfforonticting elrenito co chvam in o
dlenpcn for pecdneing flrct and oocoad dordvalivoce Sdcnnlce Thooo
cigab.ls nrono2tlenal $0 noplo § amd 4to et cnd coenzd Cordvidvao
thon oplificd by ooano of vollngo Doe cliflopds %hY oyt of

ghoco ~Adficre 30 thon 02l da a contion olpoudd oo 00 BT
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apifdor, 0o con Do on oloetyonie conlifior ac Adceacoad 4n

ik To) éac:; of clootronie Tolioro rogulntor in $ho soetion 1.2 op

4¢ ean Do aa aHldyns vhero all tho sheod olgeals apo cdded to gdvo
ag ontont nrajortional ¢o» Choco oignal mﬁ ﬂm' tho o1ificd forde
This coplidyns ena odoo Do ueed as naln oneltor LoP 0DND GeCe
gonopatoras 48 Sho eacd of olestronde povor c-plifior, tho cudiut

of Chic c=pilfdor éoni:mls o naln ongitor of Y G.Ce [CROPLLOP.

@20 JeCe vOlngo arnlifior ucod in ¢hio enco agd nlco oicdlny
to that uesd ia tho enco of volingo rozulotors. And o oipand
propodticnnl to ¢ho arglo 1o odtnincd oo doceribed nnder tho kocdidon
of cnglo sonourcacnt,. Tho ceantloa elpewd( ean bo uscd ammiddyno
vhich oleco egarvon thay purpoco of oadn omeitor. Tho omplddyno 4o
olrozdy doceribeod ia tho woltage regulater, Horo in ¢hio enco thoro
311 Do throo conteol winiing Cor tho omlﬁﬁym on2 cach for theoo
cignals proportional to anplog and 400 flect ord eacond dordvativos,
Tho cutput of tho amlidyac 4o piven o tho £lold of tho n.ce gomarals
Ao tho oatrul of tho arplidynd 4o rogulated by tho sipgnanis coatiornad
cbovo ard boneo oat pul of tho c.te Jonora®™r? S0 nlco rogelobzi.

1o0e LY OORNTYD A D THR EPATTIRITT R SR PROLS

1,016 [FETTIOANTITINITON

It 10 vold hmoun that otobllity is nalnly eoncidored for a
long teantaiccien linoe syston §.0. otability concidorationc avro ooro
icmortont “or o loan tranttdocion limm systen than o systen vhieh &0
aocoaaiantaed ith o chopt Srancricoien Aina. Thorofopo tho cystsn
concidorcd 4c a hydpogsnoratop connactcd to cn infinite Suchag by
naang of 0 lony tpanciocion 1ia0. “ho bydrezonorctor 4o £Atied
11ith cn anclo porul-tor thoroo cetustina cigeal 4a prosortionnl to
rotor onloc of tho hydrecpozarator with rocpned to buo bar voltazo

( § ) and 20 dorivativos. “ho omeltatien cyctca of tho hydpo=



generator is seperately exclted and automatically regulated by
means of the angle regulator,

The data for the system considersd are as given delow,
Machine Constants:

Zaka * Trxd ™ Zara * Bua * 140

Xy = 1.2

xq = 0,8

z, = 0.01

rm =0 ,0011

Xrra™ Mg = 101

rkd = 02

¥ = & sec,

Iine Constants of the hy
!JQ = 3,1528 szec,

'230 = 00304 sec.
‘r& m 7720 sec.
Ta = JO0258 sac.

‘!m = ,00150

Iine conctants of the Regulator:

!1 = ,08

T, = 008 (gain constants are to be choosen for maximum

stability 1imit)

Iranssisaion llne Constantes

r = 0,08

x = 0,3
Iurbine dampiog constants

Ke = #3
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¥ho nroblico to bo considored in thiic digeortnation ie to
Pipd ont thn offeetc of thoy geoin ednctonto K1° Ky and Rq of tho
anrlo populiator on the dynode ctobility 1init of Tho cycton
coacidorcd anoves Jor Shic to find oul tho offoet of thooo
ecoqstantc on tho cecaofficionts of tho chrracterintic ogqurtisn 1.0.
né" tuaco eoafficionto arfected by varying thoto pgaln eonstantt.
Tho affoetf%ain conctant Ky on tho formianl voltago undor stoady-

ctoto oporation is alco to bo obtainede

1 osoge Antho
Tha naehino aguations aro weicton in § and q axds ac 2ivon

by tho p-rltog taling ona doowmor in 4 atds. TOguations fop tho
gcnloto cyoton aro veittea in o of 4 and g exds, o
oquntion for the anglo rognlator {(ineludinz oxneitation cystch)
ic eonpidercd ace
Ry 6 $P § 5,076

021 RS TT
s00 To timo conctonto of tho rogulating systca apo considarcd,
™I syston oguations are liacardised for tall dipturbanco by
concldoring occuatinn @iffarontiols. Ian thopo linocariscd cquatiam
thn ehoractspiotien ogquntion of tho cysten ip fornad by forning
a bloe Adgap-m of o sysntsn im ond way of opprooch, f(ocond way of
approaeh ¢ ¢o forn a cot of st opdor difforontial oquations fean
thaoco 1incariced cquationg to fornm a 1ot order voctor ddffoponticl

oqurtion (o%ato gpaco virinblo anprocen).

nEScr urltiar dotm tha cysten oanntdence 4 d e q oo
and tholdp Jorlvativos for ciall Ficturboned, the cuthors coorocch
i0 %o formlnadn a hloek Jdacean no chom 1a tho Pig.(/62), In &1

bloeh: dinceen varlons quontitios aro aleoady chorrne  Tanco quentdtld



aro €0 bo found out firot, Tren thioc block dla~vran o charaetops
istde ogungion of tho eomloto syston 1o detornined by tho
geToulo.

1+ 2(p) 0(p) = O

The charactoristie oquation odfainsd vill be of tho forn

nantiorod Boldw.
=l n=2
F(?) ":‘Qapn‘bﬁli’ 'Q‘Qap sacsono® Qnao

- TPor annlysis of tho cystoag tho voltege varintlon of tho
Rerminel volzagd with differont valuco of H1>is obtaincd for
vrrious valuco of lond anglos and slso the powor angle eurvas aro

drcun for varioug voluos of Klo

a3 coefficlente of the characltarictic equations o g 00y 200000

a. aro obtaincd for load anzlos ranging frea 60%=120° with variouc

2
valueo of K40k, and Ky {zoin constants of tho pogulator) and tho
vrri-tion of thaes consténts vith K1, Ka and K4 aro plotted on the
ceash. |

Tho ptability of thd syoton it tootetdl fop various waluepo of
lond anrlog for difforent valnos of Klg K, and K@a i.00 tho
ecaofficionts of tho choractoristie oquation Oge Ogecsealy OFQ f@unﬂ
for difforont anglos and with difforont valuoo of Kl’ Kag Ka cad
thon 0Gability 4c tosted by Routh Rurvits Criterion’ 22 Yand modifica

Mouth Hurvits Critortonl %)

For enlenlation of torminal voltago ard povor at vorious
valnos of lond anglao o digitol cormutar progro~ie ip nﬁda, to

enlculats thopo valuze at varilous values of goln constont Klo

Mop enlenlating coef'fieiontc of thn chapneteristie oquntion
alco o dipdtal ecomutoer prograTd i nado by vhieh thn vcluae of

848 Oy9eeesely, OQTO ealeulated at varicuso valuos of lead caglo



1

ronnding £ron €0%= 120° vith various values of Kl Kg and [q ond

o cudroutins o dowvoloped for Touth Hupuits eritorion to toot
sk~ ctability of tho oyoton at various valuss of onglac with
aaeforont valuos of Kyy Kyo and Ry and to find oug tho otability
140G,

1.602:20 EdGa L0 npeonch s
Tho dAifforantial cquatican are lliacnriocd arcund tho

‘ehocon oparnting point ac in tho traansfor funetion apvroaeh,
Thoeo cquations ore arrcnzed in forn of a cet of firpt ordop
diffo-ontinl ogucotion age |

BE = CX
L 1 ed ofc I

X ic tho state veetor of the quantitios cuch erghgqﬂhg
1dg iq, ?0, e,,q, Gpq O6Co B ang € aro natricas of ceoffleianto
vhieh depond uson ¢he initial operating condition and She waluoo
of thh cyolon pavamelers . Tho abovo egquotion is veitioa im tho
fome

% = 3" %ex

o .
T = iX

~horo,

A s tho c¢horactopistie matrin of thoe syotsl. Froa this
oatrin thoe ctnbility of tho ayston con do toctcd. Thoory of this
411 bo docerdbof inm the Chaplor 3.

1.6.3. Agnmnfiions noda rhila yedting tho avetons qountionss
Tho follcing assmna%iohs i1l nado vhileo veiting tho cyston
equationg,
1) T™ho ecurront in ony witling producos D.0.f. vava vhieh ¢
olmacnidal Afseributod in cldr gon cpoce 1.0. W0 offoet of

clotc aro nonloatod.



rd

2) offaet of cddy ecurront cad hystoricis 44 negloetsd,

3) ffoet of cotupation ls aleo acgloetod.

4) Thn wvoltoagzo irduecd in tho arature by tho poto of chrugoe
of armturo fluz lintapgo, ncody pid cnd plg aro nogiigivl
ecaaped vith tho gomorated volinga by rotation of £, ond
@q at funionontol cpocfs 1.0 H;P8 ond ﬂh P9 are lorgoe
compored vith pdy cad pﬁq boscuco p@ 4o loargo ard 3, ond
ﬁh vory tlovdy,

3) {alient polo type rotor ic considorcd, and ono domaor
10 eoncidored 8n 4 axis and no despor winding 4dn Sho gred,
patinz axds 1o songidaorcd.

8) finn _Sonvantionss
(1) Voltrnge rico from noutral to phaco tersdnal ac positiva,

(11) Curront in the diroetion of positive voltrpe irc

nocitivo {Thic corrocponds 0 genarntor cetion).

- {441)Plax pradncing positive voltogo 40 posledvo (.0 tho

£4214 ¢lux is positive, aleo fleld flax limngo).

(4v) Plold curront produeing positivo flux 45 positivoe

(v) Plold voltago pradueipng positivo fiold curront 4o
nositiva,

{2 oipn eonvonilions aro tho oama as hat ussd by ¢tho

Noncordin) .

7. Par unit cyotcn 2o useds It beesnos cacior to hondlo,
horovar if p.i. amintitien are ucod aud 1€ in cddition,
1¢ 45 acewnzd th-¢ ¢hroo pe.ue mutual dndvetaoncoo on tho
d artic aro all omual, Thic orcgtontion ic vory noarly
grin for o nmornn) cynehronsus noehind, boenues 1aciiapo
fluxoc of thy Cil0ld eolloe ~ud tho dompor dorg oro
@iatinet o thoro ic cinlo 1dn 2lux lindnr CSha oo

crnturo vdnding, co=



'3
Lara = Lawa = bexa ™ Xa
Xaa * %3 =%
p8 = 1 at norsal speed,
P.Ues current required to generate p.ue voltage on
Vel = IIXido
The base field current Itb t.xid Itb amWDEe

Ifb u field current in smps, to gonerate rated voltage

On 0.Ce

The base field voltage e, -'Qéziw-m 'ﬁo
¢, = field voltage in volts regquired to generate the

rated voltage on open circuit,

Tog = *%»rrd (’fu the actual field resistance).

(8) The machine is connocted to an infinite bus bar through
& transmission line having a resistance and inductance
only, the effect of capacitsnce is neglectod,

(9) Machine is equipped with sn angle regulator which can be
represented by two time constants same for all the
signals 1,0. for signals proportional to rotor angle
and their derivatives dut the gain constants are
different for sach to give maximnm dynamic stability.

{(10) The regulator iz fast acting so the time constants
considered in the above ass'mption are very small, The

Mo olead
regulator 15 assumed to have ordered danl,

(11) Parameters of the control szystem romain unaltered
throughout any transient change.

(12) The wmachine iz subjected to ssall disturbances or in
other words to small change of Ty (the mech., input
torque).



(13) Prime-mover speed governor dbes not respond to small
change in spred, i.e, it has sufficlently vide dead
band and once it is not considersd.

19



The general squations for synehronous sachine and transaiss-

iom line system are writtenin 4 and q axise

And considering only

small deviations of the variables from their stesdy~state wvalues
the system equations ars linearised, since oaly infinitsesimally
snell changes are of interest for finding out the dynamic stability

of the system.

nade ars also congidersd.

Kachine eguationse
Bq = G(p) epf = x,(p) 4,

e LX L}

vhtn,m’-’ . 1+ M) *ﬂ .
Toa (1 T4, 0) (1423 D)
1+7 p) (2e T
amd !d(’)' ( A" {1 g", e

(174 p) (1¢ T59)

ﬂ‘ - -xgiq (neglecting dGsmper in 'g* axif)

Pao * Feq fd0 T Xs 340 = % " T3 430

Pao * “%q Tqo

[ X2 *e®

(3)

LR

Qd--ﬂqw-r.ic

Bafore writing the system egustions the asaumptions

(1)

{1.01)

(1.02)

(2)
(2,1)

mlmuﬁ ;zrqct

(4) 125 ggﬂp sonw1th

Ot hhv-r, 1, oee ”, waz}q.
.ﬂo” “Beo = *a Lao see (3.1)%% o1 1n ""‘.‘
%e” P30 = T, 0 wes (4.1}

Bquation fof transeission lines
8y *V5inl + req - Xy q ves (5) I From Vector

L XX ]

8, =Veosd #xq ¢y,

] diagras shown
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'd‘ s ¥V sin 8 o > q‘ﬂ - !iqo eve (5'1’
.QQ = ¥ ¢cos o +x 0"‘ r 1q cee (6.1)

Proms equations 3,1, 4,1, 5.1 and 6.1~
 (mg s Wy = (r, +T) 34, = ¥ #in g,

(xg #+ x)gy + (v, + ¥) 1o ® % = V coss,

Vans, (x, +x

e .~¥ cosl,., (r_+Pr) -mr siné 4-

g ot 2% e R,-gt:

-(r_*r) (xq! =)

=¥ cosi,) ’
L el

(xq*%) (rgor)

=(p_sr) Vsing,

a
g (xfx) o, -7 Iis 6° ﬁ Y sin§ *ﬂ(a -y cocc&) ()
“(rr)  (xem) * "a *a
(xq+x) (rger)
vherse,

R-(r +r);!d-(t¢*x);xqc(x + x)
squations 1.1 and 2.1 are modified as follows:

“RV sin  +X (e, <V cos )

faaw =% 1 —r o 3 3 (1.2)
¥V at (R=¥
oo™ % -x-‘- . ;-—-2*8 (fp= ¥ cos 9-?-! (2.2)
!d x

iatops Choosing equation of ragulator

e (K, * Ep + Ky 0 &
8y * M
R » 1’ & 3 '1

+«“« aquation of the complete fleld system including seperately
excited vinding- "

_
"}g’#"fd"o*

(K, * p*K3 ’2 8 (9)



w=%°*K 5, ()

vhers,
E, is induced a.m.f. at no load B, = 1 in p.u. (o»).
jauation of motions
| 2 B _ _ LS
T = Tg " T = WS ~ |

Bquetions (1) to (9) are linearised for small load disturbance at
& =&, as followss
Trom equation I and 2«

A’d = G(p) A .fd - :d (ﬂ)Aid eae (12)
Aﬂq . - x‘ A’.q asn Y (13)

Trom equations 3, 4, 5§ and 8§, folloving equations are obtained
as menticned in appendixsl (eqn.i-7 and A-8).

Aid . «R(V Cos o*nggp)*xi(? sin § 2* p@w AS
| R™ + X (p) xq ,
a(p) A
* E:Z ») ‘ﬂ 6o (14)
bxu(v) xq '
Ay e R(Y sin 8;5“ ﬂggﬂ . XQ‘(D} (Vv Cos & o’ .dmr) A6
g RECES
R G(p)
* -—F d A.mr ces {15)
* Xg(p) %,
vhere,

Xg(p) = x,(p) + x
From equation (9)~

(Ky + Xp » ,z)v ,
"%’” ®ra " 'rﬂw;mr%r‘""' (16)

" Now torque egquation for alternator is considered.
Te® a3~ qta
JAN T ™ & ‘d"qo * ﬂdals 1q - bﬂq 3.“ - g“_A 1, (17)



Do

By putting the values of Afi,, qu' Aiq and AL, the
rolloving equations dre obtained as capplcto expression is
done ':lu sppandix,

A ’. = ll(P) A‘fd + “z(p) A 6 *en (18)
vhers, 1 IRZeX, (PIX 4 (B, +x 3, IR=(xa(p)1__+8_ )X G(p)
R+ Xelp) X '

ses (1831)

Ay ()= “‘gg""g‘ggm}g Ein o’”dc?’*xg") tvg,,! o*tngp)l *

- RT e X (p) X, -

(%9 (P)105* P} IR(V Cos ¢8,,0) =X, (V Sin o¢ B,P)X

[ B X 3 (]th)

as mentioned in equationa{lO,All) of eppendixs-2,

for small disturbance

equation of motion: for mmall Adlsturbance-

AT, =12, = AT, = WPPnS ces (20)

Now for small disturbancs the action of governor iz not considered
and so the equation for Turbine is tsken as follows, since
turbine input AT, = 0

Ar“ 'Etpbé cnn | ses (21)

2.2 X0 E OUIPUT OF THE MACHINE AND POWER ANCGLE CURYEES

From steady-state squations (7), (8), (Sb)y 1.1y 2al, 36l
and 4.1 of section 2.1, the steady stats variation of voltage for
various values of xl is found out at various values of steady
stats nn;lega. Also the power at various values of Kl is also
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|
!
|
j
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dotorninl ¢o@ various voluas of lood o_ng:l.dn - Tho volt ngo
variagicn ol poUCE anglo cupves aro caoun on Mig.(IS,/6)., rDor
eclonlntioy voltago amd nowor aC o eortain onglo d o tB9 eoleulsge
4z voltage ord pouwor at a cortolin onnlo 8 tho follerinz cyotonati
proectduro 1o ~depted ard o prograre ig ”:1:20 for caleulnting
fza::cz’ vapdntion apd wvoltopo variation fop difforent voluos of
Ry ot vorious valwoo of cnglo §y and plottsd oo chova in tho
ddarece

Fpoa cauaticn O, 75 8, 3.1 crd 4.} of poetien 2,1-

0, B1oRe &4
ooy, @ —avmgéaé%(o@avwnéﬁl
pr QXQKQ
. P . ;
%0 . X V ;336@ n (og V Cood,)
R
flonzo,

Dae © % ° Fg 8aq
Peo @ ° Ty 3o

%o ° ° Pgo ” Fa Y0
0@@ e EQ’E} Fa ﬁ@

e’ Oy © )(oag)‘g o (eqo)?‘r eoa (a2)
soe {23)

Porop o o ﬁéﬁ o %0 a@

€23 fec Ghn osnntion (82) tsaﬁ (23) topnimal voltogo Lop
vrrplocas vwinos of EZ. and porop ot varfcas valro of Kﬁ. 1o dotope
ninod U vordcas valuoo of ofondyestotd anglo § , ood plottcd
0o 2o An Fg.(15/6)a
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Hioch Cdrpren Lo formad fron Sho oguntiono obtolacd nedor
tho cootdsn 203 o £0lles.

Twea czuntien (‘:.',1) i,,o.? AT B = K? PAS
Az
¥eaacfor e fltﬂ) a 'Z’[}g"' 0o K‘E PX sao {22)
Thic eon Do poprocont2d as folloro in bloel dirgran,
-y P A%,

(21)
rga cruntica (29),

a8

AS
2pongfor funstion £4(p) o AT A

fg(f}) o "Egé"’ cco ‘25)

Thio con Do roprocoxtod im dlock diogrsn ac montioncd bolovd.

AR, = ( AF, eA‘&‘o)

° o e |2

»?

Fean ogquatica (19) following tponcfor funation ic obdtainnde

2
A By & RP <XaP”)

~hich 4o peproconted 4n blosh dicgrey ns follouce

AS ET& oy P © K" Ao
T ey Sy = (2.3

o geon camallcon (18), (10a) ol (ICD)-.

ARy = 8y(p) pogg ¢ B(D) AS
o e T .
84(p) on1 A5(p) aro dofdncd 4a cguatien(10d) ond (1&%,

Pren Ehnco cquntlens (13.1) cnd (13.2) tho Cfolleinz



equations are obtained as mentioned in appendixs2.
Ay(p) = A{(p).0(p)

vhere, * )
g BT

541’ * _559 * bs

vhere ,
Bys bos ba, h‘, by and b, ars constant quantities dspending

on, a particular angle 8o of the machine and machine and line
constants ste, &s defined by the oquation 27,

b, =} 1 (% nxq) + (ﬂ“ *xﬁs.“) Re 8 qo ‘l'rao T4o

by = 1 1,(8° +xX) +(fy, +x, 34 IR0 X ) (Tho * 7o)

by = 1y (A% exX) +(By, * X B5) B = 8o X}

by = (W% + xX) 14, T, * X% (T4 TP
by = (82 + 2K ) (Tf, + T3) * Xy, (7 + 7D

baataa*qui‘rnxh)
coo (27

G(p) is alresdy defined in eariier part of the Sasction (2.1)
And An(p) = AL(p) + AZ(p)

where .
) - ATt O 00y
byP" + bgP + b

!2:!’0 cl, cz, cs are again constants, vhich are dofined in equation
(15) of Appendixg2, and bgy bg and bg arc same as mentioned earlier,

A3(p) as obtained in .quation (A~16} of Appendix’2.

Cg PP+ CeP2 4 Cp »

The Cgy Cgqy Cop and c, ars defined in equations»i7, YThesas
are constant qun{iitiu for the particular angle P



So6

| 3 220092 oD o
Cy P *CaP ¢+ C ¢§ chl' +CaP + Cg
'l. ‘ -—Lri-i_.AQ
%p,'b‘,"‘s".’.s

DP” * bgP + by

. "‘!ﬁ” * %P * Pyo

L bP + L

vhere, b.,. "8’ Do L7 bm eare defined as followss

by = CyoCg=(RE; X8, 0) T8, ™0 * g BioTd T§ *(ROq-X fpg)
(232407478 * PyoTde T, )

by = Cp*Cg= X(MAgo*xB o) (T4, +75,)+(RY sin 5 exVeos § ,) T4 T, *

*aPao(T§ *TP) +x4VC08 T3 THA(RE 4= Beg) o
Tyl g (TIVT) 48,0 (T, 4T3, 1+(AV Cos oXyY s1n ).
(%a1goTATE *PyoTdo 15001

By = Cq+Cy =(Rbyq +xfyg vXy Fyo) *(HV E1nS o#xV Cosd o).

(Tio*Td0? *Xq¥ Cos § 4(T§ ﬂa)*(xdiqom“) (aoqon-xq Byt
(R¥ Cosly-X ¥ cin ViRl g0 (TE408) 485 (T4o* 13,0 )
P10 ® C4*Cq = NV S1n ,exV Cos * X,V Cos( (+(RVCoOB 5 =X VEin 5 o).

(xdi o .
R (28)

Ay = M) pegy + (P A S
= Aj(P)e O(p) op, + EAL(P) + AJ(P) |
v,P° P | pZsnop4b
. L PPN L

3&
bP eb P +by P* *DgP + by




| | 3 2
=By P s b, P by stoy. T .0 ee ST0 08P P10 g
bPS +b P + by | beP° bGP + bg

. (29)
or AT. » AT'I + A !'.2

where,

2
-—Lﬁ* - . ﬂ(ﬂ,"&"“ A g

+«*es Traunsfer functions rorA'r.l i~

| T, b,P° 4P b
£o(p) = h— ' S 8- a0y
¢ b P +dgP +bg Twa

on block disgram it reprasented as follovws-

P t-b r nAe
\ 82 3 G(p)—& —
b‘P *b P+ Xad

(2 t‘)

3 2
Ag:.. b.?_;vi'bap Qb?('bm-‘Ag
¢ byP + bP + by

3 P2
A‘!‘.a b7P ‘ O-bs + b 0
f —e. TT&:?;T_T‘J e 3

It is representad in dlock dlagram shown below-

' 3 2 ]
A Teo bv:ﬁ-tttgl’ * bP + byg A
bgP” # bGP + bg
(2.5)

Combining the two block diagram (2.4) and (2.8). The dlock
diagras for obtaining Ar. 18 obtained as follows.



| 2e
A.TQ.E&:_;- EL’;! ﬁgp * ba _ 6(p) .:&_ ’é_ﬂ_
 [Me1| bg? ﬂ:gwbé Tad

L ”75”’8 *E.o””m AS
r.z i? Obgr-tbi
(2.6)

Fov compering the all the block diagrams 1.¢ (2.1), (2.2} (3.3)
and (2.6) complete block diagram is obtained as shown in Pig. /6°/

2ok %\ ACTR
Charsctoristic eq_ua!:ioti is odtained by reducing the block

diagram and obtaining 2 single transfer function. This is now
a form of control system.

Firstly reducing the throe blocks in a row to a single one
maltiplying thenm.

b,P2ebP b 1+ 7, , P r
aed,2 3 xg - Toh
f‘(p) bgP 4BcP +bg C'l‘,iov*l) ('rgopu) Tou ]

. DaBaPor (By+boT )PP (D #baT, )P 4Dy 52
¢ (bgPUebgP sbg) ITY,TE POR(TY, ST, )PHUE

2
AT (Ry +K,PAKP7)
fa(p)= -’él *T4(P)oLy(p)= 1+T,p) (1750 ¢
blﬁ_ii Pe(byeboTy 4 )PP (bothaly )P By

(0P obgP oD ITJo T P+ (140 413,)Po 11

| (KPR P2 (by +By T, 1 )PZ¢ (DD T, L) PoD
" Te(1ye1,) m‘lrzri lr&a‘!&,’ +(1§4 410, P *11 (b P “+bPebg)

. see (33)
Now total traasfer function for Ar,- -
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6cC

AT AT AT
f(p) = —x%—= B+ 2

bt f?‘?) + fs(?)

£y ()= (K $K,P4EPP) ‘Epfs’cé_o"z‘c;;"‘clg’*"%’s"’a_;’bg"*;o’

(19CyqP 401 P° # Cyg P° & Cy ™) (B, P 40 cPe by)

(cnr"cﬁrawupzocwvm
'Y (3‘)
‘U‘MX’ ( ] .
Co * D1Tya!
Cyo® (dy By Tyqds
C12™ b3s
(35)

0o (F) 91, 4T3, +T50),
C1a *(Tgo *Td0) Ty *T2) *T372 * Tdo o
Ci5 = 71Tz (Tdo * Tdo) *Tdo Tdo (Ty * T2

Ci16 ® T1T2 %40 Tdo
Expanding squation (28) above by multiplying as obtained in

appendixSa (equation A=22),
606 5

7 3 3 2
d,pP QPP ?047?{'0!

gP~ +4yP" HapP 3P Pt 43Pt dys
LR N J (”)
vhere, dl' da, 63......615 etc. are constants defined as below,

dy = BCegl
dp = (bgC14*D7Cy5)s. (57)

93 = (5,014 * By Cy5 * K50




6l

dq = (q0y3 ¢ Dglyq * Welys + K3Cyo * Kely)

dg = (by ¢ bgCyy ¢ bgCyq * D3gCy5 * Kafyy* Kelyo ¢ KyCp)
dg = (bg *DgCyg ¥D1aC014 *Kalra *KoCyp *KaCpy * KiCyo)
d7» = (bg *byaCy3 *KgCyp *K;C44) 8 dg = (KyCyq + Dyy) (%7
dg = Cygb4et

830" (Cyghg + Cygby)s

dyy = (CygPg * CysPs * C1by?

dyp * (Cygby + Cyobg + clahﬁ);

815 = (Cigbg +.Crsdg + By

414 ™ Cygbg *+ bg) ©

dy5 * g

RHence the block diagram 1s roduced to as showm in Fige{ )

KeP

NAS

Yas

Now from block diagran (n.g.ié'Zj it ig cloar that the
two fasd back paths are there, one through té(p) and another
through turbine transfer funection r,_(p)' = -KpPe Combining
these two transfer functions, the total feedback transfer functe
ion 1is H(p) is obtained~
- H(p) = fg(p) = £,(p)

= fa(ﬂ} * K!P.
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Hin) =
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, “ss {38)
Therefore, now block diagram is reduced to the form of a
fesdback system as showne-

fq(p) = wHpE

AD

“ H(p)

;Ths characteristic equation is obtained as follows from the
block diagran.
1+ f,(p) H(p) = O

N §.(C IPT (8, +Ke, ) PO+ (a4 ) )P0+ (8 48,8, )P4
T w1 agp I L N

3 V
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‘ I
ese (39)
Expanding above zquation following equation is odbtalned as in

-

appendix 4.

or aoPS ttl?? ouapﬁ +n395 *agPi *asPa + q6P2¢a7P g = 0
oo {40)
vhere, constants Byt 81ecccslg are constant quantities as definsd

urder,

¢§ = d, X

8y = (a0 + 4 +Xpdp)s
8g ¥ (a3 +dy +Eyp dyp)

(41)



o = (AN vy +Kedyy)s
oy = (daN oK., 85

og = (dyg +Kpd g + 4503
8y = (8 *Xelygds
sy = &
s pr s

vhare, dy, de......dm ars defined in equation (37).

Coafficients of the characteristic equation are as given in
equation (41) of section R.3. PFrox the equations {4l),dt is clear
that agy is independent of turbine constant and inertis constant
and a, is indepenent of turbine ednstmt. thereas, &, is
indepenient of inertis constant. As the problem is %o cee the
sffect of gain constants of the regulator the equations (36) are
modified, as follows, so that from the equations itself tho effect
of sangle regulator gain constants can be visualized, By putting
the values of dys Gpy 84y 44y dg and d,y dy 1in the squation (41)
the following equations are obtained,

2y = 140

sy = dy7

., = dm;

a3 = dyg *K3Cos

8y = dgo *KyCyq *KoCo)

a5 ® 4oy *K3Cyy *K2C0 *KyCps

8¢ * 452*%X3Cq0 *KgC1y *K1Cyo

a7 = 453%K3C10 K1y

ag = Ky Cy# by, cons (42)
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Gy = (G441 ¢ LA, © 45)
Qap = @391 95 dyy SDylyq Dglag)
Gp = (G331 © Tfyp 05035 Dalyq Dplyg)
oy B (gl Mehyg Dyody Cy90pCy4Ca4 ¢ Pyotan?
Ogp @ G351 * Bedyg * DyRpCy°030034
dog = Bfyg @ B *Dyefys @ Ppa Cyp

oo (03)

'.‘h@?OQ
@30 Qg9 dyecosacdys aro dofinsd in oguation (37)

Cptlyp -ooessCyp dotincd in cquaticn (35)

Dyodgecesssecdys Dps Dae Dyo Dy 070 doffac ia oguatiens

(27) o {(90)e

Fepen ¢tha onuations (42) it 45 eloar that tho offoet of Ry
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(1) K3 = 1.59, Ky 2 Xy = 0
(ﬁ.ﬁ.)ﬁl 3 1.83 Ry oy = 10
(132)%; = 1.20116 Ry @ Oy Xy = 0
(19)R; = 1.20116 Ty © 10, 0= O
(v} Ry o 2.26110 Ky = 10 [Kqo10

end eohulated ac chem in Pobloo 1-8.
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, Routh iy : )
Por finding the vslue of Ke and K3 at 115% load angle
with Kl = 1.59,

From squations (42) of section (2.4) it 1s seen that o,
ayy &y and ag are indepondent of K, and Kae Other coefficlents
are depending upon the Kg and 33' By the help of digital computer
the quantities associated with K, and K, such as Cg, Cy0r C130

Cyp are calculated seperately and other constant quantities of

al 4.8

*..

the cosfficients are calenlated seperately, and the sguation for
the cosfficients is given below in equation (44) for equation (M)

a, = 0.134190 x 10‘
8, = 0.120472 x 10™3

&, = 0.356676 x 1071

8, = 0.367016 X10+K,(.2089053x107%)

a, = 0.440431x10%4K,(.201010x10™1) 4K, (.20995x10™%)
ag = 0.549815 x 10°24K,,(.434453 x10)+K,(.20101x107})
ag = +154950x10%4K, (. 137597x10) +K,,(9.434453x10)

&, = 760758 + K, (.137507x10)

ag = 250170 x 10°2

.o (44)
Analyeis is done as follows,
_ /u,_(t) = 8y = aetn4{t)2*czt3 + nut‘ = 0
}h(t) - a.,-ast + uatg ulta =0 ase (45)

The equations (45) must have all positive real distinet
roots for stability of tho system.
Therefore,
240,88
)\1(-1:) =8, *agt ¢ agtt + ey

pl(-t) » ag*agt 01‘1;2 + |2t3 not‘ evs (45.1)
must have no positive real roots.



n.hﬂ. Y

x lz(t) = .8 - .lt =0 came (‘5.3)
pu(t) s ag -t uotz
Myo(t) = ag - ast = 0 ees (46.3)

must have all positive real roots and ths roots of A\ ;(+t) and

31(t) must be intsrlacing, so roots of \yq{)\opd A1a¢t)
AyPmust also be interlacing.

From qqurtion 45.2 for condition of positive real root
and other condition; following conditions are seen dy 1nmet1ﬁ‘.

8, and a5 both should be greatar than zero.
&g and 8y both should be greater than gero,

as &y is constant quantity, |

o s ags 831 &) (greater thmj)o e _ (4@)

Prom agquation {44) putting the values 858 Aa3 &, In {46) we sse~
0.367016x10 +K,(.209953x10™4)70 e (46.1)
0.549315x10%4X,, ( 1434453x10) +X, (,20101x10 70 (46.2)
0.,760758 + Ka { «137597)210 (greator tha!»o {46.3)

Fros equnation 45,3 for positive real roots
*a, Jag = 4.8, 2y (greater than)o oes (a7)

853 8, (greather thand) > o ... sen (48)
or by putting the values of co-efficients folloving equations
are obtained,
-154950x10% + K5 (.137507)+K,(.434453x10) greater than O
ese(48,1)
and as 8, and ag are coastant quantities and ane positive ami
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the effect of xg an l(a is not fonnd there also,

4. Stability limit incroases as the gain constant xl of the
regilator increasss graph plotted in section 2.5 Pig.(20) shovs
the variation of the stability limit with Kr

-2
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U3ic a woetor of cystca drputo
¥8io a voetor of cycton ocudpuiso.
Jp D crld P aro 0atpieons

3.8¢ In Cho eano of thn dya~de oftohility anmlysic of ho

peoR £yotod eontdforcd, tho tarbding, th ponorgtor and 4€o
poruloGing cquipoont aro eoncidorod ¢o esnotitaty oa dntogeal
oyctcie TR0 cGobility of thic cystcon +inn dictarded frea o otcdlo

onoretine woint 1o 00 Bo amlyceds [lomao Gho olato ogquaticn of
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iy ontdes cyoton ech bo writlon ace
K 3 Q g o889 . X ¥.] (83)

It enn ©o arovcd €t tho eolntica of (51) 2o ofoblo 4¢
oll thn odnon waluas of A 1o on tho 128% hond cddo of the
inoninary oxdoe llonas 4% 4o nococeary ohy to f4ed ¢thoe oigen
valuo of 4 té dotorrdeo tho otedllliy, T nolheds of findinp
¢ha odpgon mimo of A aro glvon 4n coctlon B.d.2. Tha uco of

Lionarovo coeond thoarca 4o omvlafdned in cootlon Selele

Tho firot ordor difforontinl ogu~ticas aro formod, 1O
cyaton cgurtiona ao obdtadncd in tho apﬂo’@ﬂxa.ﬁwmeh aro cmardcod
ho*:é to put then iato matein forn or pathor in voetor Aifforcatiol
forns [ora tho cyotca concddorced for Cho oo oyoted no easacidopcd
earliog oneopt £ov chomaes that a gorelised cyoton o eoncidopcd
+nich hao got o nochling vith ono dompor vinding ia ooch 4 ced g oxice
ard ho ozeltatien cyotcn eongidorcd consioting of both wollnzo
neoportional signnl, azd nronoptional sipenl o ocngle ‘Sa vich 18
dopdvativoc, £2 that udon enly woitogoe vogulntor is eonsidored ?ox-
enndreds o roln eonntaats of coglo proportionnl cipnal eom do
opt eoastent cad vaon aotlo pogulotor 1o connidorcd eoaly tha galn
goaotnnlo of volicgo pogulator oignal oro BT to Do zoves, Loving
thoco ndmito difforoneos othor thinmeo aro rornining tho coso ond
neazo othor acoudptions node oarldop aro valid in thic carco olcoe
“hn oquntions (A-32 to A={D) obtaircd in copondin as follorns

A o
P ﬂa&m - 'ﬁ&’ {1 sp eng (&;)

ag Ae
phﬁag o e Uao _-—E:ﬁ-' . vea (89)
)
P gaa 3 o o ﬁa %—A— P (3:3)



rm ) PAid

A,

T PAY AL
PA”&S. -—-—&%———l ..-?iﬁi— (&)
o do

Vh.l‘.’ .
Afg =4fyy +ABgp = A By3 = Afyg ~DByg

- ‘!é Tn" ’(Ia*l“",)fht’tig!ﬁg N 1-§%
& = . = 1¢ »
" ? B" o do

(230-74%30
TITEa(TIOTR)TE o7% W
“ e .is__Lj_js_._&a_m_., . .q:q,_
* 24 * {r? -4!‘5 Be’ 40
d0 (s §
(56.1)

T™x PA1L

AP z |
PAﬂ "—-g'—"'r-—n—-‘—m = - —-;g;—-fg;-biq

, Df APt B APt DD
PA:d-%;x._.QL_?ﬂ._!&.* %ﬂ 8 __ .
(%— *R)at, - vaAa -5 oM X Aa -y coed *

( 'ai; %‘)A.m X e e s (88)

33 = (’Ff * -T%-) Xy and 91 and 82 are defined earlier,
() o
AB x
A i S - .
P ”q' B‘I —é; (-?g-o- 0R)Aiq+vain6° wonBy ¢
’dﬁ% - ‘A‘a! see 'Y (59)
vhers,

Equations for regulating systems are as follows:
P AS = n sen P (60)
?A.fd 'AB;G ser vy (61)

.o.’
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fx .
PAely = PR T By A0, Ugin g, cos oI In
KV, sing 10 A”q"r"o‘“ § 10 A ﬁ‘ +

K.z, uném ALy * 5 'I.L coaémz.\.iq

A egg = (9T A oy (62)
vhere,

sin 610 - ""“i: cos (S 10 = “'&m"' {62,1)

R VR R YU

when these twelve aqustiong are put in matrix form we get a
vector differential equation as shown delows
ﬁ = B8X e e PR (¢4)

vhere, '
B and % sre 12 x 12 matrices and X and X are column

vectors,
B has tho diagon&l elements h = "22"’33*44 : 45....

bmmt’lanab“-~ 1 bs.,t—-gﬂ Deg™ —-g,n--;

"10,12 R - 1-3;— and othar elemsnts are having zerc value and
X is column vector vhich can de reprasented as follovsiand in fig.

It = (A ’dl’ A ’62‘ A’d3i Apdd' A”asy Aﬂ‘) A’-ﬂi A‘Q'
ASpgl B®gad. A6, M Do

The elements of ¥ matrix are shown as in Mg, (21).
Nov from premultiplying dy 3‘1 equstion (13) we obtain~-

(ryxe 3”1p x (65)

vhere,
l"l iz the inverse of B. This can be achieved by making

transformetion on both sides of equation (13) so that on left
side B matrix changes to unit matrix and by making corresponding
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(Fig21)
| ] [ [} [ L J
W - 5-‘3 —
“do : do
20 (1) - ¢- » - MSQ - - -
3. - - - - - - -
° _
‘o’ - - ’. - - - - -
56 - - b - - - - -
66 - : -’ -
. %/ T30
7. g, Unle vy i, - e ag
B3 '
8. Vo/By w/B, - -(ﬁ:m/n‘ - = Veln /By 8y/B,
9. - - - g - - 1 - -
10. X w_ cos sin
-3/ T, T,+% K
7.7 12 12
12 1'8
110 - - - - - 1
e Al A L
who?o EJ.O
/TR0 e e tmae tou o
. - - - - - 1
o [}
U wtggM M By - - 4
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changs in B on right side §°* X 1s obtained.

In equation (14) B™1 & 15 the characteristie matrix A amd
equation (14) can be written as=-

i - AX seae see (66)

g0 that A = B 2g
80 that A ntrix is as in Mg.(22)

vhere,

r
84" |
41 i: !;10;3
t .
Ben™ =~
42 ‘aﬁoido" :
T

By(T],)
7 (67)

- By(rgy) do !
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T
agy® agn ?ﬁﬁ"
"5 eaem ot L
- i B

T
e A
el

¥V Cos;, X
*5,11" ~ “"‘i;‘"’

B T
‘5‘12 n - ﬁ-— - —%ﬂﬂ-
" L
v, - -;g;—- Xyo '-5%— * ag of

) e L/
“’3 .. ‘6"" ‘66 - .-Tg;— xqt ‘ﬁ"
x

3= 3
(12,)°D,



g 11 =~ “‘fg‘;' Xq° "'i;""'a
[ TT".X
3

v,cos & yq
‘m,x““&"'_'?'*’:l Pani .u ?%"‘ *10,2"*10,3"%10,4%710,8
v sin S 1 v 8in § 10,
‘10,5"“&‘%?"‘19" W 1‘%’3 ‘10,7‘"&1‘!!—"1 ” ﬁg"r‘?”
X r_cos
010,8% Syt !":9”

12

210,0° © “f"l',;‘l 3
‘r *z T)_
%10,10 * ~ “"‘"!""‘"rl >

K

*10,11 * T%"l 3
IK,+(8,,51n § “Pyo 085K~ —K-aﬁl
210,12 * -2
o 12 12

blank spaces in the matrix shows that slement is gzero.
eve (67)

3.4 METHODE OF ANALYLISS ,
The analysis for the dynamical stability for small pertur-

bation about an squilidrium operating point is described in
equation 66,

Leas () = A ()
can be done as followsy

1) Using the method of Liaspunov.

11) Pinding the eign values of the coefficient matrix A.

oJ
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J¢4.1. Liapnov Mothodi ,
The bdasis of Liapnoy ssthod for transient response of n'

dynsuical systeam represented by equation (66), is the solution
of the equation,
wWh© + @ =-©@ ... (68)

vhere,
(C) 1s a positive definite or positive semidefinite motric
matrix ani G is a syametric natrix( 17 ’. It 15 knovn thate

€9
1) vhen (C) 15 positive definite (—]aei vill yield a positive
definite matrix G, if and only if, the system described by (66)
is asymtotically stadle.

2) If the system iz asymptotically stadble and the matrix
(G) is positive definite or positive semidefinite, then followving
relationship is satisfied.

1(x%) (6) (x)X xx0 = : 1(x%) () (x)at1 (69)
| t=0

Thus (ié(‘ra) can be nsed with positive definite (C) matrix
as a test for asymptotic stebility; and (with any positive
definite or sexidefinite (C) matrix)as a means of avaluating the
integral (69) giwven only the initial condition vector (x)w.'

A set of PORTRAN aub‘rmtinas has deen developed to produce
the coefficients gij of the matrix (G) for any given matrix (1)
and any no, of matrices (C). Ono of these subrotines test the
matrix (0) to verify that it is positive definite and iianc&
{provides a check on system stability at the expense of using
atleast one positive definite matrix (C)).

30‘020 3 R

‘l‘hc‘dym:lau stability can also be tested by finding the
eign values of the coefficient matrix A, As mentioned in the




coetion 3.2 tho charnotoriotic oquation { Kn&i =0 4c esnscidorcd
1.0s for ctobllidy roots of tho charnotoristie cjquotion chonld

130 ia tha lofe holf of tho eemlox ploin or in othor vordso thy

| odna valuoo of 4 chould all haveo nopativo roal parto for cyotcn Co
bo otoblo wvadch ean Bo poproconted by oqestien (63) X = AR

Por finding tho oign walwos tho folleving nothod aro
adepcd.
1) .. Trancfornatica nothod,
21) Hthod of Podoovs for ciculfanazons ccx:,pmatioé of
eoofficionts of tho chorastoristic polynanial crd of ¢
cd joind Datrin.

PROBALOTTY tinghoa (P

™o A caledx 4o Crangforesd into Hascombdorg fordy boforo

3s0eDele

apnlyiaz 1.1, Tranoforantion. In this forn all tho olcmentso boloy
tho first ocbdicnonnl aro 2oP0. TROFC oPO sovoral woll hnmen
notheds for dolng thio, This con Bo dono fai?ls? cosily dy o
cordac of olomantry Cransfornntions of Cwo difforonl typos.

Fypo 1. Intorehanzo of reyp P onfl 0 or colunm P ond 0.

i 0 0 o 0)
coy p-—r0 O o o ,z(Pa)
6 31 ©0 0 o
o 0 0 1 O
o o0 0 0 .1
:
Coltman Q.

PO 2, Tho purpoco of this tronofora w31l bo cpparand in tho

onosdlo,.
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The coaputational procedure is explained below by means of

an example to change it into hassanberg form.

Consider the

matrix.

8y %3 M3 Nyl
21 %22 %23 %y
A= gy *a2 b3 83

S Me ) sy

7 | ‘
Select largest value and change columns to put it in 3rd

eolumn,

Assume lurgest value s 2o =

by 1$32)

r

81 %2 833 &)
821 %22 833 34
831 %32 %33 834

1 0 0
0 0 1

o 1 0

(241 %2 % %ad)

0 00

» © o o

4

r’an
b3 |
31

%41

3 %12 50
*33 %32 %3
%43 %42 w4

4° Post multiply A matrix

To preserve the stability transformation premultiplied by
(12" 14 turns out, that (132))~2 , f¢ 32

Hence,

(19332 4(132) «

N\

1 0 0 0
0 010
0100

0 0 0 1

{,

| %11

) |
033

L‘&l

813 82 844)
Rog 8o 854
33 830 834
843 (842, 844

-~d




(4 83 8 %)
831 %33 %32 %
87 B33 82 8
\..‘1 .43 oL 4 .“,
Post wultiply by 7°O) m, = --‘*1- ! '2~:..1§
a1 813 8p 8 (10 0 0) (x x &y &)
1 %5t %) |0 100 [xx oay s
-8 =
1 %3 %o ---"-Jr""a X X apy ay
L“l ‘43 4 ‘l“/ LO 0 01‘ LO 0 < 4 l“

-’

To preserve simlarity transformation premultiplied by

(231

(1 (ﬂ (x x
o 1 0 ¢ x
241 %3 x x
4 x4+ 0

0 0 o 3 E} 0

Again the inverse of r“” iz deterained by inspection,

Y2 f4) (M M %2 84
830 8 a3y 83 83 8y,
22 %24 | = lag;, agy Ay

4 8 0 xg %y

T

@31 1321 | (32 ()

The process can be repeated now. Compare 351 and l§2 to
deteraine the largest sbsolute value, interchange columns if
necessary. Post and Premultiply by !(2) and (2(2))"1

04, oo 8 01 0 O 0
*31 %2 %32 %34 30%11"0
M1 Mg M| [0 © 1 0
0 oo(‘a“Jkoot)lJ

~

X ajp 83 %)
|z ap a3 ay
0 x3 833 a3
0 0 x4 %

J3



o ecaploto trangfornation vhdeh ice
(?(3,)”1 % (?(3))”1 {1(32))°1 A 3(32) ?(3)1 2(2)
coavorts 4 % alrost ﬁ:ﬁfm\mlar fords
Tuldc Orogaduro ean bo opnlicd ryotoratienlly to noa siagulap
natrlcoo of cay 6dcQe

Toduetion of on almogt teianpulor nageix to ono that o
telonmaular, 4o bacsd o ¢he 1.Re transforation.

‘E gnogg.! .'.!.:3

Vor any mateiz A thoro anisto o unitary mmﬁ e creh thn
A= Qﬁ vacro 1 45 aa uppor teianzulap nateiz vhieh has sool non
nagative dicoonnl oloaonato. [lore=ovor a uaique if A io none
singulcop.

A unitary Datridz 46 eoac vhoso invorcea 1o ogual o 4o
conzugato rPancyocoy 1.0.

CloMER

A uaitary noteiz nay Bo eonstrvetad as 10 produet of a
corias of clonantary ualtory natericase

fa olsnantery unitoey nateln 4iffers €ren o e notedn in

oao principol 2 n 2, (ubnatrin. %hic palein hac one gonorsl Lori.
i «11)
%ﬁ ﬁ” o~ ¢o0c @ “) sin O

: ip 1é
?.%3 %’:33 o oin © o° eos 8

rhoPoy

<9 Dy 7,5 ond 6 oro roal ond X «B-p¢ 85 0 62 0
milinlo of B

Yo le trancforantions ic o d8orative preeciduro dofincd oo

cor1om0s ACY g4 eho tranoforrsd £ motedn ab tho cod of tha (Ze1)

d¢oraticn.
A @ Am
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a0 motedn A 45 decooponcd into the preduct of a
und tary natedxn Q(m ced uppor trhlomulep natein R(K)a Tho notein
amﬂ) 4o forrd Dy pro-mltiplyins Q(m ard R(K) in tho rovoroo

ostior 1a00 AR o (@R, A(HOD) | (D) 40

It e~n bo chown that N.7. teancfornatica is oguivalent Co o
' on
coriop of cdnilrpily tranoformation N This cuot do vruoc in ordor
¢o oncure 1t odgn valuos of 4 ronsinc unehangede

ety 40 o g
toy a(3) o oD (D) o (g1~ H(D) oD

i&(?" 1o tharoforo rolastod o A(n by oano of o vnitary

pindloplity trpansfornntion.

Thaore 28

if oo non ss;ngular notedz A hac olga valuaes of distinct
oeduluc, them undor tho 1.R. transfornntion the oclohonts bolowr tho
priancinal 4dipgenl tond Co coroy nmodulll of thoco olehoats above tho
dicgonal tond to £izod waluos ond tho olcnonto on tho prineipel -

- @iozonnl ford So oigm 7oluos.

™o forpodnn posuilo éo:onstmto. that ths ".R. trancfornation
4g alunys pocodblo ond that ropoatod applieatica wvill pefluco 4 fo an
wopor Selanpular natedix. T dovelep a cooputational proecduro
rogquiros o eonvoniont nethod for docompoeing A into its rocpoetivo
N,1s natricoce. Tho folloving Hosccduro 1o otralpht forvard asdmﬁm
that A has odreoaly hoon rcducod to an olnoeot teianjulap £0iT.

Tho (n=1) cubdicnonnl elomontc 040301 vhieh nro accred %o
bo noa zoro rpd Poal ard o0ldninated dn taem by a corlos of unitary
¢rancforaintiong ctorting vith 090 Thic procofiuro 7311 bo dezonclr:

ad by no2nc of an onc™ice
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(A v 0 0) fay s mp a) [sh sy 8y i
-y om0 O jay 8mn 53 8y (0 835 A3 8
0 Q 1 0 0 a3y 8gy 84, - 10 L T
Lo o0 o0 1)(0 0 g, a%' 0 0 ay ay
where,
. | - 21 .
Vi f v+ay? Y= * o

The first matrix in the above aguation 1s elementary unitary
matrix according to sarlier derinition. (M and v are less than 1,
Amwl m=f , »p =B=0,

Repeat the process.

(‘

(10 0 O fh s s de) [h M My 40
O p ¥ 0110 adp a5 a4 (O 2 3 83
0O -v* p' 0| [0 gy @gy 84,1 [0 O am, a3,
0 0 0 1 (0 0 ag a| (0 0 agy "
wh&n,ﬂ‘.' ui& v = - la_g

| Vingal? + a3 , Vings)® + &%

Bliminate 8,5 by similar operation, Combining the three
steps here gh;n.

vhere -
’ (Q(K)) 1 is the produca of elementary unitary matrices used

in the reduction. Also (Q“’)"‘ = (Q(x))t so that inverting
nm by the congugate transposed of (Q(m):l This complete

one iteration.

is 2 simple oporation. To compute- (A(K&}); post multiply

As with ons iterativs procedure the subdiagonal elements do
~ not become identically zero, In order to reduce computing tise



~1-~onto boley tho diazeanl cof ognual €5 20v0 ag coon as thoy
boogo raffieiontly call. 7his alicus ono of tho oign valuog ¢ Do
pcovef and tho ordor of the matedn pay Bo rofuesd dy decapinn tho
opprodPinto pors and eolunn. Tor oxepmle o Hegsinbdborg cateln

conoidopod 1o roduecd to the fora doler,

-

k = 3T =
X % = % =B
0 w8 2 =
0 0 = =7 =
6 0 0 oo a

Thon 4% c known thnt tho mateix has a real oiga valuo of ‘a?
cad tho lacst eolwmn agd rov con bo dpoppod reducing tho ordor of
oateixz by 012, If tho naterin 43 roduced into tho form choa bolov,.

fg 2 = =z =)

T % = = =

0 = = 2 = =8
o 0 O z =

@ 0 o T =

Tca o pair of eiga valuos poopidly ecaploxn can b2 found
‘diroetly frca tho lowor right 212 subaatein and tho opdor of tho
orindnil natedx ic reducod by 2 by dropping lact %o PouD ard
golunn, Actunlly, in tho progearid, 4f any olesant on tho cabdiagono.
1o roduesd for onough to bo considored o goro (vith floating polmg
cooputor onoration, a truc zovo is practienlly rovor abtoinod)
natedx 1o 44vided into two cudatrieocs and ¢hoso hendiod imdopondontld)
it 1o thig fonturo of Droching tha largo nateicos Sato conllop
nlocos ¢hat oo Chic mathsed oo nowopful vith tho large cystons.
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3.4-3( m
D.XKe Padeev(%) has suggasted a mathod for the simultaneous

determination of scalar coefficients Pl’ Pz“‘"’n of the character-
{stic polynomiale

- -
A(’\) = B. a1 "Pz b osnaoopn :\A’AI\

P
and of the matrix coefficlents cl, Cor (!:;r....n...t)m,;t of the adjoint
matrix C(A). He proposed to compute successively, instead of the
traces the powers A, As.....A”. the traces of certain othor matrices
Ayr ‘2“"?‘"‘11 and go to determine 91' Pg.....!’n and Bz Bz;...Bn by
ths folloving Tormulas.

Alch, Py = trace A 31" Al-Pll
“2"‘“’1 P2 t} trncehg Bz 12-921

- — = — = -

N '11 trace Ane1 ”n- *Ap-1"Pp-1 !

AnsABn-]_ Pnnétmcobn B,=A~P, 1I1=0

The last squation B, = A, - LN I =0 may be used to check the
computation,

M‘ter obtaining the coefficients P]_. Pg.....l’ of the equat~
ion of A(f). This squation is used to find out the characteristic
values, A digital computer programme can be made to solve this
squation, to get the eign wvalues,

3.5. CONCLUFIONSs
1. The methods of matrix analysis can be used to advantage for

the analysis of dynamic stadbility,

2. Ths J-R transformation method ! is a very useful and videly
used in finding the eigns values of the matrix A.

3¢ The method of Fadeav 1z another useful mathod which gives th
characteristic equation of the matrix, 7This charscteristic equation
can be analysed by the Routh !inrtvltz criterion for stability,



~CHAPISR 4
The dynamic stabllity limit of the system equipped with
angle operated excitation regulator described in section 1l,41s

analysed in this thesis,
Two basie approaches to ths analysis are used namely.

~ (1) The transfer function approach and

(11) Tﬁn State space approach,
The Iransfer function Aporoachs

The charaetcriitic equation 13 obtained by linearising the

differential equations of the system aronnt the chosen operating
point. The operating point is the initial powver output or the
load angle of the machine, The maxisum initial power output for
vhich the system retains stability after deing disturdbed incroment-
2lly 1is the dynasic stability linit of the systom,

The characteristic squation obtainﬁd is analyzed by the
Routh Hurwitz Criterian, The coefficient of the characteristioc
equation vhich are the function of the system parameters and the
initisl operating conditions are determined for various values of
the regulator gains and the load angle. Thsse coefficients are
plottad to show their variation with the lond engle boe

It 1s found that,

(1) The charactoristic aquation is of the olgbﬁh order,

(11) The gain constant K, associated vith the signal proport-
ional to the load angle § has predominent effect on the dynamie
stability limit., Inorease of this constant Ky results in the
incroase of the stadility limit., The cholce of Kl is then $he
deternsined by the limitetion on the variation of the terminal
-voltage with load, Unlike the vbltagg regulators, the angle



onaratcd rogulator de3ss not koecp tho tormdnal voltage of tho
neehing eonotonts The variaticon of terninal woltnge 8o choun in
Mo (Ié} in Choplor 2. Aasthop faetor to 14Nl tho valud of Kl
4c ¢ho eloliny voltnno of tho omeitor, TFor tho cystcn eoncidorcd
writh KZ o 1.59, thy volltage appliod to tho flold vinling of tho.
altopmtor for o locd anglo of Ao 120% 45 4.2 Dollo

Tho conctanto Xg ond [y ascocdatod vith tho clgnale
aeoroetional to tho flpet omd cocord dorlvativa of the lond anglo
havo oaly a ndnop offeoct on tho dynoale otabilicy linig. Dovape
tholoos 40 ic advicablo to nnko tho rogulator pospond to thesgo
cirnalo ao 4¢ vwill oop tho otobiliey umior ga@idlyb»chaﬁgiag
coniitions cuch ac conditionse ircdizloly after a fault ote.

Tho equaticns of $ha sycten for incremantal chan3jes oro

vrdtton dn tho form of a cot of firct ordor difforcntial equations,

cftrp lincoricine tho cystca oountions about o choson ororating

point, ac~

Z o403

The rathode of finding the eign valuos of noteiz Ay the elgn

of whoes roal part detorninas tho otability, aore givon. Tho nathed

of ucing the Licpunov®s thoorcn is alco givon ia tho toxt. fTho
nathodc of reduciny natrix A o Hosrorborg forn baforc apnlying

NeR» trancformation aro nlco givon in ¢tho tont,

3els trancfornnteon nothed sacnao to Do tho powopfdd ool Cor

obtalnins tho olign woluag of o large nateix A
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~CHAPTER §
7 APPSNDIX
5.1, CALCULATION OF AL, £.0 2
From equations 3, 4, 5 and 6 gansrator and transmission
1iae of Chapter 2 for smell disturbance the followving linearised
equations are obtained,

Raustion of mechines

Aegm= Brog PRO* X ALy ~® 01, (A=1)
A 'q ® fao POS +6(p) Aegy = x(p) ALy =1, MQ (A-2)
Equstion for Transaiseion lines

A.d"(!ﬂgéo ‘ "r/,\id‘tbiq asa (A‘a)
Aoq = .V sindo * x ALy om:lq von " (A-4)

A- A |
From equation (I‘\l'audha) and (2 andr4) the following equations are

obtained,

Irom eguetion (1) and (3)

- ﬁqo pAdﬂinqwr‘Aid = ¥ ¢os So ”’A"d - xbi.q

o

r . .
(xg + XA Lo (v, 4r)0 4, = (Veos 8o G qoP) A (A=8)

BaoP A5 +0(p) A 8py =Xy (P) A yeor D1, =<V 6in Go exBDigeral,

q

or ' |
ix, (p)exl AidO(r‘ﬁr) Alqa(v #1n 5,48, ,p) NS +G(p) A 8py +so2(A=6)

£olving the equation (A-5) and (A-G) mentioned adove rorAid and

A 1Q bj determinant,
('eo:g;otﬂ“p)zxzf Xq X
 AS
14 (V sin o ¥ ﬂ@p) +G(p) A Spq Ty T
}-(r‘ ) X, *x

X (p)ex P ¢



«R{¥ cosd o

+$ q0 p) + %4 (V siné ot ”ca”

. AS
. R + X(4) X,
X G
. -:5 (P)a%e . (A=)
+ ld(p) lq ,
vhere, ,
Rup, +Py Xglp) = xe(p) o x
X, =zex,
ratr (Vcos&O«t ﬂqop)AS f
ng(p)ex (¥ sind, +8,.p) +€(p) A ey,
A 1qn . 4
-(r‘*r) % '
xgip) + x T, *t?
. R(Y ain % + ﬂnp) + X‘g(p) (V cos § g*ﬂggp). AS
, R” + Xy (p) Iq
R Glp) A
+ JE P tﬁ sna (A-G)
R+ Xq(p) X,
$222

Torque equation of the gqnaratbr in linearised form is

sguation 17 of Chapter 2.

AI. fag A’d 1q° *» ”doﬂiq - Aﬁq ido - ”qula

1062

- Putting the value of A, andA g, from equation (12) and (13)

6f Chapter 2.

q

-1 ("q Aiq) - ﬂqo A1y



or

A '1" = G(p) 1q° Aoy * wde + Xy idq)A ’q" (xd(p) 1q°¢ﬂqo)aid

By putting the values of Alq and A1, from equation (A=7) and
(A-8) of appendix 5.1.

R(¥sin _ef, D)+X,(p)(VCos  +f p)
A Ty(p)L o0 A @py+ (Mg #Xadg ) ———-—-R-g—fx:m:: 200105

=R(V Cos _+f_p)eX (V sin _+f, p)
“Ixg (p)1  +8 K] lﬂ‘ mg—-——-I-AS
q© "qo + Xylp) X,

. o Uao*xotao)R - (zq(p) 100*2 o X RN
é *+ (o) X,

A rs _fmuz"‘;*‘g‘l”:g!*w;;*x 140)R~(xg (P2 o8, ) X |
* X X,

| R(V 24nG +B, p)+X,{p) (V0o +8_p)
G(P) A.fd’(”dﬂ’x 1&0)1 ._____.Q_gg& —4‘ ? _O__ﬂ?_.! Ad
| N RS+ X4(p) X,

. “R(VCos § +#_p)¢X (V sinf +p, p)
(2 ()1, g% A1 o qo? g "o Mo’ g ad
R° + X4 (D) X |

= 81(9) A .fd * Aa(p) A 8 ey (A's)

where,

sy (o) (\9”*51@)m(vm&wgopmdcp)(veoscs Q_?mp)vl *

R + ‘a“’) xq

(fg (p)t !g*ﬂm) Ia(v cosé'mw”p) -xi(v sind +fy E p)!

(A-10)

| *xX_+x 1,,)R= 1 x
and A,(p)=t . LS %d‘p)x:;’wwﬁ do) (xg((p) l"M—m-.) W(p)
¢ * X(p) X,

(A-11)



galoulstion of A T s

On expansion of these squations we pet-
A (p) = A4(p). G(p)

1 (R° +xx ) + (B45*%y Sag)R = Bo %,
Ai(p) . =32

(R® qu) * Xy(p) X

_n (RP0xX ) #(8y, *X 400 )R8y X YT T3 P20 (145472 P11
(agoqu) 1147 oP # (N0 V3o DA LK Xy ITITZR” +(T3+1IPo1)

vhere,

Loty 1qq(ROeXX)+(By,0% 840)R-0 X, = B

BITS T P° +(T§,405,)P+1]
then Aj(p)e —5— éﬂ—? o The B torene
(RExX ) IT3,T 0P * (Tdo *Tdo) PHLI#X Xy ITET P+ (TE+T o) pll

bPz*balhbba
By P° + bgP + by

see (4-12)

vhers ’

by = B XTo%do
by = BYTY, + Tg)
ba =B
by = (87 + xX )T va
by = (A% + xX ) (1], +T5.)+xsX (Tf 1D
bg = (R* +xx, o 24%,) cee  see (A-13)

(1 .
and G(p) = p) - (A-12.1)
S 1780780 P *(T§o*Tag) PoLirey |

Ay(p)= a4(p) +a3(p)

AY(PI=(fy o +x,850) IR(VS1n 6 o+ JgoP)#(x024(P) (Vaoss +8, p)]
o*%q%o0 .

0. .90
o * XKD+ x4(p) X,




IR(V sin _+f, D)*x(Voos 8 pITITY p2e(Ty +T8 )pel)
= (Pt tao) gt toe g oo AT do o

(R n'xq) 173,739 (qo*'rac)p*u*qudl'tpg? +(T§+13)P+11
g .
5
‘ — Xy (¥ cos & +8 p)lrﬂ p f(fﬂ)?ﬁé
(R +qu) IT§,Tq PTo(T, oﬂgo)mlhqud!'r&ra? +(T§+13)P+1}
C Pa + 0 2 + C,P+C
b * bsr * he
whcz'o;

byt ‘5 anl b are already defined.
and,

cl = (R ndomqe)r&orso"d nqor& ’a
Cp =(RBy ¥R, B0 (T4 Tho) *(RY elnsgoxV coss T4 Th,"afos
(!& a-ramav cos &o.'l'a T3
Cy '(Mdo””qo’xd”do’*(m ein bo¥XV cosl Y(TH T30+
&,V coa § (T] +73) |
Cqg =RV sing, +xVcos , +2,Vcosl ,

(A~15)

A(p) = IR(Y Cos g’”gop) -&(v sin o *ﬂg gp)]lﬂ(p)igotn“ 7
. * X3 p) X,

- 2 » ‘
i !B(Vcossgmlor;z :}(v ein 8°+pdg?‘)“5!1m!rd‘r§r? +(!é¢‘!n)mn*

(ROoxE VIt Ti Por (T4, $ 70 IP LI X, ITTIP 4 (Tfo2IPo1N
+0 1T TH PO+ (4o 1P o1 ]
3,0 p2
CaP+CaPPeC P +C
5 .
o L S (A-18)

vhere,



20

whera,

by by 2nd bg are same defined earlier,

Cx = (R Bq = Xy Bao) (B4 1g0 T4TG *Pg0TdoTd0’

Cg = (W85 XoBuo) [Xglqq (T3973) ¢80 (T3, 073,) I+ (RVCOS § -
KoY 510 6 (xa8 4TS *+ B0T3073,)

Cp = (xglaq o) (RBog=Xoflao)+(AVCOs § (=X ¥ ainfode

lxdiqo(f& 0‘1'3)*.6@ (2do *T30)1

Cg = (AV Cos 5, = X, V sin S o) (%g i0* ﬂqo)
{A-17)
"o Ag(p) = AL(D) + A3(D)
A" . Y (A-19)
beP® + BP + b
vhere,

by =G5+ Gy
by »Cg + &y
by = Gy ¢+ Cao
dyo* Cg * C4 voo con (4-18,1)

ot ATy = AG(D) A ey, * P AS
b,P% , SIR LR RN
= —-.Lg 2’ ’!g .G(F)A.fd’ bfﬁ bg 19 ACS
sree (A'lﬂ)

Bads

Yor obtaining characteristic sguation the dlock diagram is
reduced. |

!\o&acing the three blocks of a rov to single one, the two



blocks of f,(p) and one of f3(p). shown in £ig.(!61)Chapter 2 are
reduced first, '

2
R B W™ M

B Pebgpe by (TR PeLN(IIPe) | Zer  xg

3 | 2

BygP” +(By & DTy )P+ (bytbaly 1P+ by

fp) = - 4. "3 vee  (A=19)
(b P b gpeb ) IT§ T P+ (T] o +15,)Po1) |

Multiplying the Q(p) with third transfer funection thet of
angle regulator 1.0, fatp), the complots transfer fumnction for
AT,y 1 obtailned follows.

» (K, 2)  ID.T PO (b, 4D T, ) POe

(Le2,P)(10T,P)  IT4, TR P° #7415, P+LIE.

(bgfba&g )mal

(P *gP +bg)
Row total transfer function for A'r. combining both transfer
fimotions A Te1 *aTy, as shovn in bloek diagran,

AT AT AT
fy(p) = N AS 1S

= fvh’) . fs")
2 2 3, p?
| (K RPIRPE) (CoPOuC) (PPeC) P4C) ) hzvamf 'y

(A~20)

where,
69 = bl ‘l‘“;

C10" By * BoTyqe)s
C1y* By * by Tyq)
Cyo * By

Cia = (T) *Tp*TYg*Td0) 3



014 . uéo ’fa«o) (Tl * Tﬁ’ "1’2 * t&o Tao
Cys * 11 T(Tds *T50’ * Tdo Tdo(T1*Te)

cm - 21'1'2 t&o 130 ese (&'?‘1)

2 2 3. 2
f(5) = (K, $K,PoK,P )(c!v"ocm: +€13P*C10) ¢(B P ebcPPencpen, )2

B

w‘ocmraocuramj +1)

Yb,C, !P"«(bﬁc]gobﬁ m)p“o(bﬁ: !"’gczg‘ﬁcg”s*(fz‘_’l ABCrg?
4140y PH4(C gbgecy b

CiaPaF * (CyePs* Cygby)P * (Cygbg * Cysds

boC15*KnC10"KoCp) P4 (Do #ByCo a#D0C 1 444 0 Kol 2 4Ky 4Ky Co) POt

(bg+hoCyn#Bs ofr HC +K,C, ) P2 e (bg ob +K,C,, )P +

(K] clé . bJ.Q;) X

4P o0 pCed 2% 4, p% ¢ 4 PP +a PP pe 4y

Fy(p) = PR S - = ee (2222)
agPOed o P° 4,17 +a P » 4,597 44, P,

dg = (bg Cyg*dyCyg)s

43 = (04 + DgCyg *+ Kalp)

dg = (aR&ibg€ 4 *BgC1g +KaCo® Kolg)

dg = (1;*bgCy3*09C14*P10%15"%3011*%C10*%1Co?



dg = (bg *By Cy5*D10C14*%3C1"%eC11*%1Cy0)
dy = (B + ByoC13*Ko012%K1Cyy)

ag = (X1Cyp ¢ byg)

dg = Cyedys

410" (Cygds * CygPye)s

dyy =(Cyg g * Cygbs * C14Pg)s

8,5% (Cygbg + CLDSE * Cyabg)y

8,5% (€106 *C1305 * by)

die S(ﬂmbs * bg)

4,5" bg

Kow combining the transfer function for turbine also that

feedback path in parallel vith fg(p) ve obteined H(p)-
E(p) = f5(p) - £,(p)

fl(l’) = -Kr’

. PTea, P00 P54, p04d 000 PP 00,000,
s 1= "W
b S T 1 “’j *d19P 0147005 -

F(8, 4K ) P74 A0k )P0 (a0, 11950 (4 0K ) P4 (0 g0m 0, PP

2
Wene —a’(‘-#lm )P ’( "x‘rd 5)469}_ o - e

LN 4,07 MnP 0412? +d44P -tdm?*dw
_ 2R ( &“2‘)
Rov characteristic equation is~

A%



1Ic

GF” * dyoP” WP #dyaP HyaP + Q)P dys

R T A o T e i Cotne, T

or : (4,¢ )!'7*( \ )p“*(a »! )p5+(a #| )P‘ *
1,_;:2! xﬁgg e o Ll M 9 D DA Y o -

or  TagHP®e(a, e, KL PTH (8, HMILELA, VP00 (4, Hed oK IR0

"’m""i‘z"’a) Phe(dy Predgeng )P (4 edgemyty I P%

) +dg]
T

5= 0

3,
P

1P "‘z’ *dyqP "‘u’

or a,P%ea 7 + ap® + 0% ca Pt va pRenp? sap sag = 0
vhere,
8, " agMs

8 = (dygt + 4y + Kelght
Sg * (Q))K Hy 4Xly0)s
8y = (4)H a5 *Keyy)8
ag = (G + Keltyo + 4,0
ag = (A, + A4k 8,001
2 = (dyg +3g +Ky dy4)4
8y ® (4y +Kdy5)s

e = aﬂ | e (A""zs)

a4
ete.
Putting the values of da.u....d‘ and "’8 '(d in terms of

Ky» Ky and Ky 1n equation (A-25) from squation (A-23),



8, = dgN = Cyq by

a s (4,08 + Kgdged,)

8y = ()N ¢ Kedyo* dp)

a3 = (d)H +Kgfly3#5,C,4+DgC15*Ko00)

g = () MKy 5t0,03%Dg014*PgC15K3010*%2Cy)

ag = (d; MeEpy 49D, e0gC, 44000y 40401 5K3C1 1 *KeCr0* KyCp)

ag * (4 MoKydy (4Dg #0501 4+0) (Cq (K10 #KnCyy #K1 0y )
8y ® (K gtbgeb, 1 4#KoCy#K1Cyg)
8g = dg = KyCyn + Byp
Let, dgﬁ» - ﬂm§
@yoM + 4, +Kglg) = dyy
4y HeKpd ey = dygi
(81K, 8,00y 4Dy = dyol
4yaM* Kl 2 *BaCy3 +DgC14 *Dylys = dnp
ST S AT M TR PRY, ST 9Y
9185814 *Pg*29%13*P10%14*011%15 = Y22
K¥;g * By 935013 * Pyy O35 = dp3

LR X 2

Therafore,
S * dygs
& = a8
8y = dn;
a3 * dy9 + KyCps
8y = dpg*KaCyo *X0
g * 95)*K3C11*KsC10%%1C9

8¢ * dgp * Kylyo + K305y *#%3Cyp
“7 bl ‘M"Q ciﬁ ’.'Kacrl & A "1‘10 ‘bu\ vee

{A-286)

(A=27)



5.5 State Spage Approach

£0 P, ,141% P) 14 %,P
Ad)‘ - ".ﬂ.ﬂ‘—*—-ﬁ-—“——i—.bm, E

(""’T'dor) (""r“dor) (”Tdﬂv) (”!'dor)

-—.xdr%._ O grd

x4 A A
- { 1 + i }A 14
gt 127 gq?

B B
* {u—-—la- > -—:2—-——‘2 A ‘fd
T+ 4 ol‘ 14‘2"d o!

Caloulstion t, and ig

‘»1(1*1"‘0!'«) * ‘&2(10 r'dor) - 1&(?’64»2")}? ‘!'Gxﬂﬁya

Let A = (147, P)
Then

‘*"15"'¢o”*"ao?s¢?2 o 2% ’zd"aoyz

ST IR R LN N p?

Comparing the coeffcients of P and 2 etc.

!.'&!'do + 22‘ - d*!"'d

L]

. " !1« + !2‘ L t'c + !‘“‘ L !’ﬁﬂ (*"m)

11+



] I
T1a%0 * T2aTda0 = T'a®"s (A-29)
~ From eustions (A2%+ AX) we calculate T, and T,,

L gt - (M )T 000 Teo

b 4

14 " ,
(z g =% do) .
t' ’l - Q' ,*rﬂ ,i xl
(240" 40’
Xoﬁ caloulate ﬁ end Bz
B0 * 22 40 = Nq (A=31)

Yrom (A«30 and 4-31) we have

1-1
31.‘* ...__....m-_

1
a0 - vdo

{7
12-.. kg

40 ~ a0

1e2.P 7, P
Ada .-‘4{ 1 s 2 }Am
: ]
"!.dbp 1+% t!o?

B B
*{T&J;F *m";;r} b eta

3' Nefd x4 014 x4 ?1‘1: A 14

- W AN,

h!;"“f 1&?’“1' h‘!"“!'

(3]



3 x4 ¢.P
Py _.__!' ip A .td - -—-—...g.-élg-.
1+
40 1+1wdoy

Ad)d ‘Ad’d" Ad)az gA(pds.,Ad)d‘- Aq)‘&

] A.fd » ’ .
LYy m J. 008y 42 P DND e By A etd
1+ !'GOP
N B, D efd
I RUANC YR B a1, A (A-32)
L 2 ﬂ‘ !c/ !d/
, 0 0
PAQaz =- é_r%’i; -+ E‘_A_‘;ﬁ‘_ — - _ _ (A’%’))
[ A ° |
!du Q&o
T Pxﬁ ) .
Apa, « 24 5 14 RIS I R A
"‘T’GOP

* Tgxd® - A g4

P . . Ag
> » BA¢Q‘ __!if‘——"? bia - 5’“.

xd 1,,.P. "
Apag = 20048 or0gas + Tao" Abas

"T"ﬁ or

=xd Tyy P- A yy

xd T,,F Nid A

° xdo"
L L2 i
A(Pﬁ - qu (p) 1‘1 - - ( ;i J x4 o149
(1427, P}
| (1+2°.P)
A¢Q » - i xq - A 1Q
: (1429 P)

Apg 4 2°_ 2. A¢q-_z qeALd - ‘t&r qu AL,



or

™ x, P4, A x
rﬂ !Q TW
%0 Yo
¢ =Pld-wdqer -1d wawo +P S
Ded ePAPgewoAPge Pgo Dow -r‘-Aiq. o = 1
o« PAGd =wo Mg Pgo - PAS -r A4
Aeg -YAéq4mA¢d¢¢do PAS -z, A 19 - (A-38
e
—tdl. A B4
Aot = -'%&Aea s =l A

Putting walue of Aed and Ay from V‘;’_%ﬁ)

= 310 by (PAdy = m B =Gy PAS »z, - A 1)
+ 008540 (PAQD + wBDy + Pyp FAD -Yadg )

It we conaider, P A g ond PAQ Q oegligible. Then

o = VInbyglomy Do fgo Pd ory B3y
+ Com 0w, b ot Dyg PAE =3, 01)

"% Co8 849 Adg =" 51n04g Agq *(Pgo Co8 S3o= Pgo

Bin $gg) PAD =x, 810 § 4o Aty =1, Conbyg A 3




Considering the inearised equation foy Voltage vegulator about a

 ghosen opsrating point agi«

- d 8
:‘AQ +k‘A +k2!A +t2 AS
(1 + 24P) (142,2)

Aetd ®

-k A . #k, Aiwkz PAS 4»): P2A8

1(2348,)7 + 2,782
S hate® STIPages ¢ TTRA og * Kph oy + Ky A

X, P ad ﬂ’ AS

OTaegy +(Pys1,)Pn0g, + 10, nep, @ by MBI A0 skgP A8 (A-30)

¥hen only angle regulator is considered.
Let

¥AE  -w (amt0)

, /
or ‘.E‘Ta!' A .r“ksrg. k‘ Ab "‘kag_ - A‘fd “(g’ﬂa) AN 'td (3""2)

~ When only voltage regulator is eonsidered , then

Avgy + (243) A .l“ + 1%, PA c’“ wk, O o (A~43)

or !',22 * A ';‘d » -kr A o - Alﬁ - (1'141'2) A lh




or NTR Oepy m = Dugm (Tyei) Doy + kW, 5in§ 10" 8¢

=K% %6 yp-ady
¢ (dgo 810 &40~ Pda Con §,0) kn ek Tasimnb AL,

01:,2*‘00:8’0A1q ‘

¥hen both eng ¢ andé voltage regulntor are combined,

T TRae gy ~ KyBy! m Ky0d 4 (Kyt( ¢ op Bin§ygmdy, Com 840k, )-

* Ry 540 8 1o MG = kW, Co8 &40 A g4
X, T, 00 §ya DIyt K X, ﬂna&m-l_\ i,

From equakrion of mohom

Mpflw ~kpn = 10,008, uaty ¢ gy A gt g - A Hy

Phe » X .7 | i
B ;’3 - -—LA‘?; a - ml ai, #-—ﬁ-?-"%
LD A, (Aws)

K




Dtow fron teonrdzoioen lino cimations vo havos
BogeeVilndy A8 o2 A gg° 2. A 4

quotla; the waluo of Ac, and A 0y vith $.0 wluoo obtained

grca caghino owatdens (439 ang A-301 )

EAg =P AGq=¢go P AE -ry Ao Tl §
*y a‘-"n AIQ

PAGe* TpAgg® Pl PAS =3y A 1,nVBinb  sxagqer D g

P AP T T APt P PAS PR A T Ay V24,

L.HSe = P{AP G, + Ada, «-Agpag-é\qbaa' - Apag) Do

QAde uzmg, AGa g, uabom

L HeDe & -'--gm- *
*do* ‘iﬂo' *&Q" "ﬁa"
A Qbﬂg Q g Acp a
‘ ) ‘ao’
AL
- ¥ ﬁgﬂ PA 1@ -—-T-—-gﬂ w&—g——-ﬂ-‘o
é *aov *ao”

do?

I’;QSQ o |



Ao, K AQPe, _srda A¢d, - ADa
3 e 4 1 2
LH.S-O +
"do* 2?60"
x i B B
_..L.?_A. PR s ..iz.. D ey
a 2&0. do”
T
- el _Tad._§ X P Ay
{”ao' do®
. -Ad a, + 004, +AP ACPd «A
.0 3«PA - : 4‘ * ¢EL_
3-A 14 ¥ ,
do* do”

* { Taot "g"} A egy (4-46)
Yhere (....}1._ Teor ) © X

do!
T
¥

PAGy == —E{:; --;%;Ax - -Tg;; X3 "0y
BPA o= = ."3.?.&.. ..<:§-— +R)A 4.+ V5ing
(S [ ® qo" 4 0

*% At Pl ~x By (4=s7)

B‘- "::Q" Xq



' Py T ""‘"‘{- L8y v 808 v A0,
* & Tdo‘
‘M)ﬁz*MP 65
& mew . -

Qdo“

X a“s
- (== +R)ALy ~w a0~ PP G

“do’
S b B
+xamavcea§°& + ('T;::" - )}
A .
Q B T 4

+ V8 g o AS *w, A(Pﬂ* qba'oﬁ

“X; Ay S (2~49)



(1) Ira-er: -0 Zor Vedtano Unepingd

g ¢ FILATYE LUeh2D Bellale

1 HEAT 10, 4Ly D

10 Tor12 (2P 15.0)
[in=0401
Ve 1
D=0.05
A= 0.3
X2
v 0.0
Adt= KX
Ri=+RA
AB1=-UBeR

20 E0n Ye2hii®D
Dl =RIVCIIR(D}eX <3 {EC=V2CIEF{D) )
DID=RI#92, +XDI1VIGT
DI10=DII/MID
A= {D1eT=5IIR{D)eR12( L0=T2CO5(D) )
I0m Il /DID

30 DI0sVesIip(D)oREDIO=K w10
SZ0=VeCoP(D)+X0DI0s 1OI0
2L0a( D0 DEQeREGONED ) 20,8
D=AR8UP{ D0/ «30)
P0=DECYDA0eDI0°DEO
LG 50,00,500,D1,%0

50 FOAT(40105)
HOR]

Y



(2) Progracra to dotornino coefficicnto and otadility by
Bouth huprnitc eritordan
¢ SRADTI IOYPEDY PUR TRIZER2:=0.0
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